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I. 'Hl'si'oRI‘CAL' éAcmROUND

Histamine (HA) was first synthesized about 75 years ago as a chemical curiosity, .

-

it continues to hold the fascinatiOn of scientists attempting .to discern its bio-

-»chemical and phvsiological function in normal and pathOphvsiological states. At

the time of its synthesis (Windaus and Vogt, 1907), histamine was termed imidazolyl-

athylamin (in English imidazolylethylamine) It was isolated from extracts of

- ergot or upon putrefaction of pure histidine (Barger and Dale, 1910) : The ergot o

rextract, the product of putrefaction of histidine and the: synthesized compound
were all biologically active'since they stimulate the'cat s_non-pregnant uterus'

and reduce svstemic‘arterialpneSsure in minute.doses. While inirially studied as

a potent pharmacological agent kith a profound spectrum of actions (Dale and

- - N

L11dlaw 1910. 1911), hisramine acquired greater phvsiological significance
"f0110w1ng 1ts isolation from the intestinal mucosa (Barger and Dale, 1911). -t

-However, the endogenous prescnce of this amine was thought to be merely the’ 7

’

f'recover} product of histidine catabollsm hy. bacterial enzymes. The latter had *

_'been shown Lo be a rich source of histamine (Ackermann, 1910)

Evadence for the endogenous presence of histamine was advanced bv Abel and
oo > -

lKubota (1919) whh,found it localized in several mammalian tissues including the

-hypophwsis cerebri let convincing evidence was not forthcominq until invest-‘

ipators in Dale's aboratorv succeeded in isolntinc histamine as 1ta plcrate sait’ from )

:fresh ox lung and liver extracts "by procedures which ‘precluded histamine formation
'from bacterial sources (Best et al | ,  1927).  In addition, the amine picrate was’
recouered in ethanol fstracts of these tissues in sufficient quantities to. accOunt
Tfor the h}potensive effects produced by these tissue extracts., Thereafter,
histamine's. presence in. mammalian tissues was established, although its precise-
function was uncertainﬁ- " ' | S ‘
The nextlseveral vears witnessed thehdiscouery‘oh:most of;the-majdr'phaem_

)

acolegical activities of histamine. In ‘the guinea pig bronchiolar constriction
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o and uterine, ileum and spleen muscle contrag}ion were- the principle responses
- ]
while striatal muscles were largelv unaffected Histamige could be shown to

-

slightly constrict cardiac and pulmonary arteries, while 'at the same. time

increasine both heart rate and contractility. Yet the overwhelming'response wits

a generalized capillary dilation-resultlng 1% peripheral capillar& pooling and |

as a consequence, systemic hypotensionl .There was also a:substantial‘loss of .
plasma rhrough the capillary epithelium. In retrospeCt, it-appears-thatlthe main

Jdnterest in this amine centered on histaminewinduced shock—like symptoms. Based
on almost a decade of research in several laboratories, Dale and Laidlaw (1919)
advanced two general propositions concerning che effects of histamine: First
that local application of histamine causes redness, swelling and- edema 31milar
.to that observed due-to mild inflammatlon. The widenine of the capillaries

with subsequent plasma pooling and the exudation of thls plasma through distended.

capillary walls could mimic wheal formation. Second, large doses'of‘histamine
' injected into the circulation caused hemoconcentration due to plasma loss,

' profound fall in the arterlal pressure and hypothermia These effects were nearlv

1dent1cal to the clinical svmptoms of shock produced by trauma, anaphxlaxis,'

‘Witte 5 peptone and .by several organ extracts. These highlv suggestive concepts

were, furthered by Lewis (1997) who proposed -that a substance similar to histamine
. .

which he termed 'H-substance was released from cells in responSe to injurious

stimuli or antigen-antibodv interaction,. Compo]llng ev1dence which joined those

‘related concepts into one coherent theory came from studies of anaphylactic

xshock resulting from exposure of sensitized tissue to a specific antigen Under

.these conditions. histamine was shown to be released into perfusates from which
ra

it was isolated and quantified in amounts sufficient to erplain most of the

~y

obserxed effects (Dragssedt and Gebauer-huelnegg, 193“) . Thereafter, histamine

was indeed identified as Leuis H-sabstance. " Since then, histamine has bobh

acknewledued as one of the kev agents in anaphylaxis,-aIIergy;'hvpersensitivity
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reactions and inflammation, although it:isEby‘no'méans;the'onlyyehdogénbuq':'

. . -

substance involved. _ It is(ng establishéd‘thét.hiséamine has.effééts on and may
play a role.in smooth mhscle.cpntractioniigaétfic-séctétion,'tissﬁe gtbwth;j

LR

cardiac rate and blood pressure (Best and McHenry,o;Sﬁl{ Dale, 1950).

-,

»

It is fmpcrtanc'to acknowledge the early studies which led to the concept

. -

of histamine Hj and later, the H2 receptbré and the agonists an&”ahtagohists

which act upon them. Many of the éarlier ¢onclusions concefniné HA's actlons

were either feinfofced or diééa;ded in light of more extensive experimentation’

- utilizing these more recernt available agents. Since HA hadqa 1d§gé spectrum:off

actiyi;yﬁ much of it detrimenial to humanLhealth (g.g.lanaphjlaxis, hypersénsiti&ity
* reactions, shock), it'gecame.clear that develqpmenﬁ-gf d}uéé ﬁhét éniagog;zc |
histamine acrions would be°§f greatlbeneﬁit as_bb;h ﬁherapeﬁéic aﬁ@linvesti—
ﬂ;tlcnal agents. Fodrneéulnnd Bover (1933) synthééizeé.Z%ESdpfopy;-S-ﬁﬁcnnk§,
echyldiethylaminé and'iécerishowed that i; could.antééonize histéﬁine's.actions
;in_thé guinea pig (Bovet‘and‘Staub, 1937). Symptoms of anaphylactic shOCK_were
\réduced even af;er a dose-of histamine equivaient to sever;Inleﬁhé; §9385. ”
In vitro éntégoniSm'bf:ﬁistamine—induced smooth musqle contraction could also‘be__
) démonstfated;' Unfortﬁnaiely, toxicity limited the use of‘this agent aﬁd.oﬁ
aiethylaminqeth?i—N—eth%ianaiine. the ;eeond compoundréf this nEW.class.-‘Howe?er,
a dcrivaﬁive_prepared by Mosaier and subgequcntly s;udied.by.ﬁalpern (%0&25 wnéf‘
an‘effeétive ﬁntngonistlwith‘acéépcable toxicitv and marketed as Antergmcz'
_Neo—anterghé:z a derivative of this drug (Boﬁeé et ai;, 1944) waslfound to bcr
a highly_seieétive and effecﬁive histéﬁine antagonist. Today, it_ié still used
clinicaliy-apd extensively utilized in resea}ch where 1t 1is known by its of fleial
‘Sam?,‘pyrilamine-maléate. Sevefalideriﬁatives of the Fourneau.compounds were
—préparéd iﬁ the United States which ultimatelv léd to the develppment of —
Qiphgpﬁyd;aﬁine-ana tripeleﬁnamine. The historvy of these discoveries and

discussions of the-chemical synthesis of these histamine antagonists have been

reviewéd (Bovet, 1950).
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Following'world #ar two several-more histamine antagonists were developed.
Although an increasing number of these agents were made available, the concomitant -

%
-research indicated three major limitations in the use of these antihistamines".

Firse, effects which were earlier ascribed to histamine blockade were somct Imes
found to be better eiplained by anticholinergic lacal anesthetic or centrni_‘
nervous system deprESsant actions. Second with more experience, it became
evident that anaphvlaxis and allergy Vere not - exclusivelv histamine mediated
events.‘ Lastly, several effects which were well established toe be elicitcd br
histamine could not be attenuated by any of the available histamine antagonists.
The suspicion arose‘that histamine may act through more than’one receptor. For
examole,‘Folkow et al. (1968) observed in the anesthetized cat, that.there was
a limit to the antagonism of histamine induced vasodilation which could be
produced by Benadry£:>(diphenhvdramine) They suggested that quantities of
histamine which exceeded this limit may combine with a "receptive- substance"
different from that for which histamine and Benadrylrin physiological doses‘were
competing. ‘They hypothesized that histamine may cause vasodilation by.combining
with two receptors, one of which is not antagonized by even lethal doses'of
histamine—blocking drugs? Furthermore histamine induced positive chronotropic
effects on isolated atria 1nd gastric acid secretion and its inhibitory action’
on the contracted rat uterus could. not be spec%{ically-antagonized by the then
available antihistaminic drugs. |

Ash and Schild‘postulated that there mere two recentors medi;ting histamine
effects (1966)._.Tbey clearly demonstrated that the histamine or histamine
analogue-induced stimulation of isolated guinea pig ileum, when antagonized'by ;
mepyramine, exhibited the same pAzrvalues. The pA2 value (numerically eoual to
the pRB, the nepntive logarithm of the antagonist dissociation constant) is

the negitive logarithm of the nolar concentration- of antagonist that reduces

the effect of a1 oiven avonist concentration to half of that producing this.
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~effect (thild, 1947; 1949). The relative potencies of histam;né ahalogues,"
common,pA2 values and the distribution of antagonist sensitive tissbes suggested
that a si;;le population of "receptive substance" was antagonized. Therefore,
mepyramine was probably acting on a homogeneous receptor bopulation. They

sugpested the svmbol "Hl" for the type of receptor which was specifically ant-
agonized by low concentrations of histamine antagonists. A correlation was shown
to exist (r¥0.95) between the activity ratios of several B-substituted ethvlamines

on the rat uterus and the rat stomach. Yet, no specific antagonists could be

.
-~

fouﬁd to ?phibit histamine action on the rat stomach or uteru§ and relative
%ctivities of several histamine analegues supported the contention thaﬁ the HA
receptors of the uterus and stomach were of a different variety and ﬁn;if
histamine insensitive (labeled non—Hl). They both differed from réceptors of

-~

the guinea pig ileﬁm. termed Hl. s | : " )
In 1970, a breakchrough occurred in the United Kingdom at Smitﬁ_Kliné:qqd
French laboratories with the synthesis of b%fimamide, a.Eompétitiﬁe gntagqﬁiéf
of the actions of histgmine atc non-Hl receptors. This d%scoveéy ?;éoga?e
greater support to the existence of non-l;I1 receptors;:;enaﬁediﬁé %ecepcéré:.
(Black et al., 1972). Due to the low potency of burimamide,'an-ﬁ’ an#agpﬁis;;\
metiamide, with oral activity and ten times burimamide's ﬁotencfy?wés-&eﬁéiéhed;
(see Duncan and Parséﬁs. 1980). The finding that bbthrdrqﬁs pfod@cediaﬁf?hdio{lii‘
eytosis in humans stimulated further research and deveiobhédt wﬁi;h;fesglfcdrin=j
the manufacture of the now famous-ﬁ2 bldﬁker, cimetidihe.QBrimb}écogsé.et:ql;ﬁiih
1978)., which islextensively prescribed around the wcrld.:
éipce these'rapid diséovériesfét Smith‘Kline'aﬁd Freﬁcht several.ofhét éé  '7
antagonists Havé been_&eveloPéd., ﬁuring-this.period, aﬁother‘disgévery- o
éérticuiﬁriy uscful‘té.resgdrcﬁ ;gvcstigétoés was the.synthe;is of more.éoépbunds. =
with grea;er-géiectiy% aéonist éctivigies ﬁp'Hftand H2 receptors,le,sf;z—ﬁé;hy1-‘

histnminopand-mecthylhjﬁgaﬁine.urespeptively (Black et al., 1972). More recent

A

¢
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information on Hl and H2 receptors is.included in section XI of the Iiterature -

. background. - // . e . .

In- suMmarv, histamine is now established to be a ubiquitous amine prescnt

in all mamnals examined and widely distriﬂﬁted throughout their hodies ~The

discovery of Hl and H2 receptors along with chemical agents that selectivelv

stinulate or antagonize their actions has provided valuable tools for more

T

thorough studies of the possiBle roles of histamine in both’ health and disense.

Unfortunately, we seem to have progressed little in precisely answering the’

questions first raised bv the early investigators of this: substance c0ncerning

its phvsioloeical role ?et. investigators oF histahlne can credir themse]’es

klth havine taken giant steps forward in attempting to answer this challenge

initiated almost 75 vears ago. T | Co R

1. mwmcmrwt strom AND PRACTICE o ST

Confusion has occasionallv arisen with respect to the identification of the

- specific atoms ‘of- the histamine structure (Fig. 1). Nomenclature ambiguities

’ concerning the term histanine and- the .chemical terminology for its 5 membered
'ring structure hive also'surfaced The parent ring was designated'givoyeifne
by Heinrich_Debus (18538), who sxnthesized it in 1858 Owing to a- cont»ovtrsx
over various terninologies for nitrogen containing heterocuclic ringS, ﬁant{sch
(1888) suggested the name imidarole for l 3 diazoles.d Unfortunately' both tcrns_.
were widelv used some of uhich carried over into histamine terninolog;.
::Imidazole was offltiallv recognized in 1960 (For, 19&3) Identification of the.
imidazole atoms begins uith the imino nitrogen atom (bearing the hydrogen atom)-
f.as indicated iﬂ FlSZure 2 For imidazoles monosubstituted on either the 4= or "

»

’ the 5 carbon atom. the tern 4 (or 5) lS used “an unresolved 51tuation uhich

ditself- has generated confu31on in the literature S -
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Fig. 2 -2

As mentioned earlier, the original name for what we now call histamine was
imidazolylethylamine, introduced by Windaus and Vogt in 1907 at the time of 1rts
syntnesis. Dale and Laidlaw called it B~iminazolylethvlamine although others
tetmedoit f-imidazolylethylamine or reﬁerted to it in empirical terms such ns

crramine, histidine-base or vasodilation. The trivial term "histamine” was

. derived from the Greek‘word "histos" meaning tissue; thus histamine was tissue

amine. It initially appeared in the publication of Frohlich and Pick (1912),
although Dale claimed to have introduced the term but was requested not to use

it so as to avoid confusion with a similarly- named proprietarv preparation -

{Dale, 1953). Several trlvial names also arosc from-the fact that tnis amine

was 1n1tlally found in nature as a contaminant of ergot although other terms are -

-of less certaln orlgin, e.g. eramin, theramine, ergamine, ergotidine and

llertigon (Warler, 1967' Merck Index, 1968). The chemical name for this . small

molecule becane confused not only because the question concerning monosubstltution
at C or CS went unanswered, but also because it was not clear if the ethylamlne

was a substitution on the ring or if the ring was a substitution on the B_ arbon

of the alkylamlne. Thus, the follow1ng chemical designations were all more nr.

_ less legltlmatelu emploved (Fox 1943; Narler 1967; Merck Index, 1968 ﬁouglﬂs

1980: Black and Ganellin, 1974):
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- (Fig. 3)

B-iminazolylethylamine

4-imidazoleethylamine

5-imidazoleethylamine

B—aminoethylglyoxaline

8-aminoethylimidazole -
2-(4-imidazolyl)ethylamine
'a—itz;a:ﬁinoéc.hyl)1'mid'azole N

.-5—(Z-aminoethyl)imidazele
With bioscientists"general atceptante of the'term‘histamine, tne'natter.
appeared reso}ved until substitutions on the imidazole moietj resurrectenftheée
enresolved questions. N—methyl‘substitutions on the protonated nitrogen (uqed
as the reference atom) caused great debate and .the tautoneric imldazole GtrUctHFEH _‘
(see section III) served.to promote this controversyt It was not officia]]v

addressed until the IUPAC IUB Commissijn on Biochemical Nomenclature (1972)

' rcsolved this point for. V-substituti/n of'hxstidine and by inference, histamlne

N'-H uncharged molecule shown

Fig.-B

/

v

The nitrogen atom ne;reet tne side-chain residue was desipnated pros (Symbolized“
by 7) and the farther nitrogen as Eele (t).. The rinn carbon between the‘two
nitrogens is position 2 wherens_the remaining.freerposition is ca:bon-ﬁf A
methda for c¢learly identifving the side-chain ethylamine has been proposed_nv

Black and anellin {1974) and appears to have been accepted. The carben atom

adjacent to the ring !s termed the 2 carbon, that nearest the amino nitrogen is

+
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being called N“ such that the unambfguous atomic designation for histamine lsi‘.

then established : f':_h‘i - ‘f_"flt'_fj A .".‘\,- B

III. CHEMICAL BACKGROUND =~ « ..~ [ [ o . LT

With the nomenclature for histamine (HA) havinp been established, some of
its chemical properties can now be discussed - The empirical formula for
histamine is C5H9 3 It has & gram-molecular weight of 111 15. There is'no

\\;_;ejigence to suggest that it is other than a nonomer.- It erhibits aromatic -
heterocyclic character (Hill and Branch 19&0 Sundberg and Martin, 1974'
Katritzky and Lagowski 1968) Since the imidazole moiety possesses (4n+2)ﬁ ::

electrons. in a planar array of atoms. HA does not have an asymmetric center

~

therefore the %pestion of pharmacological activity versus optical activity is
irrelevant. Commercial sources generally supply histamine as the dihydrochloride
- or diphosphate saltS'jfree base preparations are alsor available. Synthesis is-
now generally by bacterial decarboxylation of histidine (Jones, 1966}, The
resulting HA 1s derivatized with 3 A—dichlorobenzenesulfonic acid which-precip—
itates HA as the insoluble salt histamine bis 3 A—dichlorobenzenesulfonic 1cid
which precipitates HA as the insoluble salt, histamine bis- 3 Q-dichlorobenzene
sulfonate. Histamine dihydrochloride, HA (HCl)zf is recovered in about 90{
yield (melting point Z&O-ZGZOC)°after aoding the insoluble'salt'to boiling |
n-outanol saturated with hvdrogen chloride; The diphosphate salt is synthesized
by first adding the bis-3,4- dichlorobenzenesulfonate plus one equivalent of
barium hydroxide to hot water. Aftfer cooling, the.precipitate of barium.3,4- -
“dichlorobenzenesulfonate is removed by‘filtration*andjthe filtrate (containing

histamine) 1s-treated with phosphoric acid and later precipitatea.by.slow addition

-



-

.de-nethanol;‘ The histamine diphosphate is also recovered at about 90/ yield

w1th a melting pcint of 139 133 C Both salts are highly soluble in- water

!jalcohol andechIoroform‘ they are stable in acid but unstable in alkaline media
re .

(Jones. 1966) Hiscamine is poorly soluble in’ ether

L Histamine, although generally represented as in Fig l. exists as an equi-

: 1ibrium mixture of two tautomeric forms (Hill and Branch 19é0 Sugdberg and

‘ Hartin, 19745 Katritzky and LagOWSki 1968 Jones 1966) because the im1d1701e

”ring possesses two nitrogen sites capable of proton dissociation at phvsiolo;icql

‘DH (Fig 4)

'(NT-H'tautomer)

u : .
T - v (N -H-tautomer)

S Fagl &

“—

The relative population of tautomers has been estimated from pK data

.comparing the corresponding N—methvl or N- benzvl monocation histamine detivatives
(anellin 19733) The ratio ofsthe lT-H tautomer concentration to that of the E

ToH form is apprOKimately—/ 2, thus eb uh\Sl/ of the histamine monocation is d'-r

» -

in the \ -2 form (Ganellin, 197?a)in aqueﬂds solution at‘7.4 pH. The ring
nitrogens and the side-chqin NFB gr0up constitute the loci for the thretv
stoichionecric ph values obtained when nist mine is titrated in aqueous solntion ; .

'(Leuv, léjS ‘Paiva et al., 1970 Ganellin et al.; 1974.)v The overall‘titration

- acheme is depicted in F1t. 5. At‘low,pH histamine.is present as a dication.

.
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CH Z_CH —'NH

DICATION \/ _ 2 "3

.. o PKGl”Ss |
. k .,- . . - . N L c - ) +
- CHs—CH=—NH.. . _CH—CH=—NH

 MONOCATION R 2.7 T3
| = o JKs0238 L [T\ -

N . = ~— N  N—H
; N

N H tautomer - o B L NE—H tautomer

UNCHARGED

H=N - _N | ~ Ne - N—H
: /// . e . 5 R \\\ . .

N Htautomer _. R s N:H‘tauito‘mer
e ST

y . T Fig. .5

" Structures of various ionic species and. tautomeric forms of histamine.
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Thn first stoichiometric ionlzanion constant (pK ) corresponds to the rlng

proton dissociafion with a vnlue of 5.8 whereafter hlgher pN values incroase‘

the monncation population accordlng-to the Henderson- Hasselbach reiani;nship

The second 1onlzation con;tant corresponds tc deprotonatlon of the side- chqin
prlmary amine. Thus, Wlth pH values above the pK a2 of 9.?,_there_£s an.incneasinn
proportion of uncharged histamine molecules. - This di;hotomy of'nna?éed or =
unnharged histamine at low or high pH va;nes, respec;iveln; is the basig for

L4

some of -the polar versus non-polar extraction methods for histamine determinatlon

(See Methods). Extreme-pH values deprotonize the remaininé H on the ring:nktroééﬂ
cxhinifing.a pKd3 near 14. TIncreasing pH valneé above this only serves Lo
increase Ehe.pfoportion of anionic spenies. However, due to the instability“

T ef histamine'in strongl;ralkaline mc&ia (Jones, 1966) and the probability of
side-chain amino-N" inter1ctions, histamine studies in this pH range are se]&qm
'nrried out ané o; dublous analvtical utilitv., The relative population of the
major-histamine ionic species as a function of inereasing pH is ggqpnicnlly

.reproduced from Ganellin (1979) in Figure 6.,

- dication . monocation ' unchanged

100 -
80 .
60 -

.

40 1
201

-+ Pergentage of Species

.]O' 4 | pH
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From a medicinal chemistry Standﬁoint, HA is a 1,2-disubstituted ethane

derivétive and 1s therefore a cohformationall§ flexible molecule. Rotation

occurs about the single C-C bond with the roration of the C-NH group of less

el

3

impoftance because the p:o;énated amino group 1is symmetrical. The imidazole

ring. 1s planar and relatively rigid. Extensive investigations using heterocvclic

"y
|

analagues of histamine have been carfiednout'and a comparison of their varlous
actions on histamine receptors has been decarmine&.l Thus, one can study their
common structural feactures in order to deduce the conformational structure

histamine must have in ofdgr_to-interapt-with Hl or H2 receptors (Ganellin er al.,

1973 .Ganelliﬁ, 1979; Durant et al., 1975). From such structure-activity relation=-
ships, 1t can be concluded that histamine acts as a menocation at both receptors
with the presence of a proton on the N -ammonium group being obligatery.

Tauﬁomerism is probably not essential for H, receptor binding as 2-pyridylethyl-

1

amine ahd“2¥th15201ylechylamine which cannot tautomerize have H

1 agonistic
activity. The N -H tautomer is presently thought to be the active species.

These observations and extensive molecular orbital calculations sugpést that

- - S

an "Hl-essentlal conformation" is a N -H monocation in which the carbon and

nitfogen atoms are coplanar with 'the imidazele ring'(Fig, 7). Maximal activity

. - * -] : +
occurs with a maximal separatien of 5.1A interatomic distance between the

‘N'-nitrogen atom and the ammonium group.

Hl—essential -

conformation
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" Non-tautomeric hé&erocyclic ethylamines active at Hi redeptbrs only beakly

stimulpte ﬂi receptors whereas compounds capable of 1 3 prototropic tautomerism-"

- -
-

are stropg agonists of H2 receptors. Further electron withdrawing groups at;

-

p051ticn 4 alter the, population of N'-H available such that reduced N —H preqence

< ..

\;dlnlnishes HZ activitv. Thus, H2 stimulation requires tautomerism and sug voqtq
that @ proton. transfer reaction step occurs in the process of histamine—reccptor
"interaction (Ganellin, 1979; Durant et al., 1975"Neinstein et al., 1076) Tho )

H, agohist diméprit an isothiourea resembling in part the imidazole rinp q\st@m

<

probably undergoes ‘charge cransfer due to {ts I 3—prototropic~tautomerism

. Pictorially, 1§ may be’ rep;esented as in Figure 8 where a proton‘is7tragﬁfered‘

~ . - N

f;om.A to B.

Fig. 8

Therefore, aﬂn]ysjs of the prpbaﬁle mnlééu]ar in:eractiéns betqcen'hintnmino
and {ts receptors can lead to the synthesis of mdre-agonistg ahd‘éntagqniSEQ-éf
even greAter selectivity. Thié ca;eful analvsis led“diredtly t0'thé synch?wfs
,r _

of cimetidine, dimanrit and impremidine (Ganellin et al., 1973 :Durant ot 1.,

18775 1978).
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IV HISTAMINE IN HAHMALIAN BRAIN - AN INTRODUCTION

Even before much was known about histamine in the mammalian brain, it was
the relationship between the disparate fields of-peripheral histamine‘resenrch .
and brainlresearch,that triggerethhe.criticai invéstigations whichfyereito:gfve
birth to the discipline‘of‘modern bsychooharmacology. Antihistaminéslof the - °
phenothiazine group were discovered te produce a euphoric quietude"\ﬁ§ety;,l978)f_
The keen observations that another group of tricyclic antihistamines haa\snme -
antipS\chotic" effects and that a derivative of this class had the additional
property of improving endogenons depression gave rise to the deﬁelopmentIOF the

antidepresSant;agents (Kuhn, 19705.‘ The'importance of the phenochiazine,.chfor;

. promazine. and the tricvclic antidepressant, imipramine, in biological psxchiatrx
has been established. . However, central histamine was not thought to plny a
‘major role in the pharmacological or therapeutic actions Bf the neuroleptic or
antidepressant drugs. Only-more recently has 1t become clear that these and
-other psychoactive drugs nffect brain histamine

The discovery of histamine s presence in brain antedates that of most‘of

ChL other establishcd biogcnic nmine neurotransmitters (Abel and Kubota, lqlq)
hwaitkowski (19&3) using the atroplnized guinea pig ileum as a bioassav technique,
was able ro show histamine 8 presence and to qunntifv it in the central and .
peripheral nervous-svstems of semeral species, including man Early dnvesti--

gations showed that the hvpothalamus tontained considerably higher concentrations

~

of histamine than any other region (Harris et al., 1952). The local svnthesis
.of brain histamine following decarboxylation of its immediate precursor histidine,
could be shown in 23559 and in vivo by the use of labelledhistidine. In the
" brains of the species-studied the,greatest hlstamine forming‘tapacitv.was in 7
‘_the hypothalamus (Nhite .T959'1§60). The distribution of histamine in the :

ma]or regions of the dog brain was determ1ned by bioassa\ (Adam, 1961} uhore

Tts uneven distrxbution anid conspicuous presence.in Ehe hvpothalamus“confirmcd



‘and study its svntheszs, release and metabolism. There was also a lack of

sensitive and selective techniques to clearlv demonstrate central histaminergpic

‘central nervous s»stem. ‘As in the case of these established'.transmitters.

;16- .
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-

earlier obserrations. These facts angd the sedative side effects following anti—

histemine administration suggested to many a neurotransmitter role for this”

;

biogenic -amine. In fact at thl$ early date, ErsPamer (1961) was prompted to

.
- ~

'state Histanine in the CNS has been ignored for'a long tine by several invest-

. - 3

- igators as a sedond class amine. But this amine however annoying the fact mav

be, has the same citizenship rights’ in the CWS as catecholamines and 5 HT; whose'

v

- ~

function 1n the CVS is approrimately as obSCure as. that of’ histamine. Nhiie-

oo i

- this statement may. have been debatable then, it soon became obsolete becnuse

rapid advances in ceotral catecholamine and 5 h\droxytrvptamine research soon

- . . . .

ﬂleft brmin histamine ‘in relative obscuritv R -1-- e T e

There have been several obstacles to the effective studv of the functions

of this biogenic amine and how 1t may be altered and/or regulated in psxchiatric

_disturbances or follow1ng psychoactive drug administration.. Until recentlv

there was a lack of suitable methodologv to accuratel) measure brain histamine

e

’ a

neurons. The complex1tv of characterizing the receptors upon which centrallv

1

released histamine aces nade analvsis of functional toles difficult to 1nterpret.

- -

'\et several advances have. been made.ﬁ?cnmrcoming these technical impediments

Enough data may now be avnilable to ascribe -a neurotransmitter role to et'}enst_

a portion of the"histamine-in'mammalian-brain. However its, status as a POHblhle

.central neurotrinsﬁitter hnq for a long while been a particular troublesome

issue for this biogenic amine. Like the catecholamines S-hydroxytryptamine_

(serotonin) and Y aninobutvric acid (GABA) histemine has not been shonn.to-be

e . . . . b \

releised npon phasiolonicnl stimulation at a particular svnapse in the manm1111n

the- criterionjof transmitter collectibility" has not,been fulfilled. Heither

“has 1t been shiown that application ol these transmitters (in amounts eanivalent
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to that released) to singie, identified post=synaptic membranes cause actions
identicai to those normally obserred in the CNS. This is due to the problems
of 1solating single, identifiable synaptic units and submitting them to biochemical
or phvsiological analy51s. The impermeability of the blood—brain barrier to
the use of several agents with which to study these synaptic mechanisms once
'-1solated make rigorous evaluation almost impossible, Horeozzr, the anatomical.
and neurochemical complexity of multiple inputs converging onto a. single neuron
and the lack of well characterized neuronal responses following stimulation have
hcneated additional technical problems
: A stringent application of these criteri% to the.vast majority of central
svnapses might preclude the existence of any central neurotransmitter in the .
ammalian brain. To deal with this situation, several indirect indications were
-established which are more of a biochemical morphological pharmacological and

phy51ological nature. The criteria for neurotransmitter identification in both

'tne periphery and the CNS and discussions of the rigor of their application have s

Gerschenfeld 1973 IcCeerret al., 1978; Barchas et al., 1978). Neurosc1entists_;

have not yet fixed one set of rules as a standard to which all. potential neuro—'

[

transmitter candidates must be compared The,general consensus is that the other

-

_established" central transmitters unlike histamine, have apparently been more

successful in gaining acceptance "by common-sense analysis" (Cooper et al ,71978)5:'

-

~ It may become apparent in the discussions to. Follow that histamine meetq almost
. N ' ) ~

. all the generaL.requirements for central neurotransmitter status.f Perhaps the
conflrmation of this field's most recent findings and the w1der dissemination

of these observations will finally herald the ascendancv of histamine from a

‘putative to an EbtabllShed central neurotransmitter role.

— " =
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v. TECHNIQUES OF HISTAMINE MEASUREMENT Tk
A. Bioassav
Histamine (1A) 1s an ideal candidate for analvsis by bioassay since it
possesses biological activxty, especially the ability to contract smooth muscle

-(e g. isolated strips of guinegmpig ileum) and heat’ stability, which destroys,

‘many bloactive substances and denatures proteins. While nanogram amounts-of_HA

.- can be determined (Vugman and Rocha e. Silva, 1966), the sensitivity of this

‘technique is limited by the sensitivity of the particular tissue used and. the

- -volume of the organ bath. ‘However the applicability of biocassays of HA content

in brain tissue is very limited. .First, many biologically active substances mav -
cause ileum contraction and must'therefore be removed prior to analysis. Without

such a separation step,'for example the use of ion exchange chromatography and

'eﬁaluation of'recoverv the brafn HA content will be much higher ‘than thc-va]uc
obtained by other methods (Carlini and Green. 1963) Specificity to HA should -
be shown by blocking its effects with Hl antagonists (Adam and Hye, 1966 Urcon, .o

1970). Whole brain and gross regional HA content may be determined but the

tedium and lack .of sensitivity and precision h1ve ‘made this method unattractxve.

- B., Fluorometrv

Condensation of HA with o-phthaldialdehydc (OPT) generates ‘a highl\ fluorescent

product (Shorc et al., 1959). although the eract chemical nature of the re1ction

and product are still,unknown (Hakanson’et al., 1977) However serious reserv-

'ations haye arisen for the use of this method in brain tissue due o the con-

-

conitant presence of other substrates for this reaotion which exhibit fluorcsccnce

- characteristics sinilar to.” the HA derivative (Carlini and Green, 1963 Kremzner‘
" s N

nnd-PFeifFer 1966 Hakanson et al., 1972) The diamines. in particular spcrm—

~.idine uhich 1n the br1'n 1s at Teast SOO—Fold nore abundant than HA must bc

-analxtica]lx reno»ec (Creen. 1970) b\ such techniques as ion e\chanpe chrom1to—

"r'"" v to Obt aln lc\els in, tln_ range of ‘those reportcd ‘usin? other metnods



' " ‘1-1'9?" .

.(Hichaelson and Coffman ‘1969 Anton and Savre, 1969 ‘ Endo and 0gura,.1973)
A recent modification is the use of a combined envymatic fluorometric-method

.(Neugebauer and Lorenz, 1981) in which the fluorescence is ascribed to hist1mine-.

onlx after conversion to N —methvlhistamine following incubation with histamine

'_h—methyltransferase;- Ihe decrease in fluorescence is due to histamine-sgremoval

from the 53mples since V —methvlhistamine does noc fluoresce with OPT Both ion .

exchange .and enzvmatic metabolism steps confer specificity to this analysis, but

L

agnin, these. additional procedures make analvsis more ted10us._ The.fluorometric

methods also_lack the sensitivity:required to measure HA in small brain.recions;‘

L C Enzvmatic—lsotopic Wethods

.

The process of EA . meth\lation bv histamxne V—meth\ltransferase (HWT) (ﬁrown_'

et al. 1959) confers enzvmatic specific1ty to the determination of- histarine ln_

the brain. The radioactive labelled methvl group from S adenosyl L-methioninc_

N - . oo

(SAJe) is transferred to the NT —nitrogen of the histamine molecule produC1ng

labelled y't -metthhistamine (N —HeHA) and S-adenosyl-L- homocxsteine (Snvder et nl.,

1966a)~ Boiling destroys theuendogenous SAMe ‘and- denatures and partially:prccip—

U

itates protein and simdltancously inactivates synthetic 2ad catabolic enzvmes.

This redction-uses exoienous HMT from'guineﬁ ‘pig brain - (Brown et al., 1959) or

T e

. rae kidney (Snan and'ﬁenvcn. 197Ql..'A doubie labelled isotooic metnod_hod Bébn_

' ' 3 PR = el
'developed which uses trace amounts of H-histamine to correct for the efficiency

-

of methvlation with 1Z‘C as the methyl label ’ A single labelled method utilizing
3H of the methrl group, for transfer to Hﬂ has also been developed (Tavlor and -
Sn\der, 10723 'BeaVC“‘“t al 1972 Kobavashi and Haudslev, 1972 _Verburg et al.. |
'1983) Several of theseimethods have been reviewed and compared (Beaven and
Horikova,_1918) The grcxt 1dvantage of these enzvmetic*isotopic methods Ls

that brain HA can—be evaluated in small tissue samples with"a high degree of °

specificley and sensitivitv without the use-of.columns or'multiple’extractions.
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;D.pOther'TechniqueS‘- L ST . e

Several qualitative and quantitative methods are available for measw!ng

e

histamine which utilize more classical chemical techniques such as colorimctru
o

. spectrophotometrv, gravimetric analysis and paper chromatography (Htlntire,' .

l966). However, their reduced senSitivity and specificity preclude their routine

13]

use’ in measuring brain histAmine. An isotope dilution technique using p= ( ).ﬁ )

iodosulfonylchloride to formrdipipsylhistanine and requiring recrystallization
"was deve10ped (Schayer et al., 1955 Schaver, 1971) However, the complexitv

of the method ‘was immense and its sensitivity questionable for brain tiSSuc

The most recent approaches for the measurement of brain histamine have utilired

_ eas chronatographv (GC) gas chromatography—mass spectroscopy (GC-MS) and h1ph

_ pressure liquid chromatography (HPLC) methods. Earlier .GC methods based On the

formation of. volatile HA derivatives with which to quantitatively determine 1A

or N° -MeHA have been reported but were not widely accepted due to difficultie

in- sen31tivity spec1fic1tv or baseline con51stency (Brooks and Horning, 196&-

‘ Tham,.L966). The aqueous determination of minute ccncentrations of. HA following

derivati?atiqn has been successful using GC (Doshi and Edwards, 1979) ‘and

GC-MS (Wahy et al. 1978) but have not yet been applied in biolqgical samn]es. g

. Another GC-MS" method which has, been used for plasma and urine samples (‘1; a

' et al., 1980) gave values in agreement with parallel determinations by the

’ ‘-

radioenzymatic method. However, its sensitivitv for analysis of brain histamine-

Comayv ‘not be sufficient w1thout nodification of the curreut method ) Whole mousc

sensitiviry continués to-be. exceeded bv the rndioenzymatic‘methods._

' . brain HA has been measured fluorometricallv after ion eachange chromatographx

and dansvlation with the use of HPLC for final separation (Yamatodani et al.

1977).' HPLC methodolog\ has also been used ro evaluatc regional brain HA

v levels after derivatiration with OPT in nice (\amatouani et-al., 1982: MaEynmn'

et al,, 1983) and guinei pigs (Vakamura et al.. 1979) : .Nhi]e this technique

“hrws prosiise in spuczricallv measuring slebal and recienal HA levels, its

-
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VI. REGIONAL AND SUBC’:.;LLUIAR LOCALIZATION OF 'HISIA_MINE'

« -

Histamine has been found in. the . brains of all nammallan species examined -

le.gn rat (Tayler and Savder, 19/23- Blanco et al., 1973) (sae Table I) m0use

(Taylor and Snyder, 1972b), cat (Wh:u:e 1966) dog. (adam, 1961, rabbit (Abou .
'et al., 1973 Blanco et al., 1973), goat (Tucmlsto and Erlksson, 1982) monkey
(Mlchaelson et al., 1968 Ta}lor et al., 1972) and man (Liplnski et al., 1973)

"Whole braln concent*atlcns in mammals generally range between 10 and. 75-ng of

‘ hiStamlne per gram of wet tissue (Green, 1970; Taylor, 975) while the content of

lower vertebrates are often out51de thlS range (Almelda and Beaven, 1981) In ~_'"'

.

mammallan bralns, the reglonal dlstributzon follows a similar pattern. The hypo-

thalamus. has the hlghest reglonal content uhile the medulla and cerebellum

+

generzally have the lowest—global concentrations. Histamine concentratipn differs
greatly among the‘variOus nuclei in individual brain regions of_the monkeyn

*-(Tavlor et al.; 1972) and man (L plnskl et al., 1973). The heterogenelty of

s
'h}pothalamlc hA dlstrlbutlon was conflrmed and shown to be. different from that

of noreplnepnrxne dopamine and S—hydroxytryptamlne and-cnolxne%acetyltransferaseel__

activity (Brownstein et al., l97&b)ﬂ

+ - The localization of brain hlstanlne.ln vatlous-subcelluler fractlone hes
also been achieved. In almost all of tte lnvestlgetlons of subcellular braln
hisuamine, the cle551cal scheme of.separatlng tlssue hgmogenetes preparec'ln
isotonic sucrose into four major fractions wes'apcliec Oﬁichaelsoc and Ehittaker,
1962; Carlini and Gteen, 1983; ﬁichaelson aﬁ& Dowe,rl963;-Kateoke andlDeﬁocertis,.
1967; Michaelson end Ccffman, 1967; Kuhar et al.,1971b;'Youhg et al., 1971;
Snydermand'Taylor, 19727 Snyder et al., 1974; Dismukes et al., 1974 Pollard
et al., 1974).. Briefly; the‘breln.tiseue is generally_homogenized in O.BZ'H
sucrose then centriiuged at lQ,ObO g-min tO'form.e,pellet which is termed the

nuclear fraction‘of the pl pellet. AIt-contains nuclei plasma membfaﬂe fragments

and bloed cells in- add1t*o1 to whole cells- and 1arge' cellula* ‘debris resulting

r
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from incomplete homogenization. The supernatant is then transferred and, :
. SR B, : : y
centrifuged at 2-10 x 107 g-min to form the second pellet‘(Pz) termed the mito- ..

chondrial fraction and composed of mitochondria, lysosomes and synaptosomes.

The svnaptosomes, which may themselves contain mitochondria, are the membrane-.
bound sacs containing synaptic vesicles and cytoplasm from nerve tprminals

J
(Whittaker et al., 1964; Whittaker, 1965; 1969). Synaptosomes mav in turn be

subfractionated into their various subcomponents of mitochondria, vesicles,

soluble material, membranes and other constituents. Submitting the intermediate
- . -

‘.(82) supernatant to higher centrifugal forces (6 x lO6 g-min or greater) forms

[}

a P35pellet composed of an operationally .defined class of subcellular particles
termed microsdmes which are the subcellular pa;ticles that require high cent-
rifugal forces for complete sedimentation.. Vesitles formed from the endoplasmic

géticulum, Golgi membranes, small mitochendria and small free synaptic vesicles

-

are recovered in the P3 pellet. The final supernatant, often termed "the high

" ‘speed supernatant,”. the 83 supernatant or simply the supernatant fraction,

;consiété gf_cy§oplésm'f:cﬁ cells lysed during hémogeni;ation and any material
'Lf?esisféﬁtnjp.ﬁigh §§Eéd:éeaimentation. |
| : Du:ing”th;ffréﬁﬁioﬁation process, absorption, adsorptioﬁ_and various fofmg
. o . R )
' Qof‘t?apping may'écéur'éuch thap_the fractions -obtained ;fe far f?om pure. Thus,

. this methodclogy is nor a rigorous biophysical or biochemical technique; but

' . nevertheless, it has provided an approximate quantitative insight into the

© various locétions for brain histamine.

. In almost-every study the majority of brain HA was localized to the mito- -
thondrial (P,), microsomal (?,) or high speed ;upernacancﬁ(sz)'f%actiohs."Less

'HA has been consistently found in the nuclear CPl) fraction where it has been .

observed to contain between 8 and 40% of the recovérable'HA regardless of the

method of analysis. The subcellular distribution of HA, unlike that of acetyl-
choline, noradrenaline and serotonin, is bimodal (Whittaker,:i965). This is



24

-significant for two reasons. First, -the P1 fractlon may contaln hlstamlne

from mast cell or mast cell-like granules which are much denser and consequentlv

sedlment at lower centrifugal’ Forces than svnaptosomes. The addltlon of rat

perltoneal mast cells to guinea p1g braln honogenates was. shown to alter the

dlstrzbutlon of HA such that alnost all of the additional HA was recovered 1n
- the P fractlon. Also, conparlsOn of hlstamlne s subcellular distrlbutron in
the dog hypophysis (mast cell rich tissue)- and hypothalamus - (relatzvely poor in
mast cell number) showed that almost all of the recoverable hypophyseal Ha was

in the Pl fractlon while hypothalamic HA was largely in the P fractlon (Mlchaelson
and Whlttaker, 1962 1963 Michaelson and Dowe, 1963 Martres et al., 1573).
Second, the recoverable HA in the ?2 fraction when subfractlonated is much more
abundant in the synaptosomal subfraction (B) than - the myelln/membrane (A) or
mitochondrial (C) subfractlons (Wh;ttaker, 1965; Kataoka -and DeRobert*s 1967;
Kuhar et al., 1971b;Snvder et al., 1974). This suggests.a vesicular localizationi
for a large portion of brain histamine. ﬁnfortunatelv detalled investigations
with electron microscopy _ncorporatlng hlstanlne-sen31t1ve histofluorescence

have not been reported. Thus, even thoughiperipheral mast cell HA sediments in
’ ' _ : " . ) \

the nuclear laver, we cannotAconclode yith certainty,thatjall'?i HA is due
exclusively. to CNS mast cell sdurces. - However procedures used to 1solate

ar allv purified synaz tosomal reparat10ns whose 1nte rltv was. verified bv
pas P 8

electron nlcrographs and neurochenlcal markers have‘been fOund to sequester

.

most of the P2 compllment of.HA (Kataok and DeRobertls, l96/' Kuhar et al.

lQ/R: Baudrx et al.,_7973 Snyoer et al.. 1974) Neurochemical evidence’of.Pé

subfractlonatlon of rat nvpothalamlc tlssue us;ng norepznephrlne y— amznobutvrlc.

acid, pota551un and lactlc ac1d dehvdrogenase act1v1ty as synaptosomal markers
" confirmed that Substantla‘ rec0verable HA was in svnaptosones The mitochondrial

1ayer, verified by a high monoamine-oxidase activity; contained far less Ha

(Savder ané Tavlor, 1972). The reduction-of P, histamine content following

Y



'ewperiméhtal lesioﬂs has been used-as, evidence for histaminergic-heuronal path-

© ways in the mammalian CNS (Dlsmukes_et a_., 191& Barbin et ai. 1976). The
varlous technlques of fracclon preparatlon and HA determlnatlon found in- the
_literatu*e make precise and c0n91stent estlmates of fractional HA content -
,difficuit, yet;.a‘qualltatlvé app*azsal mf these quantltative evaluatxons leaves
.‘llctle doubt nhab a. najor portlon of brain hlstamlne re51dés in a neurmnal

- compartment.

Vfl; BRAIN HISTAMINE SYNTHESIS

Histamine in the'mammalian-CNé is almost ekclusively'formed lacallv'after.

&ecarboxylatlon of - 1ts—1mmedlate precursor, L—hlst1d1n3,51nce it poorlv penetrateS'."

. the braln f*om plaSma (Halpern et al. 1959; Sn r et al i¢ 64,_Schayer and
Reilly, 1970; Oldendorf, 1971; Bulfleld and Kacser l9?5).. Hougver a stereo—:
selective active uptake mechan@gm for L-hlstlﬁlne has beén demoﬁscra;ed,in rat,
bfain slices (Neamg, 1964) and synaptosomés'(éhudomélﬁa'ané‘Mmrrig{ 1983); In-
fact, L-histidine avéilability mayrcongﬁitute the mate-limiting.s%gm in the
fmrmation of‘brain hiséamine.. While the histidine concgn}raﬁgon inside cells

containing histidine decarboxvlase (HD) is not known, we can conclude by indirect’

evidence that it is not at sufficient concentrations to saturate HD. L-Histidirne.

-~ - . ’

loading elevates bréin his:amine concentration in vivo while the D-isomer has no .

effect (Tawlor and’ Snvder, 1972b:'5§hwaitz et al., 1972; Bulfield and Kacser,fi
-1975;”ﬁazurk;ewichKwilecki, 1983).. In aadition, the mean levels of‘histidiﬁe:'
if plasma and brain are approximately 6C M wheréas the Kﬁ of HD for histidine

_is about 300 uM {Schwartz et al., 1970; 1980).‘ The characteristics of thel

histidine uptake svstem end its direct relationship to the regulation, of brain

histamine are cur:ently,poorly.umderstood. It is known, that -histidine alone is

not involved in this process. There are probablv some common uptake processes '
- . L . . . .

shated by phenylalanine, trvptophan and histidine since high levels of ‘the twb

- -
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. Former amlno ac1ds 1nh1b1t accumulatlon of the latte* in rat brain slices N

.

i(\eame, 196& Barbosa'et'al},'l97ll.. L—Tfyptophan in high conéeqtratiqﬁs has™ '
been shown to-compete'with 3H—histidine'dbtake inro rat hvpbthalamic slices

s . NP 3h L . © aagey N
‘with a concomitant reduction in “H-RHA. formation (Verdiere et al., 1¢75). In vivo'~

: ‘endogehbus-ﬁA levels. were-reduced in the brains'éf mice treéted-with‘L-trvptophan
(Tav or and Sn“aer3 1912b) On the other nand L hlstldlﬂe has zlso ‘been shown

to alter L—DOPA transport into Sllces of ‘rat cortex and strlatum (Herreros et al

.1978), " This may . have direct ponsequences On‘evaluation of'ehdogendus transmitter -

éystems‘using‘hﬁszidine loading_ﬁeChniques. For .example, histidine loading was

~shown to lower mouse’ ‘brain serotonin levels (Tavlor and Snvder i972b) Tﬁerefore,

a fegulaCOry,role not oqu in brain histdmine synthesis,'but also in the
, . . ) -, .- " . A . ) L L . L. ' R -
.syn:hésis_of other_néurotf&nsmitters.'_

oa

f-hlstldlne decarboxvlatlon, aromatlc T—amlno ac1d decarboxvlase (E C. 4.1.1226): S

(i.e. DO”‘ decarooﬁvlase) and SPElelC Léhistidinendecarboxvlase (E C “4.1.1. 27)

(HD). The spec1;1c ED is so naned 31nce DOPA . (dlhvdroxvpnenvlalanlne) and

S—hvd*Ohyt*vptophan act as very poor suostrates in v1ﬁ§o whlle L hlstldlne but

'n0t D- nlstldlne ig eFfec:ﬂveWx decarboxvlated (Hakanson and mean '1966; Aures

“er al., 1970 Scnwa*tz et '11_ 1070) In rat_hypothalamit hbmogenates, the pH
o Optlﬂun (6 5-7. O) KQ values for n1st1d1ne (anpromlmatelv 3 4 ox 10T M) and
fects of varlous 1nh1b1tors Lndlca:ed that 1; 1s the spec1¢1c L h‘Stldlne

"deca*boxvlase that is phv51olog~callv involved 1n braln HA svntheszs (Schwarhz

'ec aI_, 1970) Tne aromatic L-amino- acid deca*bomylase has a.pH maximumein the

range of 8 0- 9 5 at wnlch nolar n“stld-ne concentraulons mav be - reou1red for
- . - - . B -

saturation. For the specific enzvme,. the pH optimum is inverselv related-to

the.substrate concentration, i.e. at lower histidine concentrations the optimum

pH approaches 7.Q;wﬁile high levels reducerﬁhe optimum pH to as-low 35_5;5-
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‘(Hakanaoc; l967;'§urés et al., 19705: The parallel regional distribution of .

specifiec HD'activity and histamine concentration (Table_I) and an -zbundance of

lesion .data '(see Seccxon X strongly suggest that HA synthe51s does not 'occur

in catecholaminerglc or setotonerglc neurons.

The distribution‘of,specific and nonspecific HD:'in a few brain regions show

) -
some similarities with relatively high activities in the.hypothalamus and low

A .

activities in. the cerebellum. Yet in the striatum (which haa'only about 2 third
éf the HD activity seen in the hypothalamus), the_nonispecific enzyme has its
- hlghest act1v1ty, -nearly double that of the hypothalamus (Schwartz et al. l979a).

Histamlne blosynthe51s is not affected by the aromatic L- decarboxylase 1nbibitor

—methyl—DOpA (Taylor and Snyder 19713 Schwartz et al. 1972) Conversely,.
NSD-1055 (4-bromo-3- hvdrovaenzyloxyamine) and c-hvdrazlnohistldlne whlch compete
uzth the cofactor pyrldoxal phosphate (Levine et al. 1965) and A-thiazolyl-
methoayamlne -are more potent inhibitors of specific HD than the ~non- Spec1f1c

- eczvme (Taylor and Snyder, l°7l 197°a) _.Jhlle these latter agents 1nhibit HD
in b*aln homogenates, they vary’in their ablllty to penetrate the braln (Dismukes
and Snyder,_l9/&), thus limiting their usetulneas in the evaluatlon of'cistamin-"

. ergiciprocesses. ‘Since.pyridoxal‘phosphate‘is the cofactor for histidime -
-decafbdxylase, lnhloitoré_acting at the cofactor.site will alao incibit-thiS'“
enzyme, but the'poor speclficity-oflsuch-agents(e.g}‘semicaroazide)areiof

' dubioua analytical valoe-(Hasliﬁaki; 1975)."A highly speciflc ED inhibito£

| actlng by thla mechanism baé not‘beeﬁ'fepotted. A tecentmadcancé?in‘taia area‘
was tbe develo?ﬁent of tbe.ﬁighly selectlve‘;soicide‘ Hﬁ'inhibitor, u—flooro- -

-méthylhistidine (Kollonitsch et al 1978} Tnls agent was. shown to be a- potent

irreversible HD 1nh1b1tor both in rat braln homogenates and in the brains of
"llowlng 1.p 1n3ectlon while hlstamlne N-methvltranslerase, DOPA decar—

Aase and glutamate decarboxwlase act1v1t1es were unaffected (Garbarg et al

1980b). Such Treatment reduced endogenous brain histamine 1evels and required
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. up to é days to restore enzyme activity to control values..‘The high selectivity

of this agent and its abllltv To pass the blood brain barrier make it a2 potentially

o

poweriul tool for the studv of brain histamine synthesis.

The regulatlon of brain histidine decarboxylase activaty undet.physiological
conditions. is ooorly undetstood. Dialysis of homogenates was reported'to reduce
HD activity which.was restored upon addltion of exogenous pyrldoxal phosphate.
However, addltlon of emogenous cofactor to -teshly prepared btain homogenates
failed to alter enzvme activity_(?alacios et ai., 1976). While this suggests
that the availability of pyrldoxal 5'—pnosphate may regulate HD act*vit}, it
:argues agalnst the presence.of this cofactor as a2 rate-limiting process under:
normal ooneitions; End product,innioition of HA synthesis is also an unlikel?

mechanism since HA concentracions up to 10 mM have failed to affect HD activity

in hypothalamlc homogenates or rat-brain sllces and did not alter 3H—HA formation

~ -

from 3H—hlst1o;ne (Verdlere et al., 1975). Substrate avallabllity may more

effectively regulate HA'formation since histidine probably does not saturate HD

unaer normal eonaitions.‘ While ioadiné with L-histidine (500 ng/kg i.o.).raises
endogenOus HA 1eve15 (Schwarrcz, et al., 1972; 1679%a), N -methvlhlstldlne treated
mice have been redeted‘to undergo- endogenous HA reductlon due, at least 1n part,
to conoetltlon_;gx both L- h*stldwne uptake and decarbovvlatlon sites (Schwartz

et al.; 1972). N© —methylhlstidine acts as‘substrate for brain'HD although its

s

-KH far emceeds tnat of L- hlstldlne bv tbout thlrtv times (Schwa*tz et zl., 1973)

The subcellular localization of-HD activity has been studied in rat cortex

(Baudry.et al. 1973) -and Tat h\potha nus'(snvder et al;; 19?&5. .In both studies,
over 80% of the recove*able enzvne activircy was. in the P Py and supetnatant

(i.e. SOlLble) fracciOns. In the cortex,-subfractionation of the P2 fraction
‘showed that‘JOi of_the'enafme_activity was in the~synaptosomal'suofraction:

0smotic shodk released almost all the enzyme in soluble £orm suggesting that

the enzyme ' was in the soluble tytoplasm of nerve terminals prior to: Homogerization

1
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.(Bandry et al;, 1973).' The finding'that.over EOZ:and-over 60% of the'activity

f.

