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INTRODUCTION

During the past few yoars the pathogenic sction of thalidonide
on pregnent animal hos been amply demensireted. The induced melfore
mation of the embryo, and the pathogenic action of thalidonide on the
embryo ocsur after implantation and during organogencsis. Since many
enzymes show a marked albterstion during thyrosxdne-induced matamorphosis
of tadpele, and furthemore, as these blochemical changes are correlated
with morphological transformation of tadpole, the thyrowine-induced
anuran matnnorphosis might represent an excellent system for tending
the effect of thalidomide and ite derivatives, and for studying the
mechanden of differentiation of %adpols per ce. Owing to ite sedativs
effects, thalidomide might also be concernsa o the metavolise of
catecholaminss in amphibian, Our studies described in the Pirst pard
of the prasent thesis have been mainly concerred with the study of
the thyroxine-induced metamorphosis of tadpole and the effect of
thalidonide and its derivatives on this metamorghosmis from the rodnt
of view of morphological chenges, saveral enzwmatic sctivitics, and
the emount of catecholaminss and amount of glucosemine in varicus
organs,

In the second part of ths thamis, LG pattern during
thyroxine~induced emphibian metamorphogis is described. Gemsrally,
the LDH ipoaym2s arc separated by stacch-gel-glectrophoresis and
the ssperated enzymes are visuslived by using vetrezolium dyes as

eiubion carriers, Gererally the enzyos activity is estimated by either



elution or scanning devices, Hoth these methods are tims-consuming

and semi- quentitative, In this mamsoript we describe a nsu
techndgue for dissolving the elsctrophorebic sirip together with the
colored spocta of LUN isozyme. This methed ie sinple » accurate and
rapid and has thus been appllied for the dstormination of lsctic dehydro.
genage ISosymes during thyroxins-induced tedpols metsmorvhosis. The
effect of thalidomide on the distribution pattern of this enzyme is also
studied,



REVIEY OF LITERATUM

A} Thyroine-induced mrtamorrhosds of tadmola.

The morphclogical changes during metamorrhiosis are carefully
described, aspecially by Taylor and Yollves (1), Ptiin (2), and Tynn
and “achousiki (3), and many others (4 — /), Alteraticns are observed
in nearly every orpan systen, Prior to the ongat or natamorphosis,
the "rog tadpole is an aquatic animal with well developad £ille,
“lattened tail, lidless 2yea, horny and raspin teeth. snd long coiled
intestine, Tha.frog, in contrast, i1¢ a luny breathing animal with no
tail, uwell-gevelopad linbs, eye-lius and oiher structures sdaptea to
its carnivorous havits. Even structuves shieh persist into the aduli
life undergo o-tensive alierations, The skin thickens, bucomes more
glandular, and attaine an outer corniiied lager, the intestine decrsasas
in length, and the brain Yecomes more Blghly dir’erentioted, & rartial
st of morphologlcal develomment which is likely to involve maricy
cellular wmodifications during metancrrhoals 1s.; the develovsent o
limbs, eyslide, lunge, tongue, tyapanic msembrane, and opercular
rerforation, the alterations in skin and rigments, dver, pancreas,
intestine, loas o tecth, and herny bza¥, and the atromiy of tail and g
cloaca,
Only briel mention will be msde here on the Inet that the
normological and biochamical chanpges end responses in induced

netemerrhosis are not aleays identical =ith the slower, apnarently more



oxrdered changes of spontansous é:&tamormasis, & point envhasized by
Ttikin (2). However, stimulation of netemcrriosis by the elsboration
of endogencus hormones or by evegenous thyroid hormone constitute tha
evtrinsic factor in arnuran diife rantlation, Probably of sven greater
imvortance are the intrinsic factors contributed by the wesaic of
sonsitive tiseucé. It 1s thus wmore accurate to speak of wmetamorvhosis
ae resulting from the interaction of thyroid hormons with undiifer.
entiated tissue factor becausa it emphasizen that tho many phenomena of
metamorchosis dspsnd not only on the action of thym:{ina bat alze on
the presence of an inherent tigsue sensitivity, The discovery of %he
relationehip betueen the thyrold gland and emphiben metemorrhosis by
Gudernatech in 1912 {4 ) provided an important dochemical dsvelommant
in the study of metamorphosis, This observation facilitated resesrch
on this phenomenon by shortening ths trangitory period from the larval
stage to the adult under controlled conditions. In the absence of
edded thyroxine, 2 Rana catesgbeiana tadpole may romain in the larval
form for 2 to 3 years under certain snvironwental conditions, The
identification of thyroxine ae the active sgent in the thyroid gland
gave impotus to these studies, The intrinsic susceptibility of tadpols
tail tissue is dramatically illustrated by Schuind (). Schwind
transplanted en eye cup to o tadpole tail, During metemorvhosis the
sye moved graduslly forward duxing teil rasorption, and finally come
to rest in the sacral region at the termimation of metanorphosis,
Similarly transplanted limbs are unsffected by the degenerative procensIs
ia the surrounding ¢2il tissues, The impressive degenerative changse



of the tail have afforded an extremsly convenient tool for hioassay
for thyroid homones using tadpoles, although certain other structure
nay be evan more sensitive to Ty and 1),

Ths acute and differential sensitivity of amphibian tissues
was also shown by Hartwig (€). He obteined local metamerpbic ghanges
by thyroxine implants in salamander larvae, This technique hags been
improved and sxtended by Kollros (7), and Kaltenbach { ¢-7). Using
thyroxins-cholesterol pallet implants, these workers have reproduced
locally meny of the indisidual tissue changes relatively independenmt
of gensral eystemic effscts. Keltanbach implanted thyroxine-cholssterol
pellets into early larval tedpole and induced prematurely and unilaterally
in the vicindbty of the psllets such effects as chengs in head cutlins,
regorption of labial fringe, lengthenming end cssificstion of bones of
the hind limbs, complex changss in eye structurs am tail regovrption,
depending on the site of implantation, Thus, thyroxine iy shown to be
the direct initistor of a wide varisty of cellular differentiation in a
variety of tissues, Kultenbach, in 1959, {7) aleo studied that thyroxime-
cholesterol pellets containing 207, LOZ, and 60% thyroxine by weight end
pleces of fresh mouse or frog thyroid glands (some of uhich contained
1131 ) wera implanted imto tha dorsal and ventral tail fing of ammran
larvae in early stages of develomment, Cholestsrol control pellets
were similarly implanted. Wo local metsmorphic responss was induced
in the fine of tadpoles with cholesterol control implants, and generel
netanmorphic progreass was not accelerated, He local metamorthic responas
wag induced in the {ins of 907 of the tadpoles with implants containing

20% thyroxins, yet general metamorphic progresc was somewhat accalerated.



A atriking local resorption of the tadl £in was induced premasturely
to general metemorphic events by implante containing LOT thyroxine.
This was accelerated by darksndng of the fin at ths site of the
laplant and by some acceleration of general metamorphic progresg.
Also fin resorption uwas induced by implants contairdng 60% thyroxine
and by implant of fragments of fresh thyreid glande; however, the
localized response was not as sharply delimited, and its precocity in
relation to other metamorphic evants was lassenad by &n sccoupanying
rapid sccelsration of general netamorphic svents, Premature loeal
regorption of doroel end ventral tell fins was brought about drectly
by local concentration of thyroxine., It may be concluded that resorvhion
cf the dorsal and ventral teil fins scocurring during normal motanor.
thosis of armran Jarvae is probably cauged by the direct sction of
thyroid homone upen the fing,

An edditional evnprosch emphasizing isherent tissus rasponss
has come from Eollros end his assooistes (7)., They axposed hypophy«
sectomized R.piplens to extremely low doses of thyroxine or tri-
lodothyronine. At extremely low immersion lavels of axogenous hormone,
disappaarance of skin tissue in the opercular region, and siin pigment
alterations were noted. Uader the identical conditions, little changs
in teil tissus, limb develoment, or certain other morphological features
uore datected,.

The refarence to the tdoochemical alterations which occur
during amran metanorrhosis have boen in the earlier review of Ftiken

(2), Lymn and Vachowski (3), and ¥old (15). A more detailed review has



been given by Urbent {;0). In the latier review, blochemical changss
during anuran metamorphoslis wers discussed ag pertinsnt to an organisa
tranoforming from @ free suinring, aquatic larvel form to a terestrial,
air breathing, adult fom, Thus, during ustamorphosis, bicchemical
alterstions may be considared tos (2) Have an apparent direct adaptive
valus, or (b) Serve as a basig Jor morphological, blochemical, or other
changes which have adaptive value, It is oY always easy to decide
vhethor & significant chemical changs is directly adaptiva or only
indivectly., Tossibly, all the transitions ohserved will preve to he
divectly adaptive to land Living when properly appreciated. Therefore,
they emphesize the arbitrary ond temporary mature of this distinction
and anticipate a steady migration of the less well understood chemical
alteration into the wrimary adaptive category.

In relating biochenmical changes to the amran adjustment to
land, it 45 nob meani to deny the many useful deseription of metamor.
rhogie ae an extendoed embryo. logical process, Inded, many exbryclogista
conpider metamorghosia as merely & terminal phase of enbtryonic devalop.
mant, Witschi includes three chapters on this netamorphosis in his book,
"Development of Vertetretest (// ), HMany of the blochemical changes
during metamorphosis parallel fostal to adult changes including the
ineresss in serus albumin, the reduction in oxygen binding by the pro.
vailing hemoglobine, and the develomment of the urea cycls ERZYME L.
Some of the wost uzsful arguwaents in cupport, of the recapdtulation
theory are drown from the events of amuren wetanorphosis, Ths tadpole

to frop transition fllustrates nany of the esmantial features of



bicchemical ovolution, Since fhesea tuo cutlooks are well kooun, an
equally gensral but less ueed view point basad on chemical adaptabion
has been prefered Lo an attempt to integrats the biochemical changes
whizh have been obsarved during amuran metamorphosis. The biochenical
changes acoompanying amran metemorphosis which contrllute to lend
adaptation may be censidered ag follows:

1, The shif% from emmonctelism to ureoctelism cduring metamorphosis,

2, The dnersace in esarun slbumin,

3. The change in the structure and blosymthesis of the hemoglobins,

Lh, The chengss in the digestive ensymes, |

5. Tho augmontation of respdration,

6. The metabolic changes for mdaptation.

It iz axdematic in the classical approach to comparative
blochemistry, particularly as dovslopsd by Meecdhem (/=) and Belduin (/3),
that the nature of an animal's nitrogonous exoretory product is 2
function of iis enviromsent and phylogenetic position., As early as
1931, Headhzu (/) emphasized that smmoria is the principal emd productd
of protein natabolism of aguatic animala, bt is supplanted by urea or
uric acid in smphidbians, birda, roptilss and mawmals, An abundance of
water is roquired for the efficient elimination of emmonia because of
ite grent toxicity. Terrestriel anmimals have urea or uric acid as tha
predeminant nitrogen excretion product, Hmmnals ore urectelic, ures
belng the main end-product, whereas birds and roptilee are primarily
excretors of uric &cid, uricotelic, Batween these pzymansntly muatic
vertebrates and strictly terrsatisl animals arve ths amphibiens, |



vertebrates making a trsnsition irom an agquatic to & terrestrial
enviromuent in their 1ife cycle, Fron thess results, it is apparent
that the nitrogen excretion pattern of anphibiane should fluctuate
btatvueen thet of their aquatic, ammonctelic patteyn and terrestrial,
ureotelic relatives. At the cutset of metanorphosis or under the
influencs of the metemorphic stimulue, T}, alterations in the mitrogen
exoration pattern bogin to ocour(ls) .

Williem et al (/¢ ) reported that forty three aifferent
subgtances structurally related to thyrodine were assaysd for theiy
natemorvhosing effect on Rana piplen tadpoles. Trilodinated com-
pourls with lodines at the 3,3!,5 posttions were found more active
than tetraiodinated compounds. The 3,5 ang 3,3' diodinated compounde
tested also had eoms sctivity sucept for the 3,5 daijcdothyrofornic acid,
Nons of the monolodinatad canpounds assayed showed biological astivity.
The most active compound studied wes 3,3', 5-triiodo-thyroprovionic
ecid which was 300 times more potent than I-thyroxine, The next most
active compound was 3,5', 5,51 ~tetralodothyropropdonic acid which was
80 timep more active then thyroxine., The 3 23, 5-tridodothyroscetic
acid and 3,3%,5,5'-tetrajodothyroscetic acid followed closely, being
2h end 10 times more active respectively than thyroxine, In pensral
their dete for potency egres quite well when ecmparison can bz mads
with date reported by others (/7->¢), Roche et 81 (/7 ) reporteqd
that Antigoitrogenic activity and its effect on ths metamorphosis
of tadppls of Rana esculente have been studied with sixtesen
iodothyroninee and substanceyg structurally similar to them, The |
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355, 3V -trifododerivatives siow themeolves to be more active than

their homologues 3,5,37,50 tatraiedinated substances, whether the

carbun zide chain is an alaxﬂna?iodeﬁwronims), proplomic acid or
ecryloyl-repidue or carboxyl groun. In the ifcdothyronine series s the
D,1.-3,3%-diiedodsrivatives shou as grest an activity as that of the
D,L-thyroxina, That of the DyL-3,31,5'-triiodothyronins is very small
in contrast to that of the D,;1-3,5,3%-trilodothyronine, previously
defined:as being five times greater than that of DyL-thyroxine, The
prozance of one aton of iadinaig and ons et 3' is a necassary condition
for the exlstencs of activity; thie activity is asbrengthened by &
substitution at & and reduced by a substitution at 5', Tts effect on
the moetamorphosis of tadpolss doss not aluays run parallel with its
effoct on the develoment of expsrimental goiter, This activity is
very great in the case of thyropropionic end thyroscryloyl derivatives »
and in the case of 3,5,3-triicdothyropropionic scid reaches a value

290 times that of Dl-thyrozine, Bruice et gl studisd (/3) 2

correlation of structure va, thyroxins-like activity for L7 analogs

of thyroxine, The thyromimetic activities of thees analogs in anphibia
end mempal are related to the elsctromic charscter of the diphenyl ether
mcleus, as affected by the abilitics of the groups {,i' and OR! to
attract or release electrons, with elsctron-releasing groups Lavoring
higher activity. The abilities of the zubstituents X and X' o fom
hydrogen bonda influence thyremimetic rasponse, activity incressing

with enhanced ability to fom such bonds, Activity 1o related to the pX
of the side chain, B, The empirical nature of the correlation is stressed
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and its efficiency and possible uses are noted.