“was 1n “the: Supernatant fractlons of the cortex and hypothalamus, respectlvely
is‘consistent ulth _the suggestlon that much of the HD recovered is in the cvto—
plasm of neurons and/or other cells of the brain. In both studles, no more

than 15/ of the total "ED actlvitv was recovered in ‘the P1 and 33 fractions

|

 comb1ned. From these observatlons, ve ‘can’ 1nrer that .a major portlon of HD is

-

locallzed i the neuronal cvtoplasm and that at least 2 portion of thls cvto— ‘

p}asrc-compartment is_in syﬁaptosomésr

.

_The developméntal patrern of HD activity in the brains of rat neonates is

‘consonant with a neuronal presence which increaaes_in:parallel'ﬁith age—related
'neuronal developmént. .buring the-developmental proceés, the major portion of
'att1v1tv shlfts from the supernatant fractlon C70/ of ‘the recoverable HD at

birch) tp the P, Fractﬂon (&6a in the. adult) most of which is synaptosomal

CHartreé.et al., l975§‘Baudry‘and’Martres; 1975). ‘More 1mportantly, ‘the lncrease

‘1n total bradin HD activity oceurs almcst exclusavely in the P, fraction, a

2

pattern 51m11ar te catecholamine neuronal development (Coyle and Axelrod 1972)

if the soluble ﬁD represents a conponent whlch is largely derlved from'neuronal

cell bpdies, then the _increase with age of the'enzvme in the PZ Fractlon ma}
reflect Its prollreratlon with that cf neuronal flbers and terminzle (Schwarrz

et al., 197°a) This is.an~attractive hypothesis whith is_gonsistent with the’
available_data,;bnt.presently remains'largely unproven.

.

VIII. ’AI“ oF 5ISTAMIN Iﬂ THE MAHMALIAN CEVTRAL WERVOUS SVSTEH

v .- . K Y
. .fAS'Release

An important -function expected of a neurotransmittér is its release from

v

presynaptic_neuronaifstores in response to depolarization'of the;axon terminal -
membrane. This rather ‘obvious criterion for transmitter status has been more

difficult to achieve ior\tﬁe_central histaminergic stores for numerous reasons.--
. . - ) .. . . . . .

o~



all invescigations'concerning'HA-release have been éarried out in vitro using

noradrenaline and serotonin. Measurement of Ha u51ng Dowex 50 h columns Obu&lﬂ&d

ization caused "H-H4 to be released by a Ca -dependent mechanism(s) and

~30—
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Almost;certainiy ‘much of the b*aln HA 1s non—neuronal as subcellular fractlon-

atlon studles (sectlon VI) a bra*n mast celI pool (eectlon IX) and 1esmon S
studies (sectlon K) 1nd1cate. ' hlgh densit} population of hA cell bodles with
dense circuits projectlng to, we*l—deflned brain reglons uhleh ea511v lends 1:self

to ehperlmental manzpulatlon may mot exist er tth anlne ~Measurement of'small .

- amounts of HA released in vivo has also posed technlcal dlfflcultles in eval-

uating (a) if EA' is-released and, (b) the quantity of EA relgazé"d<Eurthermore,l‘

~in monoamlnerglc systems W1th establlshed re—uptake mechanisms, incubatlon with

rad olabelled transmltters has greatly fac1lltated studles of thelr release and

metabollsm. However,‘the lack of a‘high capacity sys;em which can concentrate‘

substantlal amounts of emogenous HA agalnsr a concentratlon gradlent in tlssue :

<
A

srores has obvlated Such approaches for HA release analv51s - Therefore, almost

brain tissue slices. -

‘Potassium—ion'depolarization of mouse cerebral-hemisphere slices was reported

S

to reléase endogenous HA (AtacK and Carlssen, ,1972); 3 stepwise elevation of X

concentration led to z stepwise enhancement'of HA release as well as-that of

-

by Fluorlmecrlc analysis' compared ‘avorab . with those of othersf(Anton and .
Sayre, 1969; Green,.l970; Taylor and Snyder, 1972b); Ta}lor and Snvder (l°7°d) n
demonscrated Ha- release From rat hypothalamlc slices depolarlzed bv" whlch

~

was CaT* and temperature dependent augmented by.higher~K levels and also released:

by feserpine. Quantitativezrecovery-of HA under these-conditions‘indicaced

that the sum.of the. medlum HA contenc plus that remalnlng in t155ue was unaltered

Plstldzne decarboxylase _nhlbltlon with NSD 1055 falled to afrect X —evoked

v

HA e ff ux. Similar results were observed'in SIices'of'rat:hypothalamus pre-

incubated .with 3H-'niscidine {Verdiere et al., 1375). The K -induced depolar-_

r
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stlmulated further synthe51s of tissue 3H:HA.‘ Mucﬁ'of the.radiantivitr.in

the medlum dould be attrxbuted to 3H—methylhzstam:,ne Whlch uas further 1ncreased

followlng 1socarboxazzd 1nduced monoamlne oxidase inhlbltlon.

Tritiated histamine release from tissue slices of-several rat. brain regions

R - : : Ty T R
-previously incubated with 3H—He indicared that 5 depolarization caused a rapid,

L . , . - S o -
‘Ca -dependent release of tritium {Subramanian and Mulder . 1976) although-little‘

]

‘net radioactivitv could be sequestered in the tissues: Horeover, K = and compOund

&8/80 induced 3H HA - efflux from hvpothalamlc sllces were suggested to be two

"~’independent mechanisms. In addizion, these authorslstated_that. part of, if

not all, of the potassium-induced‘release of aQCumulated e&ogenous HA may be

from glial cells.” However, this statement was based exclu51vely on 11terature

sk
cltatlons of GABA uptake by gllal cells and subsequent Ca. —dependent release. -

v

Hence, this speculatlon was notjsupported experlmentally and the rationale . for ~

: oroposing that possibly aii of thesaccumulated 3H-HA came from glia 'rehains

obscure. SuperFusLon etperlments using gulnea p1g hypothalamlc slices prev1ously

.1ncubated w*th 3H-hA demonstrated BH—HA release by electrical fleld stlmulatlon

,*—*.
'which was.frequency— and Ca -dependent (Blggs and Johnson 1980)

More recently, Mulder et al. (1983) reported that cortlcal hlppocampal
and hypothalamic tissue slices, incubated with “H-HA, released trltlum after
depolari;ation induced by either high potassium ion concentration, electrical
field stimulation or veratrine. The K -induced release increased with increasing
concentrations of K and was Ca  -~dependent as was the release evoked by

- -

"electrical stimulation and veratriné; the latter two uere‘blocked'by tetrodotoxin.
Veratrine“induced tritium efflux was cdoncentration-dependent and electrically-

- induced irelease was frequency—dependent."Investigators from this laboratory °

‘revised their previous'vieu,on‘élialruotake.and,release of 3H-HA concluding .

from the above:results that the profile of K , electrical stimulation. and

i s . ' 3. ‘ -
veratrine depolarization caused "H-HA to'be .released from neuronal sources

L73
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exclusivelyl However,.the authors pointed out thac thev dld not verifv what

fraction of the tritium could be attributed ‘to Hn This may, be important 1n

.11gnt of preVious studies 1n which at least 104 of the tissue tritium was~3H-
_methylhistamine and no more than 75% due to 3H -HA (Subramanian and Hulder 1976);

It also remains to be established 1f the cells involved quite p0551b v neuronal N

are hlstaminergic.' o L "‘ oL oo T T

4

* Much or the ambiguitv concerning 3H—HA uptake inte bistaminergwc neurons

was obviated bv 2 study which demonstrated K - and veratridine- induced 3H HA

release from rat cortical slioes previously indubated with the.precursor, 3Hins

"“(Arrang et al., 1983).' This 3H HA-release wds dependent on both K and veratridine

i

' T 4t
concentrations and the presence of extracellular Ca . In addition, 3H-HA

release was also.tetrodotoxin sensitive (see section XI.I},

The release of endogenous HA was studied by superfusion of the posterior
I'hvpothalamus with push-pull cannulae and subseqUent determinatlon of "he rate
'of HA released in the superfusate (Dhilippu er al,, 1987) endogenous HA was

'shown to be enhanced bv electrical stimulation of the superrused area and hvpo—

l
- LI -

'thalamic superru51on with hign K conoentrations in arfificial cerebrospinal - ,

- £luid 3150 increased_endogenous HA release which was-determined by a radioenzymatic
method._ The "resting” HA release rate in the anesthetized cat posterior hypo-

thalamus and the rabbit. anterior and posterior hvpothalamus was apororimately

50 p"cograns/minute. This release rate was not onlv phv51olog1cal but also

sen51t1ve To ph351ological changes _n the body (see below) a response consistent

with (and- e\pected of) a neurotransmitter substance. In addition ,. the resting /: )

release rate oscrllated rhythmicallv at approximately 70 min CVcles, a pattern
whlch argues against botrh’ anesthesma mediated release and a non—neuronal o*igin
for the-endogenous HA. The eff lux‘rate.was'shoén‘to,be_elevated;:in some cases

more than +100m, under conditions of increased or decreased. arterial bleood |

'pressure; "This suggested to the authors that HA release plavs a role as an



-iﬁﬁediate physiological signéi'of‘chaﬁge; in peripheral blood preSSuré‘.

(Philipﬁu et al,,-1983). ‘Whether this is pa;t{of‘a trigger fof-signalling that
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.a change has occurred and/or a portion of the early responses remains to 'be

escablished.

B sttamlne Inactlvatlon Uotake and Metabollmm'

As the*e are two emzvmes capable of. synthe5121ng hlstamine (see section VII)

the*e are llkewlse two enzymes whlch metabollze it. (Flg 9);-1 e. dlamlne oxidase

" (E. C 1 4, 3 6. ) and hlstamine N—meth}ltransferase (EMT). (a C 2 A1, 8 ) (Schayer,

1959). The action of the Former enzyme produces 1m1dazoleacetaldehvde and L - -
followzng further oxldatlon bv,aldehyde dehydrogenase imldazoleacetlc acid.

. MT generates N-rele- methv*hlstamlne (t—MeHA) which is ultlmatélx oxldlzed by

monoamine cxidase to N tele-meth}llmidazole acetic acid Ha 4§ not x substraté

for the non- spec1f1c N-methvltrans:erase (Fong and Huang, 1983) Similar to

‘ the HA SVRthESlZlng enzvnes, onlv one, the h*s:amlne N-methvltransferase,

metabolzzes HA in the mammalian CNS The mammallan brain lacks the capacity to
s;gniflcantly Ox1d12e hlstamlne (Burkard et al., 1963 Schaver and Re1lly, 1970; .7

19/3 Schwartz et al. 1971) Although BH-HA lnjection lnto the *ac lateral

“ventricle resulted in lahelled 1m1dazoleacet1c acxd formation has’ b881 reported
CSnydér'et al.' l966b);tha large amounts of 3H—HA used in‘this'Studv and che
lack of evidence that this substrate mlxed with eﬁdogenous HA stores cast doubts

on the szgnlflcance of these flndlngs (Taylor 1975). Alte*natlvelv it was

-l

-suggested that HA is nearly quantitatively-methvlated (Schwartz et al.,"l97l)}

Intracisternal acministration of moderate doses of 3H-HA to ;atg.gboﬁed ﬁhat
Y—tele;ﬁethylation is the major, possibly the eonly, roﬁte of HA métabolismf

It was observe& that labelled t-MeHA cqntént rose-rapidly and- pretreatment with_
the monsamine oxidase»inhibitor: tranylcypromiﬂé,_redpéed‘EHe‘ﬁé;hylimiagzole;f
acetic acid levels but increased 3H-t-M-HA conténf still,furthér;Awhich accOunte&‘

for more than 70% of the recovered radioactivity. (Schwartz et éi., 1971). -
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-35- -

' . 7 - . . -:(,. _
Isotope dilution analysis demonstrated that 3H-imidazoleacec:.c aczd 1f formed,

could not account for more than 2% of the recovered crltlum : Also, the dlamlne
oxidase inhibitor, amxno~g%an1d1ne, glren *ntrac;sternally fazled to. alcter the
levels o 3H deaminated metabolites. These flndlngs were.confirmed,in rat
brain when the merabollsm of endogenously syn:hesized BH-HA from in;ected 3 R-His
was studied. After pargyllne—lnduced inhibition of; monoamine oxiEEEE, almost
all of the radiocactivity could be recovered as 3H—r-MeHA (“ollard et al., 1974).
Slmllar studies using both 3H and l{'C labelled L—histidine have. yielded consonant
results (Reilly and _Schayer, 1970; Dismukes and Snyder, 197&}
Gamma—glutamvlrmstamlne.£ormatlon from hlstamlne has also been reported
in both rat braln in E&EEE and in vive studles (Konishi and hakimoto, 1976)
However, the small amounts formed and its, short half-life follow1ng i.c. v.;‘
injection suggest that it is a qoentitativegy insignificen: metabolic roure in
mammalian brain;.eithough it hes been shown to be the najor *oute;in_the.dNS
of some mollusks (WelnIElCh 1979"Stein and Welnrerch 1983)

: . .
While hlgn-afflnlr}, energy dependent re—uptake processes For-several mono-

amine transmitters. have been esrablished, there is llrtle fdrm evidence denon— _'
strating that this occurs for.histamine in the mamnEiien;Cﬁé."Earlv attempfs

to 1nd1cete the accumulaCLOn.o. labelled RA agalnsttlarge concentratlon éradlents
were unsuccessful (Neame,A_,GA' Snvder and Taylor, 1972 honegger er al., _974
Matthaei and Dhlllppu, 1974 Schwartz et al., 19793) More-recent'reinvestigations-:
suggest thar an upcake process may exist but none nave-ylelded unequ1voca1

- conclusions. eAcCumuIation ofnlaC—HA has. been shown in rabblt hypothalamlc
slices which- coold be 1nh1b1ted by 5 hvdroxvtrvptamlne and de51pramine (Tu0mlsto
et al., 1975).' However, this process reoulred severel nours and the hlghest
concentration'gradlent,ettalned was.only 1.5-~ Bovine s:riacal svnaptic vesicles

: 14
were shown to accumulate C—dA bv a process that was 1ndependent of AT” and

4+ ) .
Mg concentratiens (Philippu and Matthez,ilBJS). Accumulatlon of 3H4HA in
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slices from several regions of rat brain which was releasable upon X . depolar-
ization was reported (Subramanian and Mulder , 1976). However, the maximum

tissue-to-medium histamine ratio of approximately 1.5 and the non-parallel

distribution of.the regional tissue uptake. with HD activity, the putative

histaminergic marker, are inconsistent with .z straightforward neuronal HA re-

uptake scheme. Although a tissue-to-medium HA ratio of abour 3 has been-

attaineé following a 90 minute incubation of 3H—HA with guinea pig hypotﬁalamic

slices (Biggs and Johnson, 1980), :he‘uptake characteristics, kinetics and energy

requirements were not evaluated._ﬂThus, the prévailing-evidence indicates that’
i -

the major process of ‘histamine inactivation in the mammalian CNS is methylation

by histamine N-methyltransferase.
" The greater activity and relative stabilicy of HMT compared to that of HD

has made the study of the former much easier and more amenable to analysis of
3 . , : . . ; :

its mechanisms of enzymatic action. Kinetic évaluation of partially purified

guinea pig whole-brain HMT" activity suggested that HA was methylated byAS—édeﬁosyl-

~ L-methionine through two half-reactions in a ping=-pong mecﬁanism (Thithapandha

and Cohn, 1978). A more recent method of purificarion of guinea pig HMT to near,

- homogenéity was reported but its enzymatic mechanisms were not kinetically

“

e&aluaced (Matuézewska and Borchardt, 1983). Evaluation.of EMT from human skin

'Sﬁggegted.an ordéréd sequeq;ial Bi-Bi mechanism (FranCis et"al.; 1930). Thi; ié
not surprising as the pfeSence of EMT isozymes has been”demonStréted in Aifferént
. _ o : o
tissues from the sape Epedies (Axélrod and Vesell,_lé?O; Suriyachan énal
'Thithapandga,;i972). Unlike ‘HD enzyme‘activity, histamine N-méthylhiscamine.agd
S—adenogy;—homocystéine; the‘iﬁmediate products of histamine methylatiqn_areﬂ' )
pdtén: inhibitors of HMT‘ac:iﬁity (Broﬁn-ét al., 1859; Baudry et al., 1973).
Histamine i#self exer;s potent substrare-inhibirion on HMT activity. Varioué
KM.Qalﬁeé qu hi;taméne iﬁrthe range.of 8;&3 #M have been reported (Brown

.et al., 1959; Zappia et al., 1969; Tavlor and Snvder, 1872¢; Thithapandha and -

.
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Cohn, 1975{[Matuszewska and‘Borchardt, 1983). However, at concentrations near
100 uM or-arove; the HMT'aCtivity is reduced to about half of that obtained at '
.lO.uM histamine conoentrations (Taylor and Snyder, 1972&; Prell, unpuolished).

‘ WhileAﬁMT appears'to be_ubiquitouslthroughout the mammalian central nervous
.1system't3rown et al., 1959; Schwartz e: al., 1973b; Saavedra etlal.,'l976)'
dlstributlon of NT -methylhlstamlne (theHA) the inactive histamine metabolite,
correlates well w1th that of hlstamlne (Table 1, Hough and Domlno, 1979)
However, HA methylatlon is not found to occur 2t .the same subcellular site(s)
where HD- and HA (neuronal or non-neuronal) are found since ¥MT activity and

-HeHA, unlike HA and HD were both accumulated to a large extent 1n the super-
natant (53) fraction (Snyder et al., 1974; Hough et‘al.; l982a). In addition,:
osmotic lysis of hypothalamic partitulate'fractionS-released HMT out not HA .
(Snyder et al;. 1974} . Indeed there‘is:evidence rrom leslon experiments‘that S
* BMT may be localized to post~ synaptlc 51tes (Garbarg et al 1973; Bischoff and :
korf 1978) -Since its abundance in synaptOSOmal Fractlons suggests that it
may reside 1n“close Juntap051tlon to axonal‘endings,-i.e. near the synaptic'cleft
(Snyder et al., 1974), HMT may have & functlon £n'metabolizing locallyﬂreleased
HA. The demonstration that nore than 50? of the enzyme'activity is contained}

- ~ : - .
in neuronal elements‘of the striatum, although not necessarily ezcluslvely in

. - » .
hlstamlne contalnlng neurQns (Sperk et al., 19813) is. conszstent with thlS_

concept. However' the ev1oence from the cell cul ure studies suggests that some'

'-FHT may also re51de 1n gllal cells (Garbarg et al., 1975). - o T ' '”

'1 Dru -lnduced 1nh1b1tlon-of HMT~activ1ty bv metoptine and related dianino-‘“‘

- - . N

'“pyrlmldlnes has been shown to increase 1n v1vo HA: levels in both whole brain " L

7'(DUCh et al 1978):and ;n several.reglons of,the rat-braln{.espec1ally ;n'the.
Thypothalamus; tnalanusjand cortek (ﬁuch et:al:; l979); dowever, large’decrenents '
'lanHI'ettdvltv maybe'necESSaryloefore_siénirfcant.elevatlon of EA levels can_ .
:?bejobserved_k?rellaand Mazurniewdea—Kvilecki;_lé&l). _Consistent wltn,suchla

Sela
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hvpdthesis,:at equimoiar concentratibns, in in-viéro studies, chlorpromazine
and qulnacrlne 1nh101t T (Thlthapandha and Cohin; 19783 to a lesser’extent
than metoprlne (Duch et al., 1978) (-82%, -79/ ‘versus -937, respectlvely) Yet,
‘the twg Former d*ugs fall to alter brain HA. levels in v1vo (Taylo* and Snyder,

-1972b) whereas the latter more . than doubles it (Du.ch et. al., 1978 1979) T

_Brain t-MeHA\levels may be_indicative oftthE‘lqcelly“feleaSed Ha and as

'such, be used asfan'index of HaA felease;'jﬁSt as hbmbvanillic acid_anﬁsdihydroxy-'“

pnenvlacetlc ac1d (DOPAC) | ccncentratlons reflecc braln dopamlne release (Cooper

et al., 1978) Howeger;‘ﬁs_releéSe:may not emanate from.neuronal.scores

:exclusivelv. In'additién t-ﬁeHA ﬁay alsé be fofmed-from'decerboxvletibn bf

T—meehvlhlstldlne (Schwartz et al., l973a) although this ma\ be a minor cont-

R * oo
*1but10n to the total t=MeH4 concent since verv litrle c& the‘former may be . -

. []
._present in mammalian brain (see apnendlx 3)

Lndogenous h—tele-nethvllmldazdleacetic ac1d has recent13 been detected and

-;ﬁeasured in rat brain and huQan cerebroSpinal fluid_using_gas_chromatography/-

"ﬁass_speetrOSEdﬁy (GC/MS) (Kﬁanéelweilet-al.,¥l98éa; Igéib}ﬂ its measurement
may prose useful in evélua;ing HA_fe%éese‘and metabolism, but-like t—HeHA,
the exact sou§§i must_fersc yejaseefgained; -ﬁsing GC/MS, no imidéeoleacetic
~acid was foundfin:the brains;ef?rabs"(Kﬂaﬁ&elVel'et Aiﬁ, 1982a).

€. Turnover L C s-t R | |

) — _ _ ‘

Histamine turnover studies have been hampered by several factors which

.

necessitated numerous qualifications and assumptions and made unequivocal
estimates impossible. The existence of zt--least two major HA storage compartments,

‘possibly equal in size, is a complicating issue which has been partially over-

" come by,assuﬁing that the HD activity/EA content ratio is much larger in the

neuronal compartment than in the non-neuronal depot(s) (see sections VI and VII).

In addition, while the measurement of braiﬁ HA is possible but technically

‘difficulc, tecnn*oues for the ‘accurate quantification o‘ brain methylhistamine



and other HA metaboiites‘were~not avaiiahle'until “ecently Therefore HA

-

L

determlnatlon followzng hlstldlne loaoing or HD inhlbitlon with agents of

,

dubzous,spec1f1c1tv were 1n1t1a11y the only approaches avallable.' Tavlor and

ved .- - L. -

Snvder (1971) evaluated the decllne in. brain HA content following ED 1nh1b1tion

- - - — -

.9'
wzth KSD- 1055 or c—hydrazlnghlstidine,treatment in mlee. However,’ only about

"half of the braﬂn HA could be depleted whlle the remainder was 1nsensrt1ve to

sven hlgner doses ' nlthbugh the half life of braln HA turnover ‘was determlned

-

té be ‘10 mln, such orawbacks as “lack of HA™ steadv state, drug effects on .

other pyridoxal—ﬁ'—phosphate dependent enzymes and the 1nduetlon of phy51olog1cal

effects such as hypothermia tannot be- 1gnored

Administration'ofl3H—HA {Sghwartz ec,ar., 1971).or-14p-His-(Senaver”and

ReiIIV‘ 1973) intracisternally overcame sone‘of-tﬁese;ﬁroblems. .While the latter o
& . o

group determined a half- llfe of 30 min to 3 hours in various brain- reglons,-

L Lo -

correction for ong01ng synthesis during'the‘catabolicnprocess.was not_made,

Tne former group observed that 3H—HA may not be 'taken ap by a nedronaitpooi and n:
mix wdth endoéenous stores and therefore 1n3ected rats with 3H His 1ntravent~-
ricuiarlv The expected precursor-p*oduct relationship. nas observed -and 3H-HA

. 3
formacion 1ncreased as -ﬁ-ﬁls levels decllned such that a "eonversion: index

was derived, i.e. the BH—HA amount/ F Kis spec1f1c act1v1tv ratio (Pollard
et al., 1974). Assuming a oneAcompartment open model and a steady_state;HAf

concentration, whole rat brain turnover was estimated to be about 46 min

~~.34 ng/g tissue/hr). 'There was an apparent correlation between the conversion

. R ot ) ' : c e ' 3 .

index and brain HD activity; however, the non-physiological method of “H-His
»

administratjon and the variable cerebral penetration tO'varions regions were

obvious limitations.’ Therefore, the nore”physiologicai'anoroaoneg which used

3H His pulse plasma infusicn or. eonstant rate 1nfusxon were attempted when

injected into mice, the half 11fe oF HA turnover in several braln reglons varled

between 30-70 ming - the hvpotnalanus havxng the. fasrest turnover rate (Schwartz
- - q, .

‘et al , 197%9a}.
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l" ,5ismuhes'aﬂélsﬁvde (1974) reported that hypothalamic HA half- lzfe was
-.ahout 30 seconds 1n rats. This was based on the slope of brazn HA content-depletlon‘
._curves.ﬂollowihg'i.v; lnjection of NSD-lOSS and G-hydrazinohistidine. In a
- parallel stooy,‘the-appeaténcé rate of 3H “HA formed from 1ntraventr1cularly‘
1n3ected 3H—H15 was determlned in the hypothalamus and’ a-value of about 60 seconds.
was obtained. However, several.aspects oF _these scudaes merit further review.
Even lethal doses of NSD—lOSS and a-hydrazlnohlstldlne depleted less: than a_
.thlrd of the basal HA concentratlon in each reglon investlgated It was also

assumed’ that HD 1vhib1t10n dld not alter the turnover rate, a fact which is -

'stlll uhproven. In add;tlon, the selectivity ol.these"agents-is highly question- .

-

':aBle.

-Recent.studles obtalned which used dlffe*ent‘epproaches, values close to
'—‘those determined bv Pollard et al. (197&) and Schwattz.et.al (19793) perlnheral
IlﬁJECtion (i p.) of the h*ghly selective HD 1nh1b1tor a-fluoromethylhlstldlne,
into wy mice (Eev01d of b*aln mast cells = see‘sectlon Ik B), nearly to:ally
de%leted braln‘HA concentration. A half life of &8-103 m1n was determlned in
* the forebrain and midbrain reglons, respectlvely,_ellmlnaclng the Tlmltatlons
‘o. the mast celllHA pool and the questlon of HD 1nh1b*t10n select1v1tv (Maevame
" et al., 1983). Uhfortunately,“the‘tlssue teglons evaluated, in. this study
' ﬁfo:ebrain;;midbrain.and hindbrein}.ate not reaoil§Tc0moareble to those‘used“
iﬁ other‘investigations nor'cae a rank coﬁparison ﬁith :egional HD activity be
;madeh- enotner aporoach was to evaluate :he accumulatloh of the prlmary HA
‘metabolite, tele-methyl ~histamine (t-HeHA), in whole ratrbralﬂ after inhibition

'lof'moooamlne_oxidase with pargyline BEC1 (Hough et'al,; 1982b). Methylhistidine

" increased linearly for therfirst‘é-hoors.eneerehaiﬁed at about 3 times control
levels fot more thanll2‘houts, The slooe'of the linear increase (33 ag/g .
tissue/ht)Lapproeimeted‘the tete of t—MeHA.formation and‘reflects the HA

turnover rate which was estimated to be about 50 minites. Even using this

‘\‘.
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approach several asaumptiéns mugt appiv Braln HA and t-MeHA are assumed to

be in a slngle compartment, that all Ha is methylated and then oxidized and

that t—MeHA is formed only from HA, In addition, pargyline is assumed to
selectively 1nh1b1t monoamine oxldase nearly ccmpletely but not alter HA levels.
Whoile braln HA 1s probably not in a siugle_compa;tment. However, if the rapidly
tutning over HA ie in a'single compartment: then this assumptionlmay'still have
.laomefvalidity. It is nOteworthy that monoamlne oxldase activltv,'assessed with

':phenylethvlamlne as a substrate by 2 dose of pargyline identical to that in. the

above mentzoned studles was more .than 99%° 1nhibited, although HA levels'were

llttle changed .l _ - ,1'. - '_ . 7 . ._- h -
Until such time when the assumptions-df :he uatious'kinetie~modelefate

clarified and validated, accurate estimates.of btadn HA turnever”wil} he

unattaihable. Houeuer, the hetter.deSigned studies;tendAtq ;ﬁggegc'é totalj.

ané:tegionalkbrain EA half-life in the general rauge of 45-90 minutes. ° ;u‘_-“
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IX. POSSIBILITIES FOR MAST CELL HISTAMINE STORAGE

. . R .

AL Mas:'Cells’ahd‘Mammeiiah Brain i _ : . T : - O

*Paul Ehrlich discovered mast cells a little over a hundred vears ago as a

subgroup of "plasma cellsf which eppeared red or violet when exposed to a blue

basic aniline dve.‘-This metachroma51a :continues to be the characteristic

feature for dlstlngulshlng and deflnlng these large cells whose cvroplasm contains

large metachromatic granules.. This granularfpresence:was originally.antributed
toxover—feedingiwhich‘was the baeis for the rerm “Mastzeiienf rrom rhe.Germah

roor “Mastuné” meaning masricate or cheor Even from theirleariv-aiseovery, mast
cells oere found bv _hrllch te be: concentrated a*ound blood vessels, nerves and

glandular ducts as well as near neoplasclc or inflammatory areas (Selve, 1965}

-

In addzt;on, present day technology indicated the presence of mast celTs in the

thymus gut mucosa perltoneal cavlty and subcutaneous lvmph nodes amang other
tlSSUES (Dexter et a1 , 1981; Metcalfe et'al-,-1981). - The mast cell basophil
granules are at least partially composed of protein, heparin, histamine, S-hydroxy-

tryptamine, dopamine phospholipids, hyaluronic acid, chondroitin sulfate and

‘other ohysrologlcallv active suostances in varlous proportlons dependlng on the

tlssue and spec*es 1nvestlgated (Selve, 1965 Metcalfe,et al., 1981; Uvnas, 1978).

Srnce the orlgﬂnal deflnrtlon was essenrlaWIV an operatﬂonal one based on the

'orlglhe1"F1nd1ng, anblguwtles have developed as research on these and related

..cells has Drogressed . Therefore the presence of basophlllc granules or many

of their constltuents in 2 cell does not neeessarlly’define a mast.cell (Kiernan,

"1976). Thélreferehoé-Wmetachroﬁaéia",used for evaluatlon can be aitered bv

Sul*atlon, oxrdation and pH changes leadrng to artlﬁactual observations (Selye

'1965). L&kewise,_the variation in_responses to-drogsa degranulating ageh;s .

and other basic secretagogues and surface active agents make an unequivocal

,defihitionripr a2 mast cell difficult (Pearce, 1983; Shanahan et al., 1983).

'To_countér'this situation, Selve suggested that the original definition be

—



-utilized, ile.""A 'mast cell is ‘2 connective-tissue  element which possesses,

1982;‘Lagunoffhet'al.f l983);

: ;A3-. " .. -l' :*'.:"-'-_- - . “

-

(s - R . . R : - . .

-

cytoplasmic granules that steinkmetachromatically.under'ordinarj.conditions.f

- 4mong all.the substancesAnresent-in‘nast cells, it is_the'nresence and

actions of hisramine whichfmost'interests-histamine investigatorsr'-Histamine

.

release bv inJectloﬂﬁ of peptone or other chemlcal llberators (MacIntosh and Paton'
1949) or after 1nductlon of anaphylactrc shock (Rocha e Sllva, 1952) was long

establisheq,’ the latter has been accompanied by heparin release (Rocha e Sllva

1952). It was shown that the metachromatic posrtlve material of mast cell

. -

granules are the sulfomucopolysaccharldes most notably heparin (see Metcalfe

et al. 19811. Histamine-releasing.agents were_shown.to cause mast cell degranu—

-lation (Rlley, 1953) and that a strong correlatlon ex1sted between HA levels and

s

mast cell content oF several tlssues (Rlley and West 1953) It was further

indlcated that folloulng 1n3ect1on of HA- llberators, the recognizable mast cell

¥

population decreased as well as the tlssue ehtractable HA.conrent Lastly,

'induction-of carcinogenesis increased the‘HA levels and the number of mast cells.

Tumors of mast cells vere observed to contain exceptlonally hlgh concentrations

of hlstamlne (Rlley and West, 1953)  The presence of HA in mast cells and its_

release‘during the process of mast céll degranulation .is now accepted-and the

. subject of several reviews (Riley and West, 1866; Metcalfe et aln,51981} Pearce,

‘-
.

COnversely, the presence of mast cells in nerve tlSSU& their type,'ahundancet

regional dlstribution susceptlhlllty to degranulatzon and contrlbutlon to the

: measurable histamine‘pool are controversial issues. -In many spec1es " mast cells

v

.are abundant near - perlpheral motor nerves where there is a close correlation

between hlstamlne and dopamlne content and mast cell dlstrlbutlon (Olsson

il

1968). In addltlon,:hlsfbfluorescence studies have conflrmed dopamlne s and

5- hvdroxytrvptanlne s presence in nerve. mast cell populatlons (Olsson 1968)

ue510ns of a'perlphera1 nerve cause a concomltant increase in mast ce‘l number
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and histamine concentration {Oisson,; 1968'.MacDonald'et al., -1981). Mast cells

n

appear in regions normallv void of nast cells followlng dlsease or surg1c31
lnterruptlon Their presence.ln human braln on,the periphery of'infarcts;_-
plaques-in multiple sclerosis and syphilitic leeions has-teen observed (Oisson,.
1868). . Heuever,.a large'popnlation Q;g not evigént in,human”brains post;strcke'
-or lobotomy (Dropp; 1979). In.adult.monke§s undergolng:experimentally-lnduced.
cereﬁral~lnfarction~.the observed e€levation ef nistamine cbntent (lOd’ over the.
-contralateral ;1de) of the basal éanglla'was attrlbuted to maat cell prollferation

’ (Subramanlan et al., 1981),

In the_normal mammalian brain, mast cells were'considered absent except

~

'for.regions surrounded by connectiye_tiSsue,,e.g,‘chcroid'pleius;-area'nostremaL
" pineal body: and. pituitary gland'(Oisscn, 1968). The meniﬁges are especially
" rich in mast cells, particularly arqund Sleod vessels (Edvinsson et al., 1976).

Yet moré detailed studies have‘denonstrated-mast cell presence in the, central A

‘nervous system of ‘several species, _ncludlng rat (Dropp, 1972; Kruger 1874;
_Ibrahmm 197&3- Edvinsson et al., 1977) However,.studies designed to detect
~mast cells in dog, monkew (Mulatta) human, rabblt ‘and guznea pig brains have

been negatlve {Ibrahim, T974a) althoughgtlalms for the absence in the latter
L
'two snecles have been challenged (“dv1nsson et al., 197/) Ihese-apparent

1ncon51stenc1es;have vet to be clarified. 1In sﬁecies_where brain mast.cells

are known to exist, a great interspecies and. intraspecies variation in mast

cell number exists, even'among littermates, For-example,’infbne study, the’

’albino_ra ‘total braln mast cell compllment was reported £o range between 632
and l 205 and between 333 and 4 358 ‘or “the hooded rat’ (Dropp, 1976) WiStar
‘rats- showed total mast cell numbersrnanglng from 5 230 to over ten thousand
eltnln the dlencephalon alone‘(DerSLnger, 1977) Several.facters.seem to

alter masg\cell number including age, handling and treatment prior .tc weaning,
. } = 5

. particularly in the diencephalon although other regions such as cortex were
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reported to remain unchanged (Persinger; l979;_l98Q1}\,Thls.suggests.a further .
complication as mast cells.are not-hohogenouslr distrihuted'throughout the
adult\brain Several reports 1nd1cated the scarcitv of mast cells w1th1n major
tracts, cerebral cortex, hvpothalamgh‘or basal ganglia of rat brazns (Dropp,
- 1972 Ronnberg et al., 1973 Dropp 1576; Goldschmldt et. al., 1983) These

© studies attributed up to 98% of the braln mast cell populatlon to the diencephalon,
espec1ally the thalamus. The thalamlc nuclei showed .an-uneven dlstributlon ”‘
:(Dropp, 1976) wrth 6. of the 32 1dent1f1ed nuclei reported to contain about 75%

]

of the thalamac mast cell compllment (Goldschmldt et al., 1983) The latter

- authors suggested that although the population size is highly variable,-the'..
cells have -a precise proportional distribution among_the various areas of the -
thalamus.

The confusionv0ver'nast cell variation in species, nunber and-regional'
dlstrlbutlon‘may be dwarfed by the potentlal heterogeneltv in. mast cell type.
Mast cells dlsplav a heterogenelty in 51ze, shape; morphologv; stalnlng character-f
1st1cs, location, dlfferentlal.responses to- drugs etc. whlch suggests the
existence of multlple types (pearce, 1983 Shanahan et al., 1983) . At ‘least
two types of mast cells have been postulated to co-exlst in mammallan braln,
termed type I and type 11 cells (Ibrahlm, 197&3) Type I cells are the ones
Teported by_most 1nuestlgators They. are spherzcal w1th round nuclel and
unlform -netachromatic'granules-uhlch are concentrated around hlood—vessels,"

in .the menlnges and. most ahundant 1n the thalamus. .Tyne Il,cells are'ovdld.or
;;splndle-shaped conta1n1ng heterogeneous slzed cytonlasmlc granules whlch are
ﬂ..llpld—flch Slnce they do not con515tently react metachronatlcly and are there-
fore nearly devozd oF heparln thev have,been re;ected‘as_mast‘cells (Kiernan,;
1976). -Using the crlterlon of.posltlve metachrOma51a kiernanfstates-that':.'

"true mast cells" (Ibrahln s type I) occur only 1n the parenchyma of hedgehog,._

-tree-shrew-and slow lorls.bralns. However, Tbrahln obServed that althOugh thev

.
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have been prevlouslv termed adventltlal cells, perlcvtes or perlvascular cells,u

thev have most of the chenlcal constltuents of tvpe I cells and s1m113rly undergo

degranulatlon followlng conpound 48/80 hvdrocortlsone or - 1on121ng radiation v

-

treatment (Ibrahim, 197&a' 197hb) 'In a more detalled light and - electron migro- |
. © - ¢
scon:c studv of thls varlant’cell g*oup, it was suggested that the tvpe II cells

be re—des gnated neu*ollpomastocvtes or neu*ollpomastOCVtold (NLM) cells because )

" of the1r high llpld content (Ib*ahxm et~ al., 1979) The are metagpromatlc

p .
(pu*ple) to normOChrom*c (blue) whlch appear to have gray—blue granules probablv'

, due to the_greater 11p1d content. The heparln—staln interaction which generates'

. _— \
a. strong metachrona51a that characterlstlcally defines mast cei}s may be- alte*ed

1n th cells due to lack of suFflclent heparln or diffe*ent iﬁtracellular b’nding

_propertles.- The 51m11at1tv of the mast cell and NLM cell colo*s plus the variat~

"~
ions of color and 1ntens;tv with- 1nterlaboratorv methodology cOmblne to make an

obJectlve ana1v51s cl‘flcult.

Iﬁe functional fole 5f Brain mast cells and/or NIM cells is-currentlv unknown.

‘The concomitant increase in,mast cell number\and'histamine content follobing patho-

loglcal or. experlnental 1eszons suggests a role in condatlons of neuronal 1n3urv

. e.g. tissue. repair, 1n£1ammatlon or demvellnlzatlon (Olsson, 1968 1975,

/

HacDona1d et al., - 1987) . ‘Since they contaia-vagfactive substances and are in.

close ptoximitv to blood vessels this suggests that thev ma\ ‘assist in the

regulatlonﬂof the nlcrovascu1atu*e.- Yet~there is l:ttle firm-evidénce'to confirm

", such a‘suggestion. Appllcaclon of compound &8/80 has been shown to cause local

Dlal vasoconstrlct;on (Rosenblum 1973) Mast cell'presence in human meninges

-_ -

and.relaxation'bf human pialiar:ery;-probably by Hy receptor activation has-been

'demonsttatéd. Mast‘cells contain HZ receotors (Llchtensteln and Glliesple 1973)

’FA_ i : -

Intraartevzal 1n3ectlon of “Ha has Seen shown’ te’ increase the perneab 11tv of

1abe1ledsuc*ose in, braln (Gross et al., 1981) Since metiamide but not-mepyramine

blockec:this HA response;.H receptors-may enhance blood-brain barrier permeability.

2

*.Hl“and H, receptor distribution in the cerebral circulation apd their possible
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roles have been reviewed (Edvipsson and HacKenzie, 1977; Gross, 1981;. 1982)..

- B. Brain Mast Cells and Brain Histamine

Pertinent to brain'hiscamine analysis is its pfesénce in grain“ﬁas£ cells
and tﬁq presumed contribution of mast ceil ﬁA to fhé'measurgble_ brain HA pool.
The lével§ 6f HA'iﬁ peripheral mast cells and,the‘estimates of mast cell numbers
in_brain‘sﬁggesf that significant quantities of bra;n HA couid be derived from

-k

this source.

Purified rat peritoneal mast cells have been  reported to contain .

,up to 20 pg'of HA per cell (Humphrey et al., l963),§dﬁile another group reported
‘up to 40 pg per cell in a similar preparation (Archér, 1958). Human basophils
-(Sampson and Archer, 1967) énd partially purified mast cells from human lungs

‘ (Patterson et al., 1976) were reported to contain HA levels of about 1 up to 6 pg
. | e .

per cell, respectively. Multiplying these values by the reported brain mast cell

number of'seﬁefal laboratories yields a large range of HA values, someé exceeding

the total brain histamine content. The wariability in brain mast ¢ell number-and
" &

the difficuity of counting mast cells and measuring HA in the same sample have

thwarted efforts tp correlate HA content with mast cell number. Nevertheless,

‘hisbocﬁémical analysis has shown the presence of H4 in brain mast cells (Edvinssen

et al., 1977).)

While firm data is lacKing, several speculations- can be advanced concerning

-brain mast cell histamine content. If rat brain mast cells' HA content is

approximately that of the.peritoneal mast cells, then the great.var}ability in

X .

_brain mast cell number must be artifactual as rat brain histamine levels are

- -

. . N . . ) - ) . - b 0 3
normally fairly constant. Alternatively, the brain mast cells may not contain
. _ ' . ) E . . . .

amounts of HA gquivalént to pefipgeral mast ce1l$, Clearly, more }eseafch in
this area is needed. ¢ . E |

..ééveral rgcent'reéo;tsl:énd'tc'sgggest a significant ﬁast cell histamine
:tomponent in mamﬁ;lié; %Eain._ Studies_with genetically anemic mice of the W/
Séﬁotypglwere'féﬁnd tq'be‘déficient‘in mast cells, 'i.e. about lZ-of the normal

number were present in 'skin while none were found in the brain (Kitamura et al.,
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1978). Whole body histamine levels were only about 177 that of control wild
type (+/+) mice (Watanabe et al., 1980)5 Whole brain histamine content of the
y/wv genotype was about half that of coﬁgenic (+/+) wice, but still higher than

- any other organ or tissue examined (Yamatodani er al., 1982). This suggests a

large non-mast cell compartment of‘brain~HA ané a quantitatively.equivalent

compartment for mast cell HA. Inherent in this’ lnference is the assumptlon that

.

the pools of mast cell and non-mast cell h:scan1ne are the same in mutant and

wild type mice, which has not ye; b;en shown. Also, mast-cell deficiency is not
ﬁhe oniy variable. Since this mutant'is‘ple;otfopic, other tissue anomalies

éﬁist which lead to anemia; sterility and coat'pigment;ai;grationg-(Russell,
1979). Grzanng and Schultz (1982) found maIe'aﬁd fgmale W/ mice devoid of»Prain
t.més: cells:; however, HA levels wére only modérétely lower (i.e. about 75':0 80%
the HA content of +/+ mice) in the h?pothalamus, thalamus, midbrain and cqrtex;
The other brain'regions had nearly ﬁhe same HA levels. This would imgiy ﬁhat ié

" some brain régions, mast cél&s méy contain up.to & quarter of the measurable brain
histamine. One major d*awback to this report is that the cont*ol brain HA cone-
entraulons appear abnormal1v high and show 1liz tle regiqnal distribution, at
variance with other reports in which several other meﬂhads‘go deter@%ﬂe mouse
brazin histamine were used (Tavler and §n§der; lQ?ib;hyee'ana Fennéséy, 1976;
 Schatz et al.,1978). In a recent report it was shown that braln histidine
decarbotvlase‘act1v1t} of normal (v/+) and mutﬁnt (w/w ) mice were nearly the
same (Maefama et zl., 1983) which is consistent with reports-claiming that
.histidine décafboxylase activity in mast cells is low,(Béudrylet al., 1873;
ﬁartres et al., 1975). Injec;ion of g=fluoromethylhistidine (a-FMH), a selective
inhibitor ;f histidine decarboxylase activiry (Koilonitsch er al., 1978),
decreased HD activity in both strains fo_lOZ_tﬁat-of.ﬁntreated'mice. Yet, while

brain HA levels in (+/+) mice decreased to about half that of untreated, the
measurable HA concentration .in mutant mouse brainas decreased}?y 50% in 30 minutes

-
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and almosf‘disappeared bv 6 houréﬂ ThlS Teport is supported b} that of Garbarg

et al. (1980b)who reported braln HA content to be reduced by half following u-FMH

8
in normal mice. Tlssues where mast cell HA content is proportionatelv greater than

4~

in the ' rapld turnover Ha pool " e.g. the skin, ev1denced no-significant changes

‘in hrstamlne levels after u—FMH Thls ls con51stent wirh the’ 1dea that HD,actlvitv o

.."

isfan 1nd1ca:or oF a- pool of HA that 1s rapldly turning over, posszblv neuronal

.
’

and :hat masr cells have low dD acc1v1ty with a slow turnover of hlscamlne.
Erocre51ne and u-hydra21nohlst1d1ne both HD inhlbltors, have. also decreased rat.
brarn HA concentratlon to about one half of control levels (Taylor and Snvder
1921) Thzs is at varlance w1th lesion data which indicated that unilareral medral

forebraln bundle lnterruptlon caused rat hippocampal HA levels to decrease about

70/ below that of concralateral levels (Garbarg et al., 1974)

These studies suggest at least two compartments of brain histamine, a mast

cell-like compartment and another that is rapidly turning over, possibly neuronal.

"Even so, while these findings are attractive for a neuronal presence and seem to

confirm 2 mast cell presence, further qualification is warranted. The mast cell
deficient mice have other obvious ancmalies, the biochemical and neurochemical

natures of which'are-still unknown. In addition, not all investigators agree. For

-~

example;;Hough en“al.‘(l983) also -found W/W? mouse pralne devoid'of mast cells, but
found no difference.in HA levelé ofrany'brain'regions'inuestlgated compared to
+/+ mice. - .-

Lastly, the fact that o-FMH.depletes a Ha pool thet-ls rapidly turning over
does not prove that the remadnder resides.exclusively:Qitpin rhe mast cell pop-

ulation. While the issue of HA preéence has focused'on.mast cell and neuronal

locations in the CNS, the posszble existence of other HA storage sites has been

liccle explored. A HA compllment in NLH cells (or type I mast cells) cannot be -

ignored (Ibrahim, 197&3). Non-mast'cell HA was reported in vascular walls

.

(El-Ackad. and Brody, 1975) and in the capillary-rich fractions- of the brain

(Karnushina et al., 1980). The presence of HA in astrocytoma cells has received

zlmost no attention.
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X. PUTATIVE EISTAMINERGIC PATHWAYS IN TEE MAMMALIAN BRAIN. «

* -

A. Lesion Studies: Biochemical and Neurochemical Evaluation

The most abundant evidence for possible histaminergic pathways has been of

r

a2 neurochemical narture. As;enaing and degcending histaminergic pathways have been

-

localized in mammalian brain through the neurochemical evaluation of lesion-induced

degeneration of neural tissue. Histochemical and immunofluorescence methods were

.

previously -unsuccessful due to an insufficient sensitivity to detect neuromnazl .
- stores. of histamine and fhe concomitant existence of non-neuronal histamine storés.
in vascuylar walls and mast cells {Baudry and Martres, 1975; Martres et al., 1975;

El-A;kad‘and Brody, 1975; Edvinsson et al., 1977). Several supcessful approaches &,

\.'

Kave utilized histidine decarboxylasé (HD) and histamine (HA) as neurochemical

markers of histaminergic neurons following mechanical (Garbarg et al;,l197&;

. Dismukes et al., 1974) electrocoagulation (Garbarg et ai., 1976) or kainic acid

lesions (Garbarg”et al., 1978). Histamine N-methyltransferase activity was

s -

.

initially evaluated as a possible neurochemical marker (Garbarg et al.,.1973);
however, it was found to be unsuitable since it was lesion insensitive. These

experiments and an. abundance of other data led to the conclusion that EMT is probably

located pbstéSynapjically {(Garbarg et al., 1973; Bischoff and Korf, 1978) or

non-neuronally (Garbarg et al., 1978). In contrast, histidine decarboxylase

serves®as a specific marker since it is the sﬁecific decarboxvlase responsible
‘ ) o T . & |
for HA svnthesis, roughly parallels the brain distribution of HA and haS a sub-.
celiular distribution consistent with its presence in the cytoplasm of .cortical
nerve endings (Baudrv and Martres, 1975; Baudry et al., 1973) and synaptic vesicles
0 TR . : ) ‘ ,
(Katacka and DeRobertis, 1967). . It was shown that while cortical norepinephrine.

and serfronin levels have decreased and DOPA decarboxyvlase and S5~hydroxvtryptophan .

‘decarboxvliase activities have been significantly reduced (both »45%) after

intraventricular and intracisternal administration of 6é-hvdroxydopamine (250 ug),

cortical histidine decarboxvlase remained unalrtered (Garbarg et al./ Igﬂ6)._

o )

‘
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Reduced concentrations and enzvme activitv of the former were also noted after T

- '. .
Il )

A0 ug cf 5 6—d1hydroxytrvptamine administrationfuhile again HD activitv remained

constant, demonstrating an anatomical 1ndependence from these monoaminergic svstemsr-\

;jHistamlne levels can also be monitored i various regions after deafferentation.
Although the reductions of'HD activity'and-HA levels parallel one‘another, they:'

.do not fall hv similar magnitudes of percent because of a near constant amount .

euronal HA present 1n such pools as mast cells (Garbarg et al.,_l976)

s

iTH 'evaluation ' HA content 1n Pé and supernatant fractions .can be used as 2 .
-TSensitive marker of non~ma5t cell and presumably neuronal HA (DiSmukes et al. o
f197ﬁ), whereas that of the ‘i gcrude nuclear) fraction, comprising mainly‘mast

cell or mast cell like HA (Baudrv and Hartres, 1975) remains essentially constant'

_after J-esion eaperiments. The decreases of HA concentration ‘and HD activity
P N - *

have been*correlated with decreased HA formation based on studies of the. formation
CA
of 3H-nA from-BH ‘His (°ollard et al 197& Garbarg er’ al., 1976) This*served
. .

as an index of the *ate of HA synthesrs and was another approach used to determine
PR . . .

-

‘HA afferent fiber localization. - . _ ‘ L e,
: , — .

Le31ons have been nade unilaterallv in the lateral hvpothalamic area where

-

the med£a1 fqyebrain bundle (H?B) presents :Ltsel*F as a compact, uncrossed bundle
) .

" in-the rat (Guillery, 1957) and human (Carpenter, 1878). They resulted in the

‘lowering oF rat ipsrlateral cortical ED activity throughout diffuse regions or

>

.'tne telencephalon as early as 2 days post-lesron maaimal reductlon occurred

-}VQ~ day 8 exhibrting a half- lrfe Jof 2 days (Garbarg et al‘*“*uJ& Schwartz et al.,,; -
' 1975) This value was consrstant with Wallerian degeneration and almost

p . : -, o

[identical to that “observed in the forebrain for ‘tryptophan hydroxylase after

‘_lesioning ofothe‘nidbrain raphe (Kuhar et al., 1971a). HED activit§ was not |
~significantly altered caudal to the lesions. Reduced HD activity was most

-

pronounced'in the.anterior hypothalamus,. the pvriform, cingulate, frontal,.
. o S )

parietal, temporal”andhoccipital cortices, olfactory bulb, striatum and the -
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hippocampus (Schwartz.et al , 1976)." 'The. latter reglon has been closelv studled

A

Selectlve le51ons at’® dﬁrsal and ventral 51tes demonstrated that HA‘syntheszs
in the hlppocampus-probablv occurs in nerve termlnals (HD actzvzty belng altered
malnlw im, é-and soluble fractlons) ‘of. awons of extrinsic orlgln (Barbln et al
1976) ‘The* dorsal pathwav to the hlppocamgus, comprlslng the flmbrla fornix
superlor and the czngulun was belleved to contaln approxlmately 60% of'the'f

_hlstamlnerglc-1nputj51nce HD activity decreased 62% afrer dorsal transectioa _ -

oo

whereas che ventral system emlnating from the amygd3101d area (by similar reaSOnlng)
~

holos about 35% of this input (Barbin et al., 1976).. This is 51milar_to the
serotohergic and cholinergic inout kStorurMathisen and Culdberg; l97&"Leuis et‘al.;'
1967) to‘the hlppocampus whose aFferent pathwavs are thought to be predomlnantly
dorsal. Thls HA svnthesizmng capac1tv as reflected in HD actlvitv showed a
varlatlon inathe afferent density w;th the subiculum rece1v1ng the greatest Ainput
and the area dentata the least (Bafbln et al.,‘1976)‘ The time course for tbe
"reduction of enz e_actlv;ty of both DOPA decarboxylase and hlstddiue decarborylase
after-hippocaupal deafferentiation'ls grossly:Simllar %o that ooserved iu'tﬁe

.