Michel and Pitt-Rivers reported that (/7) when thyroxine analogues

are compared with thyroxine, it is often found that thc.se analogues
exert a much greater effect on amphibian motamorphosis than on various
tests in mammalian organism. This observation also applies to the
rate of metamorpnosis wherc verious thyroxine analogucs seem t©o
accelerate metamorphosis much niore than thyroxine (X-27). It is
rather rara that the potenci.: of {thyroxdne-like compounds are higher,
relative to thyroxine, in wmu:is,

Kaltenbach (L&) im :.2dics on tadpole metamorphosis using

L
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thyroxine implants sugpested that diffusion ef thyroxine into the
surrounding tisouse wes indicated, The accampanying slight aceeler-
ation of other metamorphic events, cuch ag hind 1liab devalomaent, io
attributed to the action of zmall quantities of thyroxine which sntered
the circulatory system, In genersl a mllet containing 20¢ thyroxdins
elicited no local metenorphic responss in the fin, y=t it did stimalate
overall metamorvhic pregress to some extent, as judged by asccelerated
hind 1imb development, Furthermore s when implanted into various othsp
ragions of body, such pellats were effective in eliciting premature
local metemorvhic responses in structures such ag skin, eyslids, and
operculum, Hind limb growth and osgification wars accelerated by
pellets containing an even lower concantration of thyroxine, The
responigivensas of the fin to a reletively high concentration of thyroxim
and its fallure to respond to a lower concentration suggested that the
fin hes B high thrashold of response to thyroxins (29-3/)e This is
further substentiated by the occcurrence of generalized fin resorption
rats in the nomel secuencs of rmetanorphic svents; in a few days after
the onset of mstumorphic climax eyelid foruation, opercular thinning and
rerforation, limb formstion, ete, occurred, These changes coincided
with a period of great thyroid activity {(32). The late and sarly
metamorphic events probably have differsnt thresholds of responss to
thyroxine; thess for late events beding high, and those for early events,
such as hind Linb development y bsing low, This view iz in accord with
that expressed by Kellros (33). On the other hand, according to the hypo-

thesis ef Btkin (35-34), all events of retemorphosis will respond to low
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concentrations of thyroxins tiven sufficisnt time, the rats of regponss
depending upon the concentration of hormone. Clausen (35) (36)
demonstrated that, when implant contained high concentrations of thy-
roxine or consisted of pieces of frash thyroid glands, the lecally
rasorbed arsa in the £in was often large, but not sharply delimited,
Horeovar, gech- yesorption vag acoompanied by o genmeral accalaration of
motenorghic eventg, including reduction in the height of both fins,

This indicates that &iffusion of thyroxine frem the implante uss rapid,
thareby allowing relatively high concontration of thyroxine to diffuse
not only into the adjecent fin tissues tut also into the circulatory
system. . . The £in was more reduced in height anterior to the resorbad
area than posterior to it rey have been dus in part to ths clrculatory
pattern in the fin . gr totle anterior-posterior gradient of fin
suscartlvility, Evidence for the rapid diffueion of hormons from gland
implantas was furthsr afforded by radioautographs of tadpolas with 3131
containing implants in the tail £in or beneath back skin (/9), for
within & fevw doys very little 3131 was present in the implants or
sarrounding tissues, but large emounts were concentrated in the tadpolets
own thyrold gland. When glends wars dried, mixsd with cholasterol,

and compoundsd $nto psllets in order to deorease the rapid rate of
homone diffusion from them, they were ineffective in stimulsting meta~
morphosis. This wag probably dus to destruction of effactive subatances
during drying of the glands or to insufficient concentrations of thy-
roxing in the pellets, The sams concentration of thyroxine were probably

cauged by early expulsion of amma rellets fram fins due to pregsure



etrophy (37), varistions in the size firmness, and thyroxive contents
of the pellete and hence in the rate or hormone diffusion from then,
and variations in the individuel responses of tadpols, The induction
of localized fin resorption by thyroxine-sontainir ¢ implants nepatss
the early hypothesis concerning the dapendencs of tail resorption upon
the growing uréstyle and ite interferencs with the blood supply of the
tail, The results, therefore, are in accord with thosz of Morss 2)
and Relff (37). The lack of metamorphic response in the fin both
anterior and posterior to the implant s and its resafptﬂ.m locally at
the site of implant, indicate that regorption was not initiated by a
factor which influamed the teil as a whole. For asimilar reasons, and
in accord with the {indings of Brown (40), degensration of the nervous
gysten of the tail cannot be considered ac the factor canging Lin
regorption. Singe resorption was sharply localized and the toil as a
vhole functioned normally, any degenerative changes which may have
gcourred in the nervous gystem must have beon localized in the 1esorbe
ing area of the fin only and have baen part of the gzneral gyndrome
of histological changes cecurring locally noar the thyroxine dmplant,
Furthermers, undorlying atrophying muscle must be ruled cut 2 the
causative agent of fin resorption, mince soriml sections revealsd
intact muscle bensath locally resorbing replons., This is consistent
with the view of Lindeman (“/ /3 that tail skin is able to undergo
histolysis indepsndently of undarlying atrophying tail muscls.

That the teil fin is specific in its response to thyroxine
was indicated by the lecslized resorption which occurrad near thyroxineg
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implants in the fin amd by the variety of cther apecific locsl
metamorphic vesponses which occurred nsar thyroxine implants in other
reglony of the body, such as maturation of back skin and growth of
mazencaphalic V nucleus celle (45-4), Specificity of tail tivsues to
histolytic Pactors had been indicated esrlier by transplantation
experiments of Idndeman (<4/-72), Hel? and Clausen ¢5), and Geigy ().
In contrast to the smount of information available on the
physioclogical function of the thyroid hormonss in eaphibian metamorphosis,
relatively little ic known about their effects on growth and differenti-
etion in other classes of lower vertebrates such as tunicates,
acvanlates end fishes, or invertebrates, Coutradictory findings have
baen reported but it appears that the effscts of the thyreid on grouth
end differantiation is less spectacular then in amphibians, Although
eo many studies have tsen mads on the effecte of thyroid horuone on
metanorphosis, none of the theories put forwerd to explain the mechanism
of action of thyroid hormones on metamorphosis has painsd wide acceptance,
It has been suggested that the thyroid controlz metamorphosis by
influcneing metabolisa, However, mony invostigators who did observe
an increass in nmotabolic rate of tadpoles durinz metamorphosis have
expressed the belief that such a rise in metabolimm is incidental
rather than a cause of mstamorphosis as Pirst suggested by Huxley &
and Aleschin (46).
Champy (fy) bslieved that the thyrold homons causes en
increase in sdtotic =etivity in those orgens whiech are characteristic
of terrestial life, i.e. lungs, limbs and intestins, while 4t has
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effects on charecteristics of aquatic existence, such as the tail,
¢llls and the horny beak. Aleschin conglders that impregmation of
larval tiesuss with thyrold hormone leads to autolysis, sspooially in
the gills and intestine; autolysis would lead to a gerevel acidosis
and this would pramote further antolysis, This would sccur even when
the thyroid is in a resting state towards the end of mstaorphoais{45),
The principal ebjection to this theory is that it only acoounts for the
disappearance of cardain tissues, bub provides no explanation for the
eppearancs of new omss (ldmb bude). Iyrm and Fachowsii {7 ) consluded
that the characterictic responsas of differant tiséuas to the horone
result from ivherent properties of the tlssues themselves, This lsads
us back vo the basic problens in embryolegy of "differentiation” and
"doterminatlon', and Pitt-Rivers and Tata (5 ¢) concluded that the
diverse changes which oceur during metamorphosis are predeterminedand
are only triggerad off by the thyrold hormons,
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B) The effects of thalidomide and its derivatives on thyroxing.

induced metamorphosis of tadpols,

The peculiarity of thalidomide (5/) bscones particularly
evident when its ebructural formuls is compared with that of other
sedativesn, ’i’he most of the known drugs exsrting central-sedative effects
(hypnotics, sedatives and enticomvuleive agents) are grouped according
to their structural festures and to the ring eysten they centsin,

Thess substances are derdived from carbonylic acids substitutad st the

o ~carbon atom with two hydrecarhon residues, The typs of ring gysten
into which tﬁis greupdng is incorporated seems to be of minor impor-
tance. Aw will be seen from the structural formula of thalidonide (1),
it bears, in the o(-position, an acyleted amino group instead of two
hydrocarbon residues. Of all the sedatives knoun to dsta, thalidomids,
a derivative of glutenio acid (IV) or glutemine {V), is the only pre-
paration derived {rom & patural endogencus X-anino scid, Superficielly,
the forwula of thalidomide resembles that of glutethimide (1),
(Glutethimide generic name for the hymotic Doriden), with an additional
two hydrocarbon residues on the corresponding cartoxylic acid (111),

It is not only in 1ts chemdecal sbructurs » but elso with
vegard to its pharmscologicel properties that thalidemdde displavae
differences as compared with the other known sedatives and hypnotics,
In animal esperimonts thalidomids vap found to be a nild sedative with
a rapdd onset of effsct (5/ 04}, Its comtral-zedative action merely

induces & reduction in spontencous movement without any initial
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excitatory phass. Unlike prepavation exerting an enssthetic eflact
(berbiturates, glutethimide, ethynyl-cyclohsuyl carbamate, snd
methylpentynol), thalidomids does not interfere with coordination of
movement, even given in very hisgh doees (/) Wor doas 4t show any
auticonvuleivant action., One rerticularly strilting foagture of
thalidemide 48 ite extremely low toxicity in acute experiments. Fvan
uhen the drug is administered in the highsst pozsible dosage » it was
impozsibls to determine the lethel dose oy even to embablish the doso
at which an anesthetic effect sccure - an obssrvation which contrasts
with the propertice of the ssdative and hypnotics, The firdings
emavging from animel exporiments uas confimmed in the course of clinjcal
trials, vhen the drug was taken in extrems over-dosages, it cwried
no anssthetic effsob 4n man (95~7). In view of these facts it appears
that thelidendde constitutes & unique type of pedative (5/). However,
during the ysar 1961, reports appeared in the modical press referring
to nsurctoxio smide effecte caused by thalidemide G567y In 1961,
Leny (7/) volced the suspicion that trestment with thalidomide during
early pregnancy might be responsible for the ooccurence of Wedmans
gyndrome (72) in OGermany, %With the rublication of further papers on
thia subject (7:-35) ths opinion becams more and more Tiraly established
that thalidomide, 4f taksn by progunant women during the eritical phase
of limb doveloment (Lth-6th wesk of vrognancy) could be the ceumative
agent of defomities of this type. It would appsar that durdng thig
whass, even very emsll quantities of thalidemide arc sufficient to

csuse congenitel malfomations (v/-7/), Sinse in adults an oral
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therapsutic dose of 100 wg thalidomids yields at the ubmost 2 blood
concantration of 0,9 ng/ml (57'/ }, it svpears that only a few micrograms
of the active substasce may suffice in the enbrys teo produce a
teratoganic effeot, Thus, it seems rather difficulit to reconcile with
the vary low acute toxicity of thalidomide in =men and amimal, and redses
the question whether it is the preparaticon itself or, more likely, one
of its metabolites that is the factor adversely affecting the embryo,

In 1964, Dalshunt revorted that they could induce rmalformatiom
in monkey fotus using thalidomide, as obparved in man (92), Fourteen
female Cynzmologus (Mscaca irus philippinensis) were used in their study.
Thalidemide (10 mg Kz) was given by an eral tube from the 32nd to the
h2nd dsy of pregnancy. These days weve chosen for troatment bacauss
implantetion only cccurs ¢ Lo 11 days affier mating., The dosage schedule
tock into account that limb develommerd occurs 26 days after conceptien,
They parformed Caegarean sections on vregnant females in order to evoid
loging any fetuses by uncbporved ebortionsy All fetuses were sxamined,
The thalidomide syndroms in the monksys was mswifested by amelis,
phocomelia, internal hydrocephaly, faclal cepillary hemangioms, hypoe
gonseis of the metatarsel bones, and anotia. Cross dissschion revealed
that the concsptus vas a teratema, The malformstions described in
theos monkeys ware anatoeically identical to the deformities yeported
in human children whosze methers hed taken thelidomids during pregmancy
(703

The anomdlies found in monkeys are of such distinctive
character that it would be highly unlikely that they could hawe cceured,
aven in thess limited mumber of studies, merely by chance, 7The findings



by Lapin and Yakovlewva (73) would further strengthen the raport of
Delshunt et al that thalidomide yproduced the skelstal defects in the
fetus of monkey(/)Delshunt ¢t &l reported that the skelstal system in
both man and the monkey was the primary target for malformation induced
by thalidomide, In 198L Fabro ot ul investigated the effect of
thalidonide and its derivatives on the pregnancy in rabbits (%), They
reported that thalidomids exeris, in the two strains of rabtbits, a

clear teratogenic and embrystoxic effect ag is evidencad by high
incidence of resorptions end malfomations. Substitution in the pathali.
mide ring of thalidawide by & mitro group as in 3«(19,3'-gloxo.d!-
nltrolsoindolinyl-2')-2,6-dioxopiperidine (3-nitrothalidomide), appears
to reduca teratogerie activity markedly; however, the ingidence of
regorptions remains high. In 196, Joyce ¢8 al (v5), studied the
teratogerdcity of thalidomids and its derivative compounds in the devel-
opdng chick embryo., Whereas doses of thalidomide up to 10 mg hed 1ittle
or no effect on the L-day old embryo, 0.5 mg injected into the yolk sac
Just prior to incubation produced wicromelia and edema, which were rarely
s3en in the controls, Other abnormmalitiss observed were runplassnens,
cerebral hernia, and defocts of the syus and bsak, Wiich vore also
precent, but to 8 lesser extent, in the combrols, letabolites of
thalidomide which are found in the urine of rabbits after oral achin-
istration of this drug wers also imvestipated, =d-phthaloylglutanine
and o(-N-phthaloylgiutemic acid hed little effect, suggasting that
hydrolytic cleavage or the glubterimide ring of thelidemide resulis in
dacressed teratogenicity. However, incressed teratopenicity was shoun

by hydroxylated dsrivatives of these compounds and of thalidanide in
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vhich the hydresyl group wes lecated in the 3- or L.position of the
phthalimido group, the bi-nydroxylated derivatives being wore effective,
The malformation inducsd by thalidomids in rebbit s Chickan,
morkey and mouse wers well establiched, Howsver, there is ansther
interesting effect of thalidomids, Kenpor et 81, and others (V¢ /c/ )
showed that 4n treating anmimals with thalidondde bafore implantation of
ths zygote resulted in still birthe, They advanced the hypothesis that
the thalidomide killaed the embryo prior %o itm implantetion, Kemper
st al (V¢ ), in 1962, reported that thay carried out some axperiments on
chick eggs using thelideside, In thedr expeviments on more than 600
egge, they ugsd those of an inbred hybrid-strain which wsrs injected
onoe undsr sterile condition with 10 BZe, 2e5mZe, or O.5mg, tholidoaide
cithor hefore etarting the artificisl bresding, or ik hours (6th day)
after begimning tho breeding, In ths thalidonide-treated groups, a
mmber of grogs malfomationg (encephalocsis, anencephalia, micro-
vathaluia superior), dafovmitics of the Jaw and of the lega) éven in
the group which was injocted uith only 0.5 mg.. The abnomalities
cccurring in 20% ware nob dependemt upon the dose of thalidmmide s &nd
only macroscopde and extermal mslformationswere noted., The interesting
part of this finding is that, in a large mmber of egge injected
before breedirg, the dzveloment of ths gern per ss coesed or was
daleyed, vhereas thoss injected on the 6th day of breeding howed far
batter gern dovelopment although malformations could be ohserved,
Giroud ot a1 (7 ) alwo studied the effect of thalidomids on
prognant animels of thrse specisa, mice, rabbit, and rat. Thae mics uged
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were Swise Albinos and the Black and AfH0 strains, Daily doses of 125.250
Bge/kg. of thalidomide mixed with the food and glven from day 1 to day
1k or day 6 to day 1h of the pregnancy producad LO.502 fetal resorption
and 5-11% gross malformation of the survivors., 7he comonest shuor..
walitios vere harelip, cleft palate s cataracts, end varicus tail ce.
formities, Malfermation of ths axial skeleton asscciated with e roduction
of the gensral wize and a case of cranjorachisthisis have been found in
mice given lower doses (50-7%ag, Per kgo orally fram dey 1 to 1, of
gestation). In rebbits, delly doses of 125-250 ng, per kg. mived in feod
from day 6 to 14 produced fetal rezorptions, and 303% of the surviving
fetuscs ghowad malformations of the cemtral nervous gystem, the linhg
and the axial skelotong encaphalocela, ansncophaly, elubbed fect,
deformities of the spinal eolumn associated with leg defects, Tn rata,
the thres atrains investicated were Wistar, Long Bvans, and August,
Thalidomide was added to food fraa day 1 to 1L or from day 6 to 1 4n
doses ranging froa 250 to S00mg., per kg. This treatment resulted im
20-h0% of fetal resorptions but mo grose malformetions, Thasa £indingg
in the rat agree with the findings of Semers (53) and Pliess (79 ),

In 1963, Lucay €t al (/7)) aduinistered thalidomide to bk
fenmale rhsgus monkeye immédlately after they had mated, They mads a
daily list of females to be mated, Buring the ome month perlod of thip
investigation 101 females were uatzad and mated, The i’irst oJr three
on ths daily list were arhitsrah,r started on thalidomida imnediately
after saparation fram the male, There vere ld; animals in the g!'m!p.

Thalidanide useslly given for 33 to 5 days, but three animsls
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recaived it only 6, 7 and 8 déys after their second mating., Fifty
sgven famales from the list constituted the control group. If a2
female in the treated group menstruated, they were continued on the
tenth to twelfth days after msnses. Similarly, females in the con-
trol groups remainsd. There were no 1ive virths from these
thalidomide group animals, whereas thers were 1l live births in 57
untreated control animals, The results are statistically significant.
Thus, they advanced the hypothesis that thalidomide Willed the enbryo
prior to implantation.

In 1963, Vills st al (/0C) reported that chick embryos
before and after incubation were injected with thalidenide dissolved
in egg-yolk in varying doses., Some of the embryos were allowed 2
long incubation to obssrve survival rate or growth dsfeets., Others
were terminated at the 96th or 120th hours of incubation and besides
the purvival rate, mitosis of blood cells wers determined. So far
as long-temm observation is concerned, thalidomide injected embryos
after eighteen days of incubation showed poor growth compared to
controls, and with largsr doses, complste arrest of maturation,

In the ghort-temm experiments, the results obtained point to a
distingdi /€ depreesion of the mitotic activity of chick embryo

blood cells, Their observation showed that thalidomide, besides

its gross effect on growth and maturation, can affect the mitotic
activity of chick embryo bleod cells. A slight inhibiting effect

of the egg yolk was observed only when it was injected bafors
incubation, presumably because of mechanical impact., The anti-mitotic
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activity of the compound s@amé to be directly related to the time of
adninistration, since it can not bs elicited after a fou days of
incubationd /0/),

In 1962 Taicle et al reported that (/2 ) when thelidomide is
adrinistered orally (100 mg/Kg) in the rat, appeoxdmotely 507 is
absorbed, vhile in tha dog approximutely 307 is absorbed, Similar
findings have recently been published by Mackenzie end Melrath 4n
rats (/c3). According to these authors, when single coral doses of
10, 100, 1000 mg/%g were given, the portion excretsd in the urins
asounted to 10,87, 39..% and 28,87, respectively, %hus, over a wide
range of dosage, the percamtage of the substance abscrbed is indapandend
of gize of the doss adninistered, Absorption tales place feirly
rapidly, maximum concertrations being atisined in the blood and organn
after only four hours, The substance circulating in the blood at this
time, ag shown by Mackenzie and Mebrath, consists mainly of unchanged
thalidomide, Their results indicate thet thalidomide or thair
metabolites beceme evenly distributed throughout ths varicus tissucs and
crgans., The fact that higher concaentrations are encountefsd in the
gastrointestinal tract and the kidneys are not surpriging, as these
organs are diroctly involved in the wrocasses of abgorption and sx~
cretion. Ome remarkable feature §s the strilingly low affinity of
thelidemide for the fat dopote. Tt 49 a well known fact that the
short-acting barbiturates as well ag nonbarbiturates such es glute-
thimida show a marked tendency to bscome rapddly but transiently con.
centrated in the adipose tissues {/04), Onecs absorbed, thalidawi&é is
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relatively quickly excreted in the urins, elnost entirely in the fom
of metabolites. The metabelites in the dog are products of Phalidamide
hydrolysis and conglet chiefly of derivatives of gilutamic acid. In
this respect, the notabolism of thalidemide differs markedly from that
of the other knowm hypnotlcs and sedetives., Thalidomide is the only
lmoum sadative vhose metabolites are glutamic soid darivatives, and
which possessus neurctoxic end possibly teratogenic properties, This
gives riso Yo a number of considerations and speculations which might
serve as & gulde to further expsriments, Glutemic scid is known to
b dnvolved in a wlds variety of biochsmical processes (/05 ), Apart
from its importance as a compdnent of protein, it occuples a key
pogition at many points within the wetwork of i{ntemmsdiary metabolismm,
Via «-kstogluteric acid it is concorned in the cltric acid cycle, and
thereby with carbohydrate metabolisn, In aaino acid and protein mete
ebolise it plays a major vole as an Wi donor during transamination,
The 4importent function emieh;:f?ulf:iua in commection with the physiology
of meyveus tisgsue iz evidsnced by the fact that it i5 the precursor of
Y-aminobutyric ecid (/0¢). Finally 4%t should be mentioned that
blologleal substances closely relatsd to glutamic acld, such as
glutaning, glutathione, cerbamyl-gluteamineg and foliec aeid, likewiss
play important physiological rolss, Glutarmdc acid hag also proved of
limited clinical interest in certain neurogleal d&dsorders (/¢ 7-/7),
Thus it is qulte possible that thalidonide may in vivo,
through its hydvolytic nmetabolites, in some way interfere with the bio-
chemical and physiclogical functions of natural glutarde scid, glutenine



or sthar glutenic scld derivatives, HKemper (// ) had demonstrated

that thalidonide interfereswith the growth and saxual development of
cockerels and has drawn attention to the poselbility that thalidomide
or itematabolites ma, be folic-acid sntagomlst. Robertson (é&'“) and
Tewes (//1) reported indepandantly that they had successfully treated
thelidaside neuropathiss with vitamin B, Furphy, Dagg and Xarnolsky
have invastigated (//7) the effects of various cuaposunds in chickun
and rat embryos. They found that the teratogenic effect of the
nicotinamide antagonist, G-emino-nivetinemids, could bo countared by
the simultanecus sdninistration of nicotinemide. Leck and Millar (¢}
have suggested that thalidomide may interfere with the metabolism of
riboflavin, as riboflavin deficiency ie capable of producing malfoms-
etion in rats, The findinge reportsd & mmber of Yyears ago hy
Abderhalden (//5) aund Fishman and Artos (/' ¢) should be mentioned heve,
It was found that vitamins of the B group roduced the toxdcity of D,l.-
emino aclds. It may bo rocalled that the vitemins of the B group
constitute cofactors for numsrous enzymes such as the oxidacges, the
trensaminasses, and glutemic acid decarboxylase, In recent ysare,
several veview articles dealing with the problem of congerital
malfomstions have appeared(./¢-//7), So far, scme 70 differsnt mathods
are known by which malformations can ba produced frem a metabolic
disordsr in ths pregnant animal during the sensitive thase of enbryonic
developaont. Thase metabolic disorders cen bs produced experimnentally
by & wide variety of metheds, e.z, by supplying & diet dsficient in
vitaming or by adninistering specific vitamin antagonists or metabolites,
It io signiticant that in most instances where a vitamin deficiency has
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& teratogonic effect, the vitsnins in question belong to the B group,
including perticularly ribeflavin and folic acid, A deficiency of

the latter, their blockade by antaponists such as galactoilavin, x-methyle
folic acid, or mathopterin, l2adsto a severe malforastion atfecting tha
limb and various organe. Among the antinctabolites, the glutamine
emtagonist azasering (0-diazoacetyl-L-serine) and DOY (6-dianou50xpl,"
norleucine) have ettracted particular intevest ag potent teratogenic
factore (/6 ),
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C) Isozymes of lactate dshydrogenass.

(1) The multiforns of the loctate dehydrogenage isozymes,

When subjected to a variety, (//J-/2/) of chemical (/227.24) or
serological tesgts (/2 5'72'/), enzymngg {rom different organdisms are cammonly
found to be different from each other even though catalyzing the same
chemical reaction. In visu of the demonstrated genetic control of Pro-
tein syntheses (/30), it is not surprising that differences should exieh,
Ths structure of homologous enzymes or protein synthesized by animals of
different species (/3/-/35) or even by animals of different genobype
within the same' gpecies (/3¢ ~4(), Rathsr surprising, howsver, is the
evidence demonstrating that ssveral enzyues exipt in miliiple molaculay
forme not only within a single orgenisa but alpo even within a single
tigsue,

In 1957 wieland and Pfleider (//9) reported that & correlation
had been found betwszen the electrophoretic mobility of the components
of the LUH of tissue and their degree of sulfite inhibition., In 1958
different components have been found to have distinctive il ontima of
lactate dehydrogenase by Vesell and Rearn (/4/)e 1In 1959 Markert and
Mgller (/42) reported that from tissue homoganates three dehydropenases
(lactate dehydrogensse, malic dehydrogenase, end isocltrete dehydro-
genase) were rezolvad into their conponent dsosymes by zone slectro-
Bhoresie on starch gels, They proposed firgt to glve name thege
molecular tyres, "isozymes" vhich many different enzymes have been
resolved Ly physicochemical techniques into several distinguishable

molscular types, The lmctate dehydrogenase isczyres, malic
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dehydrogenase isozymes, and isocitrate dehydrogenase isozymes were then
localized on the starch by a new method that should be applicable to

any electrophoretically mobile enzyme uzed NAD or NADY as a cofactor,
They also reportsd that lactats dehydrogenase obtained from the tinsues
of several different species was electrophoretically separated inte
several molecural types (isozymss) sach with the sams substrate speci-
ficities. The pattern of ILDH isozymes ie species-and tissue-spacific
and oheangeo during the cmbryological differantiation of the tiasve,

They also reported that (/7 ) crude homogenates of beef heart
were resolved electrophorztically into essentially the semc componente
a8 the crysstaliim teaf heart enzyme, Kaplan, Ciotti snd Stelzenbsch
(7:}) compared the activities of 3eacetylpyriding and pyridine-3-aldehyds
analogues of HAD APNAD and PY3ALNAD with WAD in 2 number of dehydro.-
genage systems. APNAD reacts with yeast alcohol dehydrogennss at
approximately 10 per cent the rate of MAD, PY3ALNAD reacts at 2 consilder-
ably slower rate. With horee liver alcohol dehydrogenase , APNAD amd
PY3ALNAD reacts mors rapidly at the saturation levels than doos the
ratural coenzyme. The K, valuss for the two analegues are approximately
the same as that of HAD with the yeast alcohol dehydrogenass, Howewver,
the offinities of the two analogues for the horse 1liver enzymes are
conzidsrable lower tham that of HAD, PY3AINAD reduced by beef heart
lactate dehydrogenase at a faster rate than APNAD, uhereas with the
camd enzyme {rom rabbit skeletal muscle the reaction is move faworable
with APNAD, |

Pfleiderer and Jecksl (/-'7) ghowed that oig heart, rabuit
skoletal, andrat gkeletal muscle LDH showed different degraes of
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inhivition with lefluoro-é,thimtrabanzol. The aifference
in enzymatic behaviocr, aven though slight, raises the question of

the sharpnees of the boundary separating a family of the isozyunss
from distinectly differsut ensymas. In an attempt to characterize
homologous enzyme from diffevent sources, investigators hawve resorted
to sarologicai netheds. Generally, antisera prepared against an
enzyme fran one specises will not cross-react with homologous enzymass
from distamtly related species (/24 /27), However, scue Cross-
reaction is coumonly chgerved when the species aré clossly related

(25). Gregory and Wroblewski (/27) using antisera obtained from

chickens in;jected with rabbit musole LDH, demonstrated varying degrees

of cross-reaction batween these antisera and Iils obtainzd fram five
differont mammalion species, A similar cross~yveactivity was shown
by Hemion and Sutherland {/:§) for phosphorylases oxtracted from the
tissues of the dog, rabbit, and cat. Thess investigators also
demongtrated that the phosvhorylazes from different organs of the
came animal ars immunolopgically different, although crosg-reaoctive
in varylng degrecs., Serological distinctions have alsoc been shown
with alkaline phosphataSaa extraocted from different human tiseusgs
2%). Thay reported thst wide varistion was noted in the degree

of crogs-rgaction bhatween heterologous antisera and the phosghatass
from different tissues. The results of these tests supgested that
human sarum phosphatese was a mixture of typss found singly in other
tissues, These results with the LOH, phosphorylase, and phosphatase
antisera were in the light of isozymic patterns mersly reflactihg

the depgres to which the different tismes share a commen repartory
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of isozymes. Failure of complete cross.reaction may indicate merely
the sxistence of additional isczymes in the tested tissgue thet were
not pregent in the immumizing extvact, This seems to be particularly
probable es an explanation of partisl cross-reaction obtained with
enzynss from different tissues of the same gpecies,.

In 1961 Keplan and Ciottl (/45 /44) observed that two types
of lactate dshydrogenaes exist in noet animels., These two types
appaar to be controlled by soparnte genss and ave different in their
anino acid canpositions, catalytic characterismc’e, and Immunolegic
reactions (4%)., They have designated one type as M, since it occurs
largely in ék«aletal nuscle, and the sscend, which ie usually present
in cardlac mesclo, as H, Both types appoar to exist as tetramsrs
consisting of identical polypeptide units. Haplaw et sl (/#7)
have designated these aggregate foms as Mlz and Hh‘ In addition to
the two homologous forms, hybrids between the two types also containing
four units have been idantificd as intemediate slectrophorstic
entities. They have designated these hybrids MiHy, Mgip and MHyliz
(/+8). The form N3l contains three M subunits and one H unit, Mo,
is composed of two units of each type, and HyH3 contains ons M peptide
chain and three of the H typs. Thase hybrids have intermediate
immunologic, catalytie, end physical properties {/#4). Kaplan et al
(+9) reported that the lactate dehydrogenase of the heart of newborn
rat was different from that of the adult. This differencs was
determined by acmparing the rates of reaction with anulogs of NAD (/7.