_cortex afrer iutefrUption of the MFB, a process.cauSing.afferent~degeneration
In contrast te HD and DOPA decarboxxlase actlultles, it has been found that the .
hlppocawoal levels of HA' 1rst 1ncreased 2=-3 davs after unllateral M?B le31ons
(+&3/), ‘then fel: below contralateral HA levels ( 70&) b} day 6 (Barbln et al.
l976); ‘ThlS was attrlbuted.to a dlmlnlshed release"of the amine after fiber a .
' interruptiou'brior te degeneration a profile 31m11arly observedlln the’ forebraln
, (Garbarg.et'al;, 1976). Agaln, §he regions caudal to':;e 1e51on sites dld not
Jsﬁow altered dD activitv.

Ralnlc ac1d has also been uégEhl in lesion stud/es because it is effect:ve '
in selectlvel) destroylng neuronal cell bodﬂes {Coyle, 1983). InjeEtlon of .
“kainic ‘acid (1.5 ug) into the ﬁipp0campus resulted. in. a decrease_ih.the,activity,

of glutamic acid decarboxylase, a selective marker of GABAergic neurons,
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-

-',conflrnlng the neurotoxicltv of kainlc acid towards the GABAergic neurons

g 1ntr1nszc tdaiye hippocampus However HD activitv was, not- signiflcantly decreased

(Garbarg et~al., l978b)1 The fibers contalning HD activ1tv are therefore most
_llkely ‘to be extrlnszc to the hrppocampus, suggesting an af erent neuronal
locallzatlon-for-thls enzyme (Garbarg et al., 19783' l978b)

Hlstamlne af ferents have also been found to innervate the amvg/3101d complex

and the bed nucleus of the atrla ternlnalls (BST) (Ben-Ar1 et al.,‘l9?7) The
'_hlgher HD activ1ty in~ the uﬁ;lOus nuclei of these structures suggests a high degree‘-

"of HA fiber. 1nput into the medial, central and basomedial nuclei of 'the- amygdaloid

ncomplen and ventra'I segment ‘of ‘the BST. below the anterlor commissure HD_activity
" .. showed ‘no alteratlon following stria terminalis‘lesions wherees‘combined stria
' termlnalls and ventral pathway lesions decreased HD act1v1ty about 604 in all

_:nuclez of the amygdala but not that in. the BST However, MFB lesions decreased -

‘sHD.act1v1ty in botn the amygdala and BST On the basis of these observatlons,-.

two HA pathwav lelSlOnS arlslng from the HTB have been suggested One system *

progetts to- the BST of Whlch the ventral 1nput seems roO be quantltatlvely the

\__/'_ >
Te 1mportant whlle the other course’ penetrates the amygdala ventromedlally -®

-along the ansa peduncularis and preferentlally 1nnervates the more medially

located nuclel. It is noteworthy that the ventral reglons oF the BST are,

' partlcularly rich in’ noreplnephrlne (Brownsoein et al., 1974aland pro;nselv
. < .

1nnervated bv fibers containlng dqegﬁ{ne thydroxylase (Swanson_and Hartmen,

- 1975). The central and basolateral nuclei-offthe-amygdala'have relatively-hdgh

concentratlons of dOpanlne and norepinephrlne (Brownsteln et al., 197¢alas well o

‘as ‘a high tvrosxne hvdroxylase activ1ty (Ben-Arl et al., 1975) This would be

D
consonant with the’ 1dea of hlstamlnerglc-fibers belng one part of'a major circult

- of nonoanlnergic flbers

-t

-

A descendlng hlstamlne—glc pathwav has also -been postulated Although
the bralnstem of . the rat is a reglon o‘ low—globa1 hlstamlne concentration and Lt

L -

»



‘.nreduced_HD activitv" several lndlvldual nuclel have been found to have high

W -

-ses L

v

Hn levels and HD actlvlty.; HD actlvlty and~ HA content appear to be highest in

the substantia grlsea centralls, nucleus 1nterpenduncu1arls, area - tegmentalls

’

ventralls and substantla nlgra suggestlng HA fiber input and as- such were

monztored follow1ng le31on experlments (”ollard et al, 1977) ' Totallmechanical

- -
M S

sections made Just rostral to the hvpothalamus ralled to modlfv thOthalamlC

or bralnstem HD act1v1ty. Fowever wheén lesions were perforned at elther the

posterlor reglons of the hvpothalanus or 1n the rostral mesencephalon, HD-

-~

actlvlty sharplv decreased ‘in the substantia grlsea centralls and ln the T

e

surrounding ventra brain_atem (PolIard et al., '1978) . Thé time course for this

..

decrease.in activity w2 consistent.with a neuro~degenerative procesa.ilon the
other hand when electrolvtlc lesions were made in the four discrete Juucledl
mentloned above, the telencephallc HD actlvlty was not ‘altered- (Barbin et al.,

1977) Suggestlng that theése regions do not contaln the cell bodles for.a svstem

- ascendlng through the %FB. It therefore_follows that the cell bodies of~this

descending pathway(s) (and those for an ascending system(s) based on the above

data) may lie in the'diencephalon,' Indeed, 10 davs after electrolytic lesions
‘centered in the mammillary regiom, HD_activity decreased (-157 to -35%) in a1l

telencephalic'areas_investigated}

~

It was apoarent tnat le51ons made rostral ‘to the hvpothalamus had llttle
o )
eFfect on caudal HA content or. HD acthltV whereas 1e51ons made caudal to the

- - - -

anterior midbrain ‘had failed to alter hypothalamic or cortical histaminergic
markerei.,This ract.and.the he;erogeneity-of hypothalamic and brainstem HA
'leve;s and HD aCtiVét? made it ;ikely thatrthe cell.bodieé of these putative
fibers lie in.this:vicinitv.‘ To teat'this hvpothesis_CSchvarta_et al.,'lS79a),

small selective lesionsﬁwere'made'in‘restricted sections of the hvpothalamus

:and upner,midhrain'of'so rats. The neur ochemlcal changes occcrrﬂng in the corte\

L Lt _." \ .“ ._.‘ . - B . ) . -
and striatum were then studied up to two weeks post—leszon.. Tne exact locatlon

T
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and velumefof eaen lesion were determined upon histqlogical analfsia-and”were
‘cqrrelatEd'nith the:reduécibn of HD activity by computer analyeis;, Bf‘determining.
“the minimailleaioned area-reanonsible for the maxinal depletidn of Hb activiti‘
injthe EOrFEk and-stfiatum; the "posterior plane” and "efficient lesion areas"
‘ were elucidated- -fhe tosterior plane, a theoreticallplane which_defined the'
moat anterior'nrainstem'section failing to“affect telencephalic HD activity,™

'was caudal to the retiCular formation near the level of the ventral tegmentum
5 En

- "'

(Schwartz et al 1979b) The efficient lesion areas were defined as ablated

v

regions responsi le for reduction of HD activity exceeding 30% with at least

" 75% effic1ency ThisAwas presumed to comprise the neuronal cell. bodies of the e
ascending histaminergic pathway (Garbarg et al., 19308). With this analysis,

the projections to- the cortex were postulated to eminate frcm the mesencephalic
'reticular formation. - The striatai fibers came from a different region with

A

" their origin leocalized rostrally in the posterior mamnillary bodies near where

-

the cortical bound fibers are thought-to join the MFB (Schwartz et al., 1978;
7 T ‘ : ;

. . l—/-_\

1979b;Gargarg er élt; 19803), These celi_bodies and‘putgtivé pathways are

depicted- from thwartz.et-ai. (1979b)in‘Figure 10.

CEREEELL UM

1Y)

Fig. 10
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To confirm these alleged localizations, four separate approaches were examined:
N, ' N - ’ - N .
e

(1) A hemisection pérformed just caﬁdally to tﬁes? putative cell bodies-at A1.6
(Konig and Klippel atlas, '1970) did not affeét cortical nor sfria%al'HD gctivitigs
(Gérﬂérg et al., 19863);(25 48 hours after dnjection of 20 ug colchicine (i.c.v.)

. at a;doée reported to inhibit axonal transport (Rose and Sinha, i976)} cortical
andiscriatéi‘HD acrivity were significantly decreased 257% and 42%, réspective}y.

A concomlbant increase in reticular enzyme actlvitV (26%) was also obéerved

'(3) M1dbra:.n reticular infusion of 1 ug of kalnic ac1d szgniflcantlv lowered
both cortical (184) and reticular (49/) HD act1v1ty, yet striatal actlvlty
‘renalned unaffected' (&) The ratio of soluble HD activity (presumed to be Dresent

largely in cell bodies) to particulatef enzyme activity (eﬁzyme'ocqluded in
perve'end;ngs)'was significantly higher in .the mammilléry\bodies and reficuiar 
formatlon than in the coxgex. (Schwartz et .al., 197%; Garbarg et ali, 1980a) «

While the above appears-to establish the localization o h}scaminerglc cell
.Eodies, it should be noted that critical eﬁaluatibn of the above_ig difficulc”
since a detailed description df the mechodqipgy and results is currently unaQail—
able. A journal-reférence which cites experiments coﬁfirﬁing celi body existence
and loéalizatiod, sgates tha£ it wag submitted for publication, vet it has not
appeared. Writing to the first authér wene unaﬁswered."WhiL; tﬁé-data ;s_highlﬁ‘
provocative, somelquaiifications maﬁ be fequire&. Colchicine, yhicﬁ'ié knbwn
to impair axonal transport, was not @irectly-shown te do so in these éxperiménts.

—— . ' . .
In addition, kainic acid infusion into the mammillary bodies also ;eduﬁed - Co-
cortical HD activit&. From these data, we can specuiate that {a)‘:ﬁe butatiﬁé
cell bod;gg for the cortex may also eminate frop the mammilla?y bodies;
(5) that at the dose of kainic acid used a significant portion of.fiberg-;raveQSing'
,éhis cell:group.were also severely affected, or (c¢) that the hypq;hetica;‘locaiéi"
- dization of aﬁ least'some'oé these: cell bodies is in érrof.‘-Léstiy, the soluble
versus particulate HD activity is a function of the method 6f_fraction prep-

aration which was not mentioned. "As these observations have appeared in review
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articles only (Schwartz et al., l979b Garbarg et al., lQSOa,Schuartz et al

'1981a) the description oF the methodology used to .obtain these results is of
course limited. Howeverz.the data tend to confirm the concept of histaminergic‘
: pathwavs eminating from these regions: These conclu51ons have  received: sone h
support from the studies of Chronister et al. (1982) which showed that nuclei
lateral_to the mammillary nuclei project to the nucleus accumbens in.the rabbit. ;
Serial sectioning following either 1ontophoret1c or controlled pressure injection -
..°f horseradish perOiidase (HRP) inte the nucleus accumbens revealed ERP’ positive |

: N . .
neurons. The rank order of posztive neurons were: nuclel gemini >,suprememmillary'

complex > lateral mammillary regionm > neurons scettered hetveen“the nanmiilary-
_bodies and the ventrai tegmental‘area. While this demonstrated that connections
-exist between the rostral mesencephalon/caudal diencephalon and ‘the nucIEZL 't
aCCumbens,.they were.not verifred to be histaminerglc.' Nevertheless, they are -
'reasonable candidates for HA celi bodies. In addition Segal and Landis (1974)
~showed in- the rat that areas adjacent to the mammillary nuclei project to the
nucieus accumbens and other regions posrulated To receive HA fiber 1nput, ‘e. g
hippocampus (Barbin et al., 1976). ” ’
Additional 1e51on data from other laboratories have supported the eiistence'
of‘histaminergic neurons; Sperk et al. (1981b}1nfused kainic acid (1 ug) into
-the left caudate of the rat and observed reduced striatal choline acetyltrans-
' ferase and glutamate decerboxyiase'activities,to lB_and 20% of controls,
respectively. Striacal histenineslevels nore than doubled vithin 2 days but
persisted‘up to 10 weeks post—lesion. The‘former observation is highly consistent"
'with'previous_reports. However, the persistence of‘the HA‘elevation is not. o .
A'sinilér pattern of‘prolonged elevation has also been observed for striatal
_ - ‘ . RS

dopamine ‘znd serotonin‘(Anderssonﬂet al., 19805. ,These histaminergic changes -
‘were snégested to-he;in theﬂneuronal compartment since.ﬁFB‘lesions Ebolished‘

this effect and the synaptosomal HA levels rose while that of the P, fraction
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._was.unaffected._ Histidine decarboxylase active{v was found to decrease. The -

: dlsappearance rate of HA folIow1ng admlnzstratlon of o= fluoronethvlhlstldine

a hlghlv\select1ve HD inhibitor (hollonltsch et al.,_1978) to. le51oned rats was

also reduced ) Speclflc binding of 3H-—hlstam*ne ‘in the strlatum of the le51oned

- v . N

fszde decrease AO«, presumablv due to cell bodv damage.~ Also no atcumulatlon

L] -

'f‘oF mast cella 1n the danaged area was observed u31ng llght mlcroscopv (Sperk

‘et al., l981b) The authors speculated that tbere mlght be a decrease in HA

fb-_ . -

'release, presumably from afferent neurons,. and a- subsequent reductlon in‘tbe'rate

N

.

‘;of s synth351s leadlng to’ decreased rates of turnover.- Whlle the determinatlon,

N of HA levels .per' se in kainic acid treated ‘tissue was-a novel approach the

observed reductlon in HD actlvity is at varlance wrtb srm:lar 1eszons of the-

guznea plg hlppocanpus where no change in’ enzyme act:vatv occu'red (Garbarg

et al., 1978a). perhaps the elevatlon of HA content and the reductlon or HD

5 . - -

act1v1ty in Xainic acid lesioned’ tissue rep*esent, at least 1n the strlatum

more complicated processes than are currentlv thought to ‘occur. Further clarif—_

ication of this issue is clearly uarranted."

- Sensitivity of the cyclic AMP generating system to histamine was shown. to -

‘be altered in rat corrical slices for up to 3 weeks following'interruption of .

the medial'forebrain bundle (Dismukes et'al.,*l97§),. Tormation of cvclﬂc AMP

in response to 100 uM blstanlne was 51gn1f1cantlw greater (&3«) 1n anterior t1p

Foreb*am sllces from the 1951lateral bemlsphere, a response 31mﬂlar to that

seen with noreplnephrlne (+39%) and isoproterenol (+42%). - The response could

be part*allv blocked by d- bromophenlramlne, an Hl'antagonist, but was nearly

: abollshed w1th metlamlde an leantagonist, each aF'lO uM concentratiOn. ‘The
enhancement of thls cvcllc AMP accumulation” was attrlbuted to denervat*on hyper-

-sensitivity due to interruption of putative rlbers in the MTB Using a similar

'-'_"'-'—--_4

. approach, “with gulnea pig hlopocampal and cor Tical slices (which show a

gréater cyclic AMP response to EA than rat braln) arbarg et al (1978b) were
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unable to observe denervation hypersen51tiv1tv followlng MFB le510ns.

B Electrophv51olog1cal Studlesi
<

The blOChemlcal and neurochemlcal studles are supported bv electrophysio=

- S

loglcal evidence for histamlnerglc neuronal pathways. Ihe cerebral cortical

neuron dlscharge rate 1s known to- dlminish following lontOphoretlc appllcatlon

of hlstanlne (Phlllls et al.,. 1968) Thls reduction,occurred if A-methyl-

‘ _hlstamlne, an H2 receptor agonist- was. applied but was. unaffected upon application

of the H2 agonists, 2- pyrldylethylamine or 2—methylhistam1ne. The failure of
mep}ramlne to selectlvely block these depressant actions and the effectlve

antagonlsm of hlStamlne 1nduced depre351on by . metiamlde 1nfer that these -actions

may be medlated bv the h2 receptor (Sastry and Phillis, 1976a) This-observation -

was nsed ‘as the basm§ for a- general test for a possible. physiologlcal response'

" to. neuronally released hlstamine The 1psilateral cortical neuronal firlng

-

"rate of anesthetlzed rats was evaluated followlng MFB stimulation (Sastry and
Pnlllis, 1976b). HTB stlmulatlon wzth & (O 1'ml, 200 Hz) pulses 1nhibited\
spontaneouSpFlrlng for a duratzon of 179 ms.. Metlanlde (30-50 nA) reducedfth

duratlon‘offlnhlbltlon by - 35/ on 21 neurons. nxogenous HA (&0 60 nA) was eval—

vated on l&-of-theseﬁneurons and found_to depress ‘the firing which was reverslbly

-

~antagonized by metiamide. The -results are clearly consistent with the

hynothesis'that HA is released ‘Pom stzmulated neuronal flbers whlch are part

-

of uhe medlal forebraln bundle. However thls data could al%o be consistent

\

'wlth the notlon that another transmitte* flber system stlmulates co*tical

?hlstamlne release locally from.mast cells, interneurons or other possible histamine

\

e

. ﬁstores. ‘The failure to use other H2 agonists and antagonists\:nd the inability

to preczselv deternxne the concentratlons of histamine and metlamide applled

- N
-

_.do not negare tbe p0351b111tv of artifactual results : : j'
Studles of haas and Wolf (1977) confirmed the antagonistic effects of

metiamide on co*tlcal inhibition resultlng from MFB stlmulatlon whlch presumably
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led to 1bCal‘HA releéee. Direct cortical inhibition was not strongly inflnenced

by:ﬁeciamiae.' cvogenous HA at the currents applied also showed little effect.

This suggested that ic was the lntlmate contact of locally released HA with its

recepcor whlch was antagonlzed by metlanlde. Stimulation of the fornix inhibited

W

_hlppocampal neurons and mlcroelectrophoretlcally applled metiamlde rever51b1vr‘

greduced thls effecc. Tn 2 comblned biochemical and electrophvszeloglcal etudy
(haas et al., 1978), electrolyt:c leelons of guinea pig medial forebrain bundle
. . ,

.reduced DOPA decarboxylase and HD activities and histamine content 1n the cortex.
chever, after‘8—20~days post—lesion, the depression of cort;cal neurons by
Eiscaminelenﬁ nerepinepnrine showed a clear nypersensitiviry.. Lower HA ejectien'
) curreannwere required to reach threShold (—582) and a greater neurenal depression
occurred (=477 ) ‘on the 51de ipsilateral to the lesion compared to the intact
side. Rorepinephrine had similar effeccs (~72% and —S&X, respectively) Vnile
reéponses‘to GABA‘were 1e53'merked. Tnese-hypersensitivrty érfecte‘of HA were - ﬁ\x\
more likely due to posc svnaprlc changes since, unlike noradrenallne,‘there is
no presynaptic rapld HA uptake system which is lnpqégﬂd ‘ollowlng lesions nor
was HMT activity af;ected (Haas et al., 1978). €onverse1y a hvpersen51t1v1tu

' ¢
to HA- stlnulated cvelic AMP fornatlon in the cortex or hlppocampus was not
_observed as the maximal response and LCSO of HA were the same’ on ipsilateral
and'cOntralateral sides. These rrndlngs are in agreement'wlth those reported

by oche (Garbarg et al., 1978b; Dlsmukes et al., 1976) using guinea pig braln

slices. As b@r—esponses were. due Lo d2 receocor/a’trva..lon, itz was suggesced

that. the 1'ec:ep::ors mediating these actions are dfstince. - - The presence of non-

neurcnal cyclic AMP synthesiaﬁng'gystems which are unaffected by lesions may -

be amother possib!gsty (Clark and Perkims,-1971; Karnushina et al., 1980).

i

C. Histofluorescence Studies
Fluorescence techniques have recently added more credibility to the

neurochemical data derived mostly from.lesion experiments. Quinacrine HCl
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" binding to mouse brain tissue (in vitro) was suggested to be

of histamine receptors and/or histaminergic neurons (Orr and
However, a strict‘neuronal interaction is in doubr since the
fluorescence did not correlate Wlth reglons known to contain

levels nor ED actzvzty. Its lack -of ° binding in the presence

not cimetidine - (each 100 uM) suggest it may be blndlng to an

Quinacrine is alsc. known to have a hzgh affrnity for HMT (Thithapandha and Cohn,‘l"

a potential indicator
Wordinger, 1980).

quinacrine-derived

substahtial HA

of mepvramine but

B, receptof;

1978), which most likely has a post-synaptic loealization.(Bishoff and Rorf,

1978). ' -

"The recent aenelopment of-a flnorescent antibody to histidine decarboxylase

from Tabbit plasma following 1ts near total purr‘ication has

for the examination of the dlstrlbutzon of the histamlnerglc

great potential

system in the

mammallan CNS. U51ng thls probe, HD was reported to be localized in the.hypo- .

*

‘ thalamus, mammlllary body, amygdala and hlppocampus dentate gvrus ana in fleTS )

of the bed nucleus of the stria termlnalls in rat baain (Tran and Snyder 1981)

A more extensive evaluagdon has yet to be achleved Another preparatlcn ma) be

possible using whole fetal rat body HD whlch when _nJected

1nto-rabb1ts,

ellcrts antlbodles that have been reported to cross—react immunologitally wlth RS

the adul_ rat braln enzyme (?ukul et al., 1980) However rat fetus and rat

‘brain HD may 1n-ract‘be-1sozymes as-the latter investigators

-l

Showed\that enzymes o

:‘—-—-_-"- l-‘ ) ) . . co. I.. - - - - .
from these sources had different iscelecttic. points, although srm11ar~Km values

r

for histidine and similar molecular sizes.

_Recently, histamine-like immunéreactivity was localized

S

in rat-brain -

sections fixed in forﬁaldehyde'using,a“histamine-methylated‘bovine serum albumin .

Specificity for histamine was' deduced since preincubation of

‘(BSA) complex generated antisera from guinea pigs (Wilcox'and Seybold, 1982).

the primary anti-

serum with this new antigen, HA-methylated BSA, eliminated staining but anti-

serum incubation with methylated 8354 alone did not. - Thus, the positive:immuno-

-,

v
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‘staining. due to antibodies recognizing the endogenous histamine/protein complex

was the sole criterion for histamine specificity. Loading rats with histidine

- (1 g/kg i.p.) 30 minutes prior to sacrifice emhanced the immunoreactivity.

' To evaluate the ekistence of putative histaminergic neurons and cell bodies,

.aseveral approaches were attempted. Rats treated with colchicine (50 ug, i.c.v.) "

_showed immunoréactive tell bodies localized in the lateral hypothélamus at the

level. of the median eminence. These cell bodies were arranged in-in arched

¢

Bﬂﬁigﬁ;atiqn extending to the optic tracts from the dorsal rip of the third
e ' : . . ,

- . -~ -k
ventricle, Pésitive staining for fibers was observed in the hypothalamus, cortex,

amygdala and hippocampus. The highest density of fibers was in the.hypothalamus,
?érticulariy in the median eminence and areas lateral to it. A very dense network

. of beaded-like fibers was observed in the mammillary nuclel. Pretreating the

.-;éts with compound 48/80 (administered i.p. in increasing doses up to 2.5 mg/kg'

-over 3 days) did not alter the staining characteristics suggesting that mast
. - \ N N

: : . /. . .
cells or.other non-neurcnal HA stores were .not interfering with neuronal immuno-
. LY .

. stéfning. Tfeating ;Be rats with colchicine, compound 48/80 and histidine had

the effect of enhancing cell body immunoreactivity only (Wileox and Seybold,

1982). 'Reasons why neuronal but not non-neuronal HA stores are sensitive. to

this technique were not stated by the authors nor was there an in depth 2nalysis
- * . Tom “

~ ¢learly indigating that this method is highly specific for HA only. -Furthermore,

it das"not'asqertained if the 48/80 dosing schedule effectively degranulated

-

brain mast cell histamine reserves. Nevertheless, these -observations are

. supported by the abundance of lesion data presented earlier and are consistent

»

with the known electrophysiological evidence. The general pathways although

 mot elaborated updn by the authors, were asserted to have a distribution

3 different from thar of the catecholamines (Falck et -al., 1962) -and serotonin

{S:e@ﬁbush, 1981). The rather diffuse pattern of putative cell bodies and the'

fibers which emanate from them may .possiblv. account for some of tHE difficulties
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~previously_encﬁuptered bv investigators searchiné-for,a dEnselv compatted S

) /
bundie of hrséaminergio neurons. While such observac1ons are a necessarv first

step in firmly localizing these putative pathways, this-technique needs confir-'
mation. Data will then be required to prove that the HA and presumabl} HD .“-:,

concained in these fibers are not merely part of auother fiber sysrem but

subserve a ‘unigue 1euronal Ppresence and pOSSlble funcrion of their own

XI. CENTRAL HISTAMINE RECEPTORS

R - . -

. A Overview of Histamine Receptor Agonists adeAntagonists

‘There are several poznts which must be borne in'mind when dlSCuSSlng the

pharmacological evaluarion of central histamine receptors. It 1s xmportant not

-

to overestimate the se}ectivitv of various agents acting as agonists 04 antagonists

at histamine receptors. For erample, dimaprit (Durant et al 19?7 Parsons .

et al., 1977) znd. impromidine (Durant et al., 1978) are hlghlv Selective HZ repeptor

agonists with negligible h1 stimulatorv act1v1ty (Table 7} Ihe relative aetivities e
of dimaprit and inpromidine for stimulating rhe guinea pig atrium is 106 times l
Y- . -

greater than its stimulation of guinea rig. ileum conrraction, an H mediateow -

"1

event (Parsons et al., 1977; Durant.et al., 1978) however the remaining
- ey
agonists (which are often used to define Hl-or H2 receptor acrions) are—full

agonists on both receptor populations. Therefore ac low concenrracions thev R

may appear to be somewhat selective but at high enough conceutratlons they T

stimulate both receptors. '?or example, ar a concent*ation of lOO uM °—meth}l-

t Y

histamine produces 97% of the maximal response at Pl receptors. Yet a: the same

concentration thisg selective Hl agonlst stimulates the hz receptor to 80a o‘
. its maximal response> Under sueh oircumstances attributing am ooserved;res?oose.

to specific H, receptor activation wOuld be erroneous since’ ar rnis‘conceotrariooj

- -

both receptors could be’ stimulated Lo a 1arge extent (Green et 1.,-1978):1'

Even greater ambiguwty would reirlt 1f H and H, stimulation independently caused
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=N Table 2

~

Relative Selegtivitwy and Potencx'bf Several'HiStamineQAgénistsa

I3

~

A

AT

Selectivity

-~ P .
Relative Agonist“?oteﬁcyb

Agonist Guinea pig Guinea pig
Ileum © Right Atrium
d (H-_L; (Hg)
Histamine H; and B 100 1100
v"' ) . . -
2-Methylhistamine Hy - 17 5
"2-Thiazolyléthylamine Hy = 0.3
' 4-Methylhistamine Hy - 0.2 43
. ’ " - | A A d‘ )
Dimaprit . R, <10 - 40
Impromidine ’ o Hz_ i 510_3 g 4800 _
: a) Adapted from Schwartz (1979). d
. . . \ :
" b) Relative agonist potency calculated f}bq\the equation //’
ECsgp Histamine o S - . ’
" x 100 }N//"
- F : P
bFSO (agonists) P
;e P s
- -
. - ‘C'l-
n. e Va . N
T S, - .
L M
e
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'factions which wene phv51ologlcally antagonistic. Even when ‘cognizant of such.

: factors ‘the 1dentif1cation of receptors solely bv selective agonist stimulation

'ﬂis limited by man} events,'often unidentified which take part in eliCiting an

"eventual effect. Such unidentified events could be -one agonist hav1ng tissue

fuptake properties which are different from another or an unequal rate of metabolism.

" In addition endogenous histamine{ atetyich;:1ne or ' catecholamine release-may T

accdunt.for“apparent histamine agonist-like activity. \

.

'Conpetitive drug antagonism.of'estatlished agonist effects leads to less

ambiguity in identifieation.and-classification of receptors if such studies ars
. L x -
approached judiciouslv.- Parallel dextral displacement of the aéonist dose-

response cnrve by a potEntlal antagonlst demcnstrates that both agents are acting
on the same-reeeptor.. By Schild analysis, one can estimate the apparent dissoc-

iation constant of the antagonist, KB; This is the concentration of antagonist
. N ' h
needed to give a dose ratio of 2, i.e. ‘the concentration of a2n antagonist that

requireS'twice-the agonist concentration to bbtain the identical response as

obtained -in the antagonist's i?sence. Antagonism is assessed by determining
_ . : . . S | ]

the dose-ratios .of agonist required to produce-egqual responses in the absence
and presence of various concentrations of a particular blocker. The KB can be )

:foEtained'graphicallygon a.Schild plot whereby the logarithm of the dose-ratio

minus 1 iqbplotted on the ordinate against the izgarithm of- the antagonist
- concentration. A slope ef 1 indicates competitive antagonism and the intercept

-

i

of the-abscissa yieids the pA2 value whith is n ericall& equal to.the negative

logarithm of the-antagonist d¥ssociation constdnt, KB;’ Greater confidence in
evaluating competitive antagoniSm and identify ng recep;prs-is obtained by .~~~

:determining the K values using diff%rent agoniﬁts since the dextral shift of

: dose response curves’ is a function 5; antagonist affinity for the receptor ’

r

v
and is independent of the agoéisffiffinity (Biack et al., 1982). For example,

' mepyramine was shown to have approximately the siame pA2 values on the guinea
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" pig ileum Hl receptors when stimulated by six different“hiStamine anaiogues
) ‘ o N~ . - ) .’ R ’ ! B ‘ L. ) ) .
having agonist activities (Ash and Schild, .1966). Burimamide was confirmed as

an Hz:competitive antagonist péfﬁiglly;Becauée'its'pkz ya;ueé'Qére nearlj;'
indistinguishable fegéraléss,if‘the-ggoﬁith histaﬁiﬁé, A4metﬁ§ihis£amine or
2—methy1h{stamine‘wéfe used to sgimulaﬁe gu}néa pig atria'(Bléék ét al., 1972). -
In a si;uation'analbgoés to receptor:stié;Iation, éxaggérggion of antagonist-_' .: :
seléczivity can also leéd”tb_diffiéhltiés.l This haé_soﬁéﬁimeé been the case

when the various,H1 and H2 antagonists have been used at concentrations high : .
enough to generate doubts about their “selective actiom (Green et al., 1978)."
THe Hl ahtagonists generally have dissoclation 'constants in tbeIO.l to" 10

nanomolar rénge. See Table 3. On the other hand, the Hz blockers generally

- . p—

‘have less affinity for the Hz'sités than the Hl blockers hqﬁe"for,the Hi-récéﬁtdrs.

Kg values of Hz antagonists for their receptors are almost always higher,
N . ) F4

< ) .
sometimes in the micromolar range, i.e. a hundred to a thousand times, greater

antagonists zre therefore required to block H2 receptors than are concentrations

than the KB'vqlues of E, antagonists (Table 3). Higher concentrations of K

of ﬁl antagonists requixed to block’Hl receptors. It is apparent that an

examination of Hl or H, receptor involvement by comparing'H1 and HZ antagonists

both at the same single concentration could yield misleading results. At

micromolar antagonist concentrations Hl teceptor blockade is far more complere

than H2 blockade. Investigations utilizing an antagonist at concentrations of

more than & hundred times dts dissociation constant profoundly increase the
possibility of blocking other receptors or affecting other processes. “
. %.
The histamine blockers are also known to influence systems far removed

from the histamine réceptor, a property for which the H. antihistamines are

i
]

_ . | e - -
alread;\ggll known (Douglas, 1580). Elevated concentrations. of HI

have anticholinergic and local anesthetic propertieéL Concentrations greater

antagonists

thap 10—6 M also biock Hs receptors of the guinea pig atria and K actiﬁa@gd,

2

- . -
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Relative Selectivitv and Affinity of Several Histamihe Antagonists 2

'
b oo \/ . -
e 5. .

Prvaava 43

Antagonist Affinity (K, PA2)

Antagonist o S@léctivity‘ ‘ Guinea.?ig . Guiqeé.Pig‘\_
. ' : : Ileum Right Atrium
Mepyramine. o H O.SxIOfg (9.3)° ‘ RIS
(Pyrilamine). . Tl

Burimamide . - H, . 10730 - 7.ex107° (5.1).
‘Metiamide - H, 1073 0.9x107% (6.0)
 Cimetidine -~kﬁ_///§2 | asx1072 0.8x10 ° (6.1)
 Ranitidine? E, - 1074 1sxtd oL

. iiiiC L .- -3 S '
Tlggzd;ne 32 10 ‘ ] 3.7x10 (9.4)
. d o =12 - -8
Doxepin - H] and H, ™. - 60x10 (10.2) 1.7x%10 (7.8}
- a) Adapted froz'.{ Schwartz (1979)
b) Yellin'ec al.’ (1979)
: L

¢) Gajtkowski et al. (1983)

- d) Kanof and Greengard (1978)
= ) .
-’\“ P
N

e
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aéeﬁylate cyc1ése.inubrainuhomogéﬁa;es (Green et éi,; 1977). Hflantagbnists
Ce L gqufdémqnétraté "extra~histamine" éffébts._:B;rimaﬁidé blocks ;;gdrenergic :

réqepqo;s and;releases éateéﬁgléﬁigeé (Bfiﬁblecbmbe et al., 1976). Eimet#fine
is a non-compgtii?ve‘5lockerﬁofls-édzenefgié recepﬁbf% in'tﬁe'qterus,and_caﬁ

block muscarinic and Hi reteptors in the ileum (Brimblecombe ‘et al., 1975). h - 7
" Thus, a background- knowledge of these factors which limit a car@ful analysis __
" -‘7 . e e PRI

: of"hiscamine‘receptor§'must‘be applied to surveys of the literature and future

tesearch in this area. Léétly,-failure to use several antagonists to study a

_reéeptor mediated event leaves an- important question unanswered, i.e. is a
change due to receptor blockade or an effect'mediated by the antagonist at non-
.\ c . - N ) . ' .

.receptor sitqs?:' _ - R
While the preceeding'distussion_;::3§¢%ainly from,.the evaluation of peripheral
histamine receptors due to their relative ease of study, the same principles

apply“to the CNS where guantitative, well characterized responses a:efseldom

observed and difficult to assess. The precise loczl drug concentrations at
s .receptor sites iﬂ_vivo are generally not known,.enhancing our need for critical

evaluation of receptor data.

B. L;mitétfqps~af Bihding‘SLUdiés-

' Whgle abundant data is being promulgated on the scientific community o
conherniﬂg.répeptor'Eindiﬁé in.mgﬁmaliaﬂ bréin, oné.must ﬁgmembéf that a clear
s d;sﬁinctian'exists bétﬁegn'binding $ites an&éfecéptors: Oﬁly after an exhaustive

_stud? which successfullyilinks functional responé s_of_régepéors.to qarefull?

amassed binding data can we infer the former from the latter. In brain, the

. . £ «-‘-
difficulties in demonstrating this linkage are hampered in many instances by

failure to show a clear, quantifiable responge to agonists and their blockadé

with antagonists.. Technical difficulties—cf7ligandh{eceptor non-selectivity
. . AN : . ‘
and non-specific binding to membrane fragments, filteré\gf glassware (which

‘mav appear at’ first to be specific) are some of the artifacts to be dealt with.
) ; £ P . : < ! ;
J.F-
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Furthermore, &an unambiguous, kinetically distinguishable population of -antagonist
binding sites.may be shpwn,to'exist. Yet such binding which is saturable, stereo-

specificjand anﬁagenist'dispIECeable.maf not be-receptor linked. They may instead

bind to their own sites of which the feceﬁfor undérgding‘analysis may EOmprise

-

~but a smalalSr;ionf Binding studies designed to.detect histamine H1 and H2

receptors -are a case in point. False inferences have been derived from such data

as well as successful link ge of tissue Q&nding characteristics to receptor-
. - p - o . . o
ligand interactions. Thexefore, while an in-depth analysis would not be approp-

_ria;e;hefe, these -issues havezbgen dealt with .in some detail concerning Hl and

ﬁz binding studies. . ¥

K, Receptor Binding S{pdies

‘In therguinee ptg, -rat and rabbit, the tissue with the highest Hy receptor
density, determined by 3H—mepyramine binding, appears to be the brain (Chang et
al., 197%a; 1979b). Scatchard analysis of the mepyramine‘Binding to, whole

guinea pig brain in the presence of triprolidine,-anothei"ﬂ1 antagonist, demon-

- stfeted a homogeneous popuiasioh of:binding si:es. A mepyramine dissocization o
cohstant (KB) of 0.5 nM was éoesistenilwith 31 recépfor bindihg and corfeletEd'
well with pharmacological‘effetts in the guinea pig ileum, an Hy mediated_resps;;e
(Tran et al., 11978; Hill et al., 1977 i978).A;However ehe KB values for whole.
rat,. rabblt, mouse. braxns and human frontal cortex differed, i. e. &, 0 3.9, 3.0

ﬂiﬁ and 1.0 nM, respective;y. -Binding to all the aboﬁe tissues was saturable,

‘homogeneous ln nature and could be- dlsplaced by several H; antagonists of

divaerse structures. ?urthermore, blndlng in these tissues could discriminate

" between d- and I:ehlo;phepiramine similarly to the pharmacological response of
. o . . . . :
guinea pig ileum contraction examined in paraIf21 studies (Tran et al., 1978).

t appears thae in tha rat brain membrane preparation, affini ties of Hl antagonist

' !
for Hl recepto*s are better correlated with KB values of guinea pig ileal

receptors than those of gulpea g&g brain membranes (Chang et al., 1979b;
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"Hill ané Young, 1980). This mav be related to the possible-H,~H, receptor inter-

17

actions to be discussed below. Differential KB values'of epvramine among species

~is not unidue'as_other Hl-an;agonisté share ﬁhis property GChang et al., 1979b).

. - . .- . .
In whole brain membranes of rat, guinea pig, mouse, rabbit and membranes of

: ] : - - o 3,
human frontal cortex, the Bmax values were similar (4-9 picomoles of “H-mepyramine

‘Boun&/g of‘yet tissue) (Chang.gt_al., 19j9b)n_ Yet, the fegional brain distribution
‘of these Siﬁes'differs~amdng Spehieé. _Adult rats (Tran et al., 1980) showed

_the highest density in the ‘cerebral cortex, the.lowest in the cerebellum while

in the guinea :pig (Tran et al., 1978) the, cerebellum was the highest and the
ﬁorpus,striatum the lowest. In calf brains’ (Tran et al., 1978), the parietal
and occipital cortices Wad the highest density while the brain stem regions had

the lowest. In the human brajs (Chang et al., 1979b) gdissected‘and frozen 3-10

unreported), the 2ronc%i, périetal and cingulate

cortices_had the highest me

»famine binding density, the brain stem regions the
et e 3 . . . :

lowest. The brain distribution.of “H-mepyramine Bmax values following intra-

venous administration to mice was similar-to its in vitgdistribution. The

ﬁotency of displacement of this 3H—m‘epyramine binding bf other Hl antagonists

4n brain was similar to their affinities for the Hl receptor (Quach et al., 1979;

P r

‘ R U e - . o 3., .
1880a). In in wvitro experiments, the subcellular distribution of “H-mepyramine

" binding in whole rat brain (Tran ét al., 1980) was found tc be localized pre-

dom;Pantly'to the synaptosomal fractiom.. This profile was similar to quinuc-

1idinyl benzilate (QNB) binding to brain muscarinic receptors (Tran et al., 1980)..
. . 1

. . - ] , 3 .
In a related in vivo exébrlment3 several Hl antagonists displaced "H-mepvramine

“binding in particulate fractions with a displacement potency similar to these

~drugs' affinities for the Hl receptor ( Quach et al., 198Qa).- H&ﬁever, the

’
L4 -

-correl%ion was not exact, possibly z reflection of oth§ x vivo drug effects

such as general drug distribution and blood-brain barrier penmetration. .

¢
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" (Palacios et al., 1979} 1981). In the rat, the labelliag-of the cerebellar

 selective Hl,recéptor binding. - Yet the numerous Hl antagonists of diverse
_ L _ : : ]

=71+
- - .
. . -
. ) : . . . N . - ' S
- - . . . . H

I

Aqtéradiagréphy.of guinea pig brain slices labeled with BHfmepyramine'Showeé
. . ’ . ‘7 ' : . A . . g o . ) . ) ) - [ ,‘l -
a high density in the cerebellar molecular layer (Palachos et al., 1979). 1In.the

hippbéaﬁpué, the déntaﬁe,gyrus was shown to be rich in -meByramiﬁe,density

while the CA4 area had less and regionS'CAlLB the least.‘ Slices of guinea pig

and rat brain yielded binding parameters similar to thovse of - homogenates

- molecular layer was far less (?alacios.et al., 1979), findings consonant with

binding data from #omogenates (Trén ét al.; 19%0). In raé brain hypo;hglamié ~
s;ices,Athé supraop;ic,-suprachidsﬁétic.and venﬁropediai ngélei'had th; highegt*'
appargnt dénsity. Injtctiéns Sf kéiﬁic acid into the.guiﬁea pig cérebellum
caused a_decréase iﬁ ?H—mepyramine iabeiliné in fhe’mb;edulaé layer (Pala;ios'et‘al;,f
19513; 1981b}, a'fegionldf exceﬁtiqn;liy high density bipding‘(Péﬁécipé'ét:al;}‘_ |
l9i9). Since kainic acid;is ;gthef_gglgéti#e:fo;‘ﬁéufbnai:ceil'bodies.(@oyle;..:

1983), this suggests that the 3H—mepyrgmine'wa;‘binaing to neurons.

Thus, the evidence that,BH;mepyramine is binding to,Hi

"and homogenates is rather strong. However, such an inference requifes some

receptors in slices

qualification. The largest body of .studies of possible Hi.réﬁept¢r binding has

L

©Tused 3H-mepyramihenexclusively as the labélling,ligaﬁd; 'Thié is almost certaiﬁly,

due to the lack of other suitable ligands,from commercial sources, althodgh .
doxepin'énd mianserin have been .touted as rélativelf-selective‘Hl.antagonists. <,ﬁ

A larger spectrum of, other antagonists‘wdqld have enhanced our-confidenqé.in

L

structures which displace “H-mepyramine in vitro and in vive partiallysovercome,

Tthis‘reserﬁétién.l.Failu:e of non--Hl active agents to inhibit 3H~mepy:amin2»&
Einding (Quach et al., 1979; 19803) reinforces the associarion between mepyramite

e

binding and Hj occupation. The~bindingfpéfametefs.{KB and B values) and
' Eheir correlation with peripheral:ﬁl Teceptor studies,"uneven‘regional brain

distribution and in vive labelling of gemeral regions and subcellular fra;pion& '



strongly argue for Hl receptof labélling Nevertheless,-we 1ack firm proof
that mep)ramine is 1abelllng Hl receptors exclu51vely although ‘the greatest

portion 15 probably.ﬂl associated blndlng. ;H-Mepyramlne binding and/or H

'_/ .

_receptors are probably not- unidue to neuronal membranes. This, may explaln whv

3H—mepyram1ne blndlng in ra braln has been found to sustaln lesions 1nduced

“by tissue'transection; ce%ebrallcortical ablation, 6-hydroxydopamine nigral and

L

. . AN
intrahippocampal kainate injections (Chang et al., 1980). The discrete Hl

"localization argues against blood vessel Hl receotor associaiion as d%es mast

cell involvgment whose regional dist:ibution is quite différent (ﬁdvinéson."
et'al;,_1976' 1977). Hl-recepcor associotion with lial cells is a p0551bi11ty
consonant with thls "lo51on surv;val" (Chang et al, 1980) Also, in none of
the‘spec1es studled does mepyranlne blnding distrlbutlon correlate. well wlth
the dlstributlon‘of‘endogenous HA nor HD activity: Yet, similar independence

between regional endogenous transmitter distribution and réceptor bimding has

beer reparted for GABA, serotonln and NE, both ¢ and B‘recepto*s (see Chang

et al., 1979b). The szgn1f1cance of these observations is not clear yet shoﬁs

hlstamlne to be 51m11ar to establlshed neuroregulators.

Hill et al. (1978) have partially confirmed some of the above observations.

They bound 3H-mepyramine with promethazine as the masking ligand to membranes

sedimenting at 6,000 x g. Following ;noubation, théy collected. the ligand by

centrifugation rather than‘by filtracion They showed sﬂ-mepv;amine density

to be greatest in the .cerebellum of gulnea plg, the Tegion of. 1owést density.

in rat brain (Hill and voung, 1980) " A major dlfference was the findlng of a

second Hl site with lowe* aFflnltv for mepyramlne when the concentration of

this ligand-was increased. The KB of the high—affinity site in guinea pig

- membranes was almost equal to the mepuramlne hé values of gulnea pig 1ntest1nal

membrgnésﬁ(ﬁill-and Young, 980&; ;But Hlll et al. (1978) reported 2.3 .

- ~ . Ce
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suﬁé&aﬂtially higher than Snyder's group in guinea pig preparation, While

stereoselectivity was demonstrated, unity Hill coeficient were not. . The use

- of a different type of preparation may account for some of these discrepant” .-

findings. A variation in binding-and a failure to correlate binding with

 'histid;ne decarboxylase activity or endogenous histamine levels was alsc found

—

(Young, 1979).

Hl recgﬁtors prepared by'S0,000 x g centrifugation and evaldgted after

“h
" filrtration {Chang et al., 1979a; 1979b) are sensitive to proteolytic enzymes

and phospholipase A and C. In vitro binding of H; agonists to this receptor

LAY

_appears 'to b regulated by guanine nucleotides and cations, properties encountered

with other receptors (Chang ana Snyaer,’1980).l Sodium‘dg;reased affinity for
histamine and 2-thiazolylethylémine, an Hl'agoq}sc, by over 90 per cent. GTP,

its analog, GMP-PNP and GDP decreased Hl affinity bv a half; the GTP and Na+

" effects were additive. In contrass, enhanced affinity by the receptor for the

"

such awaits purification and reconstitution in addition to confirmation of

these general observations.
: ¢

L -

. . y ++ oy A . -
- agonists occurred in the presence of Mn or™g . Ca was essentially without

.effect (Chang and Sn%ﬁer,'lgso). In contraét, the affinicy for H; antagonists

shcwsnggligiblé alteration when incubated with these nucleotides or cétiénsl

Much of‘this regulatory behav;or was.évideﬁt in soluble histamfié Hl receptors-
prepared from guinea pig brain usimg digiténin as a detergent“(éavish et al.,
1979). The pgéencies of agents competing for 3H—mepyramine binding wer; reported

to be similar to membrane bound recéptors suggesting that recognition sites

undergoing ‘the solubilization process remain largely intact. However, GTP

related regulation was iosgl(Toll et al., 1980). The isolated H,) Teceptor as

rd

S

D,"EJ-Receotors.Linked to Adenvlate Cvclase in Brain Slices

*

-Strong evidence for histamine receptors in mammalian brain came in 1968 .

© with’ the breakthrough discovery that histamine stimulated cyclic AMP formation

+ ’
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) ) i . Coon ‘ ‘,
in brain slices (¥akiuchi and Rall, 1968). Histamine receptors were not invest-

igated per se as the-clear demonstration of H2 receptors had not yet been reported.
Therefore, the early.literature on HA interactions with.adenylate cyclase assumes

- L . . _ o L ' -
this interaction as if it occurred through a homogentous |receptor population. "It

is now understood,tbat'this‘is not the case. Also, the nappropriate use of "HA

' antagonisIis at congentrations several orders above their known KB values generated
. . Lt . _"_d_-,

added confusion. The B and H, .receptor -involvement in adenylate cyclase activation

) of brain slices is not evident in homogenates where only the H2 receptor has

been. unambiguously shoun to be'coupled to this-enzyme_(seé.sec;ion XI.H).. The
.fac:-that_Hl coupling to the cyciase in slices cannot be shown in homogenates

of the same brain regions suggests that condizdons for'eliciting'fhis effect are

inappropriate or that the homogenizing process itself may somehow impair the
‘receptor—enzyme interaction. The exact cause for this has not been ‘ascertained.
The presence of Hl receptors coupled to brain adenylate cyvclase is scmewhat

tenuous. Enzyme activity could be elicited in guinea pig cerebellar cortical and-

*

hippocampal slices, but not in homogenates containing Tris or tris buffer with

Mg and Ca . Only cell-free preparations in Krebs-Ringer under the mildest

of conditions retained histamine-sensitive adenylate cyclase activity (Chasin

. Y ) ; - ‘ oo

et al., 1974). -Since homogenization abolished this activity aﬁd;Hz-linked cyclases
. * . »,, . - N

. survive this‘preparatioh,.the adenylate cyclase active in slices may have been

H, linked.

l -
Anta

ism of histamine-sensitive adenylate Efﬁiase in élice% and hoﬁégenétes
afbit_cerebral cortiees wés;compafed after addition of vari;us ﬁeurolepfic
ageﬁté\( Spiker et al., 1976).Several ﬁeufoleptics and promethazine, which were .
. . ' . . '_ ‘ . -
’powegful.iﬁhibitors*ochyc}ic %MP stimulation by HA in-slices, were very we;k

antagonists in.homogenates.' Conversely, thioridazine-was a strong antagonist “
in-homogenates but.weak in slice preparations (Spiker et al., 1976).

This too suggests that the .HA-stimulated cyclase in slices differs from that

' . o .
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fih homogenates. In special cell-free preparations of guinea ng whole brain,
cerebral cortex and hlppOCBMPUS both Hl and H2 receptor linkage to adenylate'

cyclase was reported-(Psychoyos, 1978). - However the tissue preparatlon was

-y * A
de51gned to dlsrupt the tissue mass rather than to form ‘an homogeneous as possible-

mixture of disrupted tissue constituents. ‘Under such mild conditioms, this'cell- ;
free mixture may more nearly.approximate a mince or a slice than a ”standard"

homogenate; Unfortunately, the concentratlons of 2-methylhlstam1ne and &-methyl—
hlstamlne used to stimulate cycllc AMP formation exceeded 500 uM - almost certalnly
-, causing non-specific receptor activation."Iripelennamine and metiamide, H1 apd'
Hz_antagoniats, respectively; were hoth ueed'in‘ooncentrations.of 0.3 uM to

10 uMl(Psychoyos, 1978), again at ooacenttations‘castiné doubts on aelective
antagonism. - ' S ‘_i o B -

~

b

‘ Antagonism of HA~st1mulated cyclic AMP elevation by H blockers could be

shown in slices of gtlnea.olg cerebral co*tex ‘and hlppocampus (Chasxn et al

11973). These elevations’ could be completely blocked by che Hl blockers, pyrll-
amine, chlorpheniramine and SQ 10648, but at concentrations of 1—100 uM. These.
antagonists were not as effectlve in the W ppocampus where they 1nhib1ted about
50% of the cycllc AMP elevation in the same concentration range (Cha51n et al
1973). In experlments more Bindful ot‘antagonlst concentratlons HA-induced d
accumulatlon of cycllc AMP in sllces of gulnea édg cerebral cortex required.hoth
By and H receptor occluszoo ifr maxlmal 1nh1b1t10n (Baudry et ?1., 1975).

Mepyramine and metiamide were both able to block the effect of(HA in a concentration-

dependent mannet; vet only about 50% in each case;"A—Methylhiatamine was able

- . L]

to elicit a response that could be abolished by‘metiamide,'but not by meoyramine.
.Thls suggested that both Hl and Hz Teceptors mediate the H4 response in slices
from guinea pig brain (Baudry et al.. 1975). & szmllar conclusion was reached.
51multaneously in studies using several_antagonists to inhibit HA-elicited

accumulation of cyclie AMP in slices of guinea pig cortex. and hippocampus
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(3ogers et-al;;-I975j. In this study, about 80%Z of-the HA-response was attributed

’,

to Hl receptor llnkea mechanlsms.] Thls may be due to the excessive concentratlons

h______‘————-"'
of Hl antagonists used, e.g. d—bromphenlramine at 100 uM whlth probably also
occieded a significant portion of H2 receptors. Metlamlde (10 uM) inhibited

_ about 35% of the cortlcal and 55% of the h1ppocampal hlsramlne-stlmulaced response

-

(Rogers et al., 1915) W,

_Dlsmukes et al, (;976) also suggested that“;vo.popolatioos of HA,reoep:ors
mediate the HA-cyclic AMP response based on differentizl responses to Hl and Hé.

agonists and adenosine in guinea pig cortical and hippocampal'slioesl The 'H,

agonist, 2-thiazolylethvlamine (TEA); stimulated cyclic AMP formation in the

absence éhd presencd of adenosine (Huang et al., 1971). Addition of the thcer‘
| Al 1. gasscion of he agses

increased TEA's ‘maximal response and decreased the EC by about 90x. ‘Without

<% 50 -
adenosine, TEA was amtagonized bx.Both'Hl and H2 antagonlsts ohile only H,
‘antagonism was eviden:.in aﬂenosine‘s presence. The H2 égonisf; 4-metb§1h;stamine,

" stimulated a-smallir'accumulation of cyclic AMP than TEA in both ;issuesrg

L T

.