Purthermore hybrids of these types appsar and progress characteristically
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during develomment of the eabryo ag wsll as durlng maturation after
birth, Thue, they suggested that the hybrids are formed at randem
and their concentrations follow a binomial distribution, They again
eathagized that the occurvence of the hybrids appear to be due to the
fact that bLoth genes are opsrating in ons cell daring the change of
lactate dehydrogénase from the embryonic fom to the adult fomm, Chan
et al (/45) reported that the embryonic fomm in the chicken is the ¥ type,
In contrast, the three mammals thet thay have studied - rat, rabbit and
beef - a1l appear to havs tie M form =g the embryonic type, Markert et
2l have reported that the mouse and pig also appear to have N unit as
the embryonic férm. Host uneapacted was the finding that in tha human
enbryo the H type of lactate dehydrogenase ig exclusively pregsnt,
Whether the human is urmique among the mammals remaing to be elucidated,
since only a limitad numbsr of mammals have been studied(/+)Fine et al
reported that their date showsd the great variability with which different
species select the typs of lactate dshydrogenase in the 1liver ch%ﬁb. The
early human embryonic liver is entirely H type, but the adult ldver con-
tains only =« véry small percentage of this type, In the rat, on the
other hand, the embryonic fomm in the liver, even in the earliest
embryo studied, is the M subunit, and there is relatively no changes in
ths composition of the lactate dehydrogenass of the adult rat liver,

The ghifte in types of lactate dehydrogenase appear to be
similar to thoss which take placa in hemoglobing thess shifts, appear to
bs spscies.spscific, It seems that in differont species the charactar-

istics of repression and de-repression of ths gense controlling the
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synthesie of the twe types of lactate dehydrogenase are different and
that these characteristics may be of considerable importance for the
develomment as well as the survival of gpocies. FPine ot g}’, surgested
that ell of the cells of one animal have the genstic capacity to produce
both types of lactate dehydrogenass, but their expression is controlleg
by unknown factors which ars agsociated with the underlying mschanisn
involved in diffeventiation and development (/44 ), They have further
advanced the view that the two types of lactate dehydrogenasge have
different physiological roles. Because of their differences with respect
to inhibition by excess prruvate, they heve aseribed a function to the I
type anzyme in tissuss where glycolysis is important such as moot
mammalian skelstal muscle » &nd the  type in tissuss which have a
relatively constant rate of metabolism and which are more aerobic, euch
as heort, The ¥ type enzymes of vertebrates show fewer propertica of
substrate irhibition than the corresponding H form, The results obtained by
Wilson et al (/7) gained further support for the functional significance
of the two forms; birds thet are poor fliers have the Y type of enzyme in
their breast muscls » wheress in thoss birds whoso flight 1s extengive
and sustained a large percentage of H type is present (/%7), Vilson et
al (/1) have shown that there 1o an almost perfect correlation betwsen
the strength of sustained flying and the armount of ¥ type of lactate
dehydrogenase present in the pectoral musecls,

The functional distinction betueen the two types of subundts hag
been catablished by determination of optimal subgtrate concentraticn}s,

canparative K, values, anslogus ratios, and turnover mmbers. This
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functional distinctien appears to be of considerable importance in the
metaboliem of the tissue involved, It is now clear that the synthesis

of the two types of subunits is under the control of separate genes
(45,1494 o In 196} Kaplan et el showed that independent regulation of
these penss can give vrise to varying proportions of 1 and M gubunits,
thersby controlling the relative distributicn of the five LDH forms
vithin a given tissue., The distinctive ecatalytic propertiss of the two
types of subunits ave adapted to the matabolic enviromient of the tissues
in vhich each subunit predeminates (/43), The operation of & sulfhydryl
group a8t the active-gite of LISl has bsen setablished by several workers
(/57-/57 ). The observation that the M enzyne from tullfrog muscle has
only one or tus sulfhydryl groups per subunlt has permitisd identification
of the region of the primary saquence that contains the active site thiol,
A dodacapaptide contadining the essentisl thiol group labelled with
iodoacetate-l-cm has been isolated from trypte digest of the #rog muscl
enzyne, A sulfhydryl peptide of virtually identical sequence has also

bsen isolated fram tryphic digests of four other IDH's, Thess foud Lili's
included ﬁh enzymes from chicken and dogfish and Hh enzymes from chicken
and beef, The amino acid compositions of the sulfhydryl peptides are
common to theee four LDH's and to the active-site of frog Mh IDH, After
partial acid hydrolysis, identlcal peptide mixtures were obtained for
each of the five peptides, 7This fact demonstrates that the sequences of |
theese peptides are also identical (/57 ~/58Y. v
The comparison of thip peptide to ackive site thiol peptides
praviously identified in triosephosphate dehydrogenase (TPD) (5710, ‘
and in yeast alcohol-dehydrogenasse (¥-ADH) s and horse livar alcibhol |
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dehydrogenass (HL-ADH) (/4/ “/61) am slso repéz'ted and they daseribed
data 4n detail (//3), In vitro hybr:l.dization of H and ¥ subunits were
reported by several workers (/¢ 7€5), apd it is believed that the
ebility of H and i subunits from o single spacien to associate into
tetrameric form of ths active enzyme is implicit in the concept of hybrid
LDt's, The association of the two types of subunits from the sasme
species into the intermediate fome of LOH has been achieved in vitro

by freezing and thawing under appropriate conditione, This ability of

H and ¥ subunits to associste into the tetrameric foms of LDH extends
also to subunits from quite distinct species., Very racently, functional
signlficance of" H and M subunits were reported by several workers in 1963
and 196k (/43 //¢ -~ sy, Asids from their optimun subgtrate con-
centration, Km values, reactivities towards coenzyme analogues and turne-
over numbar previcusly nentionad, the concept of such g functionnl role
ie supported by the differentinl repression of synthesdz of il subunits
under conditions of increasing oxygen tenslon (/47 /£h. /7/v24.),

This suggested functionel role ap well as this differential rapression

of synthesis, may be reflscted in the faot that the proportion of i
subunits are higher in thess tissussz that function Wy means of an serobic
metabolien,

Thus, it can bs summarized on the basis of gtructural character-
iptics that the lactate dehydrogenase may be divided imto tuo types;sthe
H type and ¥ typs. The structural distinctions between these two hagic
types extended to their amino acic compositions, to their primary
sequences as measured by comparative finger print patterns and immunological

eross reactions, and to their tempersture stabilities, In spite of the
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marked differsnces betwsen the two types of IDH, subunits are similar

in molecular weight and shape. They possese the identical active site
sulfhydryl peptide, and they can associate with LDH subunite from a

wide varlety of species into the hybrid forus of octive LDH. The H and

¥ subunits of lactate dohydrogenase shou distinctive catolytic properties,
The 11 type are adapted to function at higher subsirate concentration than
are the H typea. The synthesis of ¥ type is stimulated by low oxygen
tension, vhereas the synthesis of H subunits is not affected in this
mamer, The M type of LD predominates in tissues which operate in &

relativaly anserobic condition,
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(2) fThe lectate dehydropenass isozymes in the developmental animals,

It is clear that the genetic potential is realizead through the
procegeas of callular differentiation., FBach tissus has its own
characteristic pattarn of isozymes and this rattern changsa during
embryonic dsvelomment until the adult configuration is raached, BEmbryonic
tissues, depending upon the ome selected, may posssss either more or
fewer isozymss than corresponding adalt tiesues, and the relative amounts
of the isozymee also vary in accord with the stage of dovslopment. Thie
tismue spacifioity of isouyms patiern may be based on populations of
different kinde of cells with each single cell producing only & single
IDH isozyms or alternatively e single cell nay producs several isozymes,
o avidance is yet aveilable to distinguish eritically botwsen these
alternatives but the second one seems more probable in view of tha
obssrvation thet embryonic pig hesrt contains a larger mmber of isczymes
than the adult hsart (/+2), Moreover, the relative proportiocns of the
various isczymes in embryonic and adult tissues is conepicuously differ-
ent, If changing csll populations ars to account for changing isozymic
pattarns, then thess shifte in cell populations would have 4o be much
greater than direct observations of embryonic development would suggest,
More plausible is hypothesis that the enzymatic pattern of a tismue
reflects the state of differentiation of cells, If isosymic multiplicity
is viewed as a function of cellular differenmtiation rathor than as &
rigid expression of genetically specified multiple enzyms-forming sites,
then several hypothesis may bs consldered (/+2), During the courss of

cellular metabolism the same enzyme-forming site may produce & variety of
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closely related but distinguishable protein molscules depanding upon the
raw material made available to it, or perhaps the protein-forming
mechenien itself is subject to slight structural variations with a conse.
quant varistion in its products (/42), After en enzyme molscule has besn
synthezized, it 13 integrated into the structure of the cell. Various
nmodes of attachment within the cell may account fcr'changea in reactive
groups on the molecule, thus changing the not molocular chargs and hence
the electrophoretic mobility of the moleculs, Electrophoretic mobility 4s
a function of molecular size ss woll es charge and the presence of several
isozymesunlght be interpreted as reflecting merely different aggregates or
polymers of a singls molecular spacies,

A comparison of the isozymic pattern of ewmbryonic tissuss
with homologous adult tissues were shown by Markert et al (/#2), It is
apparent that the final adult pattern is reachad by both gains and losses
in the isozyme repertory of embryonic tissuss. Embryonic heart, an active
functioning organ at this embryonic staga, comtains & larger number of IDH
igozymes than adult plg heart, Skeletal embryonic musele, on the other hand,
containg fewer isozymes than adult muscle, Particularly, the single isozyme
thi'migrate toward the cathods st 1H.8.6 and is characteristic of adult
skelotal muscle is not prosent at this enbryonic staege. Other differences
between embryonic adult tissue, particularly in the relative enzymatic
activity diasposed in each jzozymic band’,are the chagoes in numbers of bands.
Characteristics of ssveral embryonic pig tissues is the pressnse of an
igozyme at pomition 1lll. Curiocusly, this enzyme later disappears in adult
rig tissues although adult ticsues of other species retain an 1eozym' at
this position {/42),
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In 1962 Marksrt and Urspring (/70 ) described that the lactate
dehydrogenass wuas ghown to exist as five electrophoretically disbinct
nolecular varieties, or isozymes, within tissuss of the mouse. Nearly
overy tissue or organ of the adult mouse contains all five isozymes of IIY,
but in proportions thet are highly spacific for the tissue, The rattern of
isozyme distribution in embryonic tissuss differs fram the slulg patiern,
Most embryonic tissues initially contein principally IbH-5, as development
nrogseds LDH activity is gradually transformed to LDH-l. The 1D isozymas
differ inkinetic propertiss, for example, optimal substrate concentrationg
these differences apparently enabls the isozymss to fulfill distinct meta-
bolic roles in cellular metabolism, LDH-5 48 more abundanmt in tissues
subject to relative anserobiosis, and the isozymes at the other end of the
spectrum are more abundant in highly oxygenated tissues. The isozyme
ratterns in the mouse are satisfactorily explained by the praviously
elaborated subunit hypothesis as mentioned bafore, which pictures the LDY
molecule as coauposad of four polypeptide subunits that nay be separated
into two distinct varieties, A ard B, each presumably under the control of
& separate gane. Assortment of these subunits in all possible combinations
of four makes the five isosymss of LOH and the relative proportions of A ami
B synthesized by & cell would determine the tissue.specific petterns of L{H
isozymes either in the adult or during the course of embryonic or nconatal
davelomment (/72),

This investigation {/72) clearly demonstrates the tissuz and onbo-
genstic specificity of IDH ivozyms patterns in the mouss. Such spacificity
iaplies that the different isozymes have different rolas to play in the
natabolien of the cell, MHoreover, the changing needs of differentiating



cells are met by rapid altorations in the relative rates of synthasis of

the isozymes so that the gynthetic mechanisms of the cell ere also clsarly
not randam products of the synthetic process, nor can they be artifacts of
the analytical procadure used to rewsal them, Although, tizauss exhibit
remarkable specificity in their patterns of isozymes, it is ohvious that
this specificity is based upon the relative amounte, rather them upson the
presence or absence, of particular isozymes, Nearly every tissue s in fact,
containe all five isozymes in measurable amounts. LDH-5 43 the most abundant
in many of the tisaues that were tested, but each igozyme is the orincipal
one in some tissue (/7; ). These obssrvations are obviously inconsistent
with general coriception of a tissus-specific enzyme, whkat is specific is

the pattern or relative abundance of several isozymas, each of which probably
fulfills its own characteristic function in the cell metaboliem. This
function, &f course, involves the same catelytic activiiy, and hencs all
these isosymes are formw of the enzyme, lactate dehydrogensse, but this
general classification dozs not exclude the pessibility that individual
igozymes may differ samewhat kinetie, or other properties, In fact, some
difference is essential, if isozym2s are to play the distinctive role implied
by the spsocificity of their distribution (/7).

The subunit hypothasis also explains the shift in isozyme patterns
during ontogeny in tems of differential function of the two hypothetical
genes for subuniis A (M) and B (H) (/55). Tt 13 sssumed that gene A is
first active in the early embryo and gives risa to LDH-5 (ﬁhB"). Later,
gene B becomes increasingly active and s its contribution to the subunit
pool inoreases, a progressive shift in isozyme pattern occurs until IDH-1
(A°Bl‘) bscomee the most abundent isosyme. By adjusting the relative
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contributions of the genas for the 4 and B polypaptides most of the

isozyme patterns can be generated by gimply assuming & random assortment

of these polypeptides in groups of four, For ezample, the patterns for
the kidnsy end heart would ba obtainsd if subunit B were three or four
times as abundant as A. The pattern for skesletal muscle would require
about twenty-five timse as many A chains as B, Tongus would contain sboub
equal quantitics of A and B, Devistions from rendomly gensrated patterns
(dlaphragn, for example) can te explainsd by asauming mixtures of disbtinct
csll types, each contributing its cwn quite different pattern to the tissue
haomogenate. Thie basic control machaniem needsto regulate only the relative
rates of production of two polypeptides (4 and B) within eech csll in ordey
to generate all the isomyme patterns observed in mouse tissues, either
during developmsnt or in the adult (/4%),

It seems reasonable, even necessary, to assume that each isozyme
plays a distinct metabolic role, This can be achiaved if the physicochemical
differences which distinguish isozymes also confer on them cither topographic
specificity within the cell or distinot kinetic properties in discharging
catalytic functions. Both conditions may be tre. It is importent to
redize that the pyruvate <2 lactate reaction is accompenied by &
corresponding NADH, ;=2 WAD oxidoreduction., Lactste is eesentially a hydrogen
gtorage reservolr which is needsd during periods of relative dnaerobdosis,
but the pyruvate <-> lactate reaction can 8lso be used to regulate the ratio
of HADHo/NAD, This vatio is important in controlling the rate of many
different reactions in the cell, and it may well be that the regulation of
thie ratio in different metabolic pathways iz the principal funstion of
the igozymes which exhibit differsnt kinetic propertiss. Kaplan and his



R R g e

A S R

- 43 -

collaboratore (/7 /%3 ) have demonstrated that the different molacular
forms of LiH have differsnt reaction rates for NAD anzlogs and different
subgtrate optima for pyruvate, This latter observation has baen confirmed
by Lindsay (/%) for chicken LDH isosymes agd by Markert and his associlates
for the mouse igsozymes, The latter reported that the catalytic activity of
If-1 coapared to IDH-5 1g relatively reduced at highsr pyruvate concen-
trations (/7c). The other isosymes, LDH-2, LOH-3 and l show intermediate
properties, so that the whole opsctrum of isozymes composes a regular
gradient from IH-l to LDH-5, The relative abundance of the different
isosymes corresponds with the metabolic requiraments of the tissue, FREubry-
onic tlssues in general and adult skeletal muscle, for exsmple s function
under conditions of a relatively low oxygsn supply amd vroduce substantial
quantities of laotats, Such tissus contains predaninantly thosa isozymes
at the IDH-5 (/70) end of the spectrum., HNighly oxygenated tiseues, pro-
ducing dittle lactate, such as heart muscle, havs most of their LIH soetivity
disposed among isozymes at the LIH-1 end of ths spectrum. During periods
of high metabolic mctivity and increased glucose utilization, & larger
amount of pyruvate would be producad, and this would nomally lead to more
lactate, Tissues rolying on LIH-1 or 1DH-2, howsver, would be preovented
fraw converting the largsr quantities of pyruvate to lactate by virtue of
the pmgfeasive increasz in inhibition of those isozymes by the pyruvate.
Thus, in these tissuss, lactabe production iz maintained at a relatively
constant low level even in the face of fluctuating pyruvate concentrations.
On the other hand, tissues rich in LDH.5 are able to convert larger
quantities of pyruvate to lactate to store hydrogen while simultaneozisly

gancrating needsd HAD frem NADHp (/72 ),



The metabolic utility of sach LIH isozyms would seemingly be
erhanced if it ware located within the cell at the site where itse catvalytic
products were nseded, Little direct evidence existSon this point, and
the great solubility of oW makes an examination of the intracellular
localization difficult, However, studies of Allen ¢/5), Hace et al (/~.),
and Walker and Seligman {77) all point to the attachment of IDH at
specific sites within the call, It is eagy to understand that the charge
differences by which ons usually identifies isozymes enabie then to be
loosely bound at the different pogltions in the cell., Such topograghical
specificity ccrupled with the lmown difference in kinetic proparties provides
an attractive and plausible explanation for the physiological significance
of 1sozyme2s in the mstabolism of the cell. This explanation, pictures
isozymes as cerrying on the same genaral catalytic activity, tut at different
locations in ths cell end as integral parts of distinct matabolic pathuays,

Wiggert and Villee subjected the nen-particulate fraction of
hemogenates of heart, liver, kidney, lung and cerebral cortex from human
fetuses of varying gestational ages' to clectrophoresic on starch gel {/7v).
Five lactate dehydrogenases and two malic dehiydrogenases with characteristic
rates, in pressnce of pyridine miclsotides analoge, were found in all tissues
at all ages. However, quantitative dlfferences in the relative rroportions
of these peaks wore observed as gegtation proceeded, Thess different
ratics could be due to varyipmg emounts of two ox mors gnzymee, each with
characteristic APDPN/DPN ratios., In the rat the embryonic form of lactate
dehydrogenase is the M form; during development and maturation in rat heart,
there is a shift towards the H type (*+7)« The rabbit end bovins embryonic

forms are shown to be the M type of lactate dehydrogenase., In contrast s
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the human embryonic type is the H fomm., Oreat variation in the com
position of the two typee of laotate dehydrogenasa in the liver of adult
mammals as well as in other ardmals have heen found, It was also reported
that all of the cells of ons animals have the genstic capacity to preduce
both type of LDB, but their cxpression is comtrolled by unlmown factors
vhich are amsociated with the underlying mechaniems 4involved in differ-
entiation and develomment of living organisms (/5),

Smith and Kissane (/79) measured total lactate dehydrogenase
activity in dissected portions of the naphron of i’etai and adult rat
kidney, and the proportion of hoart and muscle subunits hag bean determined
by means of the.differantial inilbition of the two forms by excess pyruvate,
The undifferentimted mesenchyme end the glanzruld both have a relatively
low total activity and contain principally wuscle suburdits. Cortical
tubules have higher mctivity and comtain chiefly heart sutunits., In the
adult kidpey, the medulla cowntains aporoximately ecual number of heart
and mugcle gubunits while the LM of the papilla is almost entirely of the
muscle type. Glamsruli of fetel kidney havs eppentially the same total
activity and proportion of the heart and muscle subunits ss they do in the
adult kidney. During the differentiation of ths naphron, the cortical
tubule, once formed and recognizabls, has the same high total 7D activity
and the same proportion of heart subunits as the corresponding structure
of the adult kidney. In the vhole ldidney during development there 4is =
large Increase in both total LI activity of the heart-like subuwit fraction,
This change is a veflection of the increasing relative mass of cortical

tubulaey as develoment proceeds (/77), Thus s they concluded that the
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formation of the proximal tubules from the nack of the glomerulus apmears
to te accompanied by incrsased synthesis of Hefom gubunits, presunably
reflecting an increased expression of the gene Lor this protein. The
gtimulus for this phenansnon accompanying the histologic differentiation
is not lmowm,

In 196k Hinks and Masters reported that develommental rrogressions
of ruminent laotate dehydrogensss have been studied in temms of electro-
phoretic patterns, substrate-activity ratios, and the percentage of sub-
units typss present, The ovidence demonstrated that aarly embryonic form
in bovine tissues is predeminantly *Ao (H typa), and the two genas con-
trolling the synthesis of lactate dshydrogenase may both be active in the
nswly fertiliced ovum {/7/ ), Possibly, the natuve of the initisl ensymic
forms is related to the enviromment during the gestation period {7/ ),
While the subsequent develoruental prograss of lactate dehydrogenase ney
still be visualized as an expression of cellular differentiation cerrelated
with enzyme vepresesion and dercprassion and the different functional
significance of the multiple-enzyme forms (isr-7p2) s it is evident that
such detailed investigetion is necassary in ordsr to ascertain the exmct
nature of interspscies varistion with regard to these enzymic ghanges
during gastation,



(3) Mdthods for the determination of lactate dehydrogenase isozymes,
1. 7The separation methods.

Chromatography on ion-exchange celliulose dorivativwas, ag
developed by Petarson end Sobar, is a method that hes been used %o purify
many enzymes from various sources (;73). Soluble proteins of liver, brain
and other organs have beenmccessfully fractionated by modifications of
thie method and the variety and resclution of which have been deaonsbrated
by the localisation of ensyme activities as sharp peeks in the chroema-
tograms by Moor et al (if+ -/;¢ ),

In 1950, Meister (;7.) observed that during electrophorstic
analysis of crystalline beef heart lactate dehydrogenase in the Tiselius
instrument there appeared two camporents, a fakter moving component » which
accounted for most of the onzymatic activity, and a glower-noving protein
which amounted to 15% of the total protein., Tuwo yoars later, Neilands
(/:7) noticed that this second yrotein (ealled component C) also possessed
ILH activity,

In 1956 Wisland 8t sl started (175) an extensive investigation
of physieal and biochemical differences between LDls, after having seen
that many preparations of IDH from difforent origins can be resolved into
several, up to five, proteinswith the activity of IDH, by electrophoresis
on paper or in a layer block of starch. Later (/57), it was found that
minimal emounts of envyme mixtureg can hbe cquickly separated in the electri-
cal field on a foil of acetyl cellulose, The individual enzymes then can
be eluted and evaluated quentitatively in an optical test conducted to
dstermine the rate of hydrogenation of pyruvic acid by NADH. Thus they
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succesded in showing that nearly all organs of an animal contain the same
number of LDH proteins, ususlly five., The corresponding comporents have
the same migration rate but are distributed in a mammer which is chamacter.
istic for each organ{ioThe distribution patterns of LIfis of savaral rat
tissues («/-4) are reported, as mentioned in the previous chapter,

The first biological application of IDH heterogeneity utiliving
the technique of starch block elsctrophoresio was introduced by Vesell
and Besrn (7/ ), The electrophoretic method, including chromatography
(/72- /75 ) and ultracentrifugation (/is —/ /s ) have subsequently also been
succazafully employed, However, the starch gel electrothovesis 1o mest
widely used for LU isozymes (« 4%y, This is largely due to the
improved powsr of resolution thet starch-gel electrophoresis affords, to
the develoment of converdent higtochemical mathods for exhibiting lactate
dehydrogenass imozymes on the gel, and to the capacity of the gel for
seperating multiple specimens elmultaneously, The extrems sensitivity
of the starch gel and its capacity to reveal omall differences in electro-
Bheretic mobility have, however, presented cartain problems of procedurss,
For example, ths eppearmnce of tailing could not be prevented, alwmo up to
eighteen hourg of ruming time was needed to achieve separation,

Xn 1957, Hohn et al (20/ ) began to use cellulose acetate ag a
support medium, In this technique, now callsd zone electrophoresis, the
mixture to be separated is applied in a narrow zone on a gtrip of papsr or
cellulose acetate support media whose ends dip into a buffer solutiocn,.
This media 19 selected to offer little resistance to current and to be
inert to the proteins and dyes used in ¢lectrophoresis. Gslman Sepraphore
111 cellulose polyacastate support strips were found to bs botter for
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elactrophoresis procedurse and @i‘eparaticn of gupport wmedia ig not neaded
in this method, The pH of the buffer solution is selected @o that it will
help ssparation of the proteins inthe nixture by favering migration at
both electric poles. When a current iz passed threugh the Wuffer and
support strip, the charged molecules in the protein are pulled touard one
of the polas., FBach type of molecules in the substance that is baing
ssparated moves a certain distance along the strip acoording to its charge
and ite molecular weight, fThe resulting separation consists of bands or
zonss represanting different camponsnts of the substance being analyzed,
The protein btands are stained with variocus dyss to aid in the interpra-
tation and in the quantitative analyeis,

vhile paper electrephoresis is still used, celluloss polyacatate
Sepraghore 111 affords many advantages over paper and other support msdia
(2¢2). It cubs the rumming time from 16-2h hours to 1-2 hours and reduces
also the time spent in preparation, staining end drying to about ons hals
or one quarter that required for paper and other methods. Beecause
Sepraphore 111 does not absorb protein, it produces olear, distinat
separation of bands with no tailing and gives larger mumber of bands,

2., Preparation of the dye.substrate for the determinatiocn of

lactate dehydrogenase isozymes,

Harkert and Mgller (/«2) were tha first to repsrt 2 dye sub-
gtrate mixture for the localization of lactate dehydrogennse isozymes,
after starch gel clectrophoresis. They wilized neotetrasolimnm as terminal
elactron acceptor in a medium containing substrate, cofactor, me‘chylém

blue, dlaphorase and hydrasine. %hen Tsao (V73) modified this method to



use the same betrazolium he omltted diaphorase and roplaced hydrazine with
cyanids, The use of mowtmzoliwn: :mcesam'fy - to overlay with an agar
{#2) or starch {/%7) layer to obiain anaserobic conditions and alse
required long perieds of incubation. UDewey and Conklin reported (2o7)

an lmproved mathod fox demonetration of lactate dehydyogenase after starch
gel electrophoresis basad on ths use of the more sgensitive tetrasoliwa,
mitroblus tetrazoliun, and substitution of ghenzaine methosullste Zov
exogenous dlavhoresc, In addition, the stondard incubobing medium was
varisd in an attenpt to charveckeorize meorw olesely the lactatc dehydro-
gerase fractionc obtained from homogenates of kidneys of adult rais.

The methed by Dewsy and Lonilin (o) oficred distinct advantages
over those previously employed by serkert ob &l (#7-). The use of mdbro-
blus tetrazoliuwn afforded a2 greatly xeduced incubation time and eliminates
the necesoity for enserobiosis. Thus, the mothed of Beuey amd Conkiin
system does not recuire use of an sgar or starch gel overlsy. Uyanide wes
uged &8 a cardboxylic acid trap since hydresine nonspecifically reducsd
nitroblug tetrasolium under the conditions employed, Howsver, oyanide was
not essential for the reaation to procesd bubt did facilitiate the reaction
rate, The first use of phenazims methosulfate was veporied by Singer and
Kearney (2/C) and followed by many others. Singer and Kearney propopad
that succinate oxidetion could be relisbly mozsured in solubls extrects
of witochondria with phenssine msthosulfate as an slectron carrvigr
(o220, whereas other dyes commonly used for the assay of guceinic dehye
drogeness provsd to te inelfective, The oxidation was further stimmlatsd by
providing & means to pull the raaction by continuous removel of fuwarats,

This waz ineffectively ccecomplished by the zddition of Legysteinc.eulfate
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{CsA) and NAD to the exbracts méulting in the overall reaction:

CSA 4 Suceinate + 09 wmcaen- » Le-Aspartate + Pyruvate + 503 - (1
fizaction (1) was shown to proceed by the follawing sequence 3

Succingts cemmmem -~ FUnarats «eeee-ow ——=n> Halate ...@é?;\._;, Oxaloacatate
Oxnlcacatate + CAS e=wwweeweew..) Aspartate + B-sulfinylpyruvate

....... ~wswd Pyruvate + 8 03 -

Since this method was modified by Dewey and Conklin for the determination
of LM, detailed explanation of the Singsr amd Kearney's mathod is
raquired. By utilizing phenszine methosulfate as a dye to link the
dchydrogenass %0 0y and reection (1) to provide a rapid and comtinucus
removal of fumarate, an zzssy eystem was obtainsd which enabled the authors
to show that the suceinic dshydrogenasa activity of rat liver and beef
heart mitochondria is quantitatively extracted from acetone powder by
mildly alkaline tuffers., In beef mitochondrial extracts phensxing methoe
sulfate camot be replaced by methylone blus, 2, 6-dichlororhenol-indophencl,
or cytochrame C, and ferricyanids has only a fraction of the activity of
the rhenazine dye as a catalyst of sucoinmate oxidation, In honogenates

of rat liver mitochondrial acetonz powdsr methylsns blue effectively
replaces phengzime methosulfate, but in extracts only the later accepts
slectrons from the dehydrogenase, The data (0o"uo0 ) indicats hot anongst
the dyes tested phenazine methosulfate is the only suitable one for the

agsay of the primary dehydrogenase and may, therefore, in part , explain
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previous apparent failuves in soluﬁlization and purification of the
engyna,

When euccinate alone (*-¢/) is present as the substrate in the
soluble preparations, the stoichiometric accumulation of fumsrate is
roadily demnstrated. In a typleal expariment the oxygen upbeke indicoied
the disappearance of 3,5 u M of succinate, After deproteinization, 3.36
u M of fumarate wers determined by means of crystalline fumarass end mallc
dehydrogonase, The ons ghep oxidation of suceinate to fumerate as wall as
the coupled reaction (1) are competitively inhibited by malonute and
oxaloacetate, When succinate alone is the pubstrate, the rate of 0y uptake
daclines after the first five to ten minutes and csases altegether within
2 short time, When the reactlon is pulled by means of the sequence ghoun
{reaction 1) linesrity of O, uptaks with %ime is maintained much longer aml
the oxidation does not comg to a halt. In the couplsd reaction (1) the
initial rate of 0n uptake is double that obssrved in the succinaste-fumarete
step., Yhile the irnitisl mitochondrial extracts contain all of the engynes
required for the conversion of succinate to aspartate, purified prepsr-
ations of the dehydrogennse require besides €54 and NAD, fumsrate, malic da-
hydrogenase, and transmminace as supplementary enzsymss (005 -0 4),

There is good reason to believe that the dehydrogenass discuspsed
above i3 an espential coaponent of the partlculate succinic dehydrogenass
system and that, in fact, it is the first enzyme in the electron transport
chain from succinate to cytochrome C, The solubla dehydrogenase mey be
extracted froaz the particulate preparations of Graen et a8l (¢ /‘) after
treatment with acetore, The kinetics of substrate oxddation, in either

the one-step oxidation to fumarate or in the coupled reaction (1) are
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identical in the purificd soluble and varticulatc preparations. The

main difference betwsen the two systecms is that while the soluble enzyme
can donate electron efficicnily only to phenazine methosulphate, the
varticulate preparation also reacts readily with ferricyanide, 2,6-

dichf oophenol-indophenol, and cytochrome c. Dewecy and Conklin @Qeé) and
Mariert et al (##2) modified those methods for the visualization of lactate

denydrogenase isozymes patterns. Thcy proposed following reaction sequence:
Figurs 3

th’bq,,\

-8 Q‘/ ~Z~, \z: ~2s, &
)
S S I S
i
/)
I it A A d, Al ed, i '
(-) (+)
ELECTROPHORETIC MIGRATION
P
NEOTETRAZOLIUM
, H
Vv PHENAZINE
FORMAZAN METHOSULFATE
|
HYDRAZINE : ' , S
\ AR )
/-PYRUVATE | > NADH, |
v ;
(TRAP)

LACTATE NS NAD<
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ihe upper part of the figure illustrates a strip containing the five
X isozymes after elecitrophoresis. The lowsy part of the figure is a
diegramsatic representation of the reaction occcurring during the pro-
ceduve for visurlizing LM activity on electrophoretic diapran, The
fomazan which marks the site of enzyne activity is a highly colored
insoluble precipitate,



MATERIALS AND EXPERIMENTAL METHODS

{4) Thyroxine and thalidamide and its derivatives on emphibian
metemorphosis,

Tadpols of glamt bull frog (Rana catesbeiana) 4n premetamorphic
stages were supplied by the North Carolina Biological Supply Company and
maintained in a water bath at 23° ¢, The water was changed every two days.,
Canned boiled spinach was fed as the sole food source, I-thyroxine
supplied by Sigra Chemical Company was dissolved in the minimum amount
of 1 N HaOB solution and diluted with water to 2 finel concentration of
1 mg/ml. Sufficient amount of thig thyroxing solution was added dirvectly
to the water bath to give the degired £inal concentration, The adaguate
cencentration of thyroxins to induce metemorphosic as raported in the
literature (2-%) is 2,6 x 10-8 Ho. Thalidomide and its derivatives were
dissolved in the thyromine eolution already pressnt in the weter bath,
Sixteen to twenty individual determinations were carrvied out for each
mean value of the content of adrenalins, noradrenaline, glucoramine and
the activity of several enzymes reported Bsrein., iHaterials poolad for

four to six tadpolas were used for each different determinztion.