L e
<.

) Addf:ion'of adenosine caused.leSS-synergism. Without adenosine, &—methvlhistamiﬁe‘—,

stlmularlon was blocked by ﬁeclamlde but the presence of aden051ne necessztated
\} f
both Hl ahd~.2 antagonism. ro* maximal 1nhi€1t10n ‘These studies ccnfirmed previous ,

n

. r/‘ . . . ' . N - L
r;}grts of enhanced cycllc AMP elevation by HA in the presence of adenosine. It
also suggested “that adenosine may have a.direct effect on thein.and R, receptors

.mediating this effect. Dismukes et al. (1976) concluded that adenosine increased

the affinity of the Hl receptor for both Hl and H2 agonists. However, in none
o ‘ . .
of the above_studies which suggested z dual receptor involvement were dissociation

-

constants or relative agonist'potenc?ES examined. In addition, several reports
. ¢(Fsychoyos, 1978; Chasin et al., 1973; Rogers et al., 1975; Dismukes et al., 1976)
///cited the use of enormous antagonist concentrations which vitriated specific

receptor effects.

A -
s -
AN
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Investigetors wart;'s laboratory prOPOSed’that'both H 'receptors'

2

- U

and-thoSe'siﬁilar r identical to Hl receptors are 1nv01ved in the hlstamlne o

response and moreover&\say be sequentially act;vated (”alaeaos et . al., 1938a)

'The alteratlod of HA! Stimulation of cycllc AMP ln gulnea plg thpoeampal slices

was ingestlga ed through evaluetion of antagonlst affinltles (pAz vaIues), Schlld

-

analysis and

elative agonist potenc1es.' Eurthermore, the concentrations of the.

agents used were not excessivejand therefore more'selective”in their'actions.‘

-

Metiamide (1-30 pM) competltively antagonlzed stlmulatlon elicited by histamlne
or TEA _an Hl agonlst._ The parallel dextral shlft wzthout modif icatlon of the-
maxlmal response and a Schlld slope indzstlngulshable from unity conflrmed this
competltlve inhibition. The dlssoc1ation constant of - 6 04 1nd1cated metlamlde S

ingeraction with 2 homogeneous population of.H2 receptors-(Palacios?et al., 1978a).

'Hz receptor partrcrpatﬂon was also demonstrated by the relatlve potenc1es of the .
2 agonists, é—methvlhlstamlne and dlmaprltq mpared to the effects on peripheral
tissues, Yet two factors suggested possible Hl'involvement as well.-'First,

-~ o
the reletive. potendies of the Hl agonrsts, BEA and Z—methylhlstamlne, were@pot

‘those observed for homogeneous ﬂl receptors but 1nstead‘were intermediate-between'
v .o L4 ‘

- .

’ » L . ’ v ) ' -
those of Hl and HZ receptors. Second, in the presence of moderate concentrations

£

of mepvramine (5-100 uM), the effect on HA stimolation‘was‘more complexr At

low concentrationa (<10 pM) of HA, mepyramine was inactive while at: higher EA

- ) - o

concentrations, it induced a competitive antagonisfn. ' Schild analysi¢ revealed

two separate components Qf this coé;lex response. The first one, insensitive to

‘o

mepyramine, had ‘an ECSO of 6 LM while the second on%a,antagonlzed v mepvramlne

-

"1

-~ . . "}
(pA = 8.2) had an E 50 of l& uM for hisfamite. pach component contrlﬁnted about

-
-

SOn to - the maxlnal response (Palac;os et al., 1978a).’ Lastly, the marfmal re5pcnse

‘seen with drmaprlt ‘alone was progre551vely elevated stlll further bv TEA in a

concent*atron—dependent manner. This additional elevation was sensitive.to 100 nM
mep§ramiﬁe while the dimaprit response was‘unaltered.r The total inhibition of *

- ’ . ‘ s .

- S

4
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o A

the HA response due to metiamide and its partial ancagohism by mepyramine suggests;'

-

that the accumulation of cyclic AMP folldwing H, activation may be an indirect i

1

response.. The ability of HA to generate cyclic AMP through Hi receptors would

LR, -

then depend on the previous or simultaneous stimulation of H} receptors (Palacios
- . : 4t '
et al., 1978). This indirect Hl effect may be somehow associated with Ca  trams-

location since Hl dctivation of c¢cyclic AMP formation is dependent on extermal

H- ‘ . - - .
Ca concentrations (Schwartz et al., 1980). Only the additional TEA-induced

cyclic AMP accumulation in the presence of'diﬁaprit—induced maximal response 1is

largely prevented in a calciﬁm—free medium, consonant %ith such a hypothesis.
The ekact role of Ca++‘in this mecﬁaniém(s) reﬁains c§ be exploréd.

The cells bearing histamine receptors which are linke@ to adenyiéte cyclgse5 ”J
in slices of guinea pig hippoéémﬁal anaAcortical.tissue are-probably posﬁ-s&naptic |

neurons since the'resppnse was nearly totally abolished following intréhippo-

campal.kainic.acia injection (Barbin et al., 1976; Garbé;g et al., 1978a). However;
after intérfupﬁion of putative histaﬁinergic fibers to the hippocampus, histamine-
induced cyclic.AMP accumulation was not modified, suggestiﬁg an absence of

. denervation hypersensitivity to this response(Garbarg et al., 1973b). A similar

sequential or facilatory role was proposed for H, :.receptors linked to adenylate

1

cvclase in Krebs-Ringer homogenates: of guinea pig cerebral cortex preparations.

—-—

Theparticulate fractions containing "sac-like entities” which retained much of

their mémbranai adenylate cyclase were studied for H and H, effects on cyclic AMP

1

generation (Daly et al., 1980). Blockade of both adenosine and H2 réceptors
abolished histaﬁine (Hi and Hz) responses. -However, iﬁ’the absence of adeposine

blockade, HA effects were more effectively antagonized by H1 than H2 antagonists. .

This may be because d-brompheniramine and metiamide were both used at 100 uM

.

" concentrations. Nevertheless, the data suggested that in the absence of,

functioﬁal_Ho receptors, HI‘recethrs have no effect on cvelic AMP generating
systems in KfebsFRinger homogenates. It was proposed that El receptors are
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‘

primarily involved with potentiation of adenosine responses rather than direct

potentiation of H  responses (Daly et al., 1980). Unfortunately, in the absence

‘bf a more preciee-receﬁtor evaluation, these conclusions may be rather speculative.

A possible Hl association with €a  was not investigated.

_Earlier investigecions which used-tissue slices and homogenates employed
1napproprlate agonlse and’ antagonlSt concentratlons to infer Hl coupllng to
adenvlate cyclase. Studies mlnd ul of the relative selectlvigv cf such agents

failed to'.observe éidirect-or major role for the Hl_receptor in this system.

.1

in the mammalian CNS very much in.douﬁt.

This'ieaves';he hypothesis of direct H receﬁtof'actiyation of adenylate cyclase

E. B Reeeuter'LieRee.co Guanylate Cvelase

‘ﬁl recepto; actiﬁation eeimulatee cyelic oMP accumulaeion.in cultured mouse
neuroblastoma (cione Nlﬁel;Sl eells;(faYier and Richelson, 19795 Richelson, 1979a,b).
This_fespoﬁse is similer Ee'thae'of'mﬁscarinic reeeﬁtor aetivationlin.ehe séﬁe
prepa*aclon ehlch was used as a model fo*‘enalv51$ of guanvlate cvclase linked
tO Teceptors (Richelson, l979b) C}Cllc GMP cantent 1ndteases up to 50 fold in
response.ed,loo uM histamiﬁe."Mepy;amine, at dosee less thap 10 nM,.dextrally
shift the'doée—fesﬁonse Curﬁe ﬁifhdut eleering the‘510pe of meximel'fesﬁense.

The KB values oF Hl antagonlsts actlng both on the hlstamlne *eceptors ‘'of the

‘mouse- neuroblastoma and gulnea plg lleum are hlgnlv correlated (Flgge et al

1979 RlChEISon, 1980) 2-Methylhistamine, an Hl agonist, stimulated,eyclic GMP
formarion whe*eas &-ﬂecbv h*suenlne an'Hj,agonist;'at'coqtentratidns up to 1 mM

was 1neefect1ve (chhelson, 1978) " Excessive Hl agonist-of prolonged agonist

exposure (up td 30 minutes)"revefsibly'desehsitizes the céclic.GMP Tesponse by

a mecnanlsm rhat 11kelv uncouples guan}late cvclase from the recentor (Rlcnelson,.
1981) Mep}ramlne (50 nN) biocked hlstamlne (100 L“) 1nduced desen31ulzatlon,
ver 15 uM ﬂetlanlde could not;block thlS e fect (Tavlo* and thhelson l9/°)

In addition; -6-ﬁethxlnﬂstam1ne could not cause - cesen51tlzatlon Boeh hlst aminic



-80-

_and muscarinic stimulation of cyeclic GMP elevation are dependent on extracellular

calcium concentration and do not occur in broken cell preparatiops. .In the presence

. -+ =
‘'of - external Ca , verapamil, a calcium channel blocker, inhibits cyclic GMP

formation, snggestive tﬁat Caf+ channels are lnvolved in the coupling of the
receptor to guanylate cyclase (Rlchelson 1981)

e '__Hiscamine enhances cyclic GMP formation in the maama}iaﬁ central nervous
system cf several species. . Unfortunatrely, the recector(a) mediating this fasponse
haa not been evaluated. Eistamine. elevates cyclic GMP levels in cortical slices
of guinea pig (Schwabe et al., 1978) and rabbit (Kuo et al., 1972), although
guinea pig, mouse and rabbit- cerebellar sl;ces fall to respond (Ohga and Daly,
1977°‘Ferrendelli et al., 1975;,Kdo Et al., 1972). R4t pineal and bovine superior

ganglion cycllc GMP content 2lso rise in response to histamine (0’ Dea and Zatz,

N 19763 Study and Gzeengard '1978). In these preparatlons, rhe HA sensitive guanylate
g
++
cyclase appears to require Ca (Schwabe et al., 1978).‘5

F. Other H; Mediated Cellular Events

1. ﬂl Receptor activation of glvecogenolvsis T -

A method for quantifying glycogen hydrolysis was developed aa an experimental

.~

model for che evaluation of H, receptors injmammalian bcain {Quach et'ai.; 1978).
In this model, mouse co:cexislices are incubated ﬁith.BHJgiccose and the 3H-
glycogen fcfﬁed in tissues is determincé by compctiag the'ethandl;insolcbic radio-
accivity (due to unaydrolyzed glycogen) on_filter paper. '?ollowing.attainment

of steady scate_3ﬁ-giyccéen'levels (about 30 min), ‘addition of;histaﬁine profoundly
.depletea_tcc 3ﬁ~glycogen storc (Quach-ét'a!L, 1978). ;n‘a‘feﬁ‘ﬁinutes, as much =
.as B0% Qf the polyme: is hydrolvzed This *espcnse co;HA is'similarrco the - -
glycolytlc actlon of noradrenallne acting on 8 ~receptors (Quach et al., lé?B);

.The HA response:was shown to be concencratiog-dependeﬁt (buach e: al.,. 1978) with
.an ECSO cf 3 uM (Quach;et al., iéSOb)close to the;value f"Ot‘H1 mediacica Q%-‘

cyclic AMP formation in guinea pig.brain. IZ-Thiazolylethylaﬁine stimulated -
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hydfolysig gut 200 uﬁ'd;maprit,‘ah szagonist, did not. Tﬂat Hl ;gcep;o;s ére
selectively involved %n this effect was ‘demonstrated by ;he relative'agon;si
potenciés and appareﬁt KBlvaiués of the Hl antagonists, all }essAchéﬁ'éﬁhM fdﬁach'
et él.,:i980b)l Schildiénalygis for mepyram@ne inhibition yielééd a line with-

4 - - . ’ i N : T .

unity slope and a pA2 value of 8.0; cleariy, antagonism of a,competiﬁive nature.

Adrenergic, serotone*gic and H receptor antagcnlsts were unable to inhibit the

HA~-stimulated hydrolysis. Yet, at concentrations ranging from 3-300 oM (+)chlor-

rheniramine although not its (-)isomer antagonized this Tesponse. -The ‘process

of HA-induced glycogenolysis was also sénsitive to extracellular éalcium ion
concentration (Quach et al.; 1980b). B

- -

~ The dependency of'Ca-I’T+ ion availability for'leinddced cvclic GﬁP accumulation

-

'in neuroblastoma, braln slices and superlor cerv1cal ganglla and for mouse cortex.

‘ ++
glycogenolysis~suggests,that Hl receptors may ;nteract‘wi;h Ca . channels (Schwaruz

; . : R :
1979}. 'The absqnce pf a major change in glycogen hvdrolvsf% in the presence of

a phosphodlesteraSe 1nhloitor 1sobuty1methylxaﬂth1ne, a*ques agalnst a direct
cycllc AMP 1nvolvement in chls process (Quach et al., l980b) The finding tha:
tbe Ca channel blocker, verapamil, inhibits Hl stimulation of cyclic'GM?

‘ionm i Sresen. T = o
formation in the presence: of abundant extracellular Ta {Richelson, 1981) is
consonant ‘with this view. . Also in line with this hypothesis is the failure te
produce glyéogenolysis or elevate cyclic GMP IEVE;sTin cellffreé‘prEparatiQns,
Under such conditions receptors, channels and other spatially oriented systems
necessary for these responses could be separated. To date, this remains only

.-. . .. . - ’ N ‘\_ . . o -.’ . . o .
@n attractive prospect to explain much of the data; however, a more comprehensive

. . N ) ) \.
explanation awaits.

v 24 Hl"stimulation of Pi incorporation into phospholipids -

Histamine has been found to stimulate.incerporation. of incrganic phosphate .-
" (P3). into phospholipids .of whole rfar brain in a dose-related manner (Friedel
o Loy oags e eyl ) L .33 T
and ,Schanberg, 1975). Histamine {50 ug) stimulated incorporation of . Pi into

phosphatidic azcid five minutes. after intracisternal injection. After 30 minutes,
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33? was found in phosphatldlc acid phosphatidyl inositol and phosphatldyl -

choline when extracted in neutral organic solvent (Frredel and Schanberg, 1975)

Since tripeiennamine HCl (100 ug)‘had no effect alone, out'rnhibited HA stim-

‘ulatlon by 854, the authors attributed this response to histamlne stimulation

. of Hl receptors. - These findings are in- llne with another in uiuo studu which

demonstrated HA—rnduced 33P. incorporatlon into phospholzpids of whole rat brain

in a dose-dependent nanner (Subramanian et:al., 1980b). Prior reserpine treatment

'_ was without effect, obvia ting posslble HA medlated catecholamine release. ‘HI'

‘ractivation with 2(2-pyridyl)ethylamine'stihulated incorporation-which was -

: rerractorypto cimetidine, but antagoniaed by pvrdiamine; all éiuen-a: iOO nmoies/ _f
g Brain..'ﬂzfstlmuWation with &—methylhistamane had no effect (Subramanian

et al., l980b) The effect could not be mlmlcked by a8/80 (1ntracisternally)

at a dose_o 50 ug/g brain, 1n3ected Sanrnutes prlor to 33?1 and agongst admln- -

dstration.' The authors suggested that these HA aCtlons were neuronally mediated ‘
oecause-this mast cell degranulator did not ellc;t any effect.'.:rom these.
"findings, two hypotneses mayv be advanced ?ir tiiﬂaimay nor act directly to
cause P 1ncorporat"on since 48/80- 1nduced HA released from mast cells or
51h1iar structures should have equlvalent effects as exogenous HA at equa}

concentrationsf_'Second that ‘at the 51te of &8/80 1n3ectlon and regﬂons where

‘--

I

it rapldly dlffuses, mast cells are ‘not present ‘or in such small numbers as to
' have negllglble effect. Thrs is supported by the fact that dopamine, which

' also st;mulates Si incorporatlon into pnosohollprds in vivo (Friedel et al.,

-

‘ ,197aj‘is knoun to be'present.ln mast, cells. Unfortunate;y, the site‘of _ _
dnjectron was not ;épaggéa;_‘ﬁ' - - o ; ‘ o : . ‘ﬁﬁ\\
:rfne—natune-of.tnese'studies{'the inability to determine local;drug concf'i
] entratrons5and; dn_one?instanoe;;use‘of-Hi'and ﬁz'agonists:and antagonists}
~all at rhé sameﬁdose CSuoramanranrettal.,:i§80blmakeralcritical evaluation

.

of these results difficult. It may be noteworthy that thesé observations
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are at variance with an in vitro investigation of Pi incerporation into

phospholipids_of the pineal body in which HA (100 vM) was without effect

‘(Muraki,'1972). ﬁoweﬁér, norepinephfiné and-acetyichgliné at the same conc—

. entration- caused 51gn1f1cant incorpoeration.

G. §2‘RECEDtor Binding Studies

- ‘ Binding studies utilizing selective B , @ntagonists have demonstrated

saturable bzndlng 51tes in mammallan brain preparations. However, c¢lear ident-

:>_‘;flcation of . bhese sztes as H2 receptors i5<probably still lacking. Specific

o J “binding df.iritiated amitriptyline, a potent inhibitor of B, -stimulated adenylate
o ‘ 7 . B \.,f
cyclasé‘(Green and Maavani; 1977} in mouse “brain (P pelleus) could be inhibited

by. 100 pM netlamlde (Rehavi and Sokolovsky, 1978), an H antagonist ‘Specific,

-

saturable'binding of.3H c1m2t1d11e in guinea pig bralns?that were homogenlzed

u

centrlfuged (1.8 % 105 g—mln) and . resuspended was reported to have a KD of 42 nH .
(Burkazd, 1978). Kendall et al, (1980) described a 3H-cimetidine'bin§ing site
“in cfudé;Synaptic“pgmb;;gg preparations derived from P, pellets frcm rat brgin;
Kandel et_éi.,(lQBO) shgwed éaturable 3H-cimetidine binding in Pé ﬁellgts frdm
pooled rat cérebral cortices; however; a,pgrédoxicé} separation and mutual -
‘independencé éf H, aéonist and H; aﬁtagdnist sites was obseryea. Using:

. resuépendéd ﬁéllets from'whole rat brainé, Smith et al. (1980) reported 35-
c1ne;1d1ne blndlng which was saturagle,-speclflc (1nh1b1ted bv 500 uM metlamlde)
comp:isgd df';-single population of gitgs as determined:by‘Scatchard anaiysis
éndlh;d ;:digsﬁci§tion constant of 0.2 QM. In.addicion; é EOrrelation could

be shoﬁnhbetween ICSO values (concentrahion of ~a subs*ance vhich 1nh1b1ts 50/

P

of the specific binding of another substance) of imidazole H2

andfthe'KB.valuesiof these antagonists on peripheral H receptors; However,

antagonists

Roteh;fﬁoh;imidézole'HO =nfag0ﬁ~sts were dnactive (IC values exceeding‘l'mﬁ)
in displacing' specific 3H-cimetidine,binding. Several antldepressant drugs.

-

wereralso:without inhibitery e¢fech, although they nave ‘been shown to be potent

—
el
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inhibitors-éf H2 stimulated (dimaprit) adenylate cyclase (Green and Maayani,

,

T }977; Kanof and. Greengard, 1978),; Dimapric, a highl? selective and potént'H
;agonist, was -also inactive. They concluded that the"BH—cimetidine recognition

site was in fact an imidazole binding site. Indeed, Kendall et al. (1980)
showed in their preparation Ehat,imidazole itself héd'nearly the IC_,. value of

S0
‘value of 4-methylhistamine for dis-

histanine and about three times ﬁhé’lcso -
piécing 3H—cim,etid;ne. .3H—Cimetidipe biﬁding of guinea pig‘cerebrai eortex

and gastric Tucosal membrané pfeparations were found to be time dependentg
saturable aﬁé/;omposeq of a single population of binding sites yet exhibited
diffe;eﬁtfﬁb valﬁés (Riszﬁg\et aI.Q 1980): These X values differed from the.
.cimetidine KD vaiues ob;aingh‘from«:he étfium and gastr%c‘mucosa‘aﬁd here too
@imapfit-failéd to displace this radioligand binding at concentrations exceeding
1 ﬁM.‘ Furchér, Warrander et ai. (1983) have questidnéd the needlfor copper

tons in 3H<cimétiainerbindihg studies who reported that co™ ‘significantly

increased total and specific binding. Moreover,'nei:her ranitidine, tiotidine

nor dimaprit‘displaced,BH—cimetidine from guinea pig cortical preparations

{ b~

: + : : _
_in the presence. or absence of Cu . Therefore, while binding studies in braim

tissue reﬁhalfa‘possible imidgzole_biﬁéimé sirte, theyAhave not clearly chéractér—
ized central Hjiréceﬁtorsf Speéific 3H—cime£idine,binding has also been
- reported iﬁ"thé_rat ahteriér,piCuitéry.(Devoto et al., 1680). ﬁowever,
'c0n£i£métioniof H2 bindinglwhich they ;uggested was'oniy éue:to-both cimetidine
and metiémide binding. This ieav§5'doubts‘that these‘tbo may be non—Hz
recepﬁor binding sites. The suggéstion thaﬁ_3H—cimetidine ﬁay be biﬁding to
high‘affinigy sites unrelated tolihe H2 ;eCéptof was_bolstefed by réports
describing similar binding -ancmalies in.gﬁinea pig gastric'muépsa (Nofris ét’
al., 1980) and hgart;membrane p#epara;}oﬁs ;3;istgw‘ét al.; 1980).  The lgt;er
.study'also-sﬁcwed 3H-ranitidiné to be gnsuitéble'for1135ellihg Hsy récognition
sites since it could not be displaged by histamine itsélf, cimetidine, tiotidine

nor dimaprit.
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Most recently, 3H-tiotidine-(a non-imidazo1e H2 antagonist) has been claimed
to.Speéifiéally label H sites in‘homogena;es of guinea pig cerébral cortex

(Gajtkowski et al., 1983) This ¢laim was based on the observations that

:} T

i) specific 3H—cioti;iine bindiﬁé was inhibited by several known ﬁz agonists ané'
anvagonists of diverse structure; 1i)} these agents failed to displace non-specific
binding; iii) KB data f;om thg ?orté?‘agregd wifh that‘determined in guinea pig i
'gasﬁrié mucosa (adenylate cyclase activity) and guineé pig atrium (éhronotropic
activity); and-iv) non—H2 agents did not éignificaﬁtlf.;ltef 3H—tio:idine binding
re§en'at coﬁcentrationé exéegding ﬁy a thOugand—féld ;iotidinefs Xg (30 nM).

In adqitibn,'binding'was shown to be saturable, heat labilerand resistént to the
filter adhesien feported.by others (Haayani et al., 1982). Tﬂese'findings

appear more credible as this group has.questioned earlier claims_;f specgfic

H2 receptof labelling. However, even with this discovery, thése adthors were
unable to demonétréte specific 3H-t10t1d1ne binding to establlshed pharmacolog1cal
H2 receétors in the guinea pig s gastric mucosa and atrium or _the rat' s utetus
or cerebral cortex (Gajtkowski-et‘al., 1983). The reasons for this drawback
remain unknown and this gener#l finaing awéits.confirma;ion;

H. Ez Receprors Linked to Adenvlate Cvclase in Brain Hemogenates

- . ' . -

Adenylate cyclase stimulation due Ld*Hl»receptor activation, which can be
elicited in brain slices (Schwartz et al., .1980) is not observed In brain homo-

L

gena;es'(Greep et al., lé??; Hegscrénd_et-al,, 19}6).‘ There is however, an

abundance of evidence that histamine~stimulatéd adenylate cyclase in brain

~

homogenates is.associated with the ‘H, receptor. (omputer models -evaluating

possible'H1 and H, receptor involvement in homogehate cyclase preparations have

suggested that an Hl_linkedﬂsystem cannot contribute more than 15% to the total

-~

- enzyme ac:iv1tv (Héugh et al., 1980) The evidence For;H receptor participation .

i -

is based on both agonlst and angagonls; ho ef‘ects compared to the:r perlpheral
:actlons The ‘allure of ﬂl antagoniscs to COmPEthlVelV 1nh1b1t homogenate

adenvlate cvclase also supports such 2 hypothgsis.
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ﬁomogenates from guinea pig brain have ﬁeen the model sys;ém.most utilized

since greatef adenylaté cyclase én;yme activatioﬁ oceurs with this ﬁreparation
than th;se from the rat. The relative agonist acnivities (as evaluated by their
relative EC50 values) for cyclase stimulation coincide ¥ith their activities on
peripheral H2 rgceptors {(Green et al., 1977; Hegstrand et al., 1976). Several
antagonists, among them metiamiaé,;ciﬁetidine and tiotidine, had similariaffin-
ities ip; the hiéﬁqgipe lihked;cyélase and thelguipga rig ;tri#m,-an‘ﬁz_media;ed‘
system (Green et al., 1977; 1379§'Maé§ahi'et al., 1982). These antaéonists
were_shouﬁ to be compgfitive_éinﬁe_chey pfoyoked a ﬁaréllel dextral displacement
of the dosefresponse'éprve and’ exhibited élopes pf-apgrqximapely 1.0 upon Schild -
- analfséé. Thgif disspciation constants were independent of the agon;st‘used

tofstimﬁlété'the énzyme as7activation by-dimaprit (a highly selective H agonist

possessing negliglble Hl actlvlty) or histamine yzelded nearly the same KB
-:values. &lso, c1met1d1ne antagomism of adenylate cvclase actlvity in hippocampal

or cortiéal homogenates vielded the same SChlld values 1nferr1ng.thac these '

sites are homogeneous and 62 receptor linked (Green-et aIs,,197{)ror ;ould)pot

ﬁe distiqéuiéﬁeq froﬁfthe Hz'reééptor.‘ In‘gginea ﬁig cortical hd@ogenates,

pyrilamiqe, an Hl.anfagogisx,.also éhifted}to the righé.the dose ;espo?fe curve .
"of dimapfif-stimulated adenylate cyclase‘aé‘a c6ncentréti6n;of'lO uﬂ.ﬂ.ﬁcweéér,
rwheﬁ'thisJénzyme in bogh cortical .and hippocaﬁpal:éreparatioﬁé‘was stiﬁuiated

gy histamine as weli as dimaprit and téen subjected to Schild anaiysis; it-

was found that pyrilaﬁine's antagonism was'nén-coﬁpetitive (ﬂaayani.ét al.,

19823, ‘The siope of the Schild curve wésAsignificéngly‘iess than.l.O and'the.

‘pA2 value of 5.5 was.far differeng from theAﬁsuai value of 9.3 obse;ved in thé
‘peripﬁery_(Afh-andféchild, 1966). This.example }nderSCOEes again the impprtance

of u§ig§_§3€;gonist cogcentfa;ions élosef ;o.estgblishg@ KB valEgsrand the

false inferénceé thét can'bé éefived,iﬁ the absence of furtber‘feéepéo; aﬁalysis;

in this case; mé&tiple agonists and Schild evaluation.

’ . v ' .o
J

-
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Guinea pig hippocampal homogenates were used to evaluate some of the various

L

regulatory mechanisns which may interact with histamine Hz-stimula;ed adenylate
cvelase (Kanof et al., 1977). This enzyme may require guanosine triphosphate
(GIP) or a structural analogue égnce rnbubation with GTP increases the basal

- ; ' ,
activity and the Voax for histamine. It is of interest tharlGTP has been
reported to alter the affinity of adenyiate ¢yclase for ics activating ligand
(Rodbell et al., 1974; ﬁirnbanmer-et al.,llQY&); aithqugh this viewiis not
~ universally held (Hanoune et al., 1975). While such a hypotnesis nay explain
this effecr‘of GTP; the low enzyme aectivity in the absence.of-GTP precludes )
accurate analysrs for measuring half-maximal histamine stimulation‘(Kanoiret aiL,
1877). The possibility ‘that histamine may ne augmenting GTP—enayme interac;iene
is also tenable but has not been examined. Magnesinm ions and adenosine. tri—:'
phdsphate (ATP) alSO'liker?-regulate the Hz associated adenylate cyclase 'Mgf+
enhance hlstamrne—stlnulated cyclase actﬂvity and kinetic analv51s suggests
" that thrs enhancemenr naujoe aecompllshed by free Mg blndﬂng to an allosteric
site, Hlstam1ne (100 M) was shown to increase the afflnity of free Wg++ for
thia site by reducing its KM for Mg by two-thirds (Kanof et al. -1977) ATP
exhibits a blphasie action on HA-stlnulated adenvlate cvclase as lower conc-
encratlons (<7 mM) augmenc ane hlgher concentratlons {>4 mM) attenuate enzyme
acelvlt}. -Mg++jmay elevate act1v1ty also be chelat;ng free A?P under conditions
when ATP is at hiéherAﬁevels. ﬁistamine was-snown ro increase the enavme'a

Vmax without alterlng its apparent afflnltx (K“) ‘for 1ts substraee, Mg-ATP

-

-(Kanof et al. 19?7).

Results from in vitro and in vivo experiments using neonate chick brains

support central HA—stimulated adenylate cvelase activity linkage to H. receptors.

2
The 2-3 day old chlck is a useful model since it lacks 2 bleod-brain bﬂrrler
to perlpherally aaministered HA (Edwards et aI., l??&). Injections of HA

(10 mg/kg, 'i.v.) increased_the cyclic AMP content of cerebral hemispheres 3-&

fold. Pretreatment with mepyramine (20 mg/kg, s.c.) 30 minutes before failed
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:to antaéonize this histamine-stimulated effect, while burimanide (10 and 20 mg/kg

s.c.) and me:xamlde (2 and 5 mg/kg, s§c- ) both antagonized thlS increase in a | e

-
-

'dose related manner (Nahorski ét al., 197&) In parallel in vitro experiments,

"sllces of neonate chzck cerebral hemispheres were shown to produce a 125-30 fold

— AR

_lncrease in' cycllc AMP formation after expospre to 100 uM histamine. This °
response is greater than in any species studied at any age. Mepyramine (50 uM)

~was without effect while burimamide (10 and 50 uM) and metiamlde (1 and 5 uM)

-~

both antagonlzed this HA-lnduced cycllc AMP productlon in a dose related manner

(Nahorski et al., 19?&). -Mepyramine was shown to attenuate HA-stimulated cyclic

1
i

. AMP production at a concentration of 100 uM, yet further analvsis demonsfraqed-

this antagonism to be insurmountable. Metiamide {10 uM) was shown to be

competitively inhibiting this.HA action. This confirmed the association of

histamine stimuléfgdiadeﬁyla:e éyglase in brain to central H2 receptors in ve: i
another speciés fchicken); It emphasized again the non-specificity of action

H ) B - bt 7
vhen large copcén;fatioﬁs,of-antagoﬁisfé are used. Stimulation of cyclic AMP
in chick.neonéte cortex'élicés by the.H2 agonist 4=-methylhistamine, showed an

ECSO 51m11a* to hlstanlne (& u”) but also only abOut half the maximal hlstamlne

' response‘at lQO uM concentrat;oﬂ,(Nabo;skl et al., 1977). 4&4-Methylhistamine

'was therefore only a partial agonist while 2-methylhistamine had no significant

stimulant actions exce@ﬁ at 100 uM: lMepyramine (10 uM) antagonized only

‘ 2-meth§1hi§taminé (100 uﬂ)-induced'dyclic AMP accumulation. However, metiamide

(5 uM) blocked h*stamlne (lO uM), —methylhlstamzne (10 uH) and 2-methylhistamine
(100 M) stlmulated cycllc AMP* formatlon (Nahofskl et al., 1977). The distrib-
utlon of thlS HA actlvated cyclase was non-uniform in the chlck neonate .with
& rankierder_qi.aCtiQicy of the cortex;cgrébellum>medulla and diencgpha%on> ' a
opﬁicilobeé'(ﬁah§rsﬁi and Smith, 1976).

Hiscaﬁine-éensitive adenflatg ;y;iése has beeﬁ found-iq homogenateé pfj

Wi

other species as wel. A significant increase following 100 uM histamine was



-89- -,
observed in the homogenates ﬁr?m rat cgrtex, but net from rat hippocampus,
corpus striatum nof-cerebellér.fissups-(Hegstrand et al., 1976). Rat and rhesus
\;onkéy‘hypothélﬁmic hoﬁbgenaies Qére unresponsive to }00 UM'histaQine (Ahn and

Makman, 1977). In a separate study (Green et al.

77), rat hippocampal adenylate

cyclase was responsive ta 10 uM histamine st mulation; but was less sensitive
‘ S : T :
\b

than guinea pig hippo;ampal prepératibns (higher EC and reduced maximal

50

responses). Homogenates from rabbitr frontal cortex, anterior limbic cortex and .

hypothalamus were shown to be sensitive to histamine stimularion (Makman et al.,

1980) although Teceptor identificatibn was not‘investigated. ‘HA produced conc-

entratlon-dependent 1ntreases in adenylate ;yclase activity from superior
'frontal cortex braln homogenates in monkev (Newton et al. 1982) - The responses
were medlated through H2 receptors as verified by Schild analysis. The rank’

order’ of activation of tissue cyclase sensitive‘to HA was frdntal cortex>hippo-

Campus>§ﬁtamenl- Héwever the adenvlate cyclases of honogenates from the nonkev _
caudate nucleus, globus pa&ildus, anvgdala and hypothalamug were un*esponszve
to HA (Negton et al., 1982). Adehylate cyclases-from gerbil or hémster‘whole

brain hoﬂogenates were not 51gn*f1cant1y s;lmuTated by hlstamine-(Hough and

Green 1981).

o

Histamine acgjvation of 1, reéeptor sensitive adenylate cvclase is not a

unique phenomenon limited to neurons in ‘the mammalian CNS.- Glial cells (astro-

cytqma) maintained in- culture C and some mast cells L have Ho‘rééeptors which '

<
v

have been shown to be linked to adenvlate tvclase. ‘However, there is probably

no connection betweén H, stimulated increases in'cvclic AMP in mast'cells and
those actions observed prev1ously in braln nomogenates.- in fdet, there is

'an iaverse cor?elatloﬂ between the dlStrlbUt“OnS of- H linked. adenylate cyclase

.-

act1v1tv‘and ‘mast cell population. Mast-cellq are most. abundént in the hvpd—'

thalamic aﬁd thalamlc areas (D*oop, 1976 GoldschmiaL et al., 1983), wnereas

H, 'stimulated cyc’ase 1n l_‘u?.se *eglons is very ﬁeager (Makﬂan et al , 1980;
= . -~ - . . -
Green et-al;, 1978) or non-existent . . o -
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(Ahn and Makman, -1977; Newton et al., 1982). Conversely, cyclase activation is
most evident in the cortex and hippocampus}(Hegstrand et al., 19764 Green et alt.,

1978b; Makman et al., 1980; Newton et al., 1982), regions where mast cells are

-~

extremely scarce (ﬁroﬁp, 1972; 1976). Nevertheless, histamine (500 uH)—-tim lated

' cyclic AMP formatiorn has been demonstrated in cerebral mast cells,- but only in -

-

.;he choroid plexus (Hammers et al., 1977). Kainic acid induced lesions o

" (selective for neuronal cell bodies) (Coyle, 1983)-0f guinea pig hippocampal

tissue almost destrovs HA-stimulated cyclase activity (Garbarg et al., 1978).

Subcellular fractionation studies indicated that the distribution of HA-sensitive

. »

_adenylate cyclase activity prepared from guinea pig cortical heomogenates was A

. .primarily in the mitochondrial subfraction (Kanof et al., 7}. This fraction

" accounted for over 70 per cent of the total recoverable mctivity. gFurther .

fractionation sf this layer resulted in cyclase activit¥ almost enrirély (99%)

. -
in the Ml mitochondrial subfraction containing mitochondria, membranes and nerve
) ‘ ) . & ~,

endings (synaptosomes). Sucrose density gradient centrifugation of the Ml'

fraction caused this cyclase to sediment predominanfiy‘in the synaptic. fragment
. | - - C . . 4
and mitochondrizl layers (Xanof et al., 1977). Therefore, rhe subcellular

distribution of HA-sensitive cyclase paralleled the distribution of the synaptic

membrane fragments. Mast cells, their granules and incompletely homogenized

material generally sediment out with the nuclear (Pl) fraction. This accounted
for no more than 10% of the initial homogenate enzyme activity. These findings

support a neuronal locus for the H2 receptor linkage toThistamine-stimulated

adenvlate cyclase activity.

To .date, the histaﬁine.sensitive cvelic AMP formation in homogenates of
. -

magmélian brains can be overwhelmingly attributed to H, receptor mediation.
' : o

Yet failure of HA to stimulate adenylate cyclase activity should not infer an |
. . . ) - . - . . ) '- . | —
absence of Hzlreceptors; The biochemical and biophysical-interactions which

link the H, receptor ‘to the enzyme in some tissues may be labile or inhibited

during the process of homogenization. Thus, the ability to observe HA stimulation
L

w,
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veratrloine 1nduced 3d~HA release from‘igg cerebral cortlcal slmces (Arrang -~ -

suggested to the authors 2 receptor medzated response which thev designated H

 The HA inhibitory action was. eoncentratlon dependent wlth an rC

mav partially be”a funccioo of the assay rechnique and_therefore be somewhat RS
. \ . N -

artllactual.' For example, this,may explarn the'clear observatlon of a Ha

Lot
- B

sensitive cyclase in homogenates of gulnea pig hypothalamus in some laboratorles

—

(Ahn and Makman, 1977; Green_et_al.,-1978b)-while others fail to see{an erfeet
(HegStrand et alr, 1976) . Likewise, the"aoility to stimolate.HI*and.Hﬁ_reEeptors:7z

and generate effects ‘in tissue slices is often lost in the.sameé .brain. regions Fe
. ) . - . LI i - - - - s~ -

after homo;e;featfoﬁ,r'ﬂore importantly, H, Teceptors may not- always-be @ssoc- 7 -

iated with adenylate cyclase.

I. Histamine"H3 Receptors - Ihe'Proposed Autorquptor oL i:'” Towls s

Investlgators 1n Schwartz 5 laboratory have recently proposed as auto-

- -~

receptor whzch when stlmulated by ex?genous HA can 1nh1bit potassium— or R

: . 3 - . -

et al., 1983) These s‘lces were previously 1ncubated with H-hlstldlne 1n - :
3. N . R .. R
order to endogenouslv form H—hisramine (before.the_excess substrate:waSnwashed I N

awav)._ Tne depolarzzatlon—lndUCed BP-EA release 1ncreased 5 fold over basal amrne

e
release in Krebs-Rrvger b;carbonate buffer, but was nearlv abollshed in Ca -=" -

a "-. '

++ R
free bufFer or media containlng 10 mM Mg . Potassium'(BO mM)- or veratridine
(lO M) 1ncuced 3h Ha release was. lnhlbwted by about 50 in the presence'of _fjiL-‘l:’
e\ogeoous EA (1 uM) This inhibitory process'whicﬁ was seturable reversiole;"

-competltrvelv antagonlzeo and. hlgE}v selecr;ve pharmacologlcally (see below)

3 -~
el -

50 for HA or

-

41 oM vwhen added before K" and aboot‘__s ™M when added wlth K : although under. .

N

both condrtrons, maxlmal 1oﬁibitioﬁftslf reduction compared to c0ntrol 3H—HA 573 s
release) was the same. Histamioe was_postulated to-display‘a direet aetloo’slnbe.:,-;
the HAéioduced_lnhioltion.was‘mot sreéeﬁ;éa béotetrodotomio,_eoold_oe_ellélted';;k'lz :
in cortical sydaptosomes_aod‘was amtagonleed by stronger depolarieationfstimoli;

e.g. higher levels of X . or veratridine.



"'f-"antagonlzed the nlstamlne negative feedback systen that was actlvated bv the
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°erhaps the strongest evrdence For this proposed H receptor ‘was. the
3

dlfferenoe in potencv (compared to both H1 and H2 receptor mediated effects)

of both agonists and antagonlsts and the demonstratzon of competitlve antagonism

-of the He—lnduced 1nh1b1tlon of 3& HA release ' h N and N® —methylated hiscamlne

derrvatlves had 2— and 3—told greater 1nh1b1torv potency than HA, reSpectzvely,

although at both Hl and Hz receptors, they are Sllghtly less potent than the

parent amrnec The Hl agonlsts, Z-methylhzstamine and 2~ thlazolylethylamlne

- and the H agonlsts,_é-methylhlstamine and dlmaprlt had no effect. However,
. lmpromldine, anpther Pz'agonist' reproducrblv and in a concentratron dependent

manner enhanced K —stlmulated 3H—HA release by. 20/ In addltron, 1mpromid1ne

'i dextrally shifted 1n ‘a parallel manner, the dose-response curve of HA-lnduoed

1nh1b1tlon of 3H-HA release wrthout alterrng the-maxrmal response ) Schild‘plots

were 1nd1st1ngu1$hable From unlty wrth a pAz value of 7 5 whether e\ogenous HA '

i

';:concentratronrwas lluM or‘lOO-uM. Arrang et al (1983) concluded that impromidine

newly released 3H HA Nhlle P antagonists showed no effect several H antag—

~ ., .

onlsts 1nh1b1ted the HA (l uH)~1nduced reduction in a.dose-dependent mariner ,

-gxshrftrng the reSponse curve parallel to the rrght Burrmamlde also competrtlvely

"_'5_uM; Thls too suggested an antagon*sn of - HA-induced 1nh1b1tlon\ The.rank

antagonlzed‘dA 1nh1b1tory effects as ver;fled bv Schild analysrs (w1th unrtv :

- - -

slope) and.was found to enhance QH—hA release, but onlv at ‘a concentratlon of

orden of potenCIES of Fz antagonrsts 1n ellciting the above antagonlst4c effects
(as evaluated b) RB values) were radically difFerent from those observed for

-.Hz.recentorsa For example,.at hz receptor 1n the guinea peg at 1um, the KB ;

ratlo of burlnamide (Black et al.,_l977} to trotrdzne (Vellin et al., 1979) 1s

520 whereas the same, ratio at these putatave P3 receptors 1s less:than'6:x lO
. Arrang et al.: ( 983) noted that HA—lnduced rnhihitioniof'gﬁ—ﬁe.release'f'

. .
- .

occur-ed at hlstamlne concentratrons whrch were far lower than those reqnlred

N to stlmulate 41 receptors wnzch nedlate glycogenolvsrs (Quach et al 980b)

A

.
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or B, recepfors eliciting cyclic. AMP accumulation GPélgciog et al., 1978a}. -

.

However, they alse ébserved;thét even the maximal inhibition attained feduﬁe&f
Hglrelgase not compietely, but by approximétely 60%. Since impromidine was
propoéed to block the HA-induced negative feedback which resulred ih a 292
increase in Ha releése, Eh%-atthors concluded that‘gndogehously‘released‘HA

may normally iniIbit 20% of its own release. This is physiologically more

" relevant than the pharmacological ‘concentrations of HA'used -in ‘these studies.
f o ‘. Fl
Thus, HA was postulated to exhibit anp auto-inhibition similaf’to iﬁatAgostulated

for other neurotransmitters (Langef,'l977; Starke, l981)f

. -

The different agonist and antagonist potencies and "the S¢hild evaluation

-which confirmed competitive antagonism argue for a receptor mediated mechanism

subserving this apparent ithibition of. HA release. However, several reservations.

_' to this recent and sﬁngular Teport should be kept-in mind in lighthof @atgifrpm_

previous reports; many from the authqrs' own laboratory which argued ,2against

presyﬁéptic hisﬁamiqe'receptors (see belou}f ‘While there is .an abundanﬁé'of

.evidence to suggesy the existence and function of auroreceptors, it is only a

hypothesis” at.the present time that is'by no means universally accepted.

Experiments exploring the méchanisms involved and agonists .and antagenists used

to demonStrate this phenomenon have mounted strong challenges to this concept
(Kalsner, 1982).. While the concépt suggesting'H3 receptor existence.seems well -

-

Euppo;ted; it could be strengthenedxfuftﬁer. 'Uﬁféétunapel§,;a§ this,re;gptér
ig_a_npvei pfopésitioq,‘i; would bé.difficult to evaluate the.%epof{ed éntaganisﬁ
by H, antagénists.by usiﬁg‘o;her ésﬁablished'H3 agoﬁiﬁté wﬁiﬁh are not ﬁvéi;--

laBlg}riﬁéweQéy,'as zhe éqthors ;hoﬁéd'the Nc-me;hylated'ﬁA de?iyati;eéxto-be;

) . +
’ .

‘Potent agdhiéts,.;hey'qould;baée:beéﬁ‘ﬁSed_fpr.;hiérpﬁrpase.' Oné musﬁ glso
ﬁﬁngiﬁer‘cﬁat we have}né_firm eviéenCE"Ehét'any-ne?%ong, iq-pérticuiér\ﬁiétgmine"
'neﬁroﬁs,lgf; ﬁi?e&;ly inubived inithis.réspcnse.'LSuéh,aldEQOpstration is
né;e§safy-s§h¢é ohhé;iﬁfa;ﬁ Eeils; étgﬁ mast celis,:afg“kndwn';o sequeister and
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' Bk st e cas e
would have resul ed in an 1ncreased recoverx of TE-HA in the medium. This is -

e —— - e E——————————

I

-~

release HA and.svnthesize 3H—HA from 3H HlS (Bauza and Lagunoff 1983) -The,'

.

e 3
. uptake. of TH- -HA 1nto brain SllCES and the demonstration of reglonal variation

in their uptake has been previously reported; however, this'uptake dis;ribution

- did not parallel that of histidire decarboxyiase activity, the‘pntative HA -

neuronal narker (Subramanian'and Muldef 1976). Mast cells are known to bear
H2 receptors (Llchtenstein and Glllespie, 1973), and the alleged H3 receptor is

.sensitlve to Hz.an;agonlsts% _Incidencally, 7, stimulatloh of mast - cells inhibits

8 (4

histamine release. Prior use of degranulating agents would obviate some of

this ambzguzty should mast _cells be abundant in the cortical. slices (300 et al.,

‘ 1975; Karnushlna et al. 1980) The caplllary rich fraction of mammallan braln

dlso contains H2 receptors. Although the Hz antagonists,in the reporc_of Arrang_
2

et 2l. (1983) exhibited actions distinct from classical H, receptor ‘interactions
and thelrapid decarboxylation of 3H—_His to 3H-HA argue against mast~cei1 invelve-

¢

ment, one cannot firmlv conclude that exclusive neuronal action is invelved in

3H—HA release. Chemioal deoolarization by K+ (30 ™M) or veratridine (iO uM),

~an agent Stlmulatlng sodlun channel permeabllity, is obviously not a physiologlcal

proceSS' electrlcal stlmulatlon may be more relevant for the studv of HA release

and,possible‘autoinhibition. The 34£oldlelevation of HA BCSb when given ’

) : + . S : = o .
simultaneously with K may indicate that this HA-induced inhibition during gt

-

- - ) T . : 4 I i
'depolarization may not be as‘straightforward as suggested., The authors offerred

‘no eaplanatlon to account for this elevatlon.-

The stores of releasable 3H HA may or mav not be neuronal and 1if neuronal

we have'no evidence that.thev are_identical to the releasable stotes that may

be nornall} actlve phv51olog;cally The‘absenoe of'anv significant-incerference

'due to methylatlon bv hlscamine N-meehvlt*ansferase bears furthe* scrutlny

'_Arrang et al. (1983) assert, that 1nh1b1elon of 3H—HA‘me;aboli$m by e;ogenons HA

a‘vaIid assumption; howeven{‘at'concen:rations of 1 uM HA, which was used by
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" the authors, HMT actzv1tv whlch 1s hlghly substrate dependent is approachlng ‘

-~1ts maxzmal aetlult)“(Taylor and Snyder, l972b) Yet, the 5urmounting of H

. -

5
antagonlst inhibition bv administratlon of HA at a concentration ol-- mM (not

.
v

descrloed in detail by the authors) eertainly must have strongly 1nhib1ted HMT

by the process of substrate 1nh1b1t10n whlch is evldent above 50 100 uH levels

-

(Taylor and Snyder, 972b; MatuszeWSka and Borchardt 1983 °rell unpubllshed)

(Section VIII.B). Burlnanlde orobably’had o effect on HMT actzvlty 2s it

noncompetltively 1nh1b1rs thls enzyme in rat WIth a h of about 300 pH (Beaven

I.

and Shaff,-1979) : The fallure ‘to detect changes under various condltlons known

both to stronglv enhance and markedly 1nh1b1t HA methvlatlon suggests that under

these cond1t1ons, the p*oposed aut01nh1b1t10n may act 1ndependentlv of nrocesses

of HA metabol;sm. . This tbere‘ore casts. some doubts upon the valld4tw of this-
model as accu*ately representing “he normal phy51olog1ca1 mechanisns and synaptlc:'
. processes tnought to-be_lnvolved'ln autoreceptor-meehanismst

One methodological limitation in this'particular study is that thé'sn dpn

that were recovered uere‘ascribed to 3? hA bec’use methvlatlon o£ the~collected
laoelled naterlal by (partlallv purlrred) histamlne N-methvltransferase 1ncubated

in tne presence of 5- adenosyl—L—neth*onlne yielded 3H N -methvlhzstan1ne.'3“ %

rouever,-we have ro way of knowlng how much of the 3H-dA was.methvlated in 51tu

before the exogenous methylation OCCurred Thls dist*nctlon may - be signlrlcant

3, .. . )
as H-HA but not N —nethvlhlstamlne 15 clalmed bv the authors to act .on the

v

puta_riue'H3 receptors. : £

; A.‘: . 1 snould be emph351zed that Arrang et al® (1983) postulated the emlstence

]

of autornnlbltory Hn receptors w1thout attrlbutlng then to presvnaptlc sites

-a locallzatlon thls research g*oun prev1ouslv suggested not to exist for HA

'receptors. b51ng 3 ~HA as a label ro* ‘high arrlnltv HA binding sites 1n cerebral :

nembranesw the\ concluded that the locallzarlon and developmental pattern ‘of

- : 3F-hA b*ndlng 1n Tat" b*aln are consistent Wlth the view that the sites are post—



svnantic receptors (Schwartz et al., 198033 There was no strlct correlation

- - - - '.a

between 3d—HA bindlng 51tes and presvnaptlc markers such as hlstldine decarboxv—'

Naem .

lase actlvity (Palac*os et al., l978b) rurtbermore there is armarked'lcss bf.

'-_3H—HA-binding sites in‘the st rlatum followlng local kalnlc acid injecrlon"

suggestive that theSe sztes are 1ntr1nsxc to neuronal bodles rather than nerve

terminals (Schwartz et a_., 1980a).'Lesions of the MFB which'ihterrupts HA=-

.synthe5121ng afferents ald not reduce the densmty of. the 3H HA hlgh affinltv

sltes (Schuartz et al., 1980a)suggestive ‘that. HA does not blnd to axon terminals_'

of putatzve histamlnerglc neurons (see sectlon X) There was however, a signif—

RS

icant increase in tnese blndlng sztes 10 12 davs post—lesion whlch was attributed

to post-svnaptlc denervatlon hyoersen51tiV1ty (Haas et al., 1978) . Thls raises

an 1nterest1ng dzlemma, 1f HA aut01nhib1tlon is nor locallzed to pre synaptlc

-

sites, ehen how lS 1t nanl‘ested physzologzcally”
‘ Tne-hypotheszs fcr‘an eutoxnhibitory mechanism ﬁediated by 33 receptors

needs conflrmatxon and expWanatlon before it can be wldely accepted. Its

demonstratlon 1n-the peripheralrtissues using model systems which are‘better

“characterized than the brain might be helpful, although éeven in tbeSe tiSSues,

'-excluEive neuronal parcitipatiou would aléo ‘be dif ficult ta prove unequiv0ca11v

Thls hvpotnes15 of*ers aadltlonal 1ntrlgu1ng and more connle\ mechanlsms for

controlllng braln hlstamﬁne levels and turnover. But _the fundamental questions

'.of,neurcnal versus-non-neurbnal localization and conflicts with‘data obtained‘

'

“from les;on ehperlnents must. be addressed before we can- more conFldentlv'con51der'

»

--aut01nh1b1tlon a genuzne locus of brain hwstamlne regu’atlon.

%IT. EFFBCTS OF StVuRAL DSYCHOACTIV? DRUGS ON TH CEWTRAL HISTAMINERGIC SVSTLM‘.