(B) The assay methods.,

(1) Measuremsnt of tho effects of thalidaomide and its derivatives
on the morphological changes during thyroxine-induced
mgtamorphosis of tadpole.

In 2ll the following experiments, morphological changes of
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metamorphosis were qmntitativély estinated by measuring the ratio of

leg length in mm to tail length in mm and were expressad at L/T ratios.
These ratios were found 4o be readily correletsd with the criteria umed
by Yaylor and Xollros (7 ). The L/T ratio of animals treated only with

thyroxine was considered as 1009 mrpa"flogical change,

(2) The determination of proteins,

Protein was determined by the method of Loury et al (v47),

1) Prinecirle of the method,

This method is based on the color reaction of proteins with
pacspho-nolybdictungstic acid (phenol reagent), The tyrogine molecules

of the proteins in solution react with this reagent. When rhencl reagent

is added to the copper treated protein, & maximum intensity of coloration

is producsd in slkalire solution,
i1i) Reagents,

(1) Reag@m A w 2% N32003 in 0.1 N HaOi,
{2) Reagent B = 1,07 Cus0),,5H,0.
(3) HReagent C = 2§ Sodium or potassium tartrate.

(L) HReagent D » 1 ¥ phenol reagent (Fisher Sclentific Company
Hew York

414) Procadure,

50 ml of reagent A, 0.5 nl of reagent B and 0.5 ml reagent ©

3
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are mixed well immediately before use, 5 ml of this solution is added
into 1 ml of protein solution and miwed thoroughly. This mixture is
allowed to stand at roum tempersture for ten minutos and 2.5 mL of L H
vhenol reagent 48 added quickly into the solutien end mixed., After thirty
minmites the optical density was read at 700 ou in a Coleman Spectrophoto-
meter, It was fonnd that (2¢9) one unit of optical dengity was equivalent
to 260 y of protein/ml as can be seen in Fig. 4. This calibration curve
was obtainad using bovine albumin as standerd protein,

(3) The determination of adrenaline and noradrenalinz contents,

Gatecholamine were determined by & modification of the ©nler
and Flodding (2:/7) method.

i) Principle of the method,

Catecholamines from tissuss are selectively absorbed on alwina
at pH § and eluted with 0.5 ¥ acetic acld, This eluted moterisl was
further treated with iodine at a weakly acidic vl to form reaction pro-
ducts which in alkali solution form fluorescent derivatives, These are
trihydroxyindoles in the case of adrenaline and noradrenaline., The
fluorophores of adrenaline end noradrenaline arce relatively stable if
formed in the presence of a reducing apent such as ascorbic acid (or
sodium sulfate). They exhibit relatively high specific fluorsscence in
the pil range eround 3 for adrenaline and pH & for noradrenaline, The
fluorophore of catecholamines can then be determmined with & flucranster

at gpscific wavelengths of activetion amd emission,
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ii) Reagents.

(1) 107 Trichloroacetic acid,

(2) 1o% vora,

(3) 1% rhenolphthalein,

() Ascorbic ecid,

(5) Alumina (chromatographic grads).

(6) 5 Y and 2.5 ¥ Sodivn hydroxdde solution.
{7) 0.5 ¥ Acetic acid,

(8) 1M Acetate buffer, pi 6,

{9) 0.1 4 Glycine buffer, pH 3,

(10) 0.01 ¥ Xodine solution.
(11) 0,01 i Nathiosulfate.

(12) 1-Adrenaline and l-noradrenaline (Bastman Organdc Chamicels).

i11) Extraction and Adsorption.

The tleoues of tadpole wers removed guickly and ringed free of
vigible blood and blotted on damp filter paper. If the tissuve iz to be
axtracted at once, tinsuss were veighed, washed in H20 and homogemized
with 107 TGA withia the mext two hours, using giaes honmogeniger suitable
for emall volumes, If it were not extracted at onoe, then tissuss were
individually wrapped in parafiln with igentification tag and vere deep-
frozon until use. The volume of extract including washing solution did
not exceed 15 ml, Thess werc transferved to az 50 ml test tube, and 2 mg

ascorbic acid in 1 ml water were added followed by 2.5 ml of 103 EUTA ang
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1 drop of 1f phenolphthaiein, " In order to edsorb the amines 0.5 g of
aluming was added to the solution., The sasmpls waa brought to pHd 8
(vhanolphthalein end point) by addition of NalH & N and 2,5 H with con-
stant stirring. Sample tubes were stoppered and shaken for ten mimmbtes.
If the colour disappsared after tuo or thres mimutes the pH vas éadjusted
and the tubs was further shaken for another ten mimutes.

After alumina had settled, tho supernatant was removed by
suction with a water pump., Ths alumins wag washed twice with 5 nl aljquots
of double-distilled water cepbrifuged and the supernatant egain removed by
suction with z water aspirator, Finally the alumina wag stirred in pressnce
of 5 ml 0,5 i§ acetic acid, The tube content was shaken with a mechanical
ghakay for fifteen mimites and then cenmtyifuged. The supernatant eluste
vas collected using & Pasteur pipette. The supernstant had to be very

clear for the accurate estimatlon of catecholamine,
iv} Procedure for adremaline end noradrenalinas determination,

1 nl of eluate was added into 2 ml of glyocine buffer, mixed well
end the final pl was adjusted Lo pH 2.9. Catecholamines are oxidized by
0.5 ml of 0,01 N iodins solution. At exactly 3 min, 0.5 ml of 0.0L U
Hathiosulfate was added to the sample with shalking. The iodechroms was
then iscmerized to the iodolutin by adding 1.0 ml of 5 ¥ HaOH containing
2 ng of ascorbic acid, This alkslinc-ascorbate solution is prepared
immediately befoure the oxidation, After LS mimutes, fluoresencs is
activated at W10 mp end the sample was read at 510 mu againot a reagent
blank, Noradrenazline was meagured by the procedure deseribed for adrena-
line except that the acetate buffer, pi 6, was utilized,
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v) seleulation.

The following equabions were applied for the differential

gatimation of sdreneline and noradrenaline,

(1) Formula for noradrenalinc 100 XL - (U ¥ 100} i
‘ S LS
(2 ) Formula for adrenalins 00 5 A
T XD

whexg, A is
B is
Cis
b is
¥ is
A K
N is

His

(L)

flusrescaence of sample at it 3,

fluorescencs of adrenaline ctandard ab o 3,
flworescsnes of sample abt pH o,

fluorescence of noradrenaline standard at i 6,
pereentage of adrenaline oxidized ab pd 3,
fluorescence of adrenaline standard abt wi 6,
vercentage of neradrenaline oxidizsd at pi 6.

concontration ¢f adrenalins in the cuvatte ab off 3,

The determination of glucosamine comtents,

Glucosanins was neasurad by the Slson~fiorgen's medlified msthod

of ¥ylie and Jornsan {(2//).

1) Princivle of ths method.

“he

svoduction of colour in this mothod depends upon two
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guccessive rveactions. The formation of an intemediate coapound, a

glucesazone (o, - .3 ), formed by heating the acaetylglucosamine with

alknli, and the reaction of this intermediate with dimethylaminobenz-

aldehyde for the development of colour in an acidic medium.

i1) Reagenta,

v
(2)
(3)
(W)

(5)

(&)

(1)
)

1ii) 'The

28 HG1 solution.
Dowsx-50 W (H") .
0.5 W H¢Y solution,

Gondsnsing reagent (20 carbonate-bicarbonate buffer, il

9.9 with 5% acetylacetone added immsdiately before uss).

Stock color reagent (1.57 p-dimethylaminobenszaldehydes
(British Drug Houss Ltd,) in a mixturs of 35 ml 95% sthanol
and 65 ml concentrated HC1),

30 ug/ml glucosamine standard solution., (Nutritional
Biochemicals Corp.).

95% ethanol.

2 N carbonate-blcarbonate buffer, pd 9.9.

preparation of hydrolysates,

Samples were hydrolysed with 2 W HC1 for three hours. The

hydrolysate was dried in vacuo, the residue wap extracted several times

with emall amounts of boiling water, filtered, and the filtrate was

placed on a 12740 mm column of Dowex-50 (H+). The colunn was washed with

water and glucosamins was eluted with 20 ml of 0.5 N HCLl; the eluate was
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dried in vacuo and redissolved in double distilled water for the dedere

mination of glucosamine content,
iv) Colorimetric procedurss.

1 nl of samples containing b to L0 ng of glucosaming in 18 x 150
mn tubes were mixed with 1 ml of condensing reapent; the tubes werc heated
for tuenty minutes in a bolling mater bath, cooled, and 10 ml of a mixture
of 2 parts stock color reapent and 8 parts 95% ethanol were addad,
Abgorbance was determined at 430 mp after five minutes against a reapgents
blank in e Coleman spactrophotometer. A4 1 ml solution standard of
glucosamine was carried through the above procsdure and constituted the

standard for every determination,
v} Caleculation.

The following equation was applied for the calculation on the
content of the glucosamine. 9-%&2 &£D XTF, vhere, A is 0.D., of standard
glucosanine, B is reading of 0,D. of unknown, C is concentration of
standard glucogamina, D is the dilution fector, and R is the rate of
recovery. Ae can be seen in Fig. 5 s the relationships between the con-
centration of glucosanine and the optical dsnsity are directly provorticnal,
However, while preparing the hydrolysates, a swall smount of glucosamine
(in the tissues) was lost during tho preparation of hydrolysates, The

par cent recovery ig rather critical for the calculaticn.

(5) The determimation of glutamic-oxalecetic transaminase

activity.



i) Principle of the method,

Both glutamic-oxnlacetic transsminase activity and glutemic-
pyruvic trenssminase activity can be measured by this mathod f24The

reactions involved are ag follows:

Q0it IEHOGH glutamic oxalacetic 0ol 0o
2 transaminasoe 0 + il
ilo % éﬂ:&lﬁz = 4 is Hp
) GO i Q0 NHo
cooH 001
«~#stogluteric aspartic oxalacetic glutamic
acid acid acid acld
glutamic pyruvie
@oﬁ .
Ho + go&zi transaminasge o0l >OCH
“Ho HNH N 4} + 2
0 i € 31 M.
OOH > ? m‘%&xe
GO0H
o ~ketoglutaric alinie pyruvic glutamic
acid acid acid

The method ic based on the sdvamtage derived from the great differencss

in the absorption of an alkalins solution of the 2 ,h-—dinitromenylhydrazoma
of o{-ketoglutarate, oxalacetate, and pyruvate at 50 mp (Mg, ©), wWith

an increase in pyruvate or oxalacetats » there is a concurrent decreass in
o-katoglutarate, the resulting increase in optical density is proportional
to the amount of pyruvate or oxmlacetate produced (Fig.6 ). Hathematically,
this is expressed as

o i B - :
) PEp C'PE ak

whera D is the increage in optical density, (‘.p is the concentration of

the product which is pyruvate in the case of GPf, and a2 nixturs of
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oxalacatate and pyruvate (by bfeakdcmn of oxalacetate) in the cage of GOT,
Ep is the extinction of the hydravone from the resulting product and Eak
is the exbinction of the Hydrazome ofy -kotoglutarate, Horeover, since 4 U
is proportional to the yield, andthe yield is a functiocn of transaminese
activity, then

Transaminase activity = ; A D

4 method designed to dstermine optical condition for the procedure
revealed that opbtimal coleur production was observed whan 1p mols of 2,h,.
dinitrovhenylhydrazine was used (in a volums of 12,2 ml), 2,h,-Dinitro~
rhenylhydrasine reacts with the ocketo acids of the substrate ag well ag
of the products. For this reascn the keto acids produced had to represont
a gignificant psrcentage of the total keto acids, Tor the aggay of
transaminase & production of less than 1 2 mole of keto acid fulfilled this
requirement under the present condition, In as much as the rate of
transsmination is depsndent upon the concentration ofd - ketoglutarate in
the specified range, the maximum of 2 micromoles was selected. Maximal
stability of the colour was obtained by the use of O.h N sodiun hydroxide
(10 ml for each tube)., One of the most important facts in the present
method is that pyruvate, instead of oxalacetate » was used for the gtandard
curve bacause it is known that oxmlacstate is unstable in this medium and

convarted to pyruvate..
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(1) 0.1 M Pnosphctc vaifer, o 7.l.

(2) 2 aM Pyruvate.

(3) 2mM o -ketoplutarate and 200 mi d,1,-aspartate,

(L)
(5)

1 m{ 2,L-dinitrovhenylhydrazine,

0.L N Sodiwn hydrewide solution.

iii) Procedures.
Tadpole liver, tail and wowt of who body were weighad and
homogenized in 20 voluncs
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ne nomogenate w

bath, and ©
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of the GOT substrate is pipetéed into each test tube, and ths tube was
placed in a water-bath metabolic shaker at 38°C for ten mimutso.
Following addition of 0.2 ml of tissue homogenate to the tubes, the cone
tents wers mixed, and sfter an incubation period of emactly alxty minutes,
the tubzs were removed from the water bath, Oms milliliter of 2,h-
dinitrophenylhydrazins reagent was immediately added imbo each tubsz,
thareby stopping the resction., After the tubes were allowed to stand at
room iemperature for a minimm of twenty minutes, 10 milliliters of 0.4 H
sodiun hydroxide solution were added, and the centants was mixed wall,

it the end of thirty minutes, the optical density of the solubion was
neagured at 5%55 mi, using vater as the blank, While the ansseyp wers
incubated, a control for each sampls was also preparsed, For the control
preparation, ome ml of the subatrate » 0.2 ml of each sample, and 1 ml of
2,li~dinitrophanylhydrazine veagent are mixed well in & test tubs, After
a minimun of twenty minutes, 10 ml of 0,4 N sodium hydroxide solution are
added, and the optical density of the solution is measured as deseribed

praviously,
iil) Calcuiation,

The procedure as described abovs expressed the values ag the
change in optical density., These values were plotted egainst the sctivity
of transaminase in the tissus, as measured by the spactroprhotometric mathod,
Activity of transaminase was correlated with micrcnoles of ryravate in the
prepored standard (Fig.7 ). Proparation of a standard curve for pyruvate
permite the conversion of the change in optical dansity into micremolee
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of pyruvate; the standard curve is prepared by mlxing known amounts of
vyravate, such as 0.2, Ouk, 0.6, 0.8, and 1.0 micramoles, with the
hydrazine veagent and slkali solution as described above, As illustrated
in ¥ig. 7 , the change in optical density is plotied against micromoley
of pyruvate. The activity of transaminase was expressed 1n micromoles of

convertsd pyruvate per hour per mg protein,
(6} The determination of catalass activity.