AL Autideuressunts and the C.cn'n:::a’I Histamlnerzlc Svstem
Antideoressant agents appear to 1nFluence the hlstamlnerglc system at two

-stages of its regulatory.prOCeSSes,fi.e. theohiStaﬁinergic catabolic'system,and

- . n

B A



R

histamine recepeors. Trlcvc1le antloepressants have been shown To exert a

blphaSlC actlon on EMT ac;lvlty, elevatlng iv 1n small doses ‘and causing 1nhib1tlon

at hlgh doses (Iaylor and Snyder, 1972c) Non-:ricyclic‘or ”atvpical“ anti-

depressants such as, doxepln mlanse*ln, nomifenszn and naprotlline also show

this biphasic effec: (Prell; unpubllshed) Houever; in vivo changes in HMT-

-~ -

_act1v1ty or HA concent*atlon were not observed in the hvpothalamusl‘nxdbraln or

.corelcal regions of adult rats sacrlflced -60 min after.admlnzstratlon of’ doxepin
A(ZO mg/kg, PO, ) (Hazurklewlcz~Kwilecki and Prell unpubllshed) ‘Acute admin—l

1stratlon of the tr1cyc11c antldepressant 1m1pram1ne, to rats cansed,elevation

of cortical and.mldbrain HA levels as well as 1ncreased HD activ1ty although

nelther were. alte*ed in tne hypothaIamus (Mazurkiew1cz—&wilecki and Bielkiewlcz,

1977). The‘eeeects of an:idepréssants-on brain HD activity gnvvitro,have not

_been reported._

Signlflcant elevatlons of endogenous rat brain tele—metn)lhlstamlne (otldized

-bx monoanlne oxxdase 3) levels have been. reported follow1ng pargylzne or’ deprenyl

(Hough and Dom*no 1979 Hough et” al., 1982b) Braln hzstamlne 1evels were

~

sllghtlv ralsed in %he laccer two studles and following iproniazid treatment,

e

.in cact hybothalamus (Adam anc Hv ; l 56) In cllnlcal studies, - lncreased u?lnarv_f

N

eele-methylblstamlne levels were reoorted in patlents rece1v1ng 1socarboxa~1d~

a monoamine ox;dase 1nhibitor.(3ram and Green; 1968). Yec' the increased levels

.

in-the latte* studv :and’ another reportlng dec*eased urlnary tele-meenvlhlstanlne

IIEVE1S 1n cl‘nlcallv dep*essed non—medlcated patlents (Gagne et al. 1982)

one cannot. asc*&be the observed changes excluszvely to processes of the central

nervous systemfr In the'lac;er cases, the.alteration of peripheral tele-methyl—

histamime metabolism may have been: 2 larger contributor to these alrered .urinary -

leve13. ;. B "f - e | Lo ;,' ; ' S E ‘.;  '-f;'-."

»

In addltlon to thelr inf luence on HA cataoolxc processes, antldepressants IR
also competitively anaagonize-hl and 5, reeeprors'(Green‘and Maayani, 1977

L |
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Kanof and Greengard 1978; Schwartz et al., l98lb Richelson, lQ?éh Maayani

et al., 198’) Competltlve antagonlsm of brain szreceptors, induced by anti;.
depressants, has been shoun to reduce HA—stimulated adenylate cyclase activity.
(Green and Maayani 1977) H lrnked stimulation of guinea plg hlppocampal CA3

cell flring rate (Olzanas et al-, 1982) ‘and Hz lxnked depressron of cortlcal neuron

: f;ring rate in rats. (Haas, 1979) A reduction in dimaprlt-lnduced hypothermia‘

was reported followlng pretreatment wlth amitrlptyllne or imipramine (Nowak et al.,-
- 1979}). However, the antldepressants also antaggnize Hl receptors. Competltive .

blockade of Hl-stimulated gulnea pig ileum (Flgge et al 1979) and" Hl-stimulated"

v

cyclic GM? formatlon in- mouse neuroblastoma cells (Richelson, 1981) have been o

‘ conflrmed by Sthlld analysms_(see sectlon,XI.E)u Antldepressant blockade of -
in yitro mepyramine binding (presnmably to B, reteptors)'in brain homogenates

of rat'(Taylorrand.Ricbelson 1980) and gulnea pig (Coupet and Szuchs-Myers,

. 1981) has been demonstrated. Labelled antldepressants also bind to H sltes_in _

1 .
rat and guinea p1g braln homogenates (Taylor and Richelson, 1982) Since amni-

trlptyllne and 1m1pram1ne have been ‘shown to block both H1 and Hz'receptors

in VlVO (Haas, 1979 Taylor and Rlchelson, 1982) this blockade has been proposed

as. one of the mechanlsms for’ some of the cllnlcal effects assoclated wtth anti—
depressant tnerapv. ‘However, o date it is not the therapeutic effects but;'

h several of the 51de e‘fects such as sedatlon, drowsmness,'hypnosis and 1nablltty
; to concentrate whlch seem o be the best correlated wlth central hlstamlne_

' receptor blockade (Rlchelson, 1979b Schwartz et al 1981b) } T

"B, Oniates and Brain Histamlne
Morphlne (Mo) has been found to be -a potent llberator of histamine (HA)
(Brasbear-et al. 1974)“- The well known hypotenSLOn followlng 1ntravenous

L 1n3ect‘on oF Mo’ and codelne 1n cats: is due at least in part to the perlpheral

release of HA (Nasmyth and Stewart, 1950) Thls depressor ‘action ‘was found to

.be resrstant to atropine but was abolrshed.by'mepyramine; a Hi—receptor'antagonist .

¢ —————am



the centraljmechaniSms of morphine'tolerance'and physical-dependence. Narcosis

'induced by i.v. admlnistration of morphine"to doés-was reported to be blocked

. =99~

(Felddberg and'Paton, 1951). There, is lncreasing'evidence implicating HA in

--'

by the Hl-receptor antagonlsts, chlorcvcllzine and diphenhydramlne, Lndicating

possible Hl—receptor 1nvolvement (Gershoen and Shaw, 1958). Central adminlstration

<
of HA to dogs shortened the onset of morphlne narc051s and analgesza improved

the JTevel of consciousness and shortened . the durat101 of narcosis {“eldberg and

-

‘ °aton, 1951) HA admlnistered perlpherally caused effects similar to those

observed with morphine such as vomlting, cdefecation, loss of balance end

“occasionally a slight analgesra Resplratorv depress&on'was always ohserved -

(Gershon and Shsw, 1958). These HA effects must be critlcally reviewed since

little, if any, HA passes the blood brain barrier (Snyder et al., 196&- Schayer

and Rellly, 1970; 1974) (see Sectlon ViI). However, it is noteworthy ‘that both

BEA and Ho have at least two common central sites of actzon, the chorold plexus

and the area postrema (emetlc center) Adam, 1961 Hug, 1971 Bhargava et al

A l975)oj.Mo—lnduced_release-o. braln histamine (Q.lS ug/ml) could be detected in

the efflux after perfusion of rabblt lateral ventrﬂcles with artrficral cerebro-'

spinel.flnid containing‘l-uM Mo (Tanaka and Lln; 1969). Both HA or' Mo added

to ‘the perfused CS“ produced resplratory depre531on Fo"lowed by tachvpnea and -

a sudden rise in blood pressure followed by 2 prolonged hypotension . In both

'cases, pretreatment with dlphenhvdramlne (10 nH) blocked these ef‘ects. ‘Similar

effects were reported 1n mice after i ntracerebroventrlcnlar (i.c.v.) injection

"oF comoound'&B/BO (Rocna e Sllva, 1959) a hlghly ‘potent ngst cell HA llberator

j(Horrlson et al., l9fS,.John50n and Moran 1969) These etperlmental reSults

r

‘are tnus attributable to. elther mast cell or neuronal HA release or to both

4
»

'In chronlc StUdlES from thrs leboratorv decreased'HA levels uere-demon—

.

strated in the hypotnalamus ol rats ‘treated wlth 1ncrea51ng doses (30 60 90 ng/

kg) oF Ho.-or 9 daxs and 1n the mldbraln and cortex Follourng 21 davs of treat— ’
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. ment (Mazurklewlcz—lelecki and Henwood 1976) Acute treatments with Mo (30 mg/

'kg), methadone (5 mgjkg) or naloxone (0 & mg/kg) falf:d'to alter the HA content
- R, _

in the above regions of rate sacrificed one hour later,  Induction of Mo with- -

-drawal by eithef abstinence for 2 days in chronically treated rats_or by.naIOXOne-
resulted in a further depletion of hypothalamic ﬁA concentration to'levels sig~
nlflcantly lower than those after chronic Mo alone. The.time-course of HA
depletlon during wlthdrawal showed .2 maxamal‘depletion at 66 hours and a return
to control leveis atxabout one week post-treatment'(H?nwood and Hazurkiewicz-

+ Kwilecki, 1977- Henwood 1977). Replacement of Mo by methadone (15 mg/kg) for

2 days followlng 21 Qeys of Mo treatment resulted in essentlallv the same low

hypothalamlc H4 levels as those observed in rats treated for 23 days with Mo

”.
alone. Hlstidine decarboxylase act1v1ty remained unchanged while HA,levels were

unaltered follow1ng acute Mo treatment but 2 sharp increase C+70 ) in the Hp
activity was noted when HA was depleted after chronic opiate adminlstration and
during Mo ulthdrawal (Mazurklewlcv—xwllecki and Bielkiew1cz, 1978) This is

consistent with a biochemlcal scheme in which. brain HA synthes;s is enhanced
" ' &

~in response to a fall in HA levels (Schwartz et al., 1972 Verdiere et al.
Caersy. L _‘] o ,'; | 1.' o o
L- Hlstldlne (Whlch is known to markedly 1ncreaee braln HA levels (see

sectlon VII) admrnlstered concomitantly Ulth morphlne for 21 days was .able to c
reverse the Mo-lnduced decllne in hyporhalamlc HA to control levels (Henwood
" and Mazurkrewicv-xnlleckl; 1977) L-Hlstldlne c0u1d also sxéniflcantly prevent
the HA depletion obse*ved during Mo wlthdrawal although a complete return to
- control valuee'was not seen.' Hui and Roberts (197A)-demonstrated,that L—histidine-

-and HA adminlstered in the ° w1thdrawal‘ phase stronglv 1nh1bited the development
.-of Mo dependence wnen naloxone 1nduced.3ump1ng in dependent mice was used- as
a test; however .d‘nlstrdlne had 1o effect (Wong and Roberts, 19?7) : Thus, noet

‘only de L—nlstldlne and hlstamlne 1nFluence Mo effects,‘out this influence is

‘ ‘ .
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.QEerepspécific f§r the L;iséme%; the pregisg molecular inﬁeractioﬁs of whigh - /)_
remain fo bé élQéidaﬁed.'- | ' |

-‘Coliier et al. (l9?2)isﬁ§gestgd_that neurotransmitters and_their fegulation‘
may-élay‘d;fferen; roles during the ‘inducniqn‘phase‘ of worphine tolerancg than
duridé‘the 'withdr;wal phase’. from morpﬁiné depgﬁéence.‘ In mice impiancéd with
morphine'pelleté.fbr 24 hours, mgpyzamine,'é@ministefeazdﬁring the‘induetioﬁ'
phase, had no effect on therdevelopment of‘t§lerance to analgesia (measured.by

the tail-flick test (D'Amour and Smith, 1941). However, both mepyramine and

L-histidine -significantly affected development of physical dependence; 35 times

- - .

and 50 times,;resﬁecfively,'mpre naloxone was:required to elicit withdrawal as,
compared to mice given Mo alone{ Although these resulté»are difficult to
interpret, tﬁé above data cleafly indicate HA 'involvement in central morphine
actiqn! In these studies, brain Mo ‘levels remained unaltgred in all groups, but
toral brain HA levels ;ere-significantly increased in both tolerant (+37%) and:
non—tqlergnt (+25%) miée_given.mepyramine {Hui aéq_Roberts, 1975}, It is imﬁorf%nt
to noté that less than 5 mg of ﬁorphine‘w%s absorbed in—the.above studiés; Thig
confirms the obse:vatiqns.df Lee and Fernessy (1976) who showed 2 rise in.whole
braiﬁ_HA (p <C.OOS) in mice injected with less than. 6 mg/kgIMo, gyt a significgnt
fall when giﬁén more than 7.5 méékg; It is.of.paramount imporfance to consider
thai at all acute doses of Mo, brain HA returned to control levels within 60.

A . Lo e @
minutes of injection. Although a different species was studied in the above
..investigation, it:partially supports previous oEservacioﬁs from éhis laboratory
}n thch'no alterations in'rat brain HA levels (Mazurkiewicz-Kwilecki and Hemwood, .
1976; Hémwood and M;zgrkieﬁicifKﬁilecki, 1975; 1977) nor HD aetivity (Mazurkiewicz-
Kwilecki éﬁd Bielkiewicz; 1978) occurred one-héur after acute.Mo_adminigt:ation.
Lee aﬁdlfenneésy (1976) obser;gd é; inverse relationship betwgén Mo-induced
changeé‘in brain‘Hi.énd changes iﬁ locomotor activify. It may be felevént ﬁhaf
an inverse rélationship betweén'hypothalamic HA .and locomotor acci?ity hés

been oBserved by Schwartz et al. (1976).
. - -

-
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More recentlv, analgesia and catalepsv resembllng acute opiate effects was

reported follow1ng microinjectlon of.HA 1nto the dorsal raphe nucleus or the
perlaqueductal grey region of rats (Glick and Crane, 1978) Analgesia, catalepsy
and hvpothermla were obsgrved after 1ntraventricular HA injectlon whlle only
hypothermia occurred with a rostral hypothalamac ingection. 'Of greater 1nterest
was the profound withdrawal like behavior followlng RA inJectlon (6.25-25 ug)
into the dorsal hippocampus such as teeth chatterlng, facial tremors, head shakes, . °
'wet dog shakes > wrlthlng, salivatzon yawning, chewing and grooming Milder

a, -
wlthdrawal-llke behavaor occurred after ventral hippocampal lngectlons. Although

one - cannot verify the acgurac} of the lnjectlon nor can diffusion be totally

ruled out, 1t is noteworthy that Barbin et al (l976)»postulated that the‘dorsald
hlstaminerglc pathway_was of quantitatlvely greater importance than ventral.
. . . . . L . o . .

hippocampal input.'.If one can infer that a -greater receptor population exists = =~

where there is an-abundance of HA fiber input, the stimulation.of mare BA

receptors at dorsal sites may account for these results Another salient point-
. [ . . 1

is that 1n3ect10ns near the hlnpocampus, i e. the cortex, corpus callosum

lateral ventricle, lateral thalamus or superlor colllCulus fazled to- elzcit any

abstznence like effect thus naklng an argument for HA diffuslon from dorsel

'to ventral hlppocampal 51tes less tenable.

Hurther 1mportant support for the role of brain hlstamlne in the central f

effects of Mo was obtained from other studles fﬂvolvlng the use of Hl- and H2—"""

i recentor agonlsts and antagonlsts : Gllck and Crane (1978) could show that the

same tlme uas requ*red to ellclt abstinence-like effects after hlppocampal ”'
injection of HA as- after injectlon of dimaprlt (0. 3. umol), a specific B -agonist

(see sectlon XI) Thls Suggests that Pz—receptors play a role. Indeed

clmetltlne (O.t umol), a speclflc Hz-antagonlst, blocked the dorsal hlppbcampal

withdrawal effects ellclted even with large doses ‘of HA (lOO ug) however, the o

:

Hl—antagonist,'mépyramine had 0o effect. the do sal raphe dlmaprlt could . ["



P Tt S

. . )
e11c1t analgesma and catalepsy but not - the hypothermla assoc;ated with acute

"oplate actions. Clmetldlne could block the HA-lnduced alangesia but not the

~

catalepsy whlle Hl blockade thh mepy‘amine inhlblted cata epsy but‘had no iii

r..

'effect on'analgesia.- Thus, in- the dorsal raphe Hl—receptors mayﬁﬁarticipate'_-e

'-1n analgesra whereas the catalepsy -may -be att*ibuted to'Hz-receptor stlmulatlon._'
Whlle thgse observatlons .appear attractive, it should be noted that comoaratavelv
large doses of-HA were injectedd%irectly ianto the-brain’tissues. : . ..;~j
It is also of 1nterest thaz reduction of histamine 1’ormat:.on followlng

'A—thiazolylmethoxyamlne (TMA) admlnlstration, a hignl} selective histidlne
decarboxvlase lnhibltor (Menon et” al., 1071) resulted in the inhibition of
’morphlne‘tolerance develooment o analgesia (Hu1, 1976) TMA also affected
physmcal.dependence developtent since more nalorone was requ red to preduce
:olthdrawal jumping 1n dependent nlce.f‘Wong and Roberts (1977) were also able

to 1nn1b1t tolerance o Mo analge51a by the use of another soeclflc HD 1nh1b1tor
4= 1midazolyl 3—am1ne—2 butanone, but. nnfortunately, as 1n the report of Hul.

/21976), braln EA levels were not reported The-above results thhs_snpport the

_concept'that morphine tolerance'and dependendé_bothvhaﬁe underlying mechanisms

.

which may in'part depend on'central~hiataminergic-system. o
+ o SEPS , i o

C. Ethancl and Brazin Histamine

a)‘HA-stimulated'adenylate cvclase

Brain ‘HA and ethanol interactions have to date been relatively-unexpiored:_.

This may be.patrtially attributed to the fact that'ethanol tends‘to'exert_rather
nonéspecific effé ects, and lacks a specific’ receptor and a pharmacologlcal

- antagonist. heve*the‘ess, alteratlons of the central hlstamlnerg1c system_ln 3'"

.- P

response 'to ethanol have been reported. A sxgnlrlcant'increase 1n~cortical-HA4“'
sensitive adenylate cyclase activity (+39%) was demonstrated 'in brain slices -

of mice maintained for two weeks om an ethanol containing diet., Mite redeiving’

sucrose-served as controls (Israel et al., 1972). -However, norepinephrine im -
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'hrain slices was without'effect. In other studles, the act1v1ty of gastrlc

n"mucosal and hippocampal HA-stimulated adenylate cyclase was examined ln vitro

‘at'ethanol concentrations of 1-5- (v/v) (Szucs and Karnuchina1 1981) Ethanol

- P

in 1ncreasang concentratlons proportxonately enhanced cvclic AMP formation in both

t;ssues_ln ajdose-dependent_manner. also, both basal and the’HA-stlmulated

enzyme‘actiVities were increased; a754 (v/v) concentxatlon caused the HA (100 uM)

- - [y - ‘-c
—

stimulated'cvclase tb.increase,néarly four—fold _:ﬁ ther cimetidlne or- mepyramine

(each 100 uM) affected this ethanol-eliclted elevatlon. “However, since HA-

stimulated adenylate cyclase in guinea pig brain homogenates is 2lmost certainlj f?{

- - — .

- Hz—medlated (section XI.H) and vet 1n thls case, was lnsensative to 100 uM

S c1met1dine,.these stimulatory effects mav “not haveubeen HA receptor llnked

s Fu*ther while a 5/ (v/v) ethanol concentration was con31dered to be low by the )

~

'autho;s, in pharmacologlcal terms_thxs.would’represent approx;mately 4 grams of'

" ethanol oer‘lbo mltor 4,000 mg%. ‘Such concentration in vivo would be incompatible °

with mamfalian systems.

An increase in HA-ClO uM)—stimulated adenvlatercyclase activity was also
A'observed in- ce*ebrdl cort1ca1 slices of rats wlthdraWn_(72 hours) £rom ethanol
(15 g/kg/day for ll weeks) when compared ro. those wlthdrawn from (presumably

equlcalorec) de itrose treatment (French et al., 975) Thls'enhanced cycllc

' AMP?formation was blocked bv the Hl antagonist, chlortrlpolon, as well as by -

phenoxybenzamine or’ dl—propranolol (each 100 M. Unfortunately, i :eceptor

antagonism at thls-concentratlon could not_be_con51dered speclf;c and.may even .

have_had effects unrelated to the HA receptot'(see section‘XI.B);i:Further
. . ' o B
receptor characterization was not.carried out. Although HA '(10.uM) and’

: norepinephrine (100 pM) each significantly enhanced'adenylate cyclase in cortical

" slices from ethanol withdrawn rats, their combined stimulation failed to cause:

- el T

' “an additive response, suggesting that both HA and ndrepinephrine act 2t a. & =~ ¢

common site or that the cyclase srimulation is already maximal at 100 uM'. - .-

- [ L s

(3
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norepinephrine concentfatibns’(?reﬁcb et al., 1975) Sinée'tﬁis Hﬁ;inéuced'_

effect was sensitmve to phenoxybenzamine and dl—propranolol blockade, the authors

concluded that a nqnspeczflc supersen51tiv1ty may have occurred p0551b1y due to
changes in membrane‘structu:e and/or physlology, E e S o f'wAi}'f;f

'b). Brain HA'levels

In a study of naternal alcoholism and its 1nf1§en;e on braln HA (Rawat 1980),
pregnant :ats were ‘administered ethandl'(GA viv in- Sustaé:)llquld dlet) beglnnlng
'at?éﬁnéeﬁtion; Mafe*nal ethanol consumption resulted 1n a smgn1f1cant 1ncrease :*}
(+22£) in fetal whole brain HA c0ncentration at 18 davs of gestatxon.l Braln HA
levels of 10 day old neonate rats suckllng on ethanol-¢ed mOthers were also :
elevated_(+36%)‘(gawgt, l980)._:ﬂichdrawal of ethanol for one week resul:ed inr
‘a'retufn.of brain ﬁA to cohgf;l levels. Howeéer, in both experlments, braln HD

_éctiYity was npt_significantly afﬁectéd; Acute echanol (2 g/kg) o:\\Fe:aldehyde
(78 ng/kg) administered intfégéstricaliﬁ*elgva;ed adulc male rat_prain_HA qonten;
f+¢92 and +73i,:fespééziv?1§) by 60 min; ait%o;gh the?levéls returned go caﬁtrql-
(galine) values agcer 2ﬁhours. In additipn,'élEvated*plésma_HA levels were.
;bserved in fetuses and neonates of mofhers chroﬁzaally~fed ethanol as well ass
~ in ethanol and acgtaldehydg'acﬁnely treated adﬁ1E rats. 'It.was suggeétéd (R§wét,"
i980)'tha£"tﬁe elevated bfain HA concentration was 2 direct coﬁsequénge of ﬁhéy
release of bréiniﬁA_due‘tb'the-presence of éthanql and its metabolic,préédct;i
acétaldehyde. "The lack of ény significant change ip HD activity rhfough';hese'
experiments was asserted to sﬁ?poft thié thothesis (Radat, 1980).

- Since other dynamlc aspects of the- hlstamlnergic system were not studied -

sugh-as Hn turnover, HMT acthlEY or Ha metabolmte concentratlons,rthe conclﬁ51;nr
that the ethanol- or acetaldehydeilndpced.elgvat;pp,in:brgln HA_was-dpe ;o-a j‘
geﬁeral reléése'of HA ménye.fathéé;Spéguléti§é.ffTﬁe éiéﬁé%éon ofﬁplasmé HAl B
levels céulﬂ'havé beer é ﬁoqfspecific‘éfféét caﬁsé& bffgasﬁric ir?itétiéﬁ

following ethanol administrationiby iptubation. Sinégﬁthg éoncen:%ation:of-;

&
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e plasma ethanol or acetaldehyde levels, it is dlfficult to make-rurther conclu51ons:“-1:".

-

o 3

ethanol admlnlstered was not stated nor were these effects correlated with

Dose-related elevatlons of hypothalamlc (Subramanian et al., 1978), thalamic,

cortlcal and striatal HA levels (Subramanian et al., lQBOa)have been reported in

adult male Tats sacrlflced one hour after administratron of ethanol (80-160 mg/lOOf

Whlle dMT activlties remalned unchanged 1n all four. regions studled hypothalamlc

: HD act1v1t} increased (Subramanlan et al., 1978) Striatal HD activlty was

unchanged : Vlasma HA levels were reported to rise significantly (+61%  and +92£

-at doses of 0 8 and l 6 g ethano‘/kg, respectively) in chronically treated

) rats (154, v/v 1n drlnkrng water for 4 weeks) EA levels were srgnlficantly

R WY

'T elevated mn the hvpothalamns, thalamus and cortex while HD and HMT activities

-

were reported to be unchanged (Sa?ramanlan et al., 1978 l980a) The effect of

varlous ethanol concentrations (20 200 mM) on the in vitro release of H HA

"fromusTicesfof these four reglons of untreated rats-was also studied The brain

3

slices were, superfused Wlth "R-HA as descrlbed earlier (Subramanian and Mulder

1976 see sect1on VITI A) and the basal and potassrum (40 mM)-stimulated 3H-HA

f-frelease determlned. Whlle H-HA efflux at’ ethanol concentratlons of 20 and

40 mM were not s;gnlflcantly changed the basal hypothalamlc 3H-HA release

E signlflcantlv decreased {approm. -&l/) at 80 and 160 mM ethanoli. Potassium-

stlnulated 3H-HA release was significantly lower (approx. —234) 1n the presence‘

of 100 nM ethanol (Subramanlan et al., 1978) Depolarization-induced efflux ‘

-Lofuaﬁ-HA from- the thalamic and cortlcal slices was 1nhibited by 200 oM ethanol

.7}tsnbrananian et al., 1980a)

Thls study of ethanol—lnduced 1nh1b1tion of 3H HA release shares many . of

the drawbacks of the origlnal 3H--HA'release experlments whlch were dependent on

h—HA tissue nptake (Subramanian and Mulder 1976 Mulder et al.,r 1983,'see 7

sectlon VIII A) ?or erample, the lack of speclflc H—HA nptake mechanlsms,

) the tlssue accumulatlon of 3 -methvlhistamine and its possib’e release upon

-
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K+—1nduced depolarlzatlon and the 1nab111tv to store 3H-HA agaznst & large" -

concentratlon gradxent are all dlstlnct disadvantages. A further aspect of
. r
. : _ .
thls study worth cons;deratlon is that the chronlcally admlnistered ethanol was‘

lntroduced in. the drlnklng water as a 15% (v/v) solutlon., However, this method o

¢ -

ot ethanol admlnistratlon, termed "forced‘ or "mo choice" has been‘strongly'
challenged since it generallw leads to variable dav to: dav doses per rat and

fa;ls to achleve hlgh blood ethanol coneentratlons €C1cero, 1978 Goldstezn,

- 3.

1983)

D Effects of Other °svchoact1ve Drugs on Brain Hlstamlne

Several other psychoactlve agents were’ reoorted to alter endogenous HA

levels the actzvltles of 1ts svnthe51zlng or metabol*zing enzymes or.-to antagonize

' Hl or d receptors._ Neuroleptics were found to affect brain hlstamlnerglc.system.—

.cerebral cortlcnl HD actzv;tv wzthout altering endogenous histamlne concentration

Ac;te naloperldol admlnlstratlon resulted in reouced rat hvpothalamiC'and

whlle chronlc treatment (20 days) depleted hypothalamic and cortical HA 1evels

s

(%azurkiewxcz-hwlleckl and Blelklewlcz, 1977). Hﬂgh doses ot chlorpromaztme
were. reported to elevate whole braln histamine conzent: of the rat (Green and '
Ericksson, 196ﬁ) Although the nechanlsm for thls elevatlon was not’ prec15e1v ;

determined, the flndlng that chlorproma21ne (at ‘higher doses) inhlb*ts hrstamlne—

V-methyltransferase act1v1ty (Brown et al.; 1959 Tavlor and Snyder 1972c;

" see sectien VIII B) may p0551blw erplaln thls 1ncrease/tn\braan HA levels.

’

. __/ ‘.
Both Hl and H receptors are blocked-bv-several neuroleptlc?ﬂ‘\Hl—receptor
y K .
antagonlsm was demonstrated 1n vitro using Pl—dependent cycllc fbrmation in

mouse neuroblastoma cells (RlchelSOn, 1980 1981) and oy the use of labelled
=

'mepyramine in competitive binding studies in braln nomogenates £rom rat, guinea

pig and man-{Tran'et al., 1978;’1980). ‘Neuroleptits'{e.g. trltluoperazlne,

‘haloperidel, pimozide, chlorpromazine)“have-also been shown to displace 3H—

mepyramine binding in mouse brain in vivo (Quach et al., 1979; 1980a). Several



"neuroleptiEs'blockAHA?stiﬁulated Hé redeptﬁr—depeﬁdentIadenylate cyclésef"

Caaesh e e e

o

Pl -

:act1v1tv of gulnea plg and rabblt braLn sllces and hOmogenates (Spiker et’ al.,

19/6- Palmer etral 1977 Palmer, 1981"see sectlon XI H) and homogenates ‘of

e

;gulnea pig hlppocampus (Kanof and Greengard 1978 Coupe- and Szuchs-Myers,

1981; Maayan1 et al., 1982). However, Schlld analy51s of data 1nd1cated that

P

= of -all neuroleptiestinvestigated, only chlorpromazine-exhibited compet;tlve ‘

. antagonlsm (Maayanl et al., 1982) Nevertheless, euenfthougﬁ‘neuroleptics caused

non—competitlve antagonzsm, the potencies of these agents (evaluated bv IC

5

© data). for lnh;bition of Hz-receptor—dependent cyelic.AMP formation in'homogenates_

'Iappears'tofbe nearly‘the same. Surpri51ngly, among the neuroleptics, the most

.potent-‘l-l2 receptor blockers are the-least potent H1 receptor antagonists

-(Haayanl et al., 1982) However, a positive correlatlon for antidepressant drug
:potencles .on Hl (Tigg et al., 1979 Rlchelson 1980) and Hz (Green and Maayanl,

_"1977 hanof and Greengard 978) receptors was observed The afflnitv of neuro-

leptie agents for histamine receptors (H ‘and_H ) generally appears to be less

han their aFflnltv for a- adrenergic, dopaminerglc (receptor subgroup not

_clarlfled), chollnerglc (muscarlnic) or serotonergic receptors (Rlchelson, 1980)

However; at clinically used doses all of these receptors would be, at least o

‘equipotent at the H

’ partlallw, occluded by mos: neuroleptle agents (Green, 1983)

The actlon of halluc1nogen1c drugs on the brain histaminergxc svstem has

‘also been studzed Both Hl and Ho receptors are competltlvely antagonized in.

vitrotby D- yserglc ac1d diethylamlde (D LSD) (Green et alt,_l977) The pharm— )

_ acologlcally inactlve ste*eoisomer L LSD exhlbits llttle in vitro antagonism

\

‘(K value of 25 uM) of Hl—stimulated eycllc GMP formation in mouse neuroblastoma

C cells Crrederlckson and Rlcnelson 1979) and 1o antagonlsm of z—stlmulated

adenylate eyclase act1v1typ1n,gu1nea.pig‘h;ppocampal homogenatesh(GrEenret;al.,
. . . . . L Y

1977). The.derivative, 2-bromio-LSD has about ten timesugreater affipity:for”

'fthe-Hé reEeptor,than itsxparent"compound; DQLSD; although poth,are nearly - -

-

1 reeeptor.
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OthErrhalluclnogens_suon'aS'nescaline'and-psiloeln.alsoaantagonize»the'
Hi reeeptor. Howener the latter two ralled to antagonmze H2 recentor;stdnnlatedf
aden\late cyclase actrvxty in gurnea pig hlnoocamnal homogenates (Green et al.

iy

IQZJ).' Also, other groups of psychoaetlve drugs (1 e. oplates, antlconvulsants

anxiolyties} 9—THC and barbiturates) at concentratlons up to 100 uM failed-

-

to ‘cause H2 receptor antagonism (Maayanl et al."1982' *see below)

- .

LI

Acute admlnlstratlon of dlazepam (2 5- 10 mg/kg p o. ) Falled to alter

-

endogenous hypoihalamlc, mldbraln 0T cortlcal HA concentratiar; howeve , it did

attenuate a stresséinduced elevation of hvpothalamic HA content (Mazurkiewicz-

-

Kwilecki, 1980);_ Thlopental (75 mg/kg i.p. ) did not affect endogenous levels

Py

of both. hlstldlne and hlstamlne in the hypothalam1c and cortical brain reglons

.

(Pollard et al., 1974). However, a reduction in.histamine turnover, evidenced- :

"

by deereased HA synthesrs and reduced. 3H HA metabollSm (followlng 3H HA admin-

_istration, i.c.v.) was observed. - . . T

s - ) T , . i L .
*Pgilocin, bufotenine, mescaline barbltal phenobarbital carbamazepine, . .
ST - ) A8 U p .
-phenytoin, vailproate, ethosuaimlde, paramethad"one £°-THC, chlordiazepoxide,
morphine,fnaloxone;‘Phencyclldlne, p;crocox1n, procaine, 'LiCl, pilocarpine,

and .phentoldmine.
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XIII. BASIS FOR THE THESIS Rsssmcn R P

In general. the overall obJectives were to’ determine if ethanol, administered

- in acute or chronic schedules, would alter rat brain histamine levels. I this

" or its primary netabolite, acetaldehyde, directly alter this metabolic step. .

‘occurred then a more detailed study of the. processes responsible for regulation

of histamine content (see Fig. 9) would be undertaken to determine those uhich
‘tare altered by ethanol Such ‘a study of the mechanisms responsible for histamine“
) synthesis and catabolism would have two immediate beneficial effects. First B
.it Hould necessitate that-this investigator develop, adopt or modify methods

with which to investigate these mechanisms, methods not’presently available in _M'j.“
..this laboratory. Second a detailed inVestigation of the influence of ethanol
‘-on the brain histamine system could potentiaily yield significant findings for
i,other investigators studying the ethanol drug abuse or brain histamine fields..-
' Since histamine N—methyltransferase (HMT) is the'haJor, possibly only,
L route of histamine inactivation in brain (see VIII B), the effects of ethanol |

" onm in vitro HMT activity would be useful Such data. could indicate if ethanol

Inin in vivo studies-acute and chronic ethanol administration schedules would be
-carried out In aeute studies doses up to and including those which produce_' f
plasma ethanol levels associated with human intoxication Hould be used. Histamine
'levels would be determined as. well as the activities of 1ts synvhesizing and |
' metabolizing enzymes. Since brain histidine availability may also influence.
brain histamine Content a method for its determination Would have to be’
'developed for subsequent evaluation during ethanol studies.

o
' In chronic studies ethanol would be administered on a daily basis in _
'gradually increasing doses;jpr three to foui weeks ‘The eff ect of ethanol | _
: withdrawal on the histaminergic system vould also be investigated. histidine - ;}’,.

decarboxylase and histanine N—methyltransferase activities and brain histidine ;'
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'content. would also be .;tud_led. As msta.miqe is known to be bir'odally d.istributed

1n‘manwhllan brain (see vI and IX) subcellular fractionation °tudles following
ethanol administration could be useful The reaul ts obtained night suggest
_ 1* a neuronal or neuronal like" histamine pool 1s preferentiallf effected by

ethanol or if tbe maat cell 1ike" pool is more sersitive to ethanol induced

' _ohanges. Unfo elf, one component of brain hisuamine regulation, the

-

prooes .of hiatanlne release, cannoe be evaluaoed a. the presen time. However,.

a thorough evaluaolon of the above pIOCCoSBa m_ght lead to infererces concernin0 N

T

~the posaibllgty of b*aln histamine ‘release due to ethanol,’

.o

'-_1. ,
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XIv. '-CENERAL‘MODOLOGY o " R

A. Biochemical and Neurochemical Methods

1 Determination of brain histam_ne concentration: double labelled method

~ Male Sprague—Dawley_rats were’ sacrificed by decapitation and their brains were
rapidly remOVed amd washed with ice cold saline. The hypothalamus. midbrain and '
'right cerebral cortex regions were dissected on an ice-cooled.plate according to- the
'method of Glowinski and Iversen (1966) The tissues were weighed, added to 1.0 ml of
10 ‘mM sédlum phosphate buffer (pH T 9) and homogenized for 20 sec with a Brin?mann i
.?olytron ”omogenizer (type PTiO set at ?) Ihe homogenates were heated in oolling'
T~Hater (see V. C) for 10 min, cooled and transferred to polycarbonate centrifuge‘rf‘
tubes maintained in an ice bath The boiled homogenates were centrifuged at 50, 000': o
x g for 10- min-at 4% C in, 2 Becknan L5-50 preparative ultracentrifuge. Triplicate o
3 supernata.nt aliquots of 100 pl each were tra.nsferred to polypropylene culture tube...' :
and’ f:cozen at -80° c mtil’ the time of analysis (see Fig. 11) e |

Histanine content was‘assayed by a modification of‘the Taylor and Snyder (19"2a)

double isotopic microas ay technique (see V. C) This method depends on the mrthyl— )
atlion of endogenous HA by exogenous histamine NLmethyltransferase (HMT) usin"'
labelled S—adenosyl L-methionine. After thauing the frozen supernatants (stored'in :
the culture tubes and prepared as described: above) LOO pd ofﬁ{f mM sodiim phosphate _
- (pH 7. 9) buffer were added folﬁowed by a 25 ik solution of - histamine {10.5 Ci/nnole)
-from Neis England Nuclear (N‘-“N) T :ns was ‘added 50 - of a guinea pig brain RMT
preparation, previoq;ly isolated ‘and partially purified through the ammonium sulfate :
step of the. method of Brown et al. (1959) After vortexing, 25 pl of ‘an adenosfl—
.L—methionine, S(nethyl 1“0) (laC—SAM) (approx. 55- mCi/mnole, NEN) solution was
introduced. "he mixture was vortexed again then incubated for 60 min at 3? C. The final.i

exogenous 3h HA and R

C-SAM concentrations and their specific,activities per sanple .
7] were 0.82 nM (2 6 nCi) and 3 0 M (49, ? nCi), respectively. The-reaction Was terminatedp"
wi*h t*e alditioj_of 1 N KaCH saturated with NaCl. The newly’ formed single and double
labelled N —metzylbistamine was extracted into 3.0 ml of” chloroform and Vigorously

vortexed After 2 minutes of centrifugation at 1, 000 X g, the’ aqueous‘layer>was.removed
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by aspiration'and the remaining organic phase'was.waShed with 1'ml of the
NaOH/NaCl'soiution.‘uortexed and re—centrifuged After removal of the aqucnus.

liayer the washed organic layer was transferred to polvethylene liGUId scint—f

iilation c0unting vials and evaporated under a stream of nitrogen gas.. The

- .residue was. dissolved in absolute ethanolthen 10 ml of Econofluor (NEV) were

-

'i'jadded.‘ Both- lac and 3H were. simultaneously counted in‘a Beckman LS 8100 llquid

iscintillation spectrometer. Steriie polypropylene culture tubes?'polgprcpylene'
" pipette tips and poiycarbonate eentrifuge tubes pere-uSed sp,as'to,ninimize ,d
. histamine or methylhistamine adsorption onto glass.' g

| Histanine standard curves were: obtained by plottlng histamine (Baker)‘hase (ngg f'
‘lfversus.the ratio of C/H disintegrations per minute. This ratio wasiusedtto"

‘ "determine the ng of hlstamine in the 100 vl supernatants from the boiied hono—:'

genates. TiSSue concentrations were: expressed ‘as the ng of histamine per. e.am

-
PR

of wet tissue weight. "'_'“ L I oo

.

Determinatlon of brain histanine,N—methxltransferase aCtIV1t\. amnl -

.-

aCoiVlty ard its alteration due 1o drugs 1n vitro R ‘_:' '"t.' };.' A' N

. Aliquots from homogenates previ0usly prepared for histamine determinntlons:

fwere transferred to polvcarbonate centrifuge tubes kept in an ice-bath prioxr to bejng

centrifuged at 50 000 x g for IU minutes in =@ Becknan L5 50 preparative ultra—.

-

tentrlfuge._ Histanine V-methvltransferase (E C 2 1 1.8} - (HWT) artiVitv in

 50 Ll supernatant volunes buffered with 50 ul of 50 mM sodium phosphate (pH 7. &)

- P -

‘was determined by a modrficatlon of the isotopic mlcroassay method o? Tav]nr

'and Sn\der (19: a).as descrlbed earller (Prell and Mazurkiew1cz hwilecki 9u])

The supernatants at’ all states of . analvsis were maintained in..an 1ce bath 1nd
& ‘ : ' - . ' ; - I
-centrifugation procedures were, at A-C'- Exogenous hlstamine was meth»lated bx

-supernatant HMT in a total incubation volume of 250 ul using 9 nC1 of, adtnos}l L-

ﬂnethionine, S- (methvl—1 C) (NEN) as. tne nethxl donor at final concentration° of

160 M and B8O LM, reSpeerlvely.' Pollowxng 170 min of 1ncubation at 37 C



. p - “1_' . ik _ ‘ ;liéif....‘- F ';f x:- Lo
200 ul of ice cold sodium borate buffer (500 ul pH 10. 5) were: added and the newly

L synthesized 14 C-methylhistamine was extracted into 275 ml of (l l) toluene—
isoamyl alcohol solution, vortexed vigorously, and centrifuged at 15 000 x

for 20 min in aSorvallRCZ B refrigerated centrifuge. For analysis 2 ml . of

,the organic layer were added to polyethylene scintillation counting vials

‘containing 2 ml of ethanol followed by 8, 5'ml Econofluor (NEN) then counted.for

'; lS min in a Beckman LS 8100 liquid scintillation Spectrometer. Protein estimation
' of S0 ul supernatant samples was. determined by a: modification of the method of .
-hswrv ‘et al.. (1951) | HAMT. acrivity is erpressed as umoles of methylhistaminc "t

Eormed per gram. -of supernatant protein per hour ‘of incubation. -

TWelve male Sprague—Dawley rats (250 350 g) were sacrificed-by decapitation

between 10 00—13 0n. Brains were rapidly removed and the hypothalamus mid-. '

'u’brain and cerebral cortical regions were dissected and homogenized as described

earlier. After homogeniration, all homogenates of the same. braid region uert:

pooled, vortexed and.centrifuged for lO min at. SO 000 X g in a Beckman LS 50) .:

preparative ultracentrifuge The supernatants were pooled vortexed and froaen
at -80° C in- small volumes until the time of ana vsis..

i For analySis of drug-effects, 50 ul samples§of the.thawed'suﬁernatants

containing endogenous brain HWT were used " To each 50 ul of a solution containing o ’

either cthanol, acetaldeh\de, morphine sulfate or naloxooe HCl prepared in ]0 mM
sodium phosphate buffer (pH 7.9) was added This mixture (100 ul) was. pre— l~
incubated for 10-min at 37 c then the 150° ul. mixture of erogenous histamine and
adenosxl L-methionine, S (methvl—1 C) (prepared as described above) was, addcd -

and the entire’ miiture (’50 ul) was incubated for 170 min at’ 37 °c.: The incubation

concentrations of ewogenous histamine and S adenosyl L-methionine were kcpt

.constant at 10 ud and 80 uﬂ, respectively. The: final incubation concentrations

of the various agents ranged between .0.1 uM and 0. 5 i‘except.that-of ethanol

'wh:th f1HLCd from 0.1 uM up to 10 mM. Thc c;iects_of l uM morphine‘sulfatc were

[ .
" - - - .



studied in the presence of varia.ble ethanol concentrations while the ei‘fec‘bs

a—Of 1 )JM naloxone Were. examined with va::ious moI?hine concentrations. Gontrols' :'.~ : .
contained d.rug free 10 mM sodium phospha.te huffer (pH ? 9) and were analyzed N .
simulta.neously. J:.ach determination of HI'IT activity was ca.r-zied out in

triplica.te a.nd replicated in 2 to I+ sepa.ra‘te experiments \ti‘l'.h different

enzyme prepara.‘tions. L
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RATIONALE oF THE PROCEDURE FOR DETERMINATION OF HISTA.HINE N-ME'I'HYL‘I‘RANSFERASE AC’I‘IVITY

General Aspects of the Methodology for Determination,of HMT Activity and Imggovements
Introduced i' o ' ' :

'-f a) Histamine concentration ."

Ristamine evertq a potent substrate inhibition upon its own methylation

Concentrations of 10 uM were used routinely whereas those near 30 uH were not

.

'x' reliable, producing inconsistent T activity values. Concentrations-of.lon uH

were clearly inhibitory (less than half the activity than’ at. 10 uM concentrations)
w .
and values determined at l 000 uM concentrations wege. indistinguishable from blonks.

v

The Kﬁ value for S—adenosvl—L~methionine (SAM) was empirically determined to be
N about 13-18 uM under the assay conditions used. Since 50 uM and 100 uM SAM conc— ."

entrations vielded nearly the- same activity, 75—80 uM was routinely used in the.
. P e

‘assay
b) Blanks ' o fl*u ’ ';S__";_.h,” :~_ﬁ ) T -

Several potential blanks uere investigated for their suitability‘ Boiled

.._,.,-‘ - . P

e homogenates were slightly but c0nsistentlv higher than blanks using homogeniying
B sodium-phosphate buffer.f The non—incubated tiSSue blank {maintained in ice w1t0r)

i,. yielded cpm values several fold higher than buffer blanks and the values increased

.

, with tine.. Another p0551bilitv was the use of S adenosyl-L-homocysteine, a ”F-

potent HMT 1nhibitor (Baudry et al., 1973b), even at coneentrations which §1EUE1ted a

-the'phosphate buffer inhibited HMT actiVity no MOre than 702 "Aside from these

1§mitations, these modified tissue blanks would require larger portions of the

homogenates, nearlv doubling the number oF samoles for analysis. Therefore, the

".; relatively constant sodium phosphate buffer(lo mM, pH 7% 9) was routinely used as blanks.
. / o

Duration of Incubation at 37° C “Its Effect on HHT Aetivity

- The incubatlon time varied betueen 15 and 180 ninutes, triplicate super-—

:natant saqﬁEES'From the hypothalamus, midbrain and cortex were used; -The.HHT_
 activity within each repion was approximately the same over the course of the

.. . . - - - s . a
S . >

\
# o
w
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exoeriment1 The formation of 14C—tele-methylhistamine was directlv related to

_the duration of incubation (r> 0 99 in all three regions) (Fig 12) B The h\po- .

thalamic and hippocampal HMI activity was: linear for up § ) 4 hours (not qhoun)

.-

Blank’ values also increased with increasing incubation times. from.abOut 2) rpm

at 15 min up to 60 cpm  at 3 hours, but not in parallel w1th tissue generated
cpm . Therefore, in order to balance the need for high enough number of dpm

against reasonable conditions for routine enzymatic analysis, a two hour incubation .

period was chosen. This is longer than that suggested by Taylor 'nd Snyder v

(l9723).

Dependence’ of Supernatant Volume on HMT Actlvitv Estimation

Activity

To evaluate ll‘C—tele-mex:hylhistamine formation, different volumes of the

supernatant were'tested; 10 25, 50 75 or 100 ul from the. hypothalamus. thalamus—

:midbrain or cortex were used. Each sample was brought to 100 ul with additlnn-

‘of 10 ‘mM sodium phosphate buffer {pH 7 9) E In all regions, there 'was a volume o

dependent increase in the formation of tele-methylhistamine presumabl; due to_an_f-

.;_:‘.

increase in the amount of enzyme: present. However, the elevation‘was strlctlv .“-"'
linear only in the thalamusLmidbraiqa(Fig. 13). "In the hvpothalamus and cortex

the tele-methylhistamine increased with increasing supernatant volume. This mny

be attrlbuted to a reduced buffering capacity at higher volumes although the

;

absence of a similar effect on thalamus-nidbrain HMT is an enigma. This non-

linear profile for these two bra;n.regionsAwas reproducible, but Fas not markedlyh -
different from linearity: therefore, 50 ul supernatant.aliduotsﬂuereichosen forv
ertine analysisr ‘This obviated pipetting errors atilow supernatantrvolumes

and provided a volume for an additional buffer at a pﬂ (of 7 &) more compatable

£

wlth elevated HA levels (Snyder et al., 1966a)

Influence of Borate Buffer Volume and the Cemposition of‘OrganiC‘SOIQent'on M

The volume of 500 = sndlums borate buffer (pH 10.5) used in HMT assavs



Nependenee of incub: r*mn time on the fﬂY‘M"ltl"n of mo th"lhiqtamine in s:mp}r_-
,prepared from che rat h\pathalamu%,' mldbmin and cortex.
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.was. initially IOD ul which was added\after the termination of -incubation.. ThiaA

"! was varied to examine its efiects on HMT activity and to see uhether better assay '

.. ah

-conditions could be achieved. Volumes ranging between 50 ul and 1, 000 ul wvrc
T

evaluated and found to.alter the values for enzyme activity However, further
study revealed that while the cpm -obtained with brain supernatants did not varvh-'
greatl}, the blank values -as. much as quadrupled. The lowest blank value occurred
wlth a borate buffer volume of 200 ul which was subsequently used in the er
determinations. . o ‘

The toluene—isoamrl-alcoholfsolution was used to extract methylhistaminc

since chloroform, used in the HA assay in order to selectively extract mcthxl—

;‘fhistamine from histamine containing solutions (Taylor and Snyder 1972a) is not

.necessary in this absav and difficult to. transfer analyticallv. Ad]usting,the
: relative proportions of these organic constituents over a wide range generated
"an apparent change in the values for HMT activity Howcyer; a volumerric ratio

liof_l to l}'the proportlon'suggested by-Tadylor and.Snyder (1972a1_yielded the

. lowest blanks and higbest_net.dpm  for tiséué;samplesi

"Preparation,flsolation and Purification of'IAC;Teleéﬂctnvthistamine
lThe'extraction of ba c- tele-methylhistamine into toluene-isoamyl alcohol
‘_solution during‘the HﬁT assay procedure was reported to be less than quantitltiue
.(Snvder and Axelrod, 1965). Since radiolabelled t-methylhistamine was not o
,‘commerciallv available, lt was syntheeired in order to determine fractional

recovery'duting’the assay7under‘present conditlions.
'_ . /1 . R ;\ ' ¥ o L R S
Exogenous histamine (10 ng base) was methylated by exogenous guinea.pig‘brain _
j"nistamineN—methyltransferase and'adenosyl—L;methionine; S(methyl-lA

.

) (l”c SAH)
(\r\) by a procedure analogous to the double labelled method of Tavlor and vn\dv
‘n»(19723); .However, tritiated histaminenwasrnot introduced; This-amount of Hnr

- was chosen 'since it was the upper limit of the histamine used in the double

.labelleddatandard curve; a procedure thatluag uell'established‘in our 1aboratorv;'



‘twice with 1- N VaOH saturated with NaCI, Following the aspiration steps

"(NEV) added The .4 radioactivity in each tube was counted for 70 mina

o authentic tele—nethvlhistamine (Sigma Chemical Co ) developed with ninh»drin B

,_eluted uith 6 10 ml of ethanol -and. evaporatcd to lO 30 ul volumes under N rls

V" " o "J * . -
cL=123- 0 o _ .

g . .
The. newly generated C-methylhistamine was, extracted into chloroform washod

-

described before, the chloroform was evaporated The polyprOpylene culturo tibes

R

- were’ capped and frozen ac -80° C until the time of- analvsis. R ‘ EE

- -

At the time ‘of assay. Ehe samples were. defrosted and for initial separation;-

200 ul of absolute ethanol was added to several tubes to dissolve the l['C tele--

~

methylhistamine residue.' The ethanol was then’ evaporated to lO 30 ul under 2

2 8as stream.f This volume was applied to 20x°0 cm (750 uj- prescored multi~

channeled silica el C thin laver chromatography (TLC) plates ‘and” eluted for nhout' o

60 m1n with a solvent svstem of chloroform—methanol ammonia (12:7: l) (Aures eLral.,

1958) Authentic-t—methvlhistamine‘was run. on parallel channels for CQmpzrison. :_

.1 cm segments .along the length of the plate were scrapped from several chnnncl=

.then placed.into polypropylene LSC vials and- 2 ml ethanol and lO ml Econofluur

<

l"he

-vradioactivity was plotted as a function of distance along the plate and C1Mpnr(d .

-

_(O 2 in cctone) (Fig. 14&) o Scrappings from the remaining channels near thc

—

_arca correspondlng to che Re for methvlhistamine were placed in filter funn&ls, ?f.

2

f This volune was applicd o TLC plates under identical conditions as above

Following elution and drving, l e segments: of the silica gel were scraped into

LSC vials, eluted with ethanol and counted after addition of Econofluor as

-

described above . The radioactivity of this purified 14 C- tele-methylhistaminc

was plotted as a function of the distance along the chromatogram (Fig 140)

/

The. 51ngle peak ot the rechromatographed material attests to the lark n!

contamlnants of the newly formed;lé —methylhistamine. The lerge unidcnti’iud“'

Cand unexpected peak wthh was initiallv eluted fron the solvent front (localized

At ?v-lﬁ cn) ('12 4&)- wﬂs a cause for concern for it seemingl} raised doubts
- .
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i U on - the validity of-the procedure for histamine determination._ However, furthor
scraping and elution of this zone of radioactivity subsequently revealed that
' 1
no less than 90 oF this _QC—region was attributable to 5C-tele-methylhist1m£ne.

. ﬂt R Replicating this erperiment led to similar results. while ‘the co—migration of

a Substantial portion of the methylhistamine and the solvent front may. qucstion o

-

- the suitability of - this method in retrospect the absence of unlabelled telc—

13'. Chloroform 1nitiallv used to elute the 14 C—tele—methylhistamine f rom the

silica gel ‘and the 51des of the collecting tubes was Judged unsuitable sinco'itr'

methylhistamine to act as a carricr nay e\plain much of this apparent incunsistencv.'

was found to break down methylhistamine after several hours. Tbe second chromato— if

graph ultimatelv exhibited no less than 6 peaks using this solvent. -Butxl

~

. alcohol has also been claimed to be an effective solvent bv this method (H0uyh,"

-

personal communication)
. 4 , - , .
ﬁxtraction-of I. -Tele-Methvlhistamine During the HMT Assav .
In nrder to approvznate the fraction of L4 Cmtele—methvlhistamine ewtravtbd B

and recovered into the toluene-isoamvl alcohol solution during the determ:nqtion

of HHT act1v1t\, the FWT assay ‘was performed as’ described earlier but devo{d of

C SAM Ten minutes before the end of the incubation, lO nl aliquots of isolated

and purified ;QC tele—methvlhistamlne, previousl} dissolved in SO nH sodiun
phosphate buffer (pH 7. &) and pooled, were’ added to S samples and 5 blanks

i Thereafter the nrocedure for determining HMT activity continued as described

earlier._ After accountinp from the removal of 2 0 ml from the 2. 5 ml organlc )

proccdure (n= ¢) ]ed ‘To similnr findings (79 8%Z). ’_ : 4<
. o ".Since La C~tele—mcthxlhistanine was added near the end of the incubatlon

period its “non- spec1f1c or enzymatic metabolism would ‘be unlikely.‘ A,?O’

]axcr the fTJCthn e\tracted averaged a0. 7 (range 97. 6 81 5) Replicatine this‘

e\traction or metn\lnistamine was reported by Sn\der and. Ahelrod (1§35) a]thounh'-'

: ChOJr ncthnuxl- voin ovtcrm:ninu thxs value was mot elaborated. _It mav..be



important that their method was carried out using glass tubes, a Surface upon
'Perhaps this

'which Beaven et al

v

and Snyder (1972a) made no’ correction for the efficiency of methylhistamine

~extraction._

8T

(1972) sugges:ed methylhistamine adheres.

i

\_/

.

adcounts for cheir reduced fractional extraction.

“ iy

LT

4.

-

e

1
.

In their micro-method Taylor .

0
Fl
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- 3. Determination of protein concentration in homogenates and -

- \—\ .

:supernatants from brain tissue

Protein COntent Was determined by a modification of the colorimetric
method of Lowry et al. (1951) Various homogenates or supernatant samples
previously stored at ~80 C were thaued and. diluted with distilled Hater .such

- that 5= 200 pg of protein ‘Were present ina volume of 1500 pl Blanks were :':.' '5}
lcomposed of distilled witer. Five milliliters of @ solution containing 80 mM
-copper sulfate and 213 ‘mM sodium tartrate in h 7 sodium carbonate was added
_to the diluted.samples at room temperature and vo*texed immediately. The :
'mixture was then incubated at #5 c after which 500 jul of a phenol (Folin—-
JCiocalteau) solution diluted to one thi*d with distilled water were added

i-and the mixture cooled for 5 min- in an ice water bath The transmittance

| was, determined at 6&0 mp in a Bausch and Lomb Spectronic 20 colorimeter -

30 min after the a;dition of phenol.,A standard curve relating the per ‘.
:cent transmittance to known amounts of protein (Bovine Albumin, Fraction V-’ ‘5'{?-

J. T. Baker Chenical Co. ) ranging from 5- 200 hE was used with each group of

“ samples to determine protein concentration.

P e Determina +ion of brain histidine decarboxylase aceivity

distidine decarboxylase (E c. 4 1,1 22) (HD) actiVity was determined in’
several brain regions by a modification of the. method described earlier -..: i-.
-(MazurkieﬁiCZAKwilecki and Bielkiewicz, 19?8) Aliquots (300 pl) from homog—
‘ enates prepared for the determination of histamine were transferred to
polypropylene tubes and buffered with 50 ul of 60 mM potassium phosPhate buffer

(Ph 7.0) wn_ch contained 2. 6 nmoles of histamine in order to inhibit h*stamine sh .
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- -

'N:methvltransferese;u szty microliters of freshly prepared pvridoxal S'-phosphaca
_were added and the mixtute was pre—incubated for 10 min at 37 C; then, 10 ul
'of L- hi tidine,.(laC*nniformly labelled 343 mCi/mmole) (NEN) were added followed.
“by 50 ul of 1,5‘mM aminoguanidine nitrate, a diamine oxidase inhibitor. This’ﬂ
mixture was incubated in a- nitrogen atmosphere for 90 min at 37 °C. The final.
'.concentrations of exogenous‘histidine and- pyridoxal 5'—phosphate in the ééﬂ ul i
reaction volume-were 5. 3 uM and 8.8 uM, respectively. Blanks were composed Wf
‘ 'homogeniZing buffer as a substitute for tissue homogenates.
The reaction was’ terminated by insertion into -an ilce bath and addition of
.50 ul of an aqueous histidine/histamine solution (containing 10 mg of each salt
_in 3 ml) followed by SO ul of 1 V perchlorlc acid. 'The mixture was vortexed and
ithen centrifuged for 20 min at. 10 000 X g. The supernatant was retained and
CSpotted onto WHATMAN #3 chromatographic paper for electrophoretic separation in
a fqrmate—acetate.(lz&_by yol.) bufferp(pHil.Q) at 3,000 V on a-LOCARTE flat
’Plate‘high voltage eléctrOPhonetic apparatus._tﬂistidine and-histanine markers
'_ were run in parallel with the 1abelled supernatants and after drying, identified
with 0.27 ninhydrin in acetone. - l
| The region near ‘the histamine positive spot was cut out and‘inserted 1nto
polyethylene counting v1als. Ihe-newly formed'lac-histamine was eluted WLth .
"l ml of water to which lO ml of Brav ssolution (N“N) or Aquafluor (NPN) were added :
) then counted in a Beckman LS 8100 liqu1d scintillatlon counter. lhe enzymne .

ractivity is etpressed as the n:nomoles of'histamine formed per-90 min per. r'ﬂf

wet- tissue Vﬂiﬂht to compare with preuious values (Mazurkiewicz-Kwilecki angd

T Bielkiewlc 1 e
5 Detormination of plasma-ethanol concentratlon 2, 1978)

Plasma ethanol levels were determined by a modification of the ultraviolet
'enzvmatic method for ethvl alcohol analysis (Sigma Tech Bull 331- bV) qusma
:samples previouslv Frozen atc -80 C were thawed and re-eentrif ged for 10 min

at SL0x gl Since the pinsmn,wns genvrn!jy_not hvmolyzed, 100 ¢l samples_uene



transferred to 12175 mm polvpropylene tubes and buffered with 400 ul oF 75 m!

‘tetrasodium pvrophosphate buffer (pH 9. 2) which contained 30 umoles of semlcarb-"

-

17ide. After vortexlng, 100 pl of this 5 fold‘di}uted qample were traanorred
":to test vials containing 3 O ml of 1 8 UM nicotinamide adenine dinncleotide ’
1(VAD) and 150 units* of alcohol dehydrogenase buffered with 75 mM pyropheqphate
- ~ _Blanks coutained 100 ul of 10 mM sodium phosphate buffer (pH 7. 9) The_teactinn':

lleture was shaken, capped and incubated for 20 min at 37 C. Upon'cooliné, the:_

- mixture waq ttaanerred to sguare Cuvetteq (1 em light path) and the ahenrhanro'
‘ns deternined at 3&0 am in a Unicam SP 8003 ultraviolet epeetrophotoneter.f'

In cases.where the ettent of hemolvsfs was questionable;lthe.plasma enmples"'

(500 ul) were deproteinized with 2.0 ml of 0. & M trichloroaceCIC~acid ‘and nzvod
' bv inverSLOn . After centriFugation tor 10 mln at 2 ono Y £, 100 pl qupernltant
311quots nere transferred to- the test vials and the nrocedure cdntinued as above;
'Under both tonditionc. samples run in paral]el'prodnced almoqt.identical rc;ulre

The values obrained were compared toa. standard curve whiLh related abeorbﬁnco'
to.known’etnanol concentrations ranging from‘ZO to 160 ng etﬁanol‘per 100 mi.
solutien; Under no c1tcumstances did the “ethanol” concentratlons determlned b-') f
'graphical analv51s dlffer by more than 6n from those obtained bv Theoreti(al
evaluntion‘ofiabsotbance measurements | . The plasma eth1n01 concentratione are

ciprosnéd de_millrﬂrnns'hf'e h1n01 per 100 ml of piqsma L.e. mgﬁ.

6 DeterminatiOn of Dllsma torticoeterone concentration

Fo]louing dccapitation rat blood was' eqllected.from'the severed‘ecrefbhl
“atea into heparinized tuBes and éentrifuged:at‘Z,OOh X g for-20'mini Dup]itate
7plaqma qanples (500 vl e1ch) were retained Corticoeterone concentratlun wis

\aetermincd by a modification of the method of, Givner and Rochefort (1965) hhi(h

iq based on the capablllt) of corticosterone to fluoresce in sulfuric acxd

FOnn it ef "aleahol dels drnon11so nn7vmo rnn\nrte 1 -1 umnlo nf Othnnl tev its )

,'nroduct, acetaldehvde, er minute at a pH of 8. 8 at 25 C.



. The samples and standards (&O 400 nanograms of corticosterone) were transferrod

'layer was’ removed bv aspiration and & 0 ml of the remaining organic phase wcre

"of,corticosterone per 100 ml ofaplasma.: "‘ -

e T T T T |
S130=0 L DT
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to 12 ml glass stoppered tubes to which & ml of methvl chloride CFisher Sclontific,‘-v

‘certified A.C.S. ) were added After vortexing, 500 ul of a 0. 1 N NaOH solution -

. were added, vortexed ‘again and centrifuged for 10 min at 1 000 x g The aqueous

transferred to another set of tubes to which 2 0 ml of a sulfuric acid—solution

»

'(70/ ‘in- ethanol by volume) were. added., After vortering and centrifugation ac.”

'l 000 b g for S min, the organic phase was removed and the acidic phase was rc1d

" in an Aminco—Bowman (model J& 8962) spectrophotofluorometer (excitation and

_ emission wavelengths of 470 om. and 530 nm, respectively) A standard curve which

“'related LnoWn amounts of cort1costerone (Sigma) to fluorescence intensitv ‘wus used

- to determine the plasma corticosterone levels which are expressed .as microar1ng

-+ —

-fluorescamine

Braln tissue homogenates were prepared by the same procedure as for thic

double labelled histamlne determination except that the initial centrifugatxon

'~was at 100 OOO x' g - for 20 min in a Becknan LS SO preparative ulcracentrifuge.-'

Supernatants (40 tl) were transferred to Brinkmann 500 ul polypropylene micro-

itubes and frozen at -80 C until the time of analysis.i The samples were thawed

’ and the remalning proteins were precipltated by scquential addition of 60 mM

C o

. ZnSO4 and 0. 12 N NqOH, eqrh in a volume of 5 ul. The mixture was VOrtexed then

B

centrifuged .at 12 000 X g for lO mln in an Eppendorf model 5412 centrifuge.p

Blanks, compoqed of" 40. LJ of 10 mM sodium phosphate buffer (pH 7.9). were simllar]v
/».

flltered ) Fort\ microliter aliquots of the’ flltrate were introduced 1nto pol.- .

propvlene culture tubes and buffered with ‘10 ul of 0.5 M sodium borate buffer

(pH lﬁ 5) Hlstldlne h\drochloride monohydrate standards (l 500 u%) were

‘. per1red in sod,um phnsphﬂte buffer and then buffered bv the addition of borate.



After vo:texing the mixture, 50 pl of fluorescamine (100 mg% in acetonitrile) .

~ Were added, ‘then. vorte.xed. aga.in and a.llowed to stand 10 min after which 20 pl =

.of 4 N HCl Has added.

| The entire mixturg‘was heated for 45 min at 80 C Following cooling and el

'-centifugation at i, 000 x.-g for 10 min, ‘a 20 pl.aliquot was removed and added A'_-”-o

'to 1, 2 ml of distllled water. After: 30 min, @he fluorescence intensity of the

histidine-fluorescamine adduct was measured 1n an Aminco—Bowman spectrophoto--é)_‘ -

- fluorometer (excitation and emission wavelengths of 369 and ﬂoS nm, j@"

' respectively)
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DEVELOPMENT CF THE METHOD FOR DE'I‘ERMINATION “OF BRAIN. HIS‘I‘IDINE coxcmmnow usmc
rwom:scmmz* E - P

.

Ratlonale for the DeveIopment of.this Wethod : | } i 'd“ _.‘ " A?En“..
The regulation of brain histamine levels is,.in part dbntrolled by the ;f:?'h
histidine decarboxylation process.. However,rsince the histidine decarboxylase“z
;: enzyme is not saturated by endogenous histidine (Hiss in mammalian brain (soe -

section VII) and because the uptake of bistidine in the brain may be altered by

drugs,‘the determination of brain histidine content appeared essential in e]ucldating
T the mechanisms of drug—induced changes in brain histamine levels. Ihe estnhlishedé

and_most implemented-methods for brain‘Hls measurement utilize.amino acid analvzers

/

T -

: or‘high pressure liquid chronatograpny;’ These methods”have the:marked advantage

' of simultaneouslv determinrng several amino acids which Jleads to important infer-

ences concernine 51milar groups of amino acids or the amino acid popul tinn as
‘a whole. -A set-back is that prior derlvatizatiOn is’ usually required and enrh

qample Tun may take l 4 hours before another sample can be evaluated. . More-

e

O 1mﬁbrtantlv, the above mentloned equipment must be available. Since such equlpment -

s was not available during the coutse o. this study,'alternative methods were-

.considered._ rluorescence technlques u51ng o-phthalaldehyde (OPT) are available T

(e;g.‘Hakanson~etlal.,q1974); however,'chiS'%pproach1neoessirates multiple and
R T cmen T _ S
tedious extractions to remove'potential contaminants;' The radioenzymatic micro-

assay of Taylor and Snvder (1972a) utilizes bacterial histidine decarboxylase

(Clostrldlum perfrrnigens, Glgma Chemical Co - and eonversion of HA is a me1surc

e

'of the hlstidlne originallv present in a sample.' This method 1s reported to be

‘ih extremelv sens;tzve, however, the residual presence of drugs and/or metabolltes

-~

“in the‘tissues,'espeeially ﬁqllowing'aeute drug‘administration‘schedules;_may

- e

-

“Dart of this 1nvest1gatlon was presented at. the Thenty—Second Annual Meetinr

of the qorietv of 10t1ro1oqv, Las Vegns, Ne'1da (W1roh 1987) and the Twentx S{vth

\nnnl] Wcutint of Lhe (lnldlln Itdcr1tLon of Bjnlopic1l Societies, Ottawa,' Ontario
(Iune 1983) - '
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influence this enzvmétic—dependent pfocess:f Altering HD activity directlv hould'j

-

lead to false inferences concerning the endogenous histidine levels. Therefore;

a reliable chemical mcchod that is sensitive, rapid and cheap ‘was sought whirh

would not confound the specificity‘of histidine analysis.

Experimental COnditions Whlch are Sélective for Histidine

~

-1 Since itq development in 1972 fluorescamine (FL), A-phenylspiro(fur1n~“(5”).

1’ —phthalan) 3 37 —dlone, has been increaszngly us'ed 'as a reagent for the qu11itativ

~

and quantltative fluorescence analysis of primary amines, amine acids, pcpt;dqs
and proteins atsub-nanomole levels . (Weigele et al 1972; Stein et al},.1973; CT

Imai et al., -1974) (see Flg 15 for an example). Several ;zgférties make

NH

2
HN.#N . coon pH> 7 >
FLUORESCAMINE * HISTIDINE ' FLUDROPHOR

-
. -
sow?

= T
Ne NH or N

" Fig. 15

Coneral roartion for derivatization of fluorechmane with hiqtidlne in
basic medin and the crr:rrurdl requirements for {luorescamine- —~imidazoivi-
ethvlamine derivative fluorescence. : ) - ‘

.-t . . . ' f I~
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periods (weeks) when stored below 0°C" in water-miscible, nonhydroxylic solvents

-1_34—._ s R

-~ - PR ' . ’ e T

_.‘ ) . - N ‘u/;,‘ . . . - s
fluorescamine a- highly useful reagent. It is cheap and stable for prolonged

QD

(DeBernardo et al., 19?&) Fluorescamine derivatizes with. primary amines at room -

.~ -~

temperature in seconds while excess. fluorescamine is simultaneously hydrolx?ed
(Udenfriend et al., 1972) It has a markedkadvaﬁfa;e\bver-OPT in that neither

fluorescamine ner its hydrolysis product(s) generate significant fluorescence,

yet appropriate fluorescamine derivatives exhibit intense fluorescence intensity

~. P 1

(Udenfriend et al, 1972). Although broad in its . spectrum of application,»the

. -

original methodology is far from selective for. any partiCular group of primiry

f amines or amino acids and therefore prior or subsequent separation is needed inﬁ

Ce

order ta. quantify a single substance in biological systems (Taylor andlLieher;

1977) More recently, it uas reported that heating fluorescamine-primary amino e

derivatives in hydrochloric acid selectivelv abolishes the fluorescence of those'_

derivatives that do not possess the 2 (4-imidazoly1)—ethylamine moiety as their

i complete or amino-terminal structure (Nakamura and Pisano, 1976 Nakamura 1977)

(see structures in Fig 15) ' Unfortunately, histidine is not the only,imid- KA

azolylethvlamine present in mammalian tissue nor in the brain in particular ”

AY_ it was, also reported that the various fluorescanine—imidazolylethylamire

: derrv/tives had chcnical properties sufficiently dissimilar to allow silica rel

-

i thin laver chromatographic separation of these adducts using severa& solv0nt o

. and teleﬁmethylhistamine (WeHA)

systens (Nakanura 1977) . Therefore, the inltlal approach in finding condltions

highly sclective for His was to study the excitation/emission spectra of His

~

and some. related compounds, i.e. histamine (HA), telermethylhistidine (MeHls) -

e
~

J-.: fluorescamine (FL) derivatives of these agents were prepared from 1 mi

stock solutions in distilled water by the method outlined earlier for prepar-‘,

’

‘ ation of the histidine standard curve. The eic1tation (Fig 16) -and emissjcd

-

re
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nxcma:ion spectra of ?luorescamlne imidaro]ylechyl“lmine deriwatn'e-: o
‘.. measured at 465 nm. - Rclative fluorescence intenqity (machlne un:ts)
f was dC‘tLI'ml‘nL’d every 5 nm for histidine (0), methylhistidine (A)

hi‘-.tamlne (I) and’ methylhlstamine (L,) T e
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" RELATIVE FLUORESCENCE INTENSITY - -

— . T 1 LI T 1—] .'l T | R T —r—[
410 440 470 - T- 500 - 530 - 550
an EMISSION WAVELENGTH (nm) o ‘

"E"lission spectra of fluorescamine-imidazolvlethvlamine derivatives o
measured, every 5 nm following' e*ccit:ation at 370 nm. " Relative flyor- " .
-escence. intensitv {machine units) was determined for histidine ( )_"

me't:hylhistidine (A), hlstamine (l) and’ methylhistamine (E]'l
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'(Fig.ji?) spectra of these derivatives were‘determined by plotting the relative

fluorescence intensitv (F ) (in machine units) recorded every 5 nm ’ At aImnst

,.‘

e all wavelengths inveStigated .the rank order of .relative F was MeHis> His* HeHA\

HA' at equimolar concentrations. Since this approach did not yield histidine

specific characteristics. the evaluation of the various FL solvent mediums was

attempted " Since. diorane, acetone and acetonitrile are also water miscible

L solvents and reported to. promote optimal reaction between fluorescamine and primary

amincs (Neizele et al 1972) the ahove reagents were evaluated at various

fluoreScanine concentrations (Fig. 18) _ When fluorescamine was dissolved in’

dioyane the same rank order of relative FI prevailed ' However the relitive FI

| was less than a third of that observed with acetonitrile and there was a profound

dependence of FI on the FL concentration. When FL was introduced in an acetone

medium, the relative FI was much higher but dependent on the FL c0ncentration.

However, using acetonitrile as. the organic solvent, the relative F was prcnter

and nearly independent of the fluorescamine.concentration (Fig 18} Although'

a histidine specific characteristic was not evident several important aspccts‘

P

concerning the choice af aanrganic solventsare high13 relevant. Since FL reacts

31nultaneously with all possible primary amines at various rates of reactinn,

- the concentration of FL at anv single moment would be in a dynamic state._ ihere—

fore conditions where the ultimate FI (which depends on the number of FL-
1midazole derivatives formed) is independent of the changing FL concentration
would be the most desirable .This difficultv 1% exacerbated by the rapid hydrnlvsis

of FL in aqueous media. A solution to this problem is to use acetonitrilc

l-_ In addition, acetonitrile has the advantage that it rctains a liquid phase at

'/

' temperatures below 0 C whereas diosanc solutions frec?e upon refrigeratjnn

',i_ Aitering several of the chemlcal and spectral parameters of. thls procecurc

failed to shou anv properties selective for His. : However, examination of the

-

»tun(tntrntions.or pnrvntiul rnterferine‘suhstances‘present in mammalian brain
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concentrations of fluorascamlne :dissolved in dioxane, acetone ‘or aceto-~ -
nitrile. -Fluorescamine concentrations of 10, 25, 50 and 100 - mgZ wete

-added to buffered seclutions containihg 10.nanomoles of histidine (@),

methvlhistidlne (A) hlstamine (l) or mer:hylhistamine ([3)
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led ' to the concluqion thut Hi@‘is approximate]u lnﬂ 500 times more abund1nt
"than che most llkely substances capable of fluorescence under these condrt:nns'
(Tihleb) : In tho h\poth1]nmuQ, the ror{nn of highcst HA nnd MeHA (ﬂn((nlr1tfnu'

the His/HA and Hls/%eHA ratios are about 100. 'In the cortex, rhese ratios are

Table 4

Comparlson of Brain Hlstidine, Histamine and Their Hethvl Derivatives

x Tiésqe: f:'_ o ‘Scbgréﬁce_“ oL ' ,(ug/ﬁj'; i" ‘( i : Rﬁcio”..
hHrperﬁgl;mus": ﬂistidine S : '.:.18;25 (- ': E g._r | f: :
. histamine 6.@9 -‘0;21'(1)f T bis/HA 86-192.
.Hefhyihistam;ne ; ‘0;18 t25 o - _.‘ His/MeuA'InH-]39
_ o T Methvlhistidine . ‘?'kj)- o T T |
"Cortex i o Hiqcidine ?_ . 7}9Q_ 9.4 (i)_.'l _ \i " _; B
Histamine - ..0.027-h.og§.(i)j o His/uA 2n§-398”'
) ,Hethyleistamihel ' -hEprox. b.OSZ (2) jﬁrs/HeHA_Qﬁ?f?Qalh‘
ffethviniscidine | -3§.(31 :-'; . ﬂ ‘t - 5 T

f}) Taflor and - Snvder- (leBa)
7) Houph anc Dom1no (1979)

?'3) uncetermlnod i

v

- ‘(‘.

even gfedcer“'.ﬁoreover; the rclat:ve F ‘g of HA and WQHA at. equimolar concent-

-ratian are onlv AﬂwBO” that of His. Therefore, under the current tiqsue prep1r-

ation procedure and assa» condltions, these aﬁines would be diluted to sucl an .

‘. [ - g 3

--egtent_that.no ﬁluorescence:could-be'detected from,their FL adducts.' Free-HeHiq- ;

is xirtu1]1§ 1bqont from mamnali1n brnin (Xounp 1nd “unro, 19:8) ‘although !hl‘

" asqertion h1s been recentlx challenged (and shnll Le dealt uith later)

1-'"

Fne claim-for FlL- ¢N1d3201\1ethvlamlne qelcct1Ve fluorescence after hcnrl."

Goarid was Ciarrheir cevdant ed hi Ceaminine l‘h(- celatived T of suuer;ll ."i"-t: iG]
. . ! .. a\ . \ N . i .

N I

-
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agents and comparing them individuallv to that of equimolar histidine (Tah]eq
53-0) Conqiqtcnt with the structural requiremcnts outlined by ! 1knnura
(19:7), - methylhistldine and H—methylhistamine had negligible F while that of
.T—methylydstidine nearly doubled the relative FI of.Hist ‘D;Hist;dint had only

?0? the relative ?I'bf the L-isomet, a rtpeated_and interesting finding which
remains unexplained. Of all thé amino acids investigatea, L-trvotophan had the
'highést relative F although only 1. 27 that of His (Table S5a). The level of
braln tr\ptophan‘iq important not onlv‘as a precﬁrsor for serotonihland melatonin, .
but &150 for its.possible interference with histidine uptake (see section VII)
-However,..h;@ small. an11}tical interference is furthor dwarfed by two other lactors,
First, much of the thermally—labile tryptophan is destroved by the near boilxng

of homchenates prior to centrifugation. Second, in most brain reglons, the

ftee His-conteﬁt'cxceeds that of tryptophan. %he éubstancts whith-tause profound
:tnterfetence with the OPT analysis of brain HA'or'His, i.e. sperﬁine and spermidine
_do'not'fluotétcé under these conditions.

‘Lfﬁistidiné methylester— and L-histidinol-FL adducts vield substantial

fluqretteﬁce wﬁile a—methyihiﬁtidine, Na-methylhiSt;mine, imidazoleacetic jvld,
_its-%ethylderivative And répresent;tive histidine and methylhisti&ine containing -

»

.diptptides of neuropharmacological interest show negligible FI: Almost 'all of

the agents interacting at HA receptofs or with the ethme histidine decarboxylase

fail to‘fluoreécé'withhthe exception of a-ﬁydrazinohistidihe (Fig. éb).'-, Evﬁluation
of séme céntral-neurotransmitters, their precursots, metabolitES-ana related--

ageqts also indic;ted neﬁligible-fluorescencei An examinatién of,séverél anti-
aepressaﬁt:agentst(mhny generously donatedAty br. P. Hrdina, Departmeqt‘of

Phdrmacologv, Universitv of Ottawa) showed inqignificant fluorescence with the

of equimolar lis

'ehception of trazodhne whlch had about 5% the relaEive FI

(Table 50) . Severa] psxchoactive drugs, many related to drug abuse studies,

also .axlrd te exhibit fiuvorescence.



VW

P . Table’ Sa;

S T DR

Relative Fluoreqcence Intensity of Various Amines, Compounds and Drugs of
‘Biochemical, Neurochemical or Pharmacological Interest Compared to .
‘Histidine (set at 100 relative units) at. an Equimolar Concentratlon

" of 100 iM Prior to Addition of HCI,
Fy was’ indistinguishable from that of blanks.

Values of. 0-signify that "th

Substance Analvzed

Fy Compared to Histidine

L-Histidine-HC1~H,0 - . * .- .. - . 100 -

D-Histidine HCl ' : ',.;' 69.1
| T;Hé:hyih;gtidine, S - 184.7 . ]
" I-Methylhistidine o R S<0.1°
* Histamine (HCI), N 1 S
-Methylhlstanine (HC1), . o 79.6"
Hethylhlstamine (HCl) L3
L-Alanine ‘ o 0.6 , L=Serine 0
'L—Argining _ ‘,. .d ”. '_L4Threogine 0]
L-Asparagine : 0. L;I:yptophan B o T ) 1.2
L-Aspartic Acid | 0 izTyrosgné 0
LZCysteine 0 L-Valine 0.
L—Giutamic_Acid 0 L - ) ]
- L-Glutamine 0 Spermine f T _‘ . 0
Glyeine 0 . Spermidiﬁe ‘ ' 0
L-Histidine 100 ‘Putrescine S0
L-Isoleucine .0 Creatinine = R
L-Leucine Tauriﬁe_ )
L=Lysine Imfdazole ' 0\7
L-Methionine <0.1° ‘ o
L—Phénylalanine 0 ’
L-Proline 0

N
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- Aminogganidlne HQCQ3 ;i

Leu—enkephalin acetate -

A

- oth2- i
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e N o SRR _—
‘ " Table' 5b .- /\
‘Substance Analyzed . Fy Cqmparétho‘Histidiné
-Hethyl DL—hiscidine (Hc1)2 0.7 f_ Tyfémiﬁe: 0
L-Histidine methylester (HCl) ' 58.1 - Octopamine - _ Do )
© L-Histidinol (HCL), :, ,-77;3" -Aminobutyric actd (GABA)_ 0
' Nd—methylhiscamine (HCl) . .0 . ‘Serotonin = 0
Imidazole—é-acetic acid HCl o 0," c-Methyltryptqéhﬁn _ 0.9.
L—Methyl A-imidazole acetic acid 0 'S?Hydfox}indoleacétic acid .'0:
,HCI o o 3-methoxytryptamine <0.1
L*Carnosine_ : . t.-  .'O;3' Melatonin ' _.‘0"
L-Anserine nitrate_ - . '-0 .:DOpamine o ;-hbi
,’L-Homocapnosine su;fépe S ',.-0 Norepinephrine ‘<Qx1:
' i | ' o ' fEﬁinephfine‘  .0_
Hepyrémine maleate ."g . '70 ' .'DOPAC" ' Tb-'
) Diphenhvdramine HCl » Metanephrine ;d .
R Chlorpheniramine maleate' NP ~_DOPA <0.1
. .JTripelennamine HCl S T 0.2, ."‘Normetanephriné ' _J 0
"*f_rripolidine L 0 :Homovanillic acid 0.
Metiamide'iz T . .fd—Hydroxy,3—methoxyphenol glvcol 0
 Burimamide . ..H .; o S L0052 "a-Methyl-p-tyrosine methyl esper ‘0 '
l‘Cimetidine '.  L o 1Ajn.0 . ~c-Ketoglutarate "0
-Hvdrazinohlstidine - I 3.0 Glutathione: (reduced) "0.2
i;A-ThiazolylmethOtvamine (HCl) -0 '_Corticosterone ‘ 0.
: -Methylhistidine ' - 1'Het-enkephalin acetate




Desipramine EC1 . .
N deswethylclomipramine dCl

'”Ethanol

Acetaldehyde ."

) 143~ - ) .
“Table 5o, .
_SubsfanteﬁAﬁalyzeQ'.‘ 'uF.,Cdmparéd to Hiéfidiﬁé:kl .
e Amitrypt}Iine HCl S0 _'1Mnrphine sulfate-‘ o
: Chlorimipranine HCL 0 .- Methadone HCL' o’
Cvclobenzaprine HCl 0 _-Pentazocine ;' 0
Trans—demethyldoxepin HCJ 0 :Waloxone HCl 0
9
S0 -

Desmethylmaprotiline mesylate : <O.I._' 3~ Carboxysalsolincl
~Doxepin ECL L el Haloperidol o .r;;- L 40,
Fluoxetine HCi 10 _'Chlorpromazine S A' 0
Imipraming’ HCl . 0. ) ‘;Cocaine : o ) : iUf
Maprotiline HCl ..“1 0' Cd- Amphetamine sulfate ‘..;" - 9.
Mianserin HCl ' 0 ' —Amphetawine sulfate " :i‘ TO.
" Nisaxetine el 0 f'Propranolol_HCI _ -'}.: ~%F'
'NomifenSin malgate o : ?0.1_ :Diazepam : L '_110“
Vorffipcyline‘HCi | 0 : ) B S
¥orzimelidine. (ncl) H 0. .0 / . ' %
Protriptyline HCl : S0 - . -
Trazodone ‘HC1 - l-:_ ,‘ ";511‘11‘ :  ;
Trimipramine maledte © T g i -' s '
© Zimelidine (HCl) | S
- - h . F.. ’
; . .
" : %

1 .-‘ . -
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;'cannot,presentlv be_explained.

e

hile most agents exhlbited relative FI indistinguishable from that of

. distilled water blanks, those agents which potentially could confound the alleped

specificity of this technique required- further scrutiny The Structures of
these compounds (Fig. 19) - generally fit the molecular characteristics outlined
by Vakamura (1977) with the exception of trazodone. —Hydrazinohistidine, a

.~

histidine decarboxylase inhibitor. has anfamino group which departs from the
= .
obligatory .primary amine structure. Yet this minor structural modificntion
caused a97% loss in fluorescence capacity. Hethvlostcr and methyl alcobol proups
k 2

on the = carbOn conform to the structural requirements, however, like c-hydrazlno-

histidine thev are not endogenously present in mammalian brain.- L—Histidine

g methvlester is 3 synthetic compound often used or formed in. order to render the

-
carboxyl group inactive during biochemical manipulation. A literature survey

failed to find any ‘reference to L- histidinol s normal presence 1n mammalian- tissue.

In bacteria.tﬁat svnthesize histidine, L-histidinol is a precursor. The stru:ture,

of trazodone clearlv doesrnot meet the above mentioned molecular ‘Tequirements;
homever the nge of the drug (>9 years), the p0951bilities of impurities or rinp- .
hopening and/or rearrangement during the acid heating step may partially account
for this FI wiich may be;up to SZ that of L-histidine. - Repeating this experiment'
three times vielded the same results. Since the nature of the molecular events
occurring with heating An acid are unknown, this trazodone-FL—induced fluorcscence...
Fluorescamine dcrivatlration coupled with heating in acid would thcnretfcall§
be selective for histidine when studied in the brain. The comparison of. nistidine‘s'
relative FI with Several other agents evalunted ind1v1dually is. consistent w{th

-

this SEIECClVe process. This conclusion was strengthened further aftcr qimilar

.'anal}sis of histidine alone and in a standard mixture of several other amino aclds

(?able 6) ) When His wns studied at a concentration equimolar to histid:ne

altne, lelllr relatx»e-lnrensities resulted Ihe claim that ammpnium iOnsumny

- ~ B
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S:ructureq of a-h»drazznohxscldlne, L-hlstidine
- and trazodone. S -

"2 -HYDRAZINO: . . iy

HISTIDINE © ©

L: HISTIDINE C~
METHYLESTER

L-HISTIDINOL’

 TRAZODONE

methylester, L-histidinol :



'(as the chloride §alt), ‘as na, T

BN

AT,

. -1l6-

fable-'é o

;Relative Flunrcscence Intens

itv -(Machine Units) of Histidine Alone nnd In, -~

Cnmbination with Other Amino Acids’ and Ammonium ans

. ‘

: Ualues represent mean * Sy E Mi- of eight determinations.

o

- ;;Suhstance Analyzed_ : Cdncentrﬁtion - : .Relative'Fi
" ".‘-Histidine-HCl‘-sz L100wM T T 4,4450.04
. . .- ‘ ﬁ'\... ‘ : : . .- .

'*Amina acid mirture plus NE Cl % 100 uM (each) - 4. 6&*0 {?
- . s w‘) . - .'... . c"‘_ -

’ : e i . . ' ’ .
- -_-(NH )28014 ‘S; 50 uM ] -‘ O“f’ N
"-'Histi‘dine-HCl;Hz'O 0w - - Q. 51..0 o1
' :*Amino acid»mixture plus NH4C1 10 uM (each) 0 51+ 0 01

‘(NH ) SO

SouM i ‘ :;0‘

*Amino acid'Standard Solution (Sigma Chemicals) conrtains ‘17 amino acids.

-and ammonium chloride in Q. 1
were not included

'51nterfere with this fluorescami

G

,These resu]ts were observed ar

N HCl. Asparagire, glatamine and tryptophan

- . ‘ -

ne fluorescence method‘(Murray et al., 1981) were

_dnot confirmed when studied individually (as the sulfate salt) or in a wixture

failed to fluoresce under these cdonditions’,-

two different concentrations.

Effect Qf Heating on. FIuorescamine—Derivative Fluorescence Intensitv

Fluorescamine derivatives

of several primary amines amino acids. peptides

.and related substances all generate substantial fluorescence when formed in basic

.

media. TIr is the acld heating step that confers selectivity to several compounds

of the imidazolvlethvlamine cla

'and MeHA and of a potential in
.l Prior to-heatinr the relative T

.than. d0ubled that of mest of the other agents, but, continued heating had two

i <o . e o e R

$s. The effect of changing the duration of heating

_was studled to exanine its influence on the final relative F: of His, MeHis, HA |

I

-

terfering substance, trvptophan (Fig 20).

T of. an equimolar trvptophan concentratioh more

—_— e g
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Effect of heating time on the relative fluorgescence intensity {(machine
units) of- fluortascamine—primax*y amine derivatives. Symbols represent -
histidine (@), methylhistidine (A), histaminé( W), methylhistamine ([7}
and tryptophan (). ﬁ . . . o ] )
. -



~ - . . L

R .2; . :‘ ) S o N f R

:mainfeffectsl ”First trxptophan-FL fluorescence almost disappeared This is
" consistent with the original observations of Nakamura and Pisano (1976) and ~,<§_“ o

Nakamura (1977f&_ Second, and more importantly. the relative FI_of these apcnts

which were selectively spared this a¢id and heat sensitive procedure, increased

T up to 25 times.‘ The methvlated agents attained marimal intensities at or before

the earliest times measuré& whereas their non—methylated parent compounds reached

. maximal levels after about 30—5@ minutes. It uas apparent that with continued

~

: heating there was a progr?ssive loss of intensity._ This was attributed to evap—.

oration of a mixture under pressure since sealing the capped tubes with parafilm- |

i?‘ abolished this slow fluorescence decay. Since pure acetonitrile—water solutions"
= .

: form an azeotropic mirture which boils at 76 5 C heating to. temperatures far'r '

> e

above 80 % c0uld canse boiling. rupture of the reaction tubes and/or significant

sample loss. Thus, this temperature was~nothgﬁceeded . f; o

- . ) +

Absence ‘of Fluorescamine Qucnching of FL- Histidine Generated Flnorescence

-.;,

Excessive FL has ‘begen alleged to quench the FI of FL-amino acid adductq in'
general (DeBernardo et al., 1976 Chen et al., 1978) and more recently, Fl:-

histidine derivatives in particular (Moriyama and Watanabe, 1982). For FL to

be useful as a tool in the: analysis of biological samples, it must be in erceSs
: ¢ =

o to allow reactions to proceed to completion. ln the case of histidine, FL must

S

-

‘react with ail potential substrates in addition to histidine prior to selective
quenching in an acidic medium. Therefore FL—induced quenching would invalidate h
its use for sensitive anal}tical studies.. This issue was studied in two ways.:
First fired amounts of ;is MeHis, HA and MeHA were subjected to"reaction with
fiied volumes. of solutions of increasing amounts of FL in acetonitrile .up to final

;.concentr&tion of 1.8 mM (nearly twenty times the concentration of the adduct

proddct) (Fig..Zi) . The relative FI.increasedluntil stoichiometric equivalence

was-’ attained for all four agents, thereafter it remained maximal throughout the

ﬁL cencentrat ion range, 'put“ﬂd, in an}e\pcrimunc ani]oqous to’ that of Chen ot al
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\ .. - Effect of several {luorescamine conncncratiOns (bclow and ahov;l
stolchiometric equlvalence) on the relative fluorecscence Intensity .
'_(machine units) of fluorescamine- imldazol\lcthxlamine derivatives. N
Abscisqa is.plotted as mgZ and nanomoles of fluorescamine added. to
.. . 10 nanomeles -of substrate histidint (@), methvlhistidine ‘(A) )
- o -histamine (m) or mechvlhlstamine (LH ‘
(1978f\ a comparison was made of the final El-of FL- hlstidrne and FL- methyl—_ .
T
ﬁistidlne derlvatlves after 50 ul of FL {100 mg/) was adgsd at once or in se\crnl
. . a2 Py .
smaller volumes w1th 5 mln elapsing betuecn addltiOns. Fluorescamine was also . -

-~

added in volunes of 100 and 200 yl’ however due to the decreased fluorophnr'

concentrations, correction for the effects of diluticn were. made (Table 7T

B1tch or serles addltlon of FL up to a concentracion (1. 8 mM), a&read?'shown'to;

- hL, 1rhnnt a qrnn:hin‘ iffper (Pio, 21) had rosultu: in nearly fdentical ultimate
W ‘ . - \/ -
’ - - - Il ’
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) Table 7 g:.‘._;t.,f."
Compariqoh of Sing]e and Mulriple Addirions of 100. mg/ Fluoreecamine
I and the Final F1 Derived from the Histidine- and. -
o _ Hethvlhistidine-FL Derivatives A
‘ '.. . .” P i - 7 . .-. : '
- {-'Volume addltdons (1) St T Fluorescence lntensity
e ' Histidine~ . Methylhistidine
50 (at ‘once) S e T - 9 0
S057600 T gy T e
. s -A . " “..‘..-.. . s . . - . v _ . R
- 010, 10, 30 . DR A : ‘ 8.9 _ F?
210, 105 105 200 T 47 - 8.9 '
" 310 x5 T s T el
',"190 (a) - - B 7% o8y
200 L s g L 9.

" Final volume increased by (a) 1,33, and (b) 2.33. LT

L4 'S
.

Values represent the average of two experiments using ‘two samples each.

“.

frelatlve EI "A single addition of 200 ul of the 100 ng FL-aolution which brouﬂht
\

_the final FL concenttah&sﬁ_up to 7 2 mM was also without ma effect. Although
X IS
‘JChen et.al. (1978) ‘Teported’ that sequential additions of FL to aSpurtate and-

aspnragine containlng qo]utions bOOSted fluorescence about 130/ and 160/

”.rrhpoctlxel more” thnu equ1molar batch Introduction, they dld not evaluato histldine

fluorescamine fluorescence.‘ Woreover, they showed thaf the relative F Eollowing

PR T

I

sequential reagent addition to alanine was elevated no more than 6%, Thererore,

| the fluorescamine-induced fluorescence quenching may be an observation which

o ~ .
haq been over-extended to erroneously include FL-histidine derivatives (in

A . . . . . .
) preparation) EEe - ‘ B o
e T _ : R

Llnearltx and Sensit1v1rx of Histidine Analysis Using quprescamine

‘A plot of the relatlve FI generated bv standard amounts of His base is shown,

~

In Firure 22, 'xnls 11nn1r'"elatronqn1p {r=0, 99) ewtonded up. to 6 nmoles of’

L
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'fLinéarity'aﬁd‘ééhéitivitv of the assay for histidine using fluor- -

eqcam‘he. (Insert enhances the plot of relative fluorescence 1ntena't"'

“versuq hlstidine bclow 900 pibonolee)
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"_His,(not Shown) Three picomoles could be detected and 10*12 picomoles gave,

.

'fluorescence values twice those of buffer blanks. For amnunts 1ess than 201 -

.piconoles (see figure insert), each point is the mean of 5- determinations, however

with the exception of 30 picomoles His, zhe S. E H. s are. smaller than the peints

used to. graphically represent their means. This linear relationship in the

presence of overwheIming excess FL also argues against FL "self-quenching""in
this concentration range. S : : o .gtjf : f‘f

-

ﬁApplication of This Fluorescamine Hethod to’ Rat Brain Tissue'

- -

Early in this study, high concentrations of protein (>200 mgz b0vine albumin,

fraction V) were found to generate fluorescence and thus interfere with this

) proposed fluorescamine method in brain supernatants. This. was confirmed in
—~. ",4‘ :

.experiments using unboiled supernatant samples from rat h}pothalamic and ‘cortical

regions. These samples generated relative FI values nearlv three’- times that.- of

-

boiled tissues.‘ Even after homogenate boiling, the ‘rank order of- F changed uith

I
.. the” speed of. centrifugation (for 20 min) such that 50, 000 % g > 70 000 xg>

100, OOO X g Therefore, protein was suspected‘to be an interfering constituent.

while different methods for protein precipitation exise, several“constraints had .

to be,borne in @mind. The supernatants from brain, alreadv somewhat dilute. :ould

~ T

not be dlluted several fold further in the process. Precipitation with ethnnol
had been.used in-urine (Nakamura.and Pisano, 1976), but required five-fold dilution.

The .pPH of this system could not be altered severely as this method is pH sensitlve‘

-~ '

Thus procedures which utilize acids were not considered as a primary choice

Due to these limitations, the methods used for. glucose analy51s in plasma were
’ - .

“attempted (Oser, 1965). . .' . ’ -

+ e

The Ba(OH) /ZnSO&,method of Somogvi (1945) appeared attractive since hoth

agents could be introduced, each in a small volume stoichiometrically balanted

and nearlv totnllv removed from the supernatant upon centrifugation.' Follopine

this general nroceuurt, prottin could not<be.detected in the filtrate. However,

- T
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1,

, . while Ba(QH)' and ZnSOA individually had no effect on the relative FI
. ,.f amounts oF His, MeH{s, Hﬁband WeHA when the la{ter wore combined the nlt:mxte

: intensities decreased 30~50/ Sevefhl modifications proved fruicless A nwro_.

extensive literacure surve} uncovered the fact chat barium and zinc salts may

‘-precipitate several amino acids, among ‘them, His (Neuberg et al., 1950)~'

s L.. An earlier method of Somogyi (1930) was far ‘more successful In this tethnique-

— anOH) is the. actual pregipitating agedt prepared from Q solution of ZnSOA

: m[xed u1th an equal volumc of NaOH at twice the ?nSOA conccntration. ' The fn?]neinr

yreaction occurs:"ﬂ~‘

S LL . znSO, ¥ 2 NaOH —’—_——?‘,zn'comwos% |

: Neither ZnS0, Q. NaOH Zn(OH) (once formed) nor- Vazsoa interfered with the ultimate

.?1 of the imidazole derivatives.. Nevertheless, the- amounts of ZnSO and NqUH-were

N LIS
. ——

titrated so tha; NaOH would not be far Ain excess- and eventually alter the pil of ‘."

the filtrate.,‘t
P

The Issue of Tele-Metuvikistidine in Rat Brain: A Potential Source of Intcrlyrigg;#'“

- -The above arguments for'e'highly selective method to mecsure brafn His basbid
on fluorescamine derivatizationfare moot-if one oﬁjthe principal requirements

.
-

iS’not.true. That 15, ‘the assuﬂption that o other substances are present in the__

. brain in suf‘icient quantities Lo significantly interfere with His measuremcnts

While the concentratlons‘of HA‘and MeHA have been studied in brain'regipns of_j

~

the rat, MeHis has received'little attention,_-Several-attempts to detéct free

MeHis in mammqlian*braln'were-unsuccessjul (Talian et_al.. 1954; Haverberg et al.,

—

1975). Nakajima-et al. (1967) were able to extract up to 4 mg of Meflis from a

. -

-~

tot11 of 45 bovlne whole brains (aﬁd presum1bTv from the blood that bathed rhnn)

Perhaps the most cowprehenSive analeis of” MeHis and related amino acirls

« '~ . present in mammalian brain is. that cf Nakamura et al. (l979) who studied whole

puinea pie brain using bi b verformance liquid chromarography with OPT.  While

o
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‘standard curves for several brain amines (authentic compounds diqsolved in 1i«hium

citrate buffer) including WcHis show clear linearitv and peak area ratios (amine/

standard) of,as little as lO picomoles of amine, the graphical reproduction of |

-fluorescence inten51tv following injection of deproteinized guinea pig uhole brain

extract'was'fa: less impressive. Confirmation of the peak identities by thin
S ’ . . .

[layer chromatographv'nnd furthér characterization with OPT and fluorescamine leave
- listle doubt that r-meth\lhistidine was indeed present in the extracts. Howcvcr,

separate isolation and quantification of MeHis were not reporred Back caleulhtion

of data supplied in the table . and figure (Nakamura et al. _1979) leads Lo Lhe I

conclusion that an approximate mean of 3629 nanomoles of MeHis per gram of whole

'guinea pig brain. exists which corresponds to as much as 6 nanograms of thls amine’

_per gram tissue. Unfortunately, in this report the presence of whole blood

. nesenchyme and related tissues as a contaminant of the whole guinea pig brain

preparation is clearl\ evident from the methodologv presented Thus. the exact

'50urce of the Melis or the relative’ contribution from each- tissue (hrain vs, blnod)

cannot be precisely ascertained. Since in the cat, levels of Heﬁis from p]asnl

:extracts could be detected while those of the brain c0uld not (Tallan et al

l95d) one cannot presently attribute all- the MeHis to ‘cerebral sissue alone

P

although species differences could,.at least partially, account for'the discrepnncy._

- This prompted a specific search for Melis in the rat brain. Unfortunately,_'
an amino acid analvzer and HPLC equipment available for analysis did not hm.n
sufficzent sen51t1»it\ to detect brain His nor MeHis, under the pPresent conditlons
of tissue preparation and nethodologv. Therefore qunlitative analysis uslnp-
thin. lavor chromatograph\ became the most ObV10uS approach Rat hypothalanir .

1nd cortlcal tissuos nere prepared and derivntized with FL as in the brafn I

procedure described in the nethogs. However instead of me*suring the resulting

.F&, the mixture was applied to silica gel TlC plates and eluted on two solvent

[~ 4

svsirons niung with authentic'His, MeHis, -HA and»MeHA, The solvent systems:
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—butanol-acetie acid—water (80 20: 100 - upper phase) and isopropanol-acetlr acid-
water (120:40: 40) were. .among those suggested bv Nakamura (1977) Only one -
:fluorescence positive spot. that corresponding'to the His—FL adduct - was. vlsible
for either hypothalamic or cortical tissues in each solvent system.f Addinr Iarg

aliquots to the TLC plates served only to intensify thevFL His fluorescencn whi]e

" no other fluorescence positive regions were apparent. "In a'second experiment
.

' HeHis (prepared in" borate buffer) was added to the supernatant filtrates in

Increasing amounts. Various known amounts of MeHis were run on separate channels

“

"of the same _plates. The Ninimum v15ually detectable threshold" of MEULS, iles

the least amount of MeHis which must be present in order to be ‘seen ‘with the
unaided eve under UV lighting was. approximately 30 picomoles. ‘In the hvpothalimic
"and cortical samples onlv in the samples to which 30 picomoles or. more Meﬂiq

‘were added could a fluorescence positive region be observed Unfortunate}v this

méthod is not reliablv quantitative. Yer, it can be inferred that the exopenaus

g,

WeHis cauld onlv have acdded ‘to endogenous stores that were either meager 8t non-

existent.

Comparison With'Published Data" . - - SR
FollOWing_the development of this methodologv using fluoreseanine the‘-

“histidine levels ‘of the tuo brain regions whose fluorescence specificitv ‘had

already been characterized, were determined. The results are summarized in'.

‘Table 8 and’ conpared with the range of values reported by Taylor and Snxdor'A

(l972a) using the hacterial HD method of histidine determination

lable 8

;Rat Brain Histidine Content (ue/g) .

-Tissue - 'Taylor‘ﬁ Snvder {(1972a) Fluorescamine Methad*
Hepotbalamus 18-25 . . . 200 A%
- Cortex | R A T R IO 27 I

*Mean of 6 determinations = .

AT
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'Limitation to the Fluorescamine Wethod for Histidine Analysis

| While brain His nnalysxs with' fluorescamine is % highly selective,-sen51tch. ,Q

&finexpensive and rapid procedure that utilizes comppratively unsophisticated

"klaboratory equipment, extending this method to other tissues or. biological eamples -

‘may not be appropriate. ?rior or subsequent separation of potential Substratesfl}
'i(i e.-those compounds which derivatize uith LF and exhibit FI after heating in
i'acid) for this method is required unless prior knowledge of their concentrat1one

: :Justifies omission of thlS procedure.' This is the case for rat brain. Adth.:at :
(>°50 g body ueight) plasma and urine may possibly be evaluated by this-method -
-because MeHis, present in substantial amounts in the plasma of younger rats; is.7'
i Na-acetylated in the’ adult prior to kidney clearance (Young et al., 1972) ‘This’
'method clearIy is not appropriate for human urine due to substantial presence of" _‘,';
Weﬂis (Prell in preparation) Protein removal is obligatory and the'tisque j"

;must be well "cleaned" before homogenization to remove any potential interrerence

e -~

from other substances present,’e g% plasma or connective tiSSue.
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8 Preparatidn of tissue -and. general procedure for subcellular fractionr L

‘ation of brain tissue

: j Rats were sacrificed between 09.06—12;00'by decapitation.and the erains '{f:ur;'
were rapidIy remoned then dissected on ice according to the method of Glowinski |
and Iversen (1966) The hypothalamus was nonogenized in 500 pl'whereas the.mid— “‘.‘
'l'L‘brain and right cerebral cortex regions were homogeniZed in 10 volumes of 0 32 M 2.1i
'_l“sncrcse. Homogenization was acconplished nith 10 strokes-using a’ model AA Pctter-f}?3
‘.-j.élvehaen homogenieer fitted with a. Teflon pestle (0 25 mm clearance) driven at ‘
l~?50 r.p.m. Aliquots for histamine determination and prctein analysis (50 pl
. :'and 25 pl, respectively) were.retained.‘The remainder was subJected to multiple
'.centrifugations by.a nods fication of th; nmcedure outlined 'by Gray and- m*ctaker"' .
j(1962) leading to. recoverr cf various_fractions,.as-depicted in Fié. 12. \Hh
.:homogenates werevtransferred to. Sybrcn/Nalge 1? x 119 mm-polypropylene conical
. tubes and centrifuged at 1, OOO X g for 10 minutes in a Beckman J2~21M centrifuge‘
‘_;o‘generate the crude' 1 pellet The supernatants (S ) were decanted into |
fi other 17 x 119 mm conical tubeiéggile the crude pellet was washed with 2. %/;ol.‘J
- ef 0.32 M sncrose, resuspended and- ce‘EﬁIiuged aéain at 1 000 x g for 10 éin.
_ :lhe resultinghsupernatants from tpis procednre were cambined with tne.primary

supema.ta.nts and centrifuged at.20,000 x @r 30 min formi'zg the’ crude P,

pellet These S2 supernatants were decanted into 10 ml Sybron/Nalge Oak Eidge :

LI
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General Scheme for Subcellular Fractionatlon of Brain Tissue In;o Nuclcnr (P
P Mitochondrlal (e )) Microsomal (P ) and Sugernatan: (53) Fractionq

- ’,' . . f . B v :- oo N -
E : Homogenize in 10 vol sucrose (0 32 H) 7._': o j"
Pipet into conical’ tubes o S N
Centrifuge at 1,000 x gflo min T e .
& . ) = . ‘-"‘. i . ‘-‘ —
: oa L
3 . _:"1.: ' Wash Pl with 2-3, vol eucroge
Tt - Re—susp&nd‘ re—centrifuge
_ f\f' . 1. f,..~:h ;\;fﬂ;‘“x ;'T;;- p:ux_:'lf o f  Y 1-t~ o
-, ‘Combined- 'Sl’ .' ‘., . ":"‘....‘ —‘ -_- - N --‘..--. “‘ ., ‘l.‘l. . '- o ?1 (NAS}[E]))_ > ._ -. N
"7 Centrifuge at 20,000 x /30 mid - C .- AR L '. ST
.y..h‘ -'-.-;3 j. : l‘.f\;\'jf Wth Pz wlth vol sucrese |
_ ‘ T “'.j.' Re-5uspend re- cenLr1Fuge~ o
. : —_ ‘:- S - . |_ ’
R A S T

" CombinedS, o i

' L T T T b (WASHED)
Centrifuge ‘at 100,000.x 'g/65 min: o ;'f' - : LT - e

P s
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o :"WPe Powarbonate high Sheed. cqntrlfuge tubes while the crﬂde Pz pellet Ha.s

p washed with 2 volumes of 0 32 M sucrose, resuspended and recentrifuged. The

-

. secondary and prima.ry 82 superna.ta.nts were combined a.nd centrifuged a.t J.OO 000

: x g for 65 mn,n in a Beckman 1.8 ?0 prepa.ra.tive ultracen‘t:ii‘uge "i‘he resulting

L4

Ihigh. speed, superna.tants (S ) were removed from the" P} pellets. Due to t.he

N ,."uechnical d.‘ifficulties of isola.ting the pa.pe::’ ‘thin, crum'bling hypo’r.halamic P3

’ pellets in a.n uncontam‘l.n?tedt form, this precipita.te ‘HaS not reta.ined. All

. ‘ _pellet.. ans supernata.nts ‘were ma.inta.ined on ice ba.ths a.nd c:en-brifuged a.t 4 Co
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"EATIONALE.FOB'THE;PROCEbURe?FOR_'

T S . e ) 4 -
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‘":UﬁAk FRACTiONATfONJO?‘BRAIN'TISSUE R

-’__,.