Catalase activity was determined by the method of Morgulis and
Rabkin (2/4V ),

i) Principle of the method,

Catalytic reaction of catalass is greatly favoured at Low
temperaturg;?*Because, the destruction of the catalase by the peroxide is
accelerated at high tempsrature, thus leading to rapid cessaticn of the
catalytic reaction., The destruction of the catalase is an oddation
phenamenon (/. ), Greater catalytic activity in the cold is, therefors,
due to less enzyme destruction through oxidation reaction, At 29¢ guch
dostruction either does not occur or is very nogligible, The enzymatic

reaction is as follonss

catalnse 1
Ho0, y H0 ¢+ O (-0, )

»

The oxygen produced by catalase can be titrated with Bin0), to a point of

pemanst rose color at 2°C (usuelly run in the ice bath),
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ii) Reapents,

(1) u/15 fla,f}mh solution,

(2) M/15 Hiyp0), molution,

(3) /150 Hy0, substrate solution.

(L) o.051W Kin0), standard solution (Fisher Scientific Company Ltd),
(5) 207 Hy%0) solution,

(6) 0.2 ¥ vheaphate buffer ™ 72.

iil) Procedures.

Tadpole liver was weighed in 20 volumas of 0.2 ¥ phosphate buffer
&t pil 7.2, 90 ml of H/150 Ho0p solutdon and 10 ml of a mixture of equal

parts of w/15 Hay HPO), and #/15 KH,P0), were put into three 250 ml flasks
and the flaeks wers placed in an ice bath at 20C, At zevo time the

following reagents were added to the various flaskss flask 1, 1 ml of
engyme solution, flagk 2, 1 nl of 0.2 M phosphate buffer, flaszk 3, no
addition. After ten minutes of incubation at 2°C, 20% sulfuric acid wes
added to each flask to stop the reaction., The countents of the flasks
were titrated with 0,05 N Kin0) to a point of pemmanent rese color. One
ml of 0,05 M K¥md), represants 0,000L g or 0.28 ml of avsilable oxygen,

(7) Determination of alkaline phosphatage activity,

The sctivity of allksline phosphatase was dsterminad by &
modification of the Sigma procedure ()
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i) Principle of the mcihod.

The compound, p-nitrophenyl vhosphate, is colorless, but hydrol-

a

ysis of the phosphate group libsrates the yellow salt of p-nitrophenol

(absorption maximum, L0O0 mp).

Thus, the substrate is itself an indicabor

of the amount of phosphate which is split off and hence is & measure of

i
O —P—OH
OH

+ H,0 >

NO» .

p-nitrophenylphosphate
colorless in
acid and alkali

-

The tissue homogenate is incubs

phosphatase activity, as indicated by the following recactions

OH

Phosphatase

NO,

p-nitrophcnol
colorless in acid
yellow in alkali

wed wivth the buffered substrats, the

reaction stopped by the addition of alkali, and the amount of color

developed is measured without

ii) Reagonts.

(1) Alkaline buffcw

-t

phospaate in 25

containzsry can be

(Soma Chemical C

e

wrther treatment,

colubion; Glycine buffer vH 10.5
2

.

ml of water. This solulion in a stoppered

fyomen and is sbable for i Lo 6 uccks.

O

OENENT)



(3)

(43
(5)
(6)
(7)

p-Nitrophenol standard solution; 10.0 ml per liter, in
water solutlon when protected from light end kopt in the
cold is stadle for about oms year, (Sigma Chemical
Canpany}.

Borate taffer at pH 9.2,

0.02 1 sodinm hydroxide solution,

Coneemtratgd hydrochleric acid.

0.2 ¥ phosphate tuffer, pi 7.2,

i111) Procedura.

Tadpols liver, tail, and vest of the body were homogenized in

10 volumes of 0.2 M phosphate buffer at 7.2 and the hamnogenate was diluted

in 10 volumes of 0.2 Y phosphate buffer pH 7.2, 0.5 2l alkaline tuffer

solution and 0,5 ml of stock substrete soluticn were pipetted into each

of two tubes and placed in a water bath at 38° ¢, After five minutes

temperature equilibration , 0,1 ml of water was added into oms tube and

Ocl ml of ensyme (sampls) solution into the other tube, The tubs content

is mixed gently and quickly replacsd into the water bath, Bxaetly thirty

minutes efter addition of the enzyme, 10 ml of NaOH solution was added into

the tubes, and the contents of tubes are mimed well. Thus, the ensyme

action was stopped and colour was daveloped by the addition of 0.82 § NoOH

solution {(in alkeline medium, p-nitrophencl solutions becams yellow),

This colour was stable for several hours. The optical density was read

at 410 mp against & reagent blank, (Reading &), This value is corrected

by subtracting from it the optical density of the endogenous blank, The
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endogencous blank value i8 obtained by adding to all tubes 0.1 ml
concentrated HCL following reading A. This procedure fades the yellow
coloux of p-nitrophenol and only leaves the gndogsneous colour dus to
reagents and tissuse. %This second reading B ie also carried cut at
110 mp againgt a reapent blank, The difference bstwsen reading A and
B ip alialine phosrhatase activity and provide;e standard curve
illustrated in Figure 9,

iv) The preperation of the standard calibration curve.,

0.5 ml of p-nitrophencl standnrd solution was pipatted into
100 ml volwnstric flask and made up to volume with 0,02 ¥ Ha0H., The
oontent was mixed well and the amount of standard solution indicated in

columne 2 and 3 of the following table was pipetted into six tubes,

Composition of tubes for calibration cuive

(1) (2) (3) (1)

Tube ml of ml of

Hoa. at. sol, a0 Units
1 1.0 10,0 1.0
2 2.0 9.0 2.0
3 heo 7.0 .0
I 6.0 5.0 6.0
5 8.0 3.0 8.0
6 10.0 1.0 10,0

For each of these six tubes the optical density was read at L10 mp using
0,02 § Na(¥l as & blank., The stendard calibration curve using the above

standard solutions is illustrated in Figure 9 .
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(8) BDetermination of glutaminase activity.

The activity of glutaminase was datermined by the method of
Seligson {2/3).

i) Principle of the method,

This method is based on the determination of ths rate of

emmonia liberated from substrate (l-glutamine) hy glutaminase, The

reaction schems can be illustrated as follouws:

CORHy QU
Hp - glutaminase Ho
2 + Ha0 \ 2 + NH, (L)
i .
O0H %
glutanine glutamic
acid

The ammonia fowmed is spresrated by diffusion uethod, and trapped as
(xdy,) 259), and determined by Nesslerization,

The reaction are as follows:
KpC03 ¢ 2 M@ ——) 2BM  +  HGOy; + 2,

2N ¢ HpSOY  « 2Hpd —) (MH))9S0,  + 2 M0

ii) Reagents,

(1) Tris buffer pH 7.2 (Tris ammethene),
(2) D,L-glutamine (Fisher Scientific Company 1td.).

(3) =saturated potassium carbonate solution.

(2

(3)
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(4) Standard &monimn solublon containing 100 ug por milliliter
(0.k716g of (WH})p80), per lditer),

(5) I Hys0),

(6) Wesslex's solution diluted 1:10 before uss. (Picher
Scientific Company Itd.).

1i1) Procadure.

The tadpole tissuss were exclsed placed in alumimun foil
comtainers in ice, wexe then rinsed free of visible blood with trig
buffer and blotted on filter peper. Tissues wers rapidly homogonized
with tris bufi’er. Ons ml of glutamine substrate solubion is introduced
into 30 ml hottlas and placed in a water bath at 38° ¢ and ghaken for
ten mimites, 0.2 ml of homogenate was pipotted into each botile s the
content was mixed well snd was incubated sixty minutes with shaking,
After sixty minutes incubation, the bottles were removed from the water
balh and ome milliliter of saturated potassium carbonats was added into
each bottle immediately, thersby stopping the reaction., The bottles
are immediately stoppered with a stoppar which carries through it a
glass vod the end of which is spoon-shaped, Before stoppering 0.3 ml
of 1N H230) has been deposited in the spoon, The bottles are then
shaken mechenically for two hours thus psrmitting evolution of ammonia
which is trappsd in the solution of sulfuric acid.

The comtents of the spoon is collected and the spoon is rinsed
with water; both rinsinge and original collection are pooled and made
up to constant volums and reacted with 10 nl of diluts Nessler's zéagen‘n.



After standing five minutes a% roon temperature, the opticsl density

wag measured in a Coleman Spsctrophotometer, at L20 mpe The blank was
prepared by replacing the sample with distillsd water and Nasslerizing
the diffusate., The standard were carried out by the sams procedures ag

samples by replacing ths sample with ammoniun zulfate solution standard,
iv) Prepavation of a gtandard curve,

In Figure10 , curve A illustrates the relationship bstusan
color intensity and quantity of ammonia, ranmging fram 5 to 30 }g per 10
milliliters of final solution. In curve B s the same ouantities of
amaonis were isolated by diffusion., It can be seen that the recovery
by diffusion method is almost complete,

{(9) An investigation on lactate dshydrogenass isosymas
during thyroxine-induced metamorphosis of tadpole end
study of the effect of thalidomide,

The total LDH actlivity was measursd with Bausch and Lomb
Spectronic 505 auntomatic recording Spectrophotameter following ths
appearance of NADH (»'7), The electrophoretic separation was carried
cut by the method deseribed in'Manual 51199" (Gelman Instrument
Company) (“/2) and the quantitive analysis for each isozyme pattern

was carried out by an improved colorimetric mathod describad below.
i) Feagents,

(1) 0,2 ¥ vhogphate buffer at Iﬁi Tela
(2) 0.1 ¥ phosphate bulfer at pH 7.2,
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(3) ©0.02 NAD sclut;j.on at o 6.0 (liutritional Bilochemical
Corporation).

(L) 0.1 % glycine- HaOH bulfer at pH 10.0.

(5) Standard enzyme solution, 5.0 mmolss/ml. (Sigme
Chemical Company).

(6) 1 M sodiun lactate solttion (Sigma Chemical Company).

(7) WNAD 20 mg/20 Wl. (prepared immedistely before using)
(futritional Biochemical Corporation).

(8} 0.1 ¥ NaGH solution,

(9) 0.005 M HgCly solution,

(105 0.5 ¥ phosphate buffer, pid T.L.

- (11) Nitroblue-tetrazolium, lmg/ml (Mutritional Biochemical

Corporation).

{12) Phenazine methosulfate, Img/ml (Mutritional Biochemical
Corporation).

(13) 5% Acetic acid,

(1) 1ZTonic strength 0.05 ¥ Barbdtel buffer, ol 8.6 (Pisher
Scientific Company Ltd.).

(15) N-N-Dimethyl Formemide and bonzens eolvent (1:1)
(Pisher Scientific Company).

(16) Absolute ethanol,

ii) The messurement of the total sctivity of the lactete dehydrogenase.,

Padpole livar, tail and brain wers homogenized in 2 te L

volunss of 0.2 ¥ phosprhate buffer ot ! 7.2 and the honogenate was



centrifuged at 15,000g for 1 hour, The clear supernatent wse taken for
the following enzyme assay., The total LIH activity wvas determined with

a Spectronic 505 automatie recording Spectrophotumeter following the
appearance of NADH (»/7 ). A thermoregulator wes used to maintain the
temperature of the cell compartment at 28° G, 1.8 ml of glyeine buffer,
0.1 ml of lactate solution and 0.1 ml of HAD solution are inbroduced

into a cuvotte, the contents stirved and allowed to stand for

]

ive
minutes in order to let the tempersture equilibrate with that of the
call compartment. A blank was similarly preparad without the addition
of KAB, 0.02 ul of the supernatant is now added into the cuvette and
the optical éensity is recorded st 340 mp. The optical density change
0.03 at 34O mp corresponds to the formmation of 9,7 millimicromoles of
MADH 1n 2 ml of the test solution per minute. Spocific activity is
expressed as micremoles MADH converted per minute,

3ii) The separation of lactate dehydrogenase isozymes by cellulese

polyacetate wembrane electrophoresis.

Tlissues were humogenized in 2 to & volumss of 0.2 i of ghosr%
buffer at nif 7.2 and the homogenate was centrifuged at 15,000 g for one
hour, For the separation of the LI¥ isozymes of tadpole liver, teil,
and train, it was found desirable to apply 0,005 ml of the clear super-
natant on the cellulose polyacetate membrane (Sepravhors 111, Gelman Co,)
Tor the electrophoresis, Blectrophorstic ssparationsSof LiH isozymes
were carrisd out by the method desecribed (o) at 200 volts, Qwing to
the fact that the tadpole LDH isozymes moved very slowly, the
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electrophoresis was carried out for L hours at 239 ¢ (room tenperatuxe)
ingtead of the usual 1 hour (¢/). While electrophoresis was carried

out, the following dye-substrate solution mixture was prepared,

1 ¥ sodium lactate 2 ml
20 mg &b 2 ml
0.1 M NaOH 2 ml
0.005 ¥ Mgll, 2 ml
0.5 i1 phosphate buffer, at pH 7.h 5 nl
5 mg Nitroblue-tetrazolium 5wl
0.5 mg Phenazine mothosulfate 0.5 ml
Total volume 18.5 m1

A stvip of Sepraphore 111 was soakad for five minutes in the abovs dye~
substrate solution, it was then layered over the membrane which had
been subjected to electrophoretic separation., The areas of enzyme
activity appear as purple and thers is diffusion of the coloured bands
on the dye-substrate carrying msmbrane,

iv) Colorimetric assay procedures.

After dying of strips, the individual bands were cut ocut
fron both membranes., Pach pair of pieces were put into a tube which
containsd 4 ml of 3 mixture in equal volume of W-N-dimethylformamide
and benzene., The test tube was shaken in order to facilitate the
dissolution of the membrane and 0.5 ml of absolute alcchol (ethanol)

was added after the membrane wae completely dissolved, In order to
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secure enough material for acﬁurate colorimetric estimation, separation
vag cormucted on L to 6 strips at once and all identlcal isozyns bands
pooled, The oontent of the test tube was transferred to & colorimetrie
tube (124100 mm) and the optical density was read at Sho mp againat the
mixture of H-N-dimethyl-formemide, benzene and absolute ethanol as a
blank, The elsctrophoretic membrans had to be conplstely dry if coaplete
solution was to be achieved,

Figure 11 illustrates the unfracticnated total lactate dehydro-
genaze activity determined by the rate of appearance of WADH at 340 wp
(determined by eutanatic Spectrophotometer on abscises versus tha enzyns
activity, as'measured by dissolving the Sepraphore 111 strips and the
coloured isozymes, on ordinate. It can bo sven that there is & good
linear relationship between the activities measured by the two methods,
It was found that the some amount of the enzyme which gave an 0.0, (at
540 mp) of 0.1l by the present dissolving method caused a 0.13 (at 3k0
up) 0.0, chanpge per mimute by the usual automatic recording periormad
for one minute., Thus the sensitivities of the two msthods are quite
canparable. Ib is also seen that intensity of the colour after dissolv.
ing the electrophoretic membrans increased as time elapsed and it was
found that after 2k hours the colour reached its moximum intensity.