In a survey of the literature OR" rhe prcparation of various subcellul:r

fractions from brain tissue and the HA levels-in each Fraction. ‘a olcar wéll

F

/,established technique falled to emerge (see Table 9) While almost all of the

studles generated‘P1 and P3 fraotions-at 10& and 106 g—min respectivelv . w;de _

spectrum of gravitatlonal forces and centrifugational times (ranging from 3 A=

.é. 10 2 xlO5 g-min) were reported for formation. of the mitochondrial (P ) Irect:on.

a STl

-~ Since thlS Eraction is pre5umed to c0ntein the bulk of the synuptosome p0pu11tlon fir

- A

-and the highest histan;ne concentration (in most studies), its precise prep1rntion

- 15 vital for proper analvsis Therefore. ine th;s stod;, the arithmetlc nverqpo
.. I

" -

oF the various published mcthods was used to Eorm the P2 fraction, i e._6 l r 10S g-.'.

'n;n or approx1matelv 20 000 X g for 30 mln, nearly the same conditions used bx~‘r

) hataoka and. DeRobertls (196?), Young et al (1971), Snyder et al (197A) and

Schwartz et al (19:9a) Thls decision wae supported bv the fact that xn tuo of

Lo

these studxes (hataoka and DeRobertis, 1967 Snyder et al., 1974), electron #f"

'mictoscopv .neurOchemlcal murkers and)analysis -of synaptosome abundance using
' s - PSRRIEE
,dlscontinuOus sedlmeﬁEZtlon technloues supported the methodolog} applfed fnr

-
I

O frnction preparatlon. These latter studies not onl) vcrlfied the unecuivocdl

-

_prv\encc of “HA in - tho Pa. frnction, but aJso localized much of it to. thc QVHWPC0~-'i517

. .

-r.sOmal subfraction L However in the ahsence of subfractionation anaIVSiS, chunges

" Tin Fractlonal histnmine content, espec1a11y in the P: ;raction, do not prou

- . . . ~

. conclusively'that the alterations occur in the synaptosomal.nor even the neuronal e

.

- - .

-stores._ However, changes occurrxng in»the neuronal storES'of histamine woold

.almost cettainlv bv expected to appear in the mitochonarial (E ) fraction.

- . TS, PR . DT
. . . . . et T,

"
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\ R -Table 9’

L

Histamine Content (Per "Cent of Tota]) in Variouq Subcellula: Fractions
‘ - bf‘ R'1t or (uinea Pig Brains

”Tcthod (\ : . ‘Frac_tio'n' B

- /
. = 7

-Authors k/ . 'S.pec-ies.‘ | of Analysis L . ;
\ ’ B T '—-n" Rl e PZ P3 S3
] \/ . ] ) . . } /_ . .
 Michaelson and ' - guinea pig fluoromerric - - 60 _ . >»30 — (1N—y
Whittaker, 1962 _ S LT ' o«
Carlini and Green, ~ -rac . = ° bioassay &- 7.6 .62.5 =199 .
1963 , - fluorometric &~ - T
B ¥ S S
Michaelson and Doue guinea pig fluorometric ' R
1963 - S A - o ,
- _ . . o B . o
"Iichaelson and Coffman, guinea pig fluorometric 140_ <€ RIS -
1967 - - T T \ .
"Kataoka and DeRoertls, _rat \\g_, bloassay 7.7 21 51.4 19,9
19677 : ] . : : : . ,
Kuhar et al., 1971b_ ,'}:at .. . enzymatic— - ' 20 ‘ 6.0 T €= (20—
) . S -, 1isotopic : : L :
Young et alé, 1971 - rat - enzymatic - .23 ) 36 . ,3- Y 44n
‘ ' : ' isotopic I : . : '
" Snyder and ;Iaylor,' rat ‘ ) enzyﬁa‘ﬁic—' "_'2-1', 22,5 S - 515
1972 L ‘ - - isotopic T -7 . xS \\ ‘
. ] . ) . . - . . wr o - R . )
Snyder et al., 1974 Tt . « enzymatic~ o202 i N1 15,60, 1707
' ) -+ . .isotopic L P
. . . . ) . . ha ' . . . . - C:g\. . o . .
Dismukes et al., 1974 - rat . . enzymatic- 17.9 5520 " @0 0
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'9, Détermination of brain histamine concentration in siubcellular .

~

. fractionatidn studles: single labelled method - _

O L ‘Due-to the reduced HA content in eachlsaﬁple;lalﬁggslsensitiye_s ngle

_1sotope method and the highly active-rat'ki&neytHMr aé'thg exogenous methylating
;..enzyme:ﬁere a?plied to analyze histamine content of the homoéenatés and various ..
“fractions. The enzyme was péepared.by‘é modificaéioh'of the method of Shaff and,
" : ...' - '-‘ - .

= : . . R

Beaﬁen,(i??é) and;wés'a‘éenér§ﬁ§ gifi from-prt R. K. Harding of the Departm;hﬁ j

o£ NéiiQnal Défensé, Céna@a..Tﬁe Sinéié iéotope_me@hod used was a coﬁbination

ofithe éipgle isotopi; techniques of.Taylor.and Séyder (1972a) ;nd Bea?gn{et_ii;
- (1972) and inqorporate@;sévéral'modifibation;lsuggééted'bf_Beav;n.and Horakbfa”

(1978). - - X o L - -
o . : . @ - |
Homogendte samples (see above) were diluted with 2 volumes of sodium

. phosphate buffer (50 mM, pH 7.9) and vortexed. The pellgts Were resﬁqunde&‘-

in 2-5 volumes of the séme buffei'ahd vortexed, 50 pl aliquots of these.agéilaﬁ;‘_
| . “» T -
and the 33 samples were retalned for protein analysis, Protein concentratifons
- : . . . .'\ . L. . IV /
".. were determine® by a modification of the method of Lowry et al. (1951) a -

describéd’earlier. The remaining resuspended'matérial'hhd.SB_fraction wdre
N : “ .
heated in a boiling water bath for 10 min, then centrifuged at 50,000 x ¥ for
20 min in a Béckman 15-50 ﬁreparative-uitracehtrifuge._Fiftj/microliter super- | -
- . - .
.- Y - £

Lo natant aliquots were retaired for HA analysis in p&lycé&hﬁéﬁté culture tubes
and frozen at' -80°C until the time of analjéis. The supernatant samples (thq L l q



Ehawed) ‘and assay blanks were buffered with 50 pl ‘of qodium phosphate buffer

-

-1 6'3;" E |

x

(50 mM pH 7 9) and thereafter constantly maintained in an ice bath. Qlanks"

were composed of. 5 mM phOQPhate buffer (pH 7 9) Io-each eample'and‘blnnkl.:

-

.50 ul of an. activation cocktail" were-added"’This coneisted'of'l Z'nl of Lﬂe.: ‘

cvogenous enzyme buffercd with addition of 1.8 ml of phosphate buffer (SO m!,

pH 7 9) and 3 ml of a- similarly buffered S-adenosyl L-(methvl H)methionlnc

-
-

(SAM) solution._ The.SAM concentratiOn of the fingdl. mixture was 3 ) uM wit a
volumetrlc specific acrlvity of l 39 nCi/ul The mixture was vortexed and
¢>

incubated for 90 mlnutes at 37 C. ]

’
n‘

. Following incubation,»the reactiOn was terminated by addition of. .2 % perchloric

' hcid Lo vield a concentration of 0. 67 mM. This mixture was vortexed immedi1tely

-

placed in ‘an ice bath and rendered alkaline by the additi'n of 290 ul of 10 AN

haOH._ To thls,mixture, 3 0 ml of chloroform (Baker Resi—Analvred J.T. Lnkcr

Chemicel Co.) was edded then vigorously vortexed and centrifuged for 3 min at
l 000 X 8. " The aquc0us laver was removed by aqpiration. The remaininp‘orunnic

[}

e\tract was agaln washed with' the NaOH solution as abo»e and the aspiration ol

thc aqueous‘laver was repeated. Iwo miIliliters of the residual organic phase

Sy -

were transferrad to polyethvlene liquid scintillation counting vials and cvap-

.
P

orated Lo drvness under a nitrogen gas etream.‘ The residue was dissolved in

._eﬁhanol and'shaken for 10 min prior to the addition of lo,ml'of E¢onof luor (NEN).

" The tritium was counted to within a two sigma error of 2% in a Beckman model 900D

.liquid scincillation spectrometer. The standard curves relating the disinteprations

per minute as’a function of the nanogtrams of incubated histamine were obtalned

-

' -byuSUbstituting.0;0;—3.0 ng,ouse.of buffered histamine (HCI)U {(in a volume of

o

50 1) for the‘supernatant samples. In each assay of tissue histamine conc—

-‘entrécion, etandard HA'solution¥ of 0.2, 0.5 and 0.8 ng were run in parallelz

S’

'for'compnrison, Histamine dihydrochloride'was purchased from Baker Chemicn]s.

L Y
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literature values (e.g. Taxlor and’Snyder 1972, Schwartz et al 197 9a) can he :

-‘.7154-::
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“Commentarv on the Single Isotope Method

The single labelled method used in this studv borrows from the techniques -

outlined by Tavlor and Snvder (1972a) and Beaven et al. (1972) with additdonal\'A

-._modifications and adjustments based largely on. experience with the double labe]led

'Y

o method snd HMT assay procedures.' For the subcellular fractionation studies in

-

particular\\the problems of sensitivity\énd'precision were the most serious is5ues

' with which to contend. . The anticipated reduction .af total HA concentration in -

‘brain tissues from ethanol treated and withdrawn rats, the reduced tissue content -

per fraction and the progressive dilution due to multiple washing steps necessitated

a procedure by which -one. could consistently determine HA levels below n. S ng..

This reduted level w0u1d also have to be determined in volumes which would not

introduce marked errors in pipetting (<25 ul) nor require furtheraexcessive dilution
of sanples already diluted in the fractionatiﬁﬁ‘psaéeiire.. Thus, 50 ul amounts:

. ' \.
of qupernatants of boiled homogenates, resuspended pellets or high speed SUper—

natants seemed an appropriate compzomise. The homogenization of brain tissue

/\

in 10 volumes of buf er obv1ated the potential "volume of homogenate-histamint‘
: A

level” effect postulatﬁd by Orr and Eicnelman (1979) Homogenization of *he

ﬁvpothalamus (70—35 mg of tlssue) in 500 ul of Buffer did not_ exccssivelv dIlute

this tlSSUE‘Unlle prov1d1ng sufficient volume for furcher’ concomitant analxsoq

Y

of " the same homogenate sample. e

rﬁe destruction of SAH and the denaturation of most enzvmes which occurs

EEIAN o
by boiling ClSSUC appears to be obligatory However, results compareble to ___

13
{
/-
L

l'

obtained by subfcrfing‘the samples to 80 °c temperatures for lO minutes. This'

reduces losses due-to evaporﬁtlon which has the effect of concentrating tho

remainin o ungterial in a snnl.erHVolume possibly lending to higher HA values-f’

v
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,Except for this step, c0ndﬁtions for centrifugation and subsequent freezing of

supernatants were not alCerod oL T ST .

Some modifications were introduced concerning the composition of the mI>ture

“added for incubation.' Tritiated SAM’appears to- be stabilized-in the presence of :

:HHT (Benven and Horakova, 1978) The double labelled HA method utilizes a
% . -
,sequentral-addition‘of HHT and 14 —SAM which causes the cpn of blanks (and Yl
presumably tissue samples) to iocrease in proportion to the time that elapsvs before -

addition of gu1nea pig‘braln'HMT and'ld C-SAaM, Therefore, an 'activation cockt1il

composed of 3H-SAM and guinea pig brain HMT buffered at pH 7. 9 was addcd‘bcfnro

'”the incubation proqess._ In this wav the blanks remained nearly constant tnrourh—

. .

e

out the cocktail introduction period which lasted up to‘SO minutes when large

-

numbers of samples were evaluated Batch additxon.tends to overcome~this potential
N . . " - : .‘ _‘ :.- i ) £ | .
artifact.ﬁ : - . S ) .

»

The termination of the incubation reaction with perchloric acid followed bv

=

'a-strong NaOH solution is a marked departure from the Tavlor and Snyder (19x_a)

mcthodology while the nultinle washing and aspiration steps depart from that nf

Heaven et al (1972) and Beaven and Horakova (1978) : thoroform was used as ﬂu

ertraction solvent 1argel} due ‘to its volatilitv, although other solvcnts surh :

as tuluene isn1n\1 aICOhol ma\ be suitable under conditions of the sinple labollcd

. - - - b

technique. Following evaporation, elution was done with ethanol and Econofluor
(AEV} was ‘added and-cdﬁnted as described earlier. ' _ ' ~ '

.

U51ng the above methodology. blﬂnk values obtained were’ about 800 l 000 cpmd

0.1 ng of histamine rould be consistently measured with confidence while D 5 nks-z_v.

were about 3 times higher th1n blank values. All ‘HA standards were analxqtd 1n~<'

i N ..

-\\;iﬂﬁptrlplicate and triplicate blanks were distributed between every 9 tubes cont:xnxnv

standards. HA- levels as lqw as O 06 ng could be detocted however 1nouphnut

’O?J

_‘an ewperiment containing up to 15 buffer blanks the cpn values of some of the

qur-Fﬂmvv«s;nnn]l;.excuuuvd Lhosg of «this small HA standard. An enlargemenglof
. E . : & L
o
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"the }ower portion of a HA standard curve (1inear over. the range from 0.06 - 3. 0 ng)

is shown in Fig. 24,

. ~

-

S T

DISINTEGRATIONS PER-MINUTE (xi0-3)

N UL S TR S N R TS S B T
02 L .04 06 03 10, 12
NANOGRAMS OF HISTAMINE BASE -

.

Fig;‘ 24

The sensitivltv an linearity of the hlstamlne aqsay usxng the single
labelled method S

"Slnnle Labelled Hethod stng Rat Kldnev HHT o ‘ -

The use of rat kldnev HMT as the exogenous methylating.enzyme (Shaff and

Beaven, 1979) had marked advantages because it 1mproved the sensitivity of~the

1,

 assav and gave lower values for (assav) blanks than thoge oBtained An a similar
- method in Whlth gulnea Dig brain HMT was used! Nlth Tat. kidney HMT the blauks =

wgro in ;hc'rnngu of 300-490 epa and O U? ng BA was detectable and 0.2 ng HA
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gave approximately t&ice tﬁe blank vaiuesi' However .Ehe dpm/ng HA ratio was

generallx reduced to about half that observed with the gulnea pig enrvmv < In

addiC1on, the indiVLdual samples of the t{iplicate set Qhowed less vagiatxon when

. eI ) a
u51ng the rac kidney ‘source.

=
bsing this more actlve methylating enzyme, it could be-shown that in the

presence of 2.0 ng HA the methylacing process was already ‘maximal bv 30 mlnu:cs.

v
_However after 90 min of 1ncubation, the recovered radioactivity had increased
by about &% over this amount. This may be largely due to non-specific reactions

-

with the_laﬁelled SAM which generatés.products that are chloroform extractable.
- . . - 2 - .

Unfortunately, due to the large number of samples which are analyzed, an incubation

period of at least 60 min was required. If.this‘highly likely, non-specific

—

-~

reaction occurs in all the samples. to appfoximately the same extent, then this ‘
issue has little impact on the results. Since this .gengral method has pro?nund f

. . . N 7
utility in the bpaiﬁ histamine field, the nature of non-specific increase

in rad;oactivity with respect to time shall be inveséigated further.

‘H - _‘jl , . - , | ‘ g 4!{_

B

ey

p .
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B. Protocol for Ethanol Administration S o VAN

1. Schcdule for acute studies : S "

-

(Ottawa Ontario) were housed 2 or 3 per cage maintalned in a 07:00-19:00 ljght
cvcle and fed Purina Rat Chow (#5012) Water was continuously available bur
" food was wichdrawn at .07:00 the day of the experiment. Rats were administcred'
by gastric intubation, either ‘1 or 2 g/kg of a 25% (w/v) solution of ethyl alcohol
'(oﬁtained from the Liquor Control Board of Ontario) in tap water.r Ra%? qerving

as controls teceived 1sovolumetric saiine to account for-the stress of intubatiom
and gastric distention. i R
TiSSues'were prepared byrtnenprocedure‘outlined.in tné double labelled

) histamine methodJ Honever; since HD is labile, the 300 ul homogenate.aliquotq
for HD activity deternlnation were immediatelv buffered and maintained in an
ice bath. Thcy were tben given to Df. Bozena Bielklewicz for initiation of tnc‘
fitst éteps of-the'analysis while the remaining homogenates wete prepared for

other biochemical analyses.

2. Schedule used for chronic studies (doses up to S'g/kg)

‘Male Sprague-Dawley rats (190 -210 g) obtalned from Blo-Breeding Laboratories
(Ottawa, Ontario) were housed 3 per cage with a light cycle of 07:00- 19 00 at a

room temperature of 22°C =+ l C. The ethanol treated animals received 251 (/)

.
» -’

ethanol in tap water via gastrzc intubation in doses ranging from 1 g/kg

Increasing 1 g/kg on da\q 3, 6, 19, 13 and 17 to 6 g/kg according to a modIficd

Y

schedule okaedlanc et al. (1969 1973) Rats serv1ng as controls recelved the
caloric equ1valent of ethanol as a 43.8% (w/v) sucrose solution in tap Qatcr.
'In order to. account for the strcs; of intubation and gastric-distention4 a
second group of control rats were adminlstered saline isovolumetric to thc
. LI f
ethanol and sucrose/trcated ‘animals. Animalq (n=9 each) ‘were treated betneo

“’:”P-fﬂzﬁn\njth the dosing étaggered such that 3 rats from €ich éroup_wcro

sacrificed on'day 23.



' Almost all authoritative sources agree that no single animal analogue meets

the requirements necessary to mimic human alcoholism (Lester and Freed, 1973;

- ~ -

Mello, -1973; Cicero 1979). Of the methods available tg circumvent selected ;-
‘aspccts of these difficulties, the "forced" methods o ethanol administration
produce dependence and tolerance but unfortunately remove the volitional aspects
associated with human alcohol seeking behavior. This approach has important o
pharmacological utility, 'i.e. more effective control of dose and attainment of

high blood ethanol concentrations. The technique with the greatest pharmacological
advantage is the intubation method. since high blood ethanol levels can be- at ained
precise quantities can_be administered, large numbersiof animals can be treated,

no special equipment is requiredwand‘marked tolerance and dependence can be
_produced. However. the 0bv1ous disadvantages of this technique gre that the

method may be stressful high concentrations may’ lead to gastric disorders such

'as ulcers and the combined Gi- irritation and intoxicated stite may lead to

reduced food'consumption;
This leads to the problem that chronic administration of ethanol to an}

pecies, 1ncluding man, is associated with a unique difficulty not posed bv

any other psychoactivc drug. Chronic alcohol ingestion is associated with

conSiderable caloric intake, i.e. about 7 kilocalories. per Kg of ethanol.

Therefore chronid ethanol administration in increasing doses will necessarilv

'displace a significant fraction of other sources of calories from the diet.

When calories from ethanol Tepresent a large portion of the total caloric intake,
it fails to support growth or the: maintenance of weight as well as an isocaloric

amgunt of rat (about é- cal/g)'or carbohydrate or protein (each about & cal/g)

" (Orten and Neuhaus,.1975). This “has been a serious problem with chronic

ethane]l studies and the anhiecr of several criLicaI revicQs (Westerfeld and
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. Schulma.n, 1959, Lester a.n.d Freed, 19?3, Mello, 19'?3, Cicero, 19?9; Goldstein,
1583). o
$he present method was adopted so0 as to exploit the above advantages ‘
mentioned earlier using the equipment available. Sucrose Has used as qge nutrit—
' ‘_ional control and administered in quantities isocaloric to the doses of ethanol
_(LeBlanc et al., 1969; 1973; Kalant, personal communication) However, since'
some investigators had not utilized nutritional controls in their methodologies :
(especially those .investigating ethanol and brain histamine interactions, €ule |
Sdh_amanian et al., 1978) and as- there was no information concerning ‘the effects .

- of sucrose-on brain HA, saline controls were alsp used.'lheSe would also serve

‘as a control for the dally stress of intubation.

2

{
~
Y
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.. administered 25/ ethanol (wfv) in tap water via gastric intubation in dosoé .

being proportional to the alcohol dosage. On dav IR of eth
LN

R

it

3 Schedule used Eor chronic studies (doses up to 8 g/kg)

-

Male Sprague—Dawle} Tats - obtained from BiO*Breeding Laboratories (Otrawa,

Ontario) were housed 3 per. cage under conditions described earlier ' Thev were
)\

ranging from 1 g/kg increasing ta 8 g/kg by day 26. The dosage. was incrcased
at 1 g/kg increments every day until day 22 and maintained ‘at 8 g/kg thereafter.
Control rats recelved the caloric equiuﬁzznt of ethanol as -a sucrose solution

(43. 8%, w/v) in t1p water An ethanol uithdrawal group was given sucrose as

a substitute for ethanol 2 days before the time of sacrifice. The animals were

treated after 17: 00 until day 23 thereafter they were. dosed before noon. Rats

given ethanol, sucrose or withdrawn were housed with similarly thEEEE anina]s.,

The d051ng schedule was staggered such that on the day of sacrifice, 3or 4

”animals from each group were sacrificed between 09:00-12: 30

C. Behavioral Evaluation bv the Use of the Tilting Plane Test

-\
"The tilting plane test was performed by a modification of the method of

r

Arvola er al {1958) and Wallgren et al. (1960) as suggested bytDr. Harold

'Kalant~(Persona1 Communication) ~ In this method, a plane (60 cm x 35 cm)

covered With 80—mesh netting was tilted at a constant.rate from O to QO in
e
about 5 seconds The angle at which the rat would.slide down the plane was

. measured and reflected the state of intoxication, the decregse in performance
ano

which were then reccrvmng 5 gfkg an

tested cn the tilting plane his performance was then compared to that

Mg
ministration of a 2 g/kg dose of 252 (w/v) ethanol. The

observed after oral :
test was performed every 30 minutes for a period of 3 hours for both groups
consisting of eight animals each. Each rat was tested at 1east 3 times.

D. Evaluatien of Rat Bedv Temperature-

The rart bod\ ctemperatures were determined by a rectal probe using a

-

model 43T Tele—Thermoneter (Yellow qprings Instrument Cb., Yellow Springs, Ohio)
)

adninistration, rats

/

naive (untreated) rats of - conparable weibht were



B P R

.graded'to * 0. 05°C' The temperatures were recorded every 2! hours for 13 hours

starting at’ 10 00 on days 20 and 21 when 6 g/kg ethanol was being administered

" E. Statistical Evaluation of the Data " '~“.

Statistical evaluation of the present experimental da.ta began with application

of the Q test (Dean ‘and Dixon, 1951) to determine the’ suitability of eliminating

Vpotential extraneous values from, furthef analysis. Thereafter, ‘mean values from
control and experimental groups and their respective standard errors were- determined o

and compared using a‘"two-tailed" Student s t-test, Differences werejconsidered

statistically significantlv different if p <0 05.. In. cases where multiple contrnls b

.were utiliZed ,the data was- evaluated using analysis of variance (ANOVA) 1f

-~

ldifferences were considered statistically significantly different (p <0 05), a'

.further test, the Duncan multiple range test, was used so -as to classify the data N 4(.

-

“into gqups significantly different from one another..-
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Effects of Ethanol Acetaldehyde,.Mogphine and Naloxone on Histamine N—Methyl—
Transferase“Activity in vitro C ORI o ‘

- .

T e’ arithmetic mean (* S E M. T'of control rat brain histamine N-methyltrans- -
ferase (mﬂ') activities of t‘ne six invesrigations were 2. &1+0 10 2 05+0 07 and
l 77 0 08 umoles of methylhistamine produced per hour per gram of supernatant
,_protein for che hypothalamus, thalamus~midbrain and cerebral cortex, respectively .

""These control values are graphically depicted by dotted~1ines in Figures 25_28 _3 ﬂ'
,.for the sake of comparison. In all cases,_the rank order of tissue HHI activity

. was hypothalamcs >. midbrain > cortex. - _::L‘, ~'
' No marked changes in HMT activity were observed in these regions when‘

-

:.incubeted in *he présence of either ethanol or acetaldehyde (Fig 25 ). At ethanol

,'concentrations of 1, 3 and . 10 ™, the mean HMT activity also failed to- deviate

"\ . ‘J'

nmore ‘than- lO{ﬂfrom control HMT activities in the three brain regions. In’ contrast;

£

=

i ,pLHMT activity showed a marked departure from control values when iﬁE\Q&i:j in the
Fig.2

: )

presence of large concentrarions of’ morphine sulfate or: naloxone (

t

'-Morphine concentrat ons above lO uM‘t ed.to elevate HMT activity snd profoundly :

‘inhibited ic’ above 100 uM Na oxone induced an increase in enzyme activitv nbove

v

C 10 uM while at lower concentrations, ‘both it -and morphine showed little effect ‘on

“a

HMT activ1ty in each .of the brain regions studied. The effects of_various ethanol :

concentrations on HMT activity remained essentially unaltered-in'the‘prescnce of
1 uM morphine sulfate (Fig 2? ). -At a concentration of 1 uM naloxone had no'

. ~ 4
influence on the effects. various norphine concentrations*had/on HMT activitv

(Fig. 28) The individual values of the triplicare set -never varied more than

12% from the mean value of that triplicate except for lO ol ethanol,in uhich{iﬂse a
¢l ’ ‘ ) N E
some values varied up to 10Z from the mean. .

-

Effect of Acute Ethanol Administration (1 and 2 g/kg) on Regional Brain Histanine

: QAQCentrationsand on Histidine Decarboxylase and Histamine N-Methvleransferase’

Activities N L e - -
Figure 29 indicates tne'time—course of ethanol-induced changes.-in regional

— - B Y

—— - - e e T . . T AR ey e - - . —epp——tn . BN . -
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Fig. &5,

Effects of various concentrations of ethanol (upper graph) and acet-
aldehyde (lower graph) on regional brain histamine N-methvltransferase
activity. Each point represents the mean of two independent-deter-
minatlons. Experiments were performed in triplicate. =
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Fig. 26

Effect of various concentrations of morphine (upper graph) and naloxone
(lower graph) on regional brain histamine N-methyltransferase activit\.

Each goint represents the mean of three independent determinations,.
Experiments were performed in triplicate.
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Fig. 27

Effect of various ethanol concentrations on regional brain HMT activity
in the presence of 1 uM morphine. Each point represents the mean of
two independent determinations. Experiments were performed in triplicate,
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Effect of various morphine concentrations on regional brain HMT activity

in the presence of 1 LM nalexone. Each point represeats the

mean of two

independent determinations. Experiments were performed in triplicate.
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brain histamine (HA)_content 60, 90 :and 120 min after drug treatﬁent: Both hvpo-
t@glamic and midbrain HA levels were significantl§ elevated (+92% and +23% of
control values, respectively) 120 min after 1 g/kg ethanol (25%Z, w/v) was admin-
istéred by intragastric iécubatign. At 60 and 90 min, hypothalamic and midbrain
HA levels were not significantly changed. Mean cortical HAﬁlgvels tended to
decrease at all three times but failed to éttgin statisticél significance., Control
HA levels in the hypothalamus, midbrain and cortex were 178.7:13.0, 58.6*2.5 and

e

29.6%2.7 nanogramf/gram wet tissue weight, respectively.

Hiscidinérde%arboxxlase (HD) accivizzés were significantly increased in the
hypothalamus (+88% and +28% of conrrol vaiues following ethano;*administration,
respectively) (Fig. 30). While midbraln and cortical HD activitiés were not signif-
icanfly alrered during the same time périod, the former tended to increase while
the latter tended to decrease compare?‘to saline-treated controls:' The control
values for HD acrivity were 2.25+0.26, 0.37+0.04 and 0.43:0.07 nanomoles of HA
formed per 90 min per gram tissue in the hypothalamus, midbrain and cortex,

. ‘
respectively. Histamine N-methyltransferase activity was not significantly changed
in any brain region at the time intervals studied following 1 g/kg ethanol admln-
Istration (Fig. 31 ). Control HMT activities were 2.28xQ.11, 1.7610:05 and
1.4220.04 umoles of methylhistamine formed per gram supernatant protein per hour
in the hypothalamus, midbrain aand cortex, respectively.

In contrast t; the léwer dose of ethanol, a twice higher dose (2 g/kg)
induced a significant decrease (-42% of control values) in h&po;halamic HA 3
concentration 90 min after ethanol administration (Fig. 32 )lwhile the reduced
mean hypothalamic HA levels at 60 %Pd 120 min failed to reach statistical
significance. Midbrain and cortical HA concentrations were not significantlvy
affected at anyv time investigated, Histidine decarboxylase activicy was altered

"in all 3 brain regions. HD activity was significantly increased (+57%, +597% and

+317) in the hvpothalamus, midbrain and cortex 60 min after ethanol administraticn
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Effect of 1 g/kg ethanol on regional brain histidine deéarboxylase

activity determined 60, 90 and 120 min after administration.
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and (+68%) in the hypothalamus after 90 minutes (Fig.33 ). At this ethanol dose,
regional MMT activity remained unaltered at the three times examined (Fig. 3% ).
Plasma corticosterone levels showed a téndency-to increase following a
1 g/kg dose of ethanol, but these changes werce not stagistically significant
(Fig. 35 ). The larger dose of ethanol produced a similar tendéncy to increase
after 60 and éb min, but plasma corticosterone levels were:significantly increased-
(+44%) only after 120 minutes. Plasma ethanol levels were determined at A0, 90
and 120 min following each ethanol dose. The mean plasma ethanol concentration
60 min after a 2 g/kg dose was approximately double that observed after i g/kg
at the same time interval (Tablejib while 90 and 120 min after 2 g¢/kg efhanol :
administration, the plasma levels were approximately four times higher than

those reached after the 1 g/kg dose.

Table 10

-

Plasma Ethanol Concentrations (mg%) Following Acute Oral Administration

-~
-

Time After Administration (minutes)

Dose

60 90 120
1 g/kg 41.9%4.7 24.8*6.,8 ° . 20,171
2 g/kg 90.6x8.2 96.8+12.4 91.3%9.0

Data represent the mean * $.E.M. of 8 ethanol~treated rats.

Effect of Acute Ethanol Administration (1 and 2 g/kg) on Regional Brain Histidine

Concentrations

-

Rat brain histidine concentration was determined 60 mip after ethanol (257,

.

w/v) administration in the hypothalamus, midbrain and correx. The results

~- following intrapnastric intubation of 1 and 2 g/ke ethanol are shown in Table 11.
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Effect of 2 g/kg ethanol on regional brain histidine decarboxylase

activity determined 60, 90 and 120 min after administration.
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Table 11

,'Effecc of Acute - Ethanol Administration (l and 2 g/kg) on Regional Brain
' Histidine Concentratlon Determined 60 min After Drug Treatment

expressed as ug/g tissue - .

L g/kg
e S o ‘:7," Saline ' '—'r:: Ethanol
Hypothalamus S 26.722.9 . S 23 62 2 1
‘Midbrain - ©11.2:0.9 . . 12, 9£1.1
Cortex " 10.1e1.1 , © 10.1:1.2
2 g/kg ,
. .. Saliné _ Ethanol |
Hypothalamus . 22.9*1.9 ' 24117
o - , o ‘ N
Mfdbrain 13.0%1.2 L 13.121.2
Cortex 11.4%0.5 10:7+0.6

) = "'-)p/

Effecr of Chronic. Ethanol Adminlstratlon (up to 6 g/kg) on Regioaal Braln hl%tamlne

Concentration and Behavxor

- Figure 36 indicates'that chronic treatment with ethanol :esgiteduin a stat-
istically.s;ghificant reduction’ (-15.4%) in the hypbthalamic HA concentratien
compared to saline control values. No significant ch1nges‘were observed in the

"HA content of the mldbraln (-12. OL) nor the cortex’ (__Q\?u) regions of ethanol

-

_treated rats although their mean values were lower, than those of saline or sucrose

controls. Rats treated with sucrose isocaloric to ethanol failed to shoa narPc
. - . L - 2. e
alteration in histahine levels of anv regiov investigated when conpared to—edline

controls. The histamine- ccnccntratlons (ng/p wer tiSQUe he1eht) or saline L s

controls were .411.8424.3 in ‘the thnt1a]nmus, ?E_QTA.Q in the midbraih”and5
’ - ' ‘ I L .
13.2:1.8 in the cerebral corzex. ~ T

¢ /- -
oy o
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Fig. 35

Brain histamine concentrations of rats chronically treated with ethanol.
Rats were administered increasing doses of ethanol (up to 6 g/kg) by
gastric intubation for 22 days. Controls received isocaloric sucrose
“or 0.9% saline for the same period. Animals were sacrificed about 24 hr
- after the last treatment. The data represents the mean * S.E.M. from 9
rats in each group, Statistical significance refers to saline injected
controls. ' ‘
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The body weights_of the saline or sucrose treated ratsg increased thréughout
the experiment and were not significantly différent from one Another (Fig. 37).
However, the ethanol treated rats showed significantly lower weights when compared
to sucrose controls on and after day 3 of the treatment period and lower than
saline controls on and after day 8. Experimental rats gained significantly less
weight throughoﬁh the 'drug administration period. )

The perfor=ance of chrenically treated rats on the tilting plane, whichk were
then receiving an ethanol dose of § g/kg 24 hours before testing, did not differ
significantly from that of nﬁive rats. Yet, rats administered ethanol for 17 days
performed better than naive rats when both groups were challenged with a 2 g/kg
dose of 25% (w/v) ethanol by gastric intubation (Fig. 38). 1In chronically treated
animals, a significant impairment.compared to pretreatment performance occurred
at a single time, 120 min after éthanol (ZIg/kg) administration (;10.02, p ~0.01).
In contrast, naive rats displayed significant decreases in performgnce at all
times of the testing period after the same dose.

There were n¢ significant differences in the body temperatures of these
gTOoups ;f rats é;ior to saline, sucrose or ethanol administration on day 19.
However, 6 g/kg ethanol administration induced a significant hypothermia which
was observed 2 hours post-treatment (Fig. 39). The body temperature femainod
signiflicantly depressed for up to 8 hours compared to both saline and sucrose
controls. With the approach and onset of ﬁhe dark cycle the rectal body temp-
eratures rose. Ethanol treated rats experiencéd‘thé greatest rate of rise., Body
temperacﬁres of Sucros; treated rats were significaﬁtiy elevated (+ 1Z , p <0.05)
ccﬁpared to saline treated rats only at 4 hoﬁrs after sucrose administration.

. - .

R
- .
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Fig. 37

Body weights of rats chronically treated with inereasing doses of ethanol

(up to 6 g/kg). Mean body weights (g) of saline, sucrose or ethanol

treated rats afrer the last day of each incremental drug administration
(g/kg) starting with 1 g/kg up to 6 g/kg (sce methods). The data

represent mean * S.E.M, of 9 rats in each group. (*) Statistical significance
refers to differences from sucrose controls on days 3 and 6 of the exper=
iment, and to saline controls on day 9 and the following days.
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Fig. 38

Tilting plane performance of chronically treated and untreated rats
following a 2 g/kg dose of ethanol. Rats chronically treated for 17

days with up to 5 g/kg of ethanol and naive rats were both tested on

‘the tileing plane following a 2 g/kp dose of ethanol via gastric Intu-
bation. Behavior was measured by comparing performance following drug
treatment to that 30 min prior to ethanol administration. Each rat served
as its own control. Testing was done at 30 min intervals up to 180 min
with 8 rats in each group. The data represents the mean * S.E.M. of the
per cent decline in pretreatment performance and was the basis for )
determination of statistically significant differences.
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Fig. 39

Body temperatures of rats chronically treated with ethanol, sucrose or
saline. Rectal body temperatures .of rats chronically treated for 19

davs and currently receiving 6 g/kg ethanol (25%, w/v), isccaloric
Sucrese or isovolumetric saline were determined every 2 hours after
gastric intubation at about 08:00 (time 0). The data represent the

mean * S.E.M, of 9 rats in each group. Statistical significance comparcd

to salipe injected controls.
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-Effect of Chronic Ethanol Administration (up to 8 g/kg) and Withdrawal from Ethanol

on Replonal Brain Histamine Concentration and Histidine Decarboxylase and Histamine

N-Methvltransferase Activities
‘ L4
In order to be more statistically accurate and be able to compare our resuits

with other reports, this data was analyzed by both Student's t-test and analvsis
of‘variance (ANOVA). Figure 40 indicates that chronic ethanol administration and
subsequent withdrawal for 2 days resulted in a significant decrease (~37% and -367%
compared torsaline controls, respectively) in hypothalamic HA concentration (when
subjected to Student's t-test and ANOVA) compared to both saline and sucrose treated
(967 of saline controls) rats. Hypothalamic-saline control values were 178.0+24.0 ng
HA/g wet tissue weight. Histamine levels in the midbrains' of both chronica]]}
tredted’and withdrawn rats decreased significantly (-26% and -287% of saline controis,
.

respectively) compared to sucrose treated rats (+14% of saline) when evaluated by

ANOVA. However, only in withdrawn rats was midbrain HA content significantiv

.

reduced when compared to saline control levels (37.2+4.2 ng/g t;ssue). Cortical
HA levéls ;hen subjected to ANOVA indicated that HA levels of chrenically treatced
and withdrawn groups had on}y a tendency to decrease (p <0.10); vet, a signff}nnnc
decrease in cortical HA of ethanel treated (-317% of sgjinc controls) or witidrawn
rats (-30% of saline controls) was evident when compared to saline or sucrosc
£reated rats using Student's t-test. The cortical HA concentrations of saline
treated rats was 28.9+3.3 ng/g tissue. o

Hypothalamic HD activity increased (Student's t-test and ANOVA) conly in
withdrawn rats (+507% of the mean saline control value whith was 1.3120.11 nano-
moles of HA formed per gram tissue per 90 mlnutes) (Fig. &41). A significnnt
reduction in midbrain liD activity occurred in ethanol treated {(-29%) and wlthdrawn
groups (-32X) compared to the saline and sucrose treated groups when evaluated

by Student's t-test; however, ANOVA and the multiple range test of Duncan

indicated that sianificance oceurred onlv when compared ta saline controls

[y

(0.2420.01 nanomoles per n tissue per 90 min) but not te sucrose treated rats.
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The effect of chronic ethanol treatment aand withdrawal on brain histamine
levels in rats. Data represent mean * S.E.M. of 9 experiments in each

- group. Saline and sucrose treated rats were used as controls. ( % )
indicates statistical significance (Student’s t-rest) compared with
saline or sucrose treated rats (see Results).
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The effect of chronic ethanol treatment on histidine decarboxylase
activity in ethanol treated and ethanol withdrawn rats. Data represent
mean * S.E.M. of 9 experiments in each group. Asterisks indicate

statistically significant difference when compared with the control
values.
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No significant-changes in g@rtical HD activity occurred in any group when cumpared
to sucrose or saline (0.21+0.02 nanomolés/g'tissﬁe/QO minutes).

No significant alterations wéré observed in hypothalamic nor midbrain
activities of HMT (Fig. 42 ) of ethanol treated or withdrawn rats. However, ethanol
treated rats exhibited a significant elevation in cortical HMT activity (+18% of
saling ﬁontrols) when tested by ANOVA. Control saline values of HMT activity in
the hgpothalamus, midbrain and cortex regions were 2.25:9.09, 1.99+0.08 and
1.5620.08 umoles of methylhistamine forﬁed per gr;m supernatant protein per hour,
respectively,

In all brain regions std&ied there were no significant changes In protein
content when compared to saline or sucrose treated animals following chroni;
etharnol administration or withdrawal (F1g.43 ). Control saline values for the
hypothalamic, midbrain or cortical regions were 2.30+0.07, 1.52:&.02 and
1.7220.05 ug protein per mg wet tissue weight.

A highly significant increase in plasma corticosterone content was chserved
in ethanol treasge (+1997%) and withdrawn rats (+261%, compared te saline controls)
(Fig. . The plasma corticosterone concentration of sucrose treated rats
(-207% of saline controls) was not significantly altered. Analysts of variance
and Dunénn's test revealed that no significant differcnce in corticosterone

levels existed between ethanol ftreated ahd withdrawn rats.

Effect of Chronic Ethanol Administration (up to 8 2/ke) on Rat Brain Histidine

Concentration

Rat brain histidine concentration was determined after chronic ethanol
administration and in animals withdrawn from ethanol for 2 days in the hypo-

thalamus, midbrain and cortex regions. Isocaloric sucrose-treated rats servied

as controls. The results are shown in Table 12,
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" Histamine methyltransferase activity in ethanol treated and ethanol
withdrawn rats. Data represent mean * S,E.M. of 9 experiments in cach
froup. Asterisks indicate statistically significant difference when
compared with the control values.
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Protein concentration in the brain supernatant obtained from ethapol
treated and ethanol withdrawn rats. Protein content from saline or
sucrose treated rats is also incicated. Data represent mean * S.E.M.
of 9 experiments in each group.
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Plasma corticosterone concentration of rars chronically treated with
saline, sucrose, ethanol and withdrawn from ethanol treatment, Data
indicates mean * S.E.M. of 9 experiments in each group. Asterisks

indicate statistically significant difference when compared with the
control values. '



. -Table 12
Effect of Chronic Ethanol ‘Administration (up to 8 g?kg) én Rat ‘Brain - .
Hisridine Concentration {ug/g wet tissue weipht * §,E./M.) - ] '

-

Sucrose . _ Ethanol .. Wi;h&fawn‘ <7
"Controls - * Tréated ~ From Ethanol
. — — — .
Hypothalamus 30.1x2.1 0 27.0£0.4 . -226.4%0.8
~ Midbraia 7.2¢0.3 ©T.0.3 - 7012003 g
Cortex . . 10.320.3 - 11.120.4 - - 9.3:0.8 .

iistamine Concentrarion in Subcellular Fractions Following Chronic Ethanol Admin-

istration {up to B;g?kg)

In all three brain regions examined,  i.e. hypothalamus, midbr&in.aﬁd‘gortcx,

the protein concentrations of the ethznol treated and withdrawn rats were not

: : - A . . - -‘.’- "L
significantly different from those of sucrose- treated controls. This was a

.consistent observation both in homogenates as well as in the subcellular fractions

(Figurel5 , Tablel3). The relativq'distribution of the recovered proteln for

-

. R 4 -
all fractions was determined on a concentration (ug/ul) basis by evaluation of

the protein éqntent of the various fractions from sucrose treateq rats (Tablell
Since the hypothalamic P3 protein concentration was not.deterﬁgped,'phe relativé
distribution of the remaining hypothalamic fractions must be regardéd as maxzimal
when compared to the content of all four fractions. In an attempt to circumvent

component

this limitation, these values were Zecalculated with the hypothalamic P3

arbitrarily ser at 10%.
In contragr, the histamine concentrations of both ethanecl treated and .
withdrawn rats were significantly reduced in homogenates (=20 to ~35%) of thesec

three brain. regions when compared to the HA content of sucrose~treated controls

~(Fig. 48).  The mean hvpothalamic, midbrain and cortical histamine control values

(2 S.EM) were 237,2:017.5, 292.5:8.7 and 58.06=0.7 np HA/g tissue, respectively.
- W
i

S 3 - -
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Protein concentrations of the homogenate@and subcellular fractions of
the rat hypothalamus, midbrain and cortex following chronic ethanol
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TABLE

-~ -

Protein Co;centration (ug/50 ul of resuspended fraction) of Various Brain

Fractions After Chronic Ethanol Administration and Withdrawal

Sucrose Controls Ethanol . Withdrawn
Homogenates*
~e HYPO 150.228.8 137.2:10.1 148.5%6.2
MB 366.126.2 374.0%17.7 369.0+8.7
X 397.6210.3 . 396.129.8 398.027.9
Pl Fraction’ .
HYPO 50.9+3.6 46.7+3.6 © 58.7%3.7
MB 488.2+13.0 470.8+18.7 456,4+12.4
cX © - 373,4%13.9 384.8+13.4 431.4226.4
P2 Fraction
HYPO 79.244.7 75.346.3 75.2%4.8
MB 843.4214.0 793.8:36.6 854.7+27.3
cX 676.2:19.5- 702.4+31.5 716.2+22.8
P3 Fraction
HYPO ~ - - - -
' MB 286.7+12.0 264.6%11.8 « 257.1+15.0
(09 T 182.1+7.9 178.8%17.7 179.3+14,3
S3 Fraction
THYPO 31.0+2.4 32.9#4.1 29.0£2.8
MB 106.3+2.8 103.7+3.5 112.3%2.2
CX 113.7+3.5 113.3+3.5 °

112.222.9

*Expressed as ug protein per 25°ul of sucrose homogenate

Abbreviations: EYPO, hypothalamus; MB, midbraih;<CX,'cortek
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TABLE 14 .

Relative Distribution of Protein Concentrations Expressed as_the Percentace:
Recovered From Various Fractions of Braln Tissue®» D

Fraction : H}'pcthalamusc Midbrain. Cortex
P, , <31.6 (28) 28:3 27.8
Py C <49.2 (44) ) 48.9° ) 50.3
Py ’ - (10) 1606 13,6
53' <19.2 (17) - 6.2 8.5

a) Based on protein coﬁcentration‘(ug/SO ul} of sucrose control‘fractiong

h) Values derived from the equation: -;ffﬁgfjfmfﬂ_lfﬁﬁﬂiﬂ;fﬂﬂﬁ?pf_
- ‘ ' protein content of P1+P2+P3+S

N

3

c) Units are expressed as ceiling values since the P_ .fraction was not
evaluated. Units in parentheses are values recaldulated with Pa
fractional content arbitrarilfbset at 10%.
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The effect of chroni¢ ethanol administration and withdrawal on
regional brain histamine concentration. Values are expressed as

a percentage of sucrose treated animals which were 233.2+17.5, _
92.5%9.7 and 58.626.7 ng HA/g wet tissue weight in the hypothalamus,
midbrain and cortex, respectively,
significant difference when ccmpared with the control values.
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Asterisks indicate statistically
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Howeger; ehen the homegenate HA coetent.wae expressed on a nanogram HA per mp
.protein~baeis. only the hypothalamic and midbrain histamine levels of both.drug
treated and, withdrawn rats were significantly reduced, '—20 to ~-25% (TFig. b?

Table 15). In the P1 (nuclear) fraction, the HA content was significantly reduced
in the bypothalamus (e}Ba) and cortex (-14%) of withdrawn rats only, while HA
levels in the P2 fmitochondrial) fraction of both‘drug'treated and githdrawn rats
were significantly,ieduced (716 to =27%) 1in all three regione. Chronic ethnnol
administration and withdrawal failed to markedly alter P (micrgsomal) fraetlnnnl
HBA content. Cytoplnsmie HA, approximated in the S3 fract?on,‘eeptoached the

: limits of detection of the HA assay under the experimental-conditions etilizod.

The resulting decrease in sample size and the reduced protein concentration

E ]

(mathematically magnif»ing the ng HA/mg. protein value) caused large standard crrorq.'

Due to the dlminished nunber of detectable samples and the spuriously high HA
values (which could not be rejected using the critical Q test), the mean hvpo-
thalamic values of ethanol treated rats (n=6 detectable) and midbrqin values of
withdrawn rats n=5 detectable) exceeded those of sucrose.coetrols. forticul
HA content in ethanol treated rats was endeteetable'except in one sample (=577)
while only 4 eould be measured in ethanol withdrawn (-37?) ratee . .
Since the decrease of Pl fraetional HA concentration of the hvpothalamlc
(p 0. OJ) and cortrical (p <0.001) regionq of withdrawn rats was small ( 15%)
(Fig. &7 ) and the mean protein content was elevated in both cases (>15%Z, though
not significantly) (Fig. 45, the.HA content per 50 pl sample was evaluated in
these regions enchompared to controls. antrol typothalamic and certical HA

content (3.63 and 5.78 picomoles HA, respectively) were found not to differ wip-

nificantly from those of the withdrawn rats (93% and 99~, respectively).



- histamine concentration (detezmined on a ng/mg protein basis) in
- homogenate and subcellular fractions of the rat hvpothalamys, mid-
brain and cortex. Values are expressed as a percentage of sucrose
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\ g _ TABLE 15

Histamine Concentration (ng/mg protein) of Various Brain Fractions Observed
 hfter Chronic Ethanol Administration and Withdrawal

Sucrose Controls ‘Ethanol Withdrawn
Homogénatés : .
HYPO : 2.0420.20 1.5840.15% 1.70£0.13%
MB ; © 1.00%0.09 . 0.7720.07% o 0.770.07% T
cX . © . 0.56%0.06 . 0.48+0.04 0.50£0.056
Pl Fraction _ .
HYPO C 7.5420.30 7.5420,28 65420, 30%
MB - 3.47:0.41 2.77:0.19 3.2420.22
cx a C1.73%0.06 . - 1.66%0.12 , 1.4820, 05%% %%
P2 Fraccion
. w» Tt .
HYPO ‘ 8.06x0.41 - - 6. 3420 33%%x 5.0350. 2%k
MB ‘ | 2.00:0.12 1.71+0.06% 1.7420_06%
cx e 1.47%0.07 C1.2580.04%% . T1.2320.08%%
P3 Fractién
EYPO o - | - -
MB - 5.30+0.22 . 5.27%0.23 . 5.57:0.31
x| : 5.4880.56 - - 5.15%0.61 6.03£0.77
S3 Fractiom **- ‘
HYPO ' . 1.8320.47 . 2.03:0.27 1.50%0.52
M3 1.16:0.33  0.99%0.28 1.4720.39
cx. . 0.64:0.23 - 0.28 0.41%0.10
*p <0.05 *%kp <0,02.  *%kp 20,01 #kxkp <0.001

AbbﬁEViationé: HYPQ, hypothalamus; MB, midbrain; CX, cortex



DISCUSSION
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XVI. DISCUSSICN

-

In vitro Analvsis of Histamine N-Methyltransferase Activiry

Since HA methylation by HMT is the primary enzyme regulating the termination

of HA acrion (once released) in the CNS, alteration of HMT activity may infInence

brain HA levels (section VIII.B). Agents which markedly- inhibit HMT activity have:

LIS

* been shown to elevate brain HA content (Duch et al., 1979). It was thcrefo}c of
interest to investigate whether some of the changes induced in brain HA conc-
entration foliowing acute or chronic morphine (Mazurkiewicz-Kwilecki and Henuogé.
1976; Henwood and Mazurkiewicz-Kwilecki, 1977} or ethanol {Prell and Mazurkiewlcz-—
Kwilecki, 1980; Subramanian et al., 1978) administration could. be linked w}th
alterations in brain HMT activity. Therefore, a mefhod for deteréination of
histamine N-methyltransferase activity was developed. .

After establishing near optimum conditions for this asséy, it became apparent
that several of the kinetic constants (KM values) and other parameters of this
method (e.g. subst:aca inhibivieon with HA) were‘simiiar_co those pf othér %cports

" {Brown et al., 1959; Tavlor and Snyder, 1972c; Thithapandha and Cohn, 1978:
Matuszewska and Borchardr, 1983). In addition, the rank order of regional brain
tissue EMT activities was the same as that reported earlier (Taylor and Snvder,
197235,li.e. hypotﬁalamus > midbrain > cértex. however, rat brain HMT activity
in uhpu;ified brain supernatants (obtained after homogenate centrifugation at
50,000 x ¢ for 20 min) using the present procedure resulted in enzyme activitwy
approximatély three times greater than thatlreported by Taylor and Snyder (]975a).
Tbgs,differcnce‘in the results obtalned may be attributed ﬁainly to two faétors:
First, the supernatant nrotein conten% was used to determine enzyme activity in’

this =tudv: a value which js about oné=third of that feund 1in the homosenntce,
)

]
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the source of Taylor and Snyder's (1972a) protein values. Since the rate of .
formation of methylhistamine (MeHA) was estimated in supernatants {(which grere
the preparations used for rou:ine analysis), the.protein content in this medlium
was considered to be appropriate for calculation of supernatant enzyme activity,

Second, no correction was made for the efficiency of extraction of the newly

formed MeHA into the toluene-isocamyl alcohol solution by Taylor and Snyder (1972a).

This is noteworthy as Snyder and Axelrod (1965) observed that extraction was not

quantitative. They reported an extraction efficiency of about 70% althougﬂ their

methodology was not elaborated. Synthesls of IAC—NQUA and subsequent evaluation

of frectional'MeﬁA recovery in the present investigation indicated that about

80% of the total MeHA was extracted (XIV.A.2 ). In order to determine this

valué, IAC-MEHA was added near the end of the incubation period. In this way,

‘substantial enzymatic metabolism by monoamine oxidase (type B) or hone§pecific
chemical reactions with the lac-MeHA would be less likely to occur, lAC—Hethyl-
. histamine was prepared by the straightforward and relatively inexpensive tevhﬁihuc

outlined(see methods) which appeared more attractive than the expensive and

o

complicated technique for synthesizing 3H—MeHA (Schwartz et al., 19732) or other

-

lengthy chemical synthetic routes (Jones, 1966).
When HMT was incubated irm the presence of increaeing concentrations of

echanol, acetaldehyde, morphine or naloxone, alone or in combinaéiqp, it was

apparent that only large concentrations of morphine or naloxone had any apprec-

. lable effect on in vitro HMT activity (Figs.25-28 ). A combination of ethanol

and morbhine failed to show any synergistic or antagonistic effects on HMI

activiey (Fig.27). A representatiye compound of the tetrahydroisoquinoline

group, 3J-carboxysalsolinol, a generous gift from Dr. Maurice Hirst, also failed

to alter HMT activity at concentrations up to 1 mM (Preli; unpublished). Morphine

and neloxone In hieh concentrations had opposite effects as the former lowered

and the latter increased DBMT activity. The increased activity was most evident
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in the hypq’halamﬁs. The biphasic effect of morphine alone, and in the prescnce
of 1 uM naloxone, is similar to the profile of antihlstamines, chlorpromazire,
desmethylimipramine and haloperidol on mouse brain HMT activity (Taylor and Snyder,

1972c¢c). However, similar te latter findings, only large in vitro concentrations

-

of mbrphine caused strong inhibitory actions; concentr;tions which are clearly
toxic to mammals (Lemberger and Rubin, 1976). The opposite effects of higher
concentrations.of  morphine and naloxone on HMT activity (Fig.26 ) are inter%sting,
but largely unexplained. The fact that morphine lowered HMT activity was inittally

attributed to non-specific interactions wth the enzvme; however, the elevatedd

activity due to naloxone was surprising. Nevertheless, the inability of nploxone
.

(1 uM) to markedly alter morphine's action on HMT activity (Fig.28 ) may guﬁgost

that a stereospecific site-mediated effect on HMT is not invelved. Therefore,

it is unlikely that these findings have significant physiological relevance in

altering-bgaih HA levels in gézg through the ind;ction of chgnges'in HMT activity,

A similar situation hﬁs been reported in which cﬁlorpromazine (15 mg/kg) failed

to alter whole brain histamine levels in mice (Taylor and Snvder, 1972b) and a

10 mp/kg do;e had the same result in rats (Gregn and Erickson, 1964). But a

40 mg/kg dose caused rat brain HA to increase 43%; a dbse ag which even the

authors questioned the specificity of chlorpromazine-~induced effeéts (Green

and Erickson, 1964). These results sugpest that the reductiohé;f brain HA levels

due to chronic’ morphine adminigtration (Mazurkiewicz-Kwilecki and Heanbd, 1976,

Henwood and Mazurkiewicz=Kwilecki, 1977) may not be due to #ltérations of HMT

activity nor is it likelv that the naloxone reversal of morphine-induced brain

HA depletion is due to HMT inhibitipn. Present results are cénsistent with

in vivo data that HA levels (Mazurkiewicz-Kwilecki and Henwoodt 1976) and HMT

a;tivity (Henwoed, l977)-were.unaltereg fbilowing acute morphine administratinn:
Even high in vitre levels of ethanol (10 mM) which are encountered in vivo

°

(equivalent te plasma levels of about 45 me”) failed to alter in vitro BMT

4
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activity. This result is 1in linehwith the present in vive acute ethanol studjes
which failed to show changes in regional brain HMT activity (Fig.31 and34 ) and
in line with other reports (Subramanian et al., 1978; 1980a).

The observation that acetaldehyde had almost noleffect on HMT activity
(Figrz5 ) is noteworthy since, as ethanol's primarf metabolite, its levels might
be expected to rise somewhat during chronic ethanol administration schedules in
parallei to the increase in ethanol dosages over the courée of the study.: Indeed,

¢HMT~actfvities remained unaltered after chronic ethanol administration and with-

drawal except for a2 small but significant increase (+18%) in the cortices of

ethanol treated rats (Fig, 42, see below).

The Action of Acute Ethanol Administration on the Central Histaminergic Svstem

' The present data indicate dose- and time~depéndent changes in brain HA lovels
aﬁd in HD activity following acute ethanol administration. These Ehangcs were most
pronounced in the hypothalamus, the brain region with.the highest éA concentration
(section.VI) and most rapid turnover rate (section VIII.C). While the lower dose
of etharmol (1 g/kg) increased hypothalamic and midbrain HA levels (Fig. 29), the
larger dose (2 g/ke) significantly reduced the hvpothalamic HA concentration
(Fig. 32). Howevef, cortical HA levels were not significantly altered with cither
dose. It is also noteworthy that these cﬁanges occurred at plasma ethanol levels
which were not excessive (TablelC). These observed changes may be primarily due
to ethanol;induced altérations in histamine synthesis and/or release. The elevated
hyﬁothalamic HD activity precceding the increase in hypothalamic histamine content
‘is consistent with increased HA synthesis. The fsziency.for midbrain HD to r;se
and the small vet significant risé in midbrain HA content also tends to support
chis view. Alrhﬁpghlthe assay used for the determination of HD activicy ﬂ;n
strong limitations fe.g. substrate dilutional effects, among others ), the

fact that brain histidine content did not change in anv brain region investipated

at either dose of ethanol administered (Table 11)is significant. It supgests
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that this "apparent” rise in enzyme activity may reflect an actual increase in
the number of active enzyme molecules capable of svnthesizing HA., This lnck of
an ethanol-induced alteration in brain histidine concentration is consistent with
a recent report indicating that 60 min after acute administra@ion of a 2 g/kg
dose of ethanol (20% w/v, i.p.) whole rat brain levels of several aminoc acids,
including .histidine, were unchanged compared to saline-treated rats (Erikssoﬁ
et al,, 1980). . )
Ancther explanation for these in vivo results is an alteration in HA releoase
due to ethanel. The elevation of hypothalamié HD activity (Fig.33 ) and the
simultaneous marked reduction of hypothalamic HA levels (Fig.32 ) following the
2 g/kg dose suggest that HA stores were being depleted, although its rate of
synthesis had increased more than 60%. This might indicate that a coﬁpenshtory

mechanism which could lead to an increase in HD activity had been“initlated.

Such a mechanism was demonstrated by Verdiere et al. (1975; sce séction VIIL.A)

in slices of rat hypothalamus preincubated with 3H-histidine. K+-induccd depolar—-

ization causéd a depletion of 3H-HA tis;ue stores which stimulated f{urther
svnthesis of tissue BH—HA. It is ;éésible that in the present study, thevnlrcndv
increased hypothalamic HA svnthesis could not keep pace with the postulated HA
release; hence, the depleting effects may have beccme evident. An altered HA
release rate mav also explain why midbrain and cortical HA levels were unalto;ed
while HD activity was elevated 59 and 31%, respectivelyv.

Histamine N-methyltransferase activity remoined statistically unaltered
following both dosesrac all times, in all regicns examined (Figs. 31 and 34).
Ttis is consistent with In vitro data which indicated no alteration in HMT
actlvity In the presence of elther Ethnnol or acetaldehyde over a wide concent-
ration range (Fig. 25). It should be noted that the apparent paucity of tA

present in the mammalian CNS is very likely overshadowed by the high activity of

FTL Therefore, large Ploetuations in the amount of i released (should thev



occur) may not be accurately reflected in the presenc*étudies.y

Saline treated control rats had elevated plasmﬁ corticosterone levels whon

compared to levels routinely obtained in control untreated rats in this labnrator}
(Mazurkiewicz-Kwilecki and Taub, 1978). This could be attributed to the stress
of intubation. The failure of ethanol to significantly increase Pplasma corti-

costerone levels above saline controls at the earliest times at which measurcments

were made infer that ethanol alone Tather than the stress by gastric intubation
mayv have been-?esponsible for the changes in brain HA. The increase of plasma
corticosterone at 120 min following tge 2 g/kg dose is consistent wirh the
reported ability of ethanol to elevate plasma corticosterone levels in acutelw
treated rats (Cicero, 1981). Stress~induced changes wouid be éxpectea to be

greatest at earlier times after intubation. This observation may be particulwrlv

important for two reasons. First, brain histamine has ‘been shown to be altered
by stress (Mazurkiewicz~Kwilecki and Bielklewicz, i982). Second, the elevation
of hypothalamié HA at 120 min, but not at 60 or 90 a[/;following the 1 g/ke dnqc

and the decline after the g/kg dose at 90 min argée against stress-induced

changes in brain HA since stress rapidly elevates hypothalamic HA levels

(Hazhrkiewicz—Kwilecki and Taub, 1978; Mazurkiewicz-Kwilecki and Bielkiewicz,

1982y, )
The ethanol-induced biphasic effeét on hypothalamic HA concentration, i.e.

elevation with a louer dose and rednttion after a higher dose, is in 1ine with

results of 3 simultaneous (though Lndependent) study of. ethanol-induted changes.

-

in whole brain HA levéls. in mice (Papanlcolaou and Fernnessy, 1980). 1In this study,
o PR

0. 18 0.9 and 1.8 g/kg of ethanol (10 ul/g body weight, i.p.) caused a 68%
increase and reductions of 40% and 6SA in brain HA concentration, respectively.

Al=o, at the highest.dose tested, a time-dependent reduction of brain HA was

’

nhservad.  The amounts of HA present (approx. per cent of saline conctrol LY

— . d

Teveds) were 50, 35, 45 and 807 at 15, 30, 60 and 120 min after ethanol injection.
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" Towest and-highest ethanol doses, respectively
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Unfortunately, a regional analysis of brain HA 1evels, enzyme activities or

-

plasma ethamol levels were not reported While the results of Papanicolaou

nnd.Fennessy (1980) are not neadily comparable with the preseént data due to

differences in spec1e5' doses and methods -of administration, a bipha51c dose-

dependent alteration in rat brain ‘HA content is evident. (Figs 29 and 33. 1In

addltiOn at the higher dose in the present study, the hypothalamic HA levelq

*

_ dlsplay a simila: time-dependent nadlr (Fig 32 ) . . -

These results are also consonant with many of the observag?ons of Subramanian

ct al. (1978). In their study, intragastrie adninistrat*on of ethanol causcd 2

v

dose—dependent elevatlon of hypothalamlc HA concentratlon 60 min - after a 0.8; 1.2
or l 5 g/kg dose- fconcentration of ethanol unreported). Slmilarly £o the,present
results, HD aetivity‘was'also shown to be elevated while IMT activity remélntd
unchanged. Subramanian et al. (1978) also rep;rted that both basal and k - stim-
ulated efflux of radiolabelled HA from rat hypothalamic siices were inhibited

in the presence of ethanol (see section XII.C). Based on these observations, the

elevated HA levels in the hypothalamus were attributed te both inhibition of HA

-~

release and to Increased svnthesis of HA (Subramanian et al., 1978). The authors

also speculated that the increase in hypothalamic HA comcentratiod may not totalle
represent the neuronal HA content since levels of'plnsma HA\(presumably doriawd

from mast cell HA) showed a dose-related increase, i.e. +61% and.+92Z'at the
T

-

The hxpothesis of enhanced. braln HA synthesis in the presence of ethanol
could partially account for .the’ present results and those of Subramanian et al.
(1978). However, the conclusion tnat HA release is impaired due to ethanol (at
concentrations attalned in the latter studv) may not be as well supported. First,
this nethod suffers from the limitations shared by 3H-HA release studies bascd’

"n 3H-HA uptake into brain rissue slices (previonslv disrigsed in serrinn VITY ey

-
]

Second,. in a2 later studv, it was revcéanied subsequent]v that -as much as 102 of tle

¥
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tritium recovered was due to 3H-methylhistamine while-7SZ may have been due to
. . ) ’ ' N
3H—HA {Mulder et al., 1983). Third, the tritium recovered in the superfusion

medium was not used as the index of‘teIease[ but rather the per cent initial

L] . .

radicactivity remaining in the slices, f.e. the radioactivity that was not relchaed

was the criterion upon which release rates were determined. Lastly, the ethanol
concentrations:required to signifipantiy inhibit basal tritium release (80 and

160 mM, equivalent to plasma levels of about 370 and 740 mgs, respectively) were
far aoove'concentrations encountered in their stody. The lower ethanol éoocont—
rations Which were evaldated (2d and 40 mM, equivalent to plasma ethanol concent-
rations of 92 and 184 mgZ, Tespectively§ had no significant effect on basal efflux.
This is noteworthy as Subramanian et al. (1978) zfserted that the 0.8 g/kg drse

resulted in brain ethanol concentrations of abour 20 mM. The K+-stimulated tritium

_release was inhibited when measured 1in the presence of 109 mM ethanol. Studies

using other concentrations were not described. Thus, these studies of 3H—HA
release, even if carried out under physiologically ideal conditions (which are

presently in doubt), do not support the idea of ethanol-induced inhibition of HA

release in.the present study nor in the acute ethanol study of

.

Subramanian et al. (1978).° - .
The present results are at variance with those of Subramanian et al. (19%0a)

in which their previous procedure {(Subramanian et al; 1978) was’ repeated A

dose related elevation of cortical HA concentration was noted together with a_

significarnz reduction in HD activity. HMT activity was unchanged. It was also
shown that SH-HA efflux from cortical slices was inhibited in the presence of
200 mM ethanel, but not a 10 mM concentration. 'The'elevated cortical. HA content

-

was postul1ted to be due to reduced HA release while the reduction of HD activity
was asserted to "represent a feedback product inhibition due to increased levels,f
of histamioe" (Subramanian et 31., 1980a). However, thisg suggestion is highix

irprokable af HA has been shown not to inhibit its own synthesis (see section

VII, Schwartz et al,, 197%a).

..
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Subramanian et al. (1980a) concluded that the changes in hypothalamic HA ,

v - .

cbncent, HD activity,'or both observed in the earlier report (Subramanlan et al
1978) were probably due to changes occurring‘in mast cells. This was simllar th.
the conclusion reached bv Rawat (1980) based on his studies in adulr rntn nrutvly-
administergd.2 g/kg edh;nol or 78 mg/kg acetaldehyde (intnagastrically, enhanol
concentrations were unreported) which had elevated whole brain histamine levels.
HA levels were determined using a modified fluorescence technique’ nith o—phthul—
nldehyde. Rawac (1980) also determined plasma HA levols which were elevated +997
_and +l3OZ.by echanpl or acetaldehyde administration, respebtively compared.rn
saline tieated_dontmols. Based on increased HA levels'in bnain nnd plasma, Rdwnc

(1980) concluded that the clevation of brain HA levels was a direct consequence

of the 1cc31 release oF brain HA due to eth1no$ or acetaldehyde mctahollqm in

L] ‘ .
AN . - .

the bodv'

The results of thesé'twojinvestigations and the conclusions Hased on them

) ar§ noteworthy. Emplo:ing two different technlques for determining plaema i

levels, i.e. Subramanian et al, (1978; 19803)u51ng the nethod of Taylor and qn\dcr

(1972a) and Rawac (1980) using a modified Shore et al.(1959) me hOd, both groups 0{

~authors obtained control plasma HA levels whiclt were at least fou; to five times

higher than those routinely found in the liferature (Beaven and Horakova, 1978).

flowever, both Subramnnian.et al. (1978) and Rawat {1980) stnced that the cleviartion
of plasma HA levels folloulng oral administration of ethanol was in accordance

with the literature- both reports ¢iting the revxew of Ivy and Bachrach (1966).
PRIS 1is important as Ivy and Bachrach (1966) in their review, contrary to the above

assertions, clearly stated an absence of plasma HA' changes  due to ethanol and

I

cited several reports im.support of their conclusiohs. Irvine et al. (1961)
failed to find a detectahle increase of HA in gastric venous blood after i.v.

infusion of 300 ml of 10% (v/v) ethanel .in .chloralose-anesthetized dogs. Further,

P
-

when dens were adninistor 4 ethanel (7%) by i.v. infusion or by stomach tube,

LY
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no increase ih'urinary HA or HA metabolite concentrations were observed (Irvine
et al., 1960). 1In guinea pig and rat lung preparations sensitized to antigen,

. ethanol concentrations as low as 27 were reported to inhibit compound 48/80- or

_dntigen—induced HA'release in vitro (Chakravarty, 1960) Further study suppested

P
o

that in the presence of ethanol, rat peritoneal mast cells were desensitized at
a stage in the HA_rele;se mechanism_which was distal to the antigen-antibody
ietefaction~process (Johansen and Chakravarty, 1975), Iherefore, the 1iterature
1is not conscnant, with. an échanol-induced.increase in clasma HA concentracion due
to HA released from mast céng,or any other source.

Subrquﬁian et al; (1978) suggested that some of-the hypothalamic HA elevation .
is due to inhibltion of neuronal release while both Subramanian et al (1978
1980a) and Rawat (1980) postulated that HA levels are elevated due to HA releane
from non-neuronal stores. While the inhibition of neuronally released HA (if
indeed neuronal) is -of questionable pﬁysiological relevance at thd,doses

encountered ;n'their studies, the idea of HA)elevation due to increased local HA
release is even less teﬁable. The rapid metabolism by HMT which 1s well estab-

lished {section GiIILB) would preclude this possibllity. Since ethanol does not
inhibit HﬁT iﬂ vitro (Fig.25) nor in vive (Fiés.jl andjhti-Subrgmanian et al.,
1978; 1980a), it is cniikely that HA would accumulate if released. Unfo:;unntely,

the analyvtical limitations of methods for dctcrmining regional endogenous methyl-

histamine in mammalian brain precluded its analysis in the present investigations.

V.
.

The present data demonstrates that ethanol-induces a-biphasic'effect on -
hypcthalamic HA levels. However, 1t 1s difficult to demonstrate conclusively

L -

in the absence of further data tﬁac'altered HA release ‘1s involved since a
quantitative measure of mcthy}hista;ine cdncentration could not be determidcd.
Unfortunately, this laboratory i1s . not presentiy equipped -for routine measurement
of brain HA metabolites., Neverthcle55¢ this tentative conclusion thac thie

bipnasic eilcet is due to altered HAYsvnthesis and release, although incompletely

supported, currentlv aprees with the data available.
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Effect of Chronic Ethanol Administration (up tpvélg/kg)'on the Central
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‘Histamineraic System and Behavior
The mcthodologj'usod for cgionic ethanol‘adudnistiation and some:of the
advantages and iiuitations accompanying this approach have been discus°ed
(see “'XIII. B and XIV. B, 2). While several different methods exist they have
generally been developed to address a specific aspect associated with chronic
‘ethanol intake. Such studies have dealt with a specific behavioral impai;meﬁt,
_an examination_of drinking patterns,~ihe onset or severity of withdrawal,
altera»ions of organ function, ameng others (Cicero, 1978; 19?9) Since the
study of chronic ethanol induced neuxochemical changes is not associated With
a well accePued‘trea»ment protocol, the.more‘direct method outlined earlier
was adouted.- |
. inlthe Inttizl study, rats Were adninistered increasing do es of etharol
(up to 6 rr/kg) Under' these conditions, hypothalamic, midbrain and cortical ‘m\

concentrations were reduced in ethancl-treated rats, only hypothalamic levels vere

€.

significantly decreased compared to saline treated rats (Fig. 36). (Note: Since
this data was obtaineglby a method Hhich was later modified the values arc

: different from those-obtained in acute or subsequent ‘chronic experiments ) S%nce
no o*her ..echmquec were then available to furthe* ‘explore the neurochemical
ucchanis‘s resoonsiblc 1or thio regional braln HA reducilon, this study zemaired
ordy a preliminaxy observation. However, it indicated that chronic ethanol admin-
istration affects the'central hiseaminergic system.

The significant reductiou in the rate of bedy ueighi,gain in.ethauol—ireated
rats comoaied to the saiiue and sﬁérose conirols (Fig. 3?)'15 in agreement with
other reports des cribing this phenomenon (Wang et al., 1976; Friedman ard Lester,
1977). ”his couf*rws the concept that when alcohol derived ¢alories represent a
majer portion ¢f the total calorice inuaxe, it proves to be 2 poorer source
ol wnleries than rarbelydrate, protein or fat (aeste*fuld and Schulman, 195%). =

This thenomenon of “"eanlaric wasting" has Deen clearl; demonstrated even in
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pair—féeding paradigms (Banks et al., 197Q5_thg et al., 1576;.Ciéero.and Bgdéer,
wn. SR 'hl‘. T
Developme?ﬁ'qf behﬁvi;fal fblerancé;duriﬁg thebpféséa: %thangl-AQStﬁg ééhé&ule .
was evident from data on the tilting plane'Cest‘(Fig.ja ). The choice of a
2 g/kg challenge dose of ethanol - (25%, w/v) to naive (untreated) and tolerant
rats was made so as . to more readily compare the present results to those of
Arvola et al. (1958). However, in their study, a.similar dose was adminisgercd
to naive rats only. In the present study, the latter demonstrated 83.Az,of thelr

pretreated performance when evaluated 30 min after ethanol administration. This-

is‘hearly identical to the 84% pretreatment performance reported by Arvola et al.

-(1958). Naive rats in the present investigation were significantly below

(p<0.01) their pretreatment performance at all times investigated up to 3 hours.

- -

In Fhronically tréated‘ra;s, ghé decrement in pérformance was éiénificant oniy

:t 120 min (pfobably due to the small standard error) although thg'mean decrease

in pggformance at 150 min was lower (Fig;38 ). Even though the performance of

;hronically treated rats was superior to that of naive rats given the saﬁé dnse{

these values were not significantly different from'eaéh other 90 min following

ethanol admin;straéﬁon or thereafter. - B : .
This method of testing measures a complex df funétions compbsed of vesfibuiar

and "grasping” reflexes with a strong cortical component (Arvela et al., 1958).

When challenged with a 2 g/kg ethanol dose, the chronically treated rats exhibited

2 behavioral adaptation sufficient enough to overcome the deterioration of

performance observed in naive rats ré&teiving the same dose. Thus, by the I8th -

day of the experiment, the rats receiving ethanol displayed a tolerance to the -
. rd : . .

deterioration of equilibrium and motor coordination common to ethanol intox-

ication.
Tﬁulekhnnol-induced fall in fe?tal body temperature noted in the present

investizgat{on is in apreerment with other reports describing similar changes
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(Freund, 1973; 1979;.Riczmann and Tabakoff, i976). ﬁowéver; th;-dec}ease noted
in this sfud& is of less mzgnitude, ﬁossibly due to the devélopment of tolerance
to ethanol-induceq;hypothermia. 'The 5ody températuré elevatidn of sucrose
treated rats may possibiy becdue to the.pore rapid earbohydrace absorptioﬁ-und-
utilizaﬁion. However, this possibility requires further clarification. It fs
ﬁotoworthy ﬁhat ethnqol administration by‘gnstric intubation has been shown to
p;oduce-legs hypothermia than when given by intrapetitoneal injectioen (Freuﬁd,

1973; 1979).

" Effect of Chronic Ethanol Administration (up to 8 p/kg) on the Central Histamin—

ergic Svstem

Since resulcs-of the earlier ‘chronic study suggeéted that chronic ethanol
admin%stratioﬁ signifigantly.reduced hypothalamic HA levels, another chronic
exﬁériment\was initiated in order to determine the_mechanisms.respénsible-fnr
these changes. The arug adminlstration‘échgdule was lengthened and the d0;1rc
increased up to 8 g/kp. This change in protocol was made in order to ognminv if
the hypothalamic,'midbrqinland cortical HA levels would be significantl§ reducedi

-

A study of the effects of ethanol withdrawal on brain HA content was also'cnrficd
.out. in additiéh, the timé of.drug adﬁinistration was altered from 08:00 to
gfcer 16:00 so as to reauce the stomach distention yhiéh ocecurs with intubation.
Since rats feed mainly du;ing the dark'perind, their stomachs would contain mote
material in the eariy "lights-;n" period than several hours later. AdminierALiog
of drugﬁlater in the ”lighfs-on" peried alsd %emoves the immediate effect‘%f
mechanically altering tHé absorption of faod dlready consumed (Cicero,‘1979).

" This change in the time of admlnistration resulted in an enhanced gro;th rate

of ethanol-treated rats as éompared to previous experiméntq. However, by the
time the raté werc receiving 6 g/kg ethanol their wcights were sipnificantlx

louer than the UElghtS of rats receiving saline or sucrose.
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The present data eemonstrates that.chrbnic ethenol administratioﬁ and
ethanol withdrawal for 2 davs induces a significant depletion in hypothalamic
: HA levels: (Fig. 40) when evaluated using analysis of variance (ANOVA). Since
ANOVA is a more precise method of statistical analysis, compariscons using this
method{are more likely to be statistically valid. Therefore, the use of sucrose—.
ot saline-treated rats as controls had no lmpact on these results. Heweser, this
;was-not the "case for the midbrain and cortical tegions. Midbrain HA levels sig-
ntflcantly decreased when.compared only to sucrose—treated animals; cortical Ha
levels were statistically unchanged when ANOVA was applied If saline-treatcd
ftacs (which vere not significantly different from sucrose controls) were removed
from conslderation; the b;;ﬁh HA levels in all three brain regions of ethanol-
treated and ethanoi-withdraﬁn rats would be sigrificantly reduced (evaluated by
VA). lhe isocalorlt sucrose-treated rats most closely account for the
nutritional fectors.dcscribedleatlier. Therefore, this greup prdvided a fair
control with which to compare the effects ef chrenic~ethanol treatment ahd
withdrawal, This seemed justified since in.all three brain regions in which sny
. parameter wes determined, no‘sigﬁificant diffeteece-could be found betﬁeen
saline-treated and sucrose treated rats (Figs. h0—43) Also, the brain HA values

of saline- and sucrose-treated rats were approximatel) those normally obtained

for saline-tteated control rats in previous experiments (e.g. acute ethanol

vt

VL

“experiments).

The present data suggests that the decllne of braln HA levels is due to
decreased sunthesis, an intrease in the rate of HA release or a mechanlsm which

]

1ncotporates both processes. In the hypothalamus, the Tate of HA synthesis did -
not appear to be depressed in ethanol-treated rats (Fig.41 ). In contrast. the
HD activity of withdrawn rats was markedly .increased (+50% compared to saline

controls).  Midbrain and cortical HD activities were not signiflcantly reduced

coerpared to sucrose-treated rats (using ANOVA). The elevated HD activity in
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- withdrawn rats may repre%ent a "rebound synthesis” of histidine decarboxyinse
molecules ﬂue to ethanol withdr&walf ‘Such.an ianease‘in the rate of brain
protein synthesis has beep d;monstrated in rats chronléally treated.gith ethanol
(8 months) and then.withdrﬁwn for 24 hours (Jarlstedr, 1972).

The ébsencé of a significént change in hypothaiamic HD adti?ity of ethanol-
treated tats is noteworthy. in.the brains of rats and mice chronically treated
with ethanol, protein synthesis is often depressed (for review see Tewari and
Noble, 1979). However, it has been demonsﬁrated that the rate of synthesis of
enzymes responsible for neurotransmitter synthesis may be near normal or clevated’
during ;hronic e;hanolradministratién. Kuriyama et al. (1971) demonstrated that
the rate of serotonin synthesis could Be elevated in the braihs of mice chronically
treated for 8 or 14 davs with ethdnol although serotonin levels remained unchanged.
This suggests thét.énzymes responsible for transmitter synthesis‘hay'cheﬁsolvom
be synthosize& at higher rates in order to compensate for the'ge;ernl dcclinﬂ in
brain protein synthesis and/o:-neurotransmiﬁter levél. Téé ppééibility that =
hypothalamic D accivity is elevated in order to compensate for the reduction
of HA levéls followiﬁg‘the higher ﬁéﬁte erhanol dosé_uas previdﬁsly;discussod.

The hypochﬁlamus has the highest HD activity (section‘VII);'tﬁé most rapid ﬁﬁ

cUrnoﬁer (section VIII.C) and is the region which appéaré to éhow tﬁe‘greatpst
mapnitude and duratien-of chdnges due to ethanol (figs..29, 30, 52:and 373,
Thcreforé, the hypothalamus may be more sensitive to changeswin HA contcnf and
have a gréator potentinl for iﬁitiating changes which may be more rapid or larper
in magnitude thar any other rat brain £egi§n. This rank o?der of‘histamincrgic
activity may explain why midbrain HD activity of ethanol-treated and withdrawn
rats exhibits a redﬁcgd sensitivigf to changes and the cortex shows nb.changés
whatsoever.

The observed alterations in brain HD activity and HA levels are not likelw

duv to chanees in repional bratn histidine concentrations (Table 12).
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The single change in HMT activity observed in the cortical region of ethanol-

treated rats (Fig. 42 ) may have no physiological significance.‘ Since this enzyme

is most likely absent from regions of HA storﬁge (section VIII.B), elevétions in
HMT actiyity would not be expécted to have anxiconsequences on enﬁogenous EA
levels. The neurocheﬁical basis for this chaﬁée in enzyme activity in thi§ par--
»ticular brain region remains unanswered. The pfésently-observéd lack of signif-
icant changes in HMT activity in_the other brain regions of ethanol-éreéted aqd g
withdrawn rats ig in agreement with the observations of Subramanian et al. (1978;

1980a). Therefore, as in the case of acute ethanol studies (Figs. 31 and34),

histamine methylation processes are not 1likely to play a significant role in the

——

. presently observed chronic ethanol-induced brain histamine aliterations.

The regional protein concentrations in the 'brains of ethanol treated and
withdrawn rats were not significantly altered compared to saline=. or sucrose-

treated rats (Fig.hﬁ ), in agreement with other investigations (Tewari and Noble,

.

1979). This indicates that the changes in protein éynthesis (should they occur)

- ¥
are very small compared to the size of the total protein pool. Whole brain and

regional levels of protein are usually unchanged-by chronic ethanel administration
(Tewari and Noble, 1979). . |

The elevation in plasma corticosterone content due to chrinic ethanol
administration and wi:hdrawal (Fig. 44 ) 1s in agreement with similarly reported

increases following otﬁér chronic ethanol studies (see review of Cicero, 1981).

It also suggests that the intragastric administration of sucrose did not in

~itself prove highly stressful. The failure of plasma corticosterone levels in

‘withdrawn rats to be significantly altered suggests that at the time of sacrifice

the withdrawn group may not have been markedly sensitive to handling leading tn

obvious stress-induced artifactual results. .

The presently observed rediction in brain HA levels of rats Ehronically'

1

rreate s vith ethanol s ceatrary to the results of the chronie studies of
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Subramanian et al. (1978; 1980a) and Rawat (1980). .In’ the former studies

ethanol was administered as a 15% (v/v) solution in drinking water for 4 weeks.
Coﬁtrol rats presumdbly }eceived rat chow and watexr without restriction Hypo-
thalamic and cortical HA levels of ethanol- treated rats were significantlv
elevated (+50% and +177, respectively compared to cbncrols). HD activity-remained

unchanged in both regions. In the study of Raw;t (1980), the whole brain HA

content of rat fetuses or neonates of mothers receiving 6% (v/v) ethanol were
[

szgnificantly elevated (+22£ and +36%, respectively compared to controls). Two
weeks of prolonged ethanol consumption (presqpabfy in drinking water after weanlinp
from mothers consuming ethanol) resulted in a +382 elevation in brain HA content.

In all three groups, HD activity was unaltered.

+

Some of the problems with the above methods (i.e. forced drinking of cthanol
In drinking water) were described e%rlie? with respect to the erratic piasma

‘ethanol levels attained (section XIT.C.2) and the nutritional aréifacts that

can occur (see XIV. B. 2 ). -The forced drinking paradigm results in little
and/or erratic fluid consumption and therefore less food consumption. Occasionallv
a rat will eat no food and consume less than 5 ml of fluid during a 24 hour

period (Prell, unpublished). This leads to severe malnutrition which further

exacerbates the ethanol-induced weight loss and altered nutritional state of

- -

the rat. Moreover, it confounds the changes that can'bé attributed to ethand)
2lone. This 1s of particuiar imﬁortance for studips’w%;h.brain-nﬁ since'
malnutrition causes a marked elevation in brain histidine levelé {often more
than tripling them) (Enwonwu and Worthington, 1973; 19745 19753). Since elevated
brain histidire content leads to increased brain ﬂA levels, it is likely that
the elevated histamine levels in ﬁhe chronic studiéé of Subramanian et al..
(1978; 1980a) 2nd Rawat (1980) could be due to malnutrition. Conversely, in
the present studies, the fact that the growth rate of ethanol-treated rats was
nel severely }etardud and the brain histidine ]eéels og~both ethanol-treated

~

2 -
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and withdrawn rats were no greater than sucrose control levels infers that

the nutritional state of the former groups were not severely compromised.

The Effect of Chronic Ethanol Administration (up to 8 g/kg) on the Brain Histamine

Content of Subcellular Fractions

The reduced HA content of”homogenates obtained frem hypothalamic, midbrain
and cortex regions following chronic ethanol administration and withdrawal (Fig. 46)
is consistent with the. results obtained earlier using the same chronic schedule
(Fig.“o ). While the hypothalamic HA“values of sucrose treatéd control rats were

- -

nearly the same as those of other control experiments, .the values for midbraln

and cortical HA concentration were neﬁrly double those routipely observed In

this 1ab6ratory. However, they are nearer to those obtained by Taylor and

Snyder (i972a). This may be due to the use oflIO volumes of isotonic sucrose

as the homogenizing buffer and not 1 ml_ of sodiug phosphate bufﬁpr {10 mM, pH 7;2).
The former would most éffect the HA values.of the-midbrain and cortical tissues -
as Orr and Eichelman (1979) demonstrated an increase in brain HA values when

the tissve analyzed was progressively diluted by the homogenizing buffer,
Howeve?,.the neurochemical basis why such ghronig ethanol treatment caused
cortical HA levels to be significantly reduced when_de:ermined‘on a ng/g tissue
basis but not on a ng/mg protein basis is not clear.‘ fhe Homogegate protein
content (ug/ul) of brain regions of‘treatéd animals ;ersus thelir respective
sucrose controls are nearl§ the same (Fig.45 , Tablei3) and similar to the findings
described earlier when expressed on a mg protein/g tissue basis (Fig.43 ).

Thcrefore, the lack of a significant dé;line of HA in the_cortex reglons of

ethanol treated and ;ithdfawn rats cannot be ex;lained by anomolous protein

concentrétions in this reglon. However, this observation may be related to the ?u
tendency of corﬁical HA levels to be less sensitive to acute and chronic ethanol
treatment and withdrawal as sJEgésted in .the previous diécﬁssion,

The reduced P, fracrional HA centent in all three brain regions of cthanc!-

treated and withdrawn rats (Fig.47 , Table 15)1is sugpestive that the reduccd
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HA content observed in samples.derived from brain homogenates is due t&rreduction
rfroﬁ néuronal stores. The apparent reduction of Pl fractional HA content in the
hypothalami and cortices of withdrawn rats was better explain;é by the rise in
protein content of these 2 groups than by an actual incréase in HA per se.. This
is because the HA content (ngﬂii) was unaltered compared to control values. It
is of interest that this rise in protein content in withdrqwn rat§ {although not
statistically significant) is in line with the obse;ved-increase in brain protein
svnthesis folloving a2leohol withdrawal (Tewari and Noble, 1975). The reason .
for midbrain Pl fractional protein content falling to demonstrate this effecct
is not clear.
.

These results infer that the observed changes in brain HA content are
neurenal rather than mast'ceil or ma;t cell-like in nature., This may also
suggest that the chanpes in brain HD activity associafed with chranic cth%nul
admiﬁistration or withdrawal are also neuronal'in nature. This would be consistent
with the predominﬁnc neuronal prcsence_of HD aqtivity (section VII). The présent
resglts desc;ibing the relative fractional distribution of HA in sucrose controls
(Fig. &7 |, Tablel5) are in line with other rebortg Vhich showed that the brain
HA subce;lular concentration was more abundant in :he-combined ?2, P. and S

3 204 5y

fractions than in the Pl fraction (Table 9 ). They are also in line with the

(“-,
results of Young et al. {

1971), Tavlor and Snvder (1972b) and Schwartz et al.’
(197%a) in which the hypothalamic HA content in the P, fraction alone only
marginally exceeded that of the Pl frac;ioﬁ.

Unfortunately, the validity of this fractionation procedure cannot be
unequivocally appraised.; The use of electron microscopy to evaluate the crude
fractions obtained in this study (withOUt‘further subfractionation procedures)
would not lead to unambiguous conclusions. The methodology and apparatus -

: . : _ ot : . et 1 '
required In order to use neurochemical markers such as K or monoamine oxidase

ierivite is not presentiy available in this laboratory. lHowever, three
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Conclusions
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2294
observations give support to the view.that the fractionation- procedure used

and the results derived from this procedure are valid. First,‘as described

cellular distribution of brain histamine fTable g9 ). Second, the values

obtained for sucrose control hypothale;ic‘ﬂg in the present studies (Table.15).
. . : %

when expressed as units of ng HA/mg protein, are nearly the same as those values

reported in ‘the literature, if.e. 2-7 ng/mg: protein (Correa and Saavedra, 1981;

"

- 1983). Third, the profile of relative brain protein distribution among the

'various fractions in’ the present study (Table 14) is close to that observed- by

other investigators (Garbarg et al., 1976) These investigators reported relative
cortical protein concentrations (expressed as a percentage of total protein

recovered) of 21, 48, '10 and 21 in the Pl’ 2, P3;and SB'fractions, respectively,

There is an abundance of literature in which the effects of ethanol on
central neurotransmitters are described (see reviews: Tabakoff 1977; Okamoto,
1978; Hunt and Hagchrowicz, 1979, Goldstein, 1983). However, a clear, consistent -

pattern concerning the effects of neurotransmitter-ethanol interactions has vet
\ - .

to emerge. The present study and those of Sdbramanian et el. (1978; 19803)

and Papanlcolaou and Fennessv (1980) also demonstrate that the central hiqtqlin-

-

ergic svstem is altered lollowing acute or chronic ethanol administratlon in v1wo

Similarly to the established central neurotransnitters, conflicting dara
concerning intcractions of ethanol with the histaminergic system _has emerged.
However, some of the acute ethanol effects on brain HA observed in this study
and reported by others qhow a similar pattern. bt

Acdte administration of lower doses of ethanol tend to elevate brain HA

‘Tevels while higher doses tend to lower brain. HA content, exhibiting a Ydose-

rolatred hiphacie profile. Alterations_in histamine N~vothy1rransferdse activire

-
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do not appear to occur, suggesting that altered HA methylation may not play a

significant role in acute or chronic ethanol-induced alteration of brain HA
l
content. "In addition, acute or chronic ethanol treatment does not seem to alter

brain histidine levels, euggestive that substrate availability is not a neuro-
chemically important mechanism regulating the alteration of brain HA levels. |
However. the presently observed elevation of HD activity in response to acute
etha?ol administration is consfatent with the reoort of_Subramanian et al. (1978)
“but oot those of Subramanian et al. (1980a) or Rawat (1980): The-teasons for

this discrepancy are not entirely clear. However, an elevation in HD activity

.

has been shown during periods of brain HA. depletion (Verdiere et al. 1975;

Schwartz et al., 1979a). Therefore, an elevation in HD actiyity could be
‘consistent_with an elevation of brain'HA content and also In conditions where

HA content is reduced; pos51bly in an attempt £o restore normal homeostatic

[

levels. : : : .
Several common observations of changes of the histaminergic system are

also apparent following chronic ethaﬁol administration. As observed in acute

-
e

studies neither HMT actiﬁity nor histidine levels were altered. However, the

L4

levels of HA were significantly reduced, in marked contrast to the data of

' Subramanian et al. (1978; 1980a) and Rawat C19805. The methodology of the latterh

investigators could have generated a severe state of malnutrition in the chron-

- -~

ically treated rats, a condition known to elevare brain Histidioetﬁﬁnd as a
consequence, brain histamine levels .(Enwonwu and Worthingten,. 1973i 1974; 1975).
The present method of chronic\ethanol adqinistration did oot cause alterations
in train histidine levels, suggestive that the ethanol-treated and withdrawn
rats were not markeoly @alnourishea. The possibilities that HD actioity_is

reduced or undergoes elevated rates of synthesis to overcome reduced protcin

synthesis and the possible "rebound" activity in the hypothalamic regions of

wivhilesen rars are consistont with the presently observed reduced Mevels of A,



This is adso consistent with the literature concerning protein.synthesis/curing
chronic ethanol administration and withdrawal (Tewari and Noble, 1979) -The |
reduction in P2 fractional brain HA concentration suggests that the HA storcq

that were deplcted may hnte been neuronal. Thcre was a lack of evidencc to L e
suggest that mast cell or mast»cell like HA stores were significantly affected

The present data suggests that ethanol-induced changes in the brain

histaminergic’ systcm are mostly related to alterations in HD activity and HA

levels, both of which are portions sensitive to change along the histamfnergic
‘metabolic pathway. Also, the presently observed changes appear to exhibit a v
rank order of intensities and durations of ethanol -induced changes, of HD activity

and HA‘content, i.e. hypothalamus'> midbrain > cortex. This rank order is the

same as that ascribed to hrstamine'neuronal activity, i.e. HD activity, HA
- concentration and HA turnover (Taylor and Snyder, 1972a; Schwartz et al., 1979a),
Therefore, the effects of ethanol on the histaminergic system may not’ be
scfective for any. brain region. . This infere that the effects of ethanol'on this

particular putative neurotransmitter may be non-specific.

The release of neuronal Ha presently h}pothesized to occur may not neceeenrily

be 1dentical to the release mechaniSm occurring with elevated neuronal activity.

- - E

Since ethanol alters membrape. biophysical properties such aS‘fluidity, transport
mechanisms and reccptor—menbrane bound enzyme inferactions_(Shanbour and Kuo,

1979; Sun; 1979), the depletion of HA due to release may be a consequence of
- . : a .

" these biophysical events. This remains to be examined. - Yet, it suggests that °

further investigations with otnerragents which are believed to share seversl

*

similar non-specific properties with ethanol (e.g. barbiturates and general

-

"anestheticsj'(Okamoto, 1678) may field.similar findings;

Perspective and Arecas for ‘Further Investigation
&

<y -

In all scientific endeavors, the conclusions of one study generate further

qiest fens Tor which more answers are sought in another. Once answered, the

~
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seeds of further investigation are planted anew with an endless cycle initiated
requiring only the inquisitive human mind for fuel. This study has also generatcd
questions, many, such as the nature of neuronal HA release, are currently boyond
the field to imvestigate further. Many questions are tecnnically possible to
approach but beyond the present resources of the author. Still other ideas
for investigation have been suggested by’ the present results which iie in related
areas, not germaine to this project. Most importantly, the development of.
methodology with a broader spectrum of application has opened possibilities for
research in areas-completely unrelated to the present study. - ‘f
The development of reliable, sensitive and . reproducible methodologv whlch

< is validated after interlaboratory comparisons is of paramount importance in the
brain HA research field. 1In particular a brain histidine decarboaylase activiey
assay uhich meets these requirements is needed. In the field. Once developed and
accepted by critical investigators in the brain-histamine field, “its utilicy
and applications would be b0undless. The effects of drugs, physiological
manlpulation and alteration by lesion studies as a putative histaminergic ncuronal
marker are more obv10us uses. Studying its activ1ty changes with neuronal -

) developnent and later, with aging, ‘would also be of -great utility The devgggp-
ment of metnodolorv to 1nvostipate neuronal versus non-— ncuronal brain histamine

stores and brain UA metabolites are in their infancies and require further stidy,

Methodology to asscss hrain HA release In vivo or in rellable in vitro models

are also needed in the brain HA research field.

While the present investigation vielded many interestiag results and" .
: ’ - H

suggested many possible neurochemical mechanisms to account for these results,

e

many of the conclusions derived from this research are hypotheses based on

present results and tne literature. Houever, these hypotheses, although hirhly

suppestive, need experimental confirmation before their credibility and extensive

Acveptianee odn be attained., .

—
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The pfesent results spggested thae efhanei induced changes in ﬁD activity.
The effect of various'p;ychoactive &rugs‘on brain‘HDeactivity_25_31252 %as
r;eeived almost no e;tentiqn.‘ The 4in 25532 analysis of this enzyme activity et
drug concentrations eneountered in vivo could suggest a locus at which to further
investigace drug-induced HD activicy changes should they aceur. This was useful

for studies of HMT enzyme activity in this investigagion. Reports suggesting

that ethanol induces brain mast cell HA release while simultaneously redueing

~ -

. ..:.__ . . ) .
. neuronal HA Telease appear to be untenable (sce Discussion), The present

b

conclusion that HA 1s released (by whatever mechanism) appears to account for

some of the bresent resuits and 1s consistent w;ch‘the literatu;eﬂ The demon;
straeion-chatfthe reductioﬁ of HA occurred ie_the P2 fraéﬁion;.suggestive of
neuronal release, supports the concept of ethanel-induced brain HA release froﬁ
A necuronal rather than a mast cell-like storage site. Yet, thieﬁhypothesis
needs confirmarion. If ae elevation of HA metabolite concent;ation does occur,
this may be helpful in demonstratieg inereased HA felease but ehe source of
this released HA would have to be confirmed. - ,-.

Further analysis of the subcellular HA stores affected by ethanol would be

. most vseful, aubfractionation, verified with electnon .microscopy and the

appropria:e distrlbution of neurochemical markers, could potentiallv show if

the alteration of svnaptosomal HA stores are responsible for these observed

Ehanges. Furthea\gevelopmonc of a subfractionation method may show if the sub-

cellular fractionation procedure per se 1s altered by the high tissue content

of ethanol that mav be obtained during acute experiments. If not, this improved

m&thqd could be used reliahly to evaluate brain HA chaﬁges in aeute seudies.
iastly, once the appro}riate ;etﬁods have been properly developed for

é%udy of the brain histaminergic syétem, the methodology of ethanol administration

for acure-and chronic studies shouldlbe"fe—evaluated for its advantages and

diz=ndvantages., With well Pasteréd, experimental experiehce in the brain Ha
J ' ' '
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field, alterations of the central‘histémine;gic system could.ﬁore confidently
'Abe attributed to drug-induced changes (e, g. ethanol or any other psychoactivc
agent). The experimcntal artifacts which often occur with psychoactive drup
- research (e.g..the metabolic or nutritional aspects of_chfonic_ethdnol invest—
.igation, mast cell degranulation due.ta morphiné or chlorpromaéine inhibitlon
-of HMT) gould then be more effectiveiy acéounted fof, possibly with the design

"of more aﬁpropfiate experimental controls.
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1.

The effect of acute and chronic ethanol administration on the rat brain hiqtnm—

inergic system-was studied in vivo and in- vitro. To effectively determlno the

neurochemical mechanisms responsible for :he observed changes, several methods

were developed.

_An assay for hiqtamine V—methvltransferase activitv was developed. Its kinctie

. constants were in the range reported bv other inveqtigators. In order to more

accurately quantifw the cbserved enzyme activi:y, the fractional recovery of

tele methylhistamine formed during the assay was determined. This required the

synthesis of IAC tele-methylhistamine which was carried out by a modification

~

of the method of Taylor and Snyder (1972a)." Following its synthesis, isclation

and pur;fication 1ncroduction of this 14C-’tele-methylhistamine into the assayv

showed that about 80% was recovered,

- The effects of ethanol, acetaldehyde, norphine and naloxone, alone and in

combination, on HMI.activity were studled at various concentrations in vitru

Nene of the agents studied had any marked effect. en HMT activity at concent-

. rations attained in v1vo.

4.

The cffects ofrncute cthanol (1 or 2 g/kg of a 25% w/v solution) on the rat
brain hlstamlnergic svstem were determlned 60 90 and 120 min following intra-
gastr*c administrarien. Histamine exhibited a biphasic effect, i.e. an elevation

ac - the lower doqe and a reduction following the higher dose. While HMT dctivity

was unchanged, HD.activity_increased. The HD,accivitv elevation appeared to

‘be more prolonged when HA levels were most markedlv depleted.. This was possibly

due, to 4 compensatory mechanism in which the brain attempts to restore HA content

..

. to normal homeostatic levels. These effects occurred at plasma ethanol levels

- -

=

which are sinilar tb those obtained clinically. Therefors’ these results mav

J:l
have c11niEa1 significance.

- -

Chronic administratinn ~f ethansl in Increasing doccs (up no 8 g[kg/dfy) for
26 davs and uirhdrnwnl caused HA levels to be reduced. HMT activity remained

unaitered. The HD activiry in the hypothalamic and cortical regions of ethanol-
: . : : )



treated rats was uﬁchanged. The midbrain HD activityfof'ethanol-treated nhé
withdrawn rats tended to decrease compared to the HD activity of saline~ or
Suprosertreatéd controls, However, HD activity in the hypothalamic regions of
withdrawn rats was increased. These findings éuggest that the hypothalami{c IiD
activity which might‘be expected.co be reduced due to reduced brain protein
synthesis (occqrfing with chrénig ethanecl administration) was not affected a%
it re@ained unchanged. Withdrawal resulted in elevaﬁion of HD activity still
further,.fossibly due'to a rebound-like increase in brain protein synthesis
which ofteﬁ'ag;ompanies ethanol withdrawal. i . .
65 Subcellular fractiqnation of rat brain tissue inte nuclear (PI), mitochondrial
jPz), microsomal (P3)'and supernatant (S3) fractions was carried out. Subsequent
‘HA determination in these fractions from rdts chronically treated with ethanol
and withdrawn showed tﬁat the mitochondrial‘(Pz) fracrion was gepleged of HA,
This was suggestive that the stores of HA which were depleted were neuronal,
7. Since the ﬁD ac;i&ity was limited by the small amounts of shbs;:nte used 1n
fhe assay, possible.alteratiOQ of engogenous histidine levels due to ethanol
could hHave ocqgrred. -Thérefore, a method for brain histidine was developed.

This method used fluorescnmine‘as the fluorogenic aéent, which whén derivatized
with histidine, exhibiteé fiuorgscence intensity d;téctable a%:lO picomoles of
Fhistidi..ne. )
8. This new fluorescamine-histidine method for the determination of brain histidine -
Eollowing acute or chronic ethanol administration showed that brain histidine

~ concentration wés unchanged. Therefore, the alteration of brain HA levels

\

Followlng ethanol ndminiQtration were not likely due to altered substrate r;)

avallabllltv. Moo ’ ]

.9, Since the magnitude and dutration of changes in the histaminergic system exhibit
a rggional rank order parallel to that of regional HD activity, HA levelq and
A turnover, it {= posaible that. the okserved ethanal-jnduced changes are, non- |

speeific.  The depletion of brain HA®in chronie studies may be due to cthanol-

induced alteration of memhrane properties leading to HA release.

P | | (
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Major Origlinal Findings S - .

- -

During the course of this study several discoveries Were made which had
not previously appeared in the literature. The major finding associated with

the assay of histamine N—methyltransferase activity was that the recovery of

‘newly synthesized 14

this, 1Jl"'C—tele-methylhis‘l;e..mi.ns.e had to be synthesized i1solated and purified by

c- tele-methylhistamine was approximately 80% In order to do

a new method developed by the author. To_evaluate brain histidine levels a
method utilizing the fluorogenic agent flnorescamine, wasldeveloped. This
required that specificity for histidine and sensitivity be demonstrated.
Heating imidazolylethylamine~fluorescamine derivatives in an acldic medium
was found to_be specific for histidine if the supermatant samples derived
from.boiled brain tissue homogenates had been previously deproteinized.
Substances found to exhibit fluorescence are eilther not present in rat brain
or are present in ‘amounts which are analytically insignificant This specificity
was verified by analysis with thin layer chromatography using two solvent
systems. The method developed was sensitive enough to detect 10 picomoles of
histidine. ¥hen this nethod was used to determine histidine;content in rat

braln regions the values obtained were consistent with other llterature reports.

Several of the observed ethanol—induced changes of the brain histaminergic
systen were either previously unreported or at variance Hith published reports.
The observed biphasic effect of acute ethanol administration on rat brain
histamine content as a functlon of dose was contrary to previous reports as
was the observed reduction-of hypothalamic histamine levels at a higher acute
ethanol dose. The lack of change in the Llevels of the histamine precursor,
histidine, in rat brain.regions,foliowing acute . ethanol administration_had not

" been previously documented..The'depletion of regional brain_histanine lgvels

e
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following chronic ethanol administration and withdrgwal'was a novel observation.
This depletion was further 1n§e§tigated in subce;lﬁlar fractionatioh studies

whére the reduction in the histamine cﬁntent of the mitochondrial fr%ction'observed_
would be consistent with a reduction in the newrcnal histamine pool. This would A
'at the same time be inconsistent with a ﬁarked change in a mast cell or mast
cellzlike histanine storage capacity. This is-the first time that such a method

was used to delineate the neuronal-like versus the non—neuronal?like source of -

changes in brain histamine following psychoactive drug administration.
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