Bven though the colour intensity increased according to time, the
relationship between the amount of the enzyms and optical density
remained proportional. In the following series of experiments, the

optical density of the colour was measured one hour after dissolving

the membranss.,
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Stability of color developed on and dissolved from electro-
phoretic membranes, The enzymatic activity represented on

the abscissa was determined with fresh enzyme preparation by
the appearance of VADY at340 mp by a spectrophotometiic method;
and the enéymatic acﬁivity nresented on the ordinate,‘by the
new method with identical aliquote Trom the same enzyme

preparation.



HESULES

(1) The effect of thalidomide and its derivatives on the

morphological changes during thyroxine-induced natanorphosis
of tadpols,

In 211 of thess expariments, morphological changes of
metamorphosis were quantitatively estimated by measuring the ratio of
leg length in mm to tail length in mm and expressed throughout es L/7,
This ratio was found to bo readily correlated with the criteria used
by Taylor and Kollres ( 7 ). Inhibitiocn was meesured by considering
the I/T ratle of animals treated only with thyroxina as 10073.

A5 shown in Pigures 12 thalidomide at a concentration of 10-Mu
inhibite the growth of hird legs and resorption of tail during thyroxine-
induced tadpols metamorphosis., The inhibition became evldent only after
five comsacutive days of treatment with thalidomide, This latent
period is followsd by the appearance of morphological changs, If the
treatment wae carried on for sirteen days with thalidomids at 10'1*%{, tie
porcentage of inhibition of I/T ratio was aépro:dmately ho%,

Table 1 lists percentage of inhibition of thalidomide and its
derivatives on L/T ratio during thyroxine-induced metamorphosis of the
tadpole., Thalidomidz at the concentration of liﬂ.O"!‘ i dnhibits the
change of L/T as mentioncd above., Further incrcase in thalidomide cone
contration dees nob increass the degree of inhibition, Yhan thalidomide
ig hydrolyzed in iiro, noseibly also in vivo, and one ring is opensd,
this will give rise to N-phthalyl.-d,l-glutamic acld, Herhthalyl-D,L-
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glutamine, and H-phthalyl-D,L-isoglutenine. If both rings are opened,
H~(0-carboxybenzoyl) -D L-glutanic acid, N-{0O-carboxybenzoyl)-i L
glutamine, snd N-(O.coarxybenzoyl) -0 L~igoglutanine are formed., Very
recently, Willlama (/i) reported that 15 metabolitss were found in the
urine of rabblt, rat and man previously trsated with thalidomids,
Twelve of thess have been identified aftar they wave isolated in
crystalline form by column chromatography on alumine, Those identifisd
are asg follows: & — (N-phythalyl-izoglutamine, » — (N-phthalyl) - glutamine,
A - (H-phthalyl) - glutamic acid, o — (O-carboxyl) -amino acid, o — (0=
carboxybenzoyl) <Ssoglutamins, | — (O-carbowbenzpyl) - glutemine, ~ — (0~
carboxybenzoyl) -glutamic acid, « -sminoglutarimids, rhthalic acid,
gluteming, isozlutamirs, and glutamic acid., Some of the above compounds
or other closaly related derivatives wers tasted for thsir effect on the
L/T ratio, and the rssulis are also prasented in Table L. It is seen
that 3-hydroxyphthalyl-D,L-glutaming is the most potent irhibitor among
the compounds tested and it inhibits approximately 50% at the concen-
tration of § x 10~5 M. This concentration is the lowest ever reported
to bs effective in biological asystems: for ex:mf)le 5 0.5 to 2,7 ng/nl
thalidaomids in the case of protozoa (0.-;) and 10 mg thalidomide per Kg
bedy weight in monksy (V-). The other compounds tested in Table 1 have
rather high inhibiting potency of the L/T ratio, In gemsral, it can be
concluded thet the derivatives of thalidomide tested are moxe potent
than the mothor compound in inhibiting the morphological changes occuring
during thyroxins.induced mstamorphosis of tadpols.

In Figural3 the duration of tremtment with thelidomide is

plotted against the percentape of inhibitlon of L/F ratio as obsarved
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Fig, 12, The effect of thalidomide on the ratio of leg length to tail
lenzth. The ratio of the hind lsg length (mn) and tail length
(mn) is plotited against the number of days of treatment,
Closed circles arc Tor the control group (thyroxine-breated).

Double circles arc ror thalidomide plus thyroxine.
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Fig. 13, The influence of duration of thalidomide treatment on thyroxire-
induced metamorphosis. The L/T ratio in every case represents
the final developmert at the end of 16 days. The abcissa
represents the number of days during which the tadpolas uere

treated with thalidomide, 5 x 10-l M,
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Inhibitory effect of thalidemide and its derivatives en
thyroxine -induced metamorphosis of the tadpols

D,

: Concentration # of Inhibition
Cempound usad of L/% retio

Thalddomide 5 x 107t i 13.048,3
1x 1070 i 41.3+8.8
5 %105 26.3+7.k
5 x 1070 1 16.266,6
1 %107y 7.246,8
5 x10~" 1 0.

3-0H-Phthelyl-D,L-glutamive 5 % 105 K 1h8.0¢30.1
5%10%n 26,7+7.6
1x10%y 9,046.6
5 x 10"y 0.

L0 -Phthalyl-D,L-glutamine 5 X 10°5 H 39.3¢9,2
5 1100 % 23,1+6.1
1 x105 1 7.346.7

Phthalyl-D,L-glutanins 5 ¥ 105 ¥ 36,7486
5 %100 23,1+8.,0
12106Hn 13,748,k

Phthalyl.D,L-glutamic acid 5 3 105 1 32.747.h
5 %1070 n 15.4e7.1
1 x 106 x 8.6+6,3



on the 16th day of thyro:d.m-induced metanorphosis of tadpole.
Animals were treated with thalidomide for the rumber of days indicated
and the solution in the water bath was then changed to contain only
thyroxine up to a period of 16 days, when the L/T ratio of all animals
vag measured. As ssen in the figure, en J.day treatment was nacesszary
for the obsorvable inhibition to cccur » ¥hile a 12-day treatment gave
nearly full inhibition,

(2) The effect of 3-hydroxyphthalylglutamine on the glutamic
oxalacetic trenseminese activity during thyroxine-induced
meﬁamnrmosis of tadpola,

The activities of glutemic-oxalacetic transaminase in the liver,
tail and rest of the bedy during thyroxins-induced metamorphosis of
tadpole are shown in Table II, It cenl® seen that significant
differances were observed between the thyroxime-txeated group and thy-
roxire plus 3-hydroxyphthalyl glutamine, Chan and Cohen recently
raported that thyroxine treatment increases glutamicmmlacéti.c trans-
sainase activity in tadpole liver (22 ), Similar results were obteinsd
in cur experiments (Table IT ). Yhen 3-hydroxyphthalylglutamins was
added together with tﬁyroxine s & olight but significant inhibition
cccursd in 21l tissmes. This result thus supports the contention that
thalidomide and its hydrolytic metabolites might act az an antimetabolite
for glutamlc acid 2s mentionsd earlier in the introduction, Howsver,

st :
vhether these compounds act,the level of biosynthesis of the enzyme or
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TABLE 11

The specific activity of glutamic-osnloacetate transaminase in the
tadpole liver, tail, and body (whole body without liver and
tail) versus the mmbsr of days of exposure to thyroxins and

thyroxine plus 3-hydroxyphthalylglutamine

—— s e i e —— b S et e tran ottt
Thyroxine plus
D‘u‘i;i‘m Tayroxine 3-0l-phthalylglutenine
eyposure Liver Tail Body Liver Tail Body

1 day 6.200.6  5.281.1  L,081.3 0.530.9  5.21.2  L.5:l.1
S days 6.3¢1.1  5.7¢0.9  L.7¢0.8 6.2£1,2  5,2:0.9  h.3:0.8
10 days 8.2:0.6  6,520.9 5.2:0.8 8.1¥1.2  6.321.1  5.130.8
13 days  10.hel.2  7.3:0.9 5,620.8 9e2¢1,1  6,8¢0.9  L.920.6
16 days  12.0#1.39  9.lel.l 7,120.9 10,3812 8,1¥0.9  6.040.7

The specific activity of glutemic-oxaloacetate transaminase of tedpole
liver, tail, and body is expressed in micromoles converted per houx “Ea:c
ug protein. The concentration of 3-OH-phthalylglutamine was 5 x 10D M.
Each value represents the mean of 8 to 12 expsriments,



the level of the enzymic activity is not yet certain until more detailed

Invastigation is carried out,

(3) Bifect of 3-hydroxyphthalylglutamine on the liver cotalams

activity during thyroxinz-induced netamorphesis of tadpole,

Bffectsof thalidomide on the liver catalase during thyroxing-
induced metamorphosis of tadpole are showh in the Fig. 14 , The spacific
activity of the liver catalass is. plotted against the mumber of tho days
of exposure to thyroxine and thyrowine plus 3-hydrox&phthalylglutamiua.
| Thyroxine treatment increases liver catalase activity of tadpole s confirm-
ing the results obtaired oreviously (v ). Alsc illustrated in the
figure is the fact that 3-hydroxyphthalylglutemine irhibits the increase
of catalase activity caused by thyroxine treatment, Fven though the
implication of this finding in the term of mochanism of thalidomide is
not clear at present, the fact that inhibitory action of this drug on the
thyroxine-induced metamorphosis of the tadpole iz selaective will become

evident from the date presented,

(L) Effect of 3-hydroxyrhthalylglutemine on the alkeline phosphatase

activity during thyroxine-induced metamorphosis of tadpole,

The effects of 3-hydroxyphthalylglutamins on the liver alkaline
phoaspuatase are shown in Tablelll, During thyroxine-induced motamorphosis,

alzaline phosphedtase activity in the liver, tail and "residual body"
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Fig. 14. The effect of 3-hydroxyphthalylglutamine, 5 X 10~ M, on
the spacific activity of tadpole liver catalase. The spacific
activity of the tadpole liver catalse, in pl 02/ mg protein,
is plotted against the number of days of exposurs to thyroxine

and thyroxine plus 3-hydroxyphthalylglutamine,
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TABLE 311

The spscific activity of alkaline phiosphatase in the tadpole lver,
tail, and body (uwhole body without liver and tail) versus the
namber of deys of exposure to thyroxine and thyroxine plus

3-hydroxyphthalylglutanine
o
Duration _ Thyroxine plus
of Thyroxins é-hgdrogggpthg;xlglgtam;§§
expoaure Liver Tail Body Liver Tail Dogy
1 day 3.8:0.3 0.620.2 1.840,3 3.640,2 0.620. 1.720,2

S days 3.7:0.6 0¢6:0.2  1.8+0.h 3.6:0.5 0.6:0,2 1,8:0.3
10 days hAis0.6  0.8:0.2 1,940,3 L6408  0.7#0.2 1.8:0.3
13 days 6.120.6  1,220.3  2.2+0.L 5.80.6  0,940.2 2,000.4
16 days 8.240.9  1.6:0.3  2.9:0,7 6.920.6  1.,200,3 2,5+0.6

The specific activity of slkaline rhosphatass is expragsad in Sipma Units

r houg par mg protein. The concentration of 3-Oii-phthalylglutanine wag
Eex 10- Pach value represents the mean of 5 to 9 experivents,



increases. [owever, simultansous presence of 3-hydrozyphthalylglutanire
with thyroxine lnhibits this incrsace slightly but significantly. The
nagnitude of the inhibition in the case of alkaline cthosphatase activity

by this derivetive of thalidomide is vather small.

(5) Bffect of thelidamide on the liver glutaminase activity during

thyroxine~induced metamorphosis of the tedmole.

The spacific activities of the lver glutaéinase versus the
number of days of exposure to thyroxine and thyroxine plus thalidonide,
axe ghowm in Fig, 15 . During thyroxino-induced metamorphosia, liver
glutaminase activity of tadpols increases about fouriold. Howaver,
simultanecus treatment with thalidomide reduces this incresse to 2bout
twuwofold., Thie result if wvery similar to the observstion made by Fabro gt
8l (), that one of the metabolites of thalidonide, 2-(O-carboxybenzamide)
-glutaric acid, was found to inhibit the activity of glutamine synthetose,
glutamate decarboxylase, and plutsmate dshydrogenase of rat drain, The
concentration of 1 x 10~3 i of thalidouide was used o inhibit S04 of the
activities of thesc enzymes. These suggested that thalidamide and its
derivatives in vivo might act as antimetabolites of glutemic acid and

glutenine,

(6) Effect of 3-hydroxyphthalylelutamine on the adrenaline and
noradrenaline contents during thyroxine-induced notenorphosis

of fadpoles,
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Fig. 15° The specific activity of the liver glutaminase vs. the
number of days of treatment with thyroxine and thalidomide,

10-b M,
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fig, 16 shous changes of the contents of kidrey adreualine
2nd noradrenaline with thyroxine tmated and thyrowine plus 3-hydroxy-
vhthalylglutamine treated tadpole. Fig. 17 shows tho changes of the
contents of brain adrenaline snd noradrenaline during thyroxine treated
and thyroxing plus 3-hydroxyphthalyliglutemine treatsd tadpale. The
adrspalins and noradrenaline contente are plotted against the days of
exposure.

Thyroxine treatment doss not change the contents of these
catecholamines in the case of organs to any significent degrez. Iurther-
more, simultanaous treatment with 3-hydroxyphthalylglutanine doss not
bring any significant chenge from that observed in the rresence of thy-
roxine alone, Thie mizht indicate that catecholanmines do nobt play any

direct important rols in the differentiation of tadpole.

(7) Effeoct of thalidcaide on ths liver glucosamine content during

thyroxine~indueced metamorphosis of tadpole,

Since glucossmine is part of ihe biologically important serics
of aminated polysaccharidsa (chitin, heparin, hyalurouic acid, ete,), it
was folt that the investigation on the amount of this cempound in tedpole
1liver during retamorphosis might be interesting, particularly in the
présance of thalidomido.

The contents of liver glucosamine are plotted against the numbar
of days of exposure in Mg, 18 . As seen in this figure, thyroxine

troatment incressaes the content of glucossndine in the liver of tadpole
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approximately twofold. However, tholidenide dozs rot affect the changs
brought about by thyroxine alone,

(8) The activity of lactats dehydrogenasze isozymes during thyroxne.

induced metamorphosis of tadpole,

(1) RBffect of thalidomids on the total lactate dehydrogenase

activity during thyroxine-induced matamorphosis of tadpole.

It was reported by Degroot (o ) that thyroxive trsatuent of
tadpole descreased the idver total lactate debydrogenase activity. The
resultes illustrated in Fig. 19 show the effects of thalidomide on the
liver total loctate dehydrogenase activiby during thyroxine-induced metg.
morphosie of tadpole. The data confira the previcus findings (0. i} and
further indicate that thelidonids exerts no signmificant e{fects on the
dacrease of lactats dehydrogenase, Practically similar results were
observed with tadpole tail and brain, Since thalidoanide has baen shoun
to inhibit, selectively, some of the biochemical and morphological changes
of thyroxine-induced tadpole metamormhosis (2.07)y lactete dehydrogenace
activity constitutes an example of one of the activities not affected by

thalidomide treatmsnt,

{2) The lactate dehydrogenase icozymes patierns of various

tadpols tissves.

When electrophoresis of the supernatant of tadpole liver homo-

senate was carried out as ususl (-7}, no gseparation inte the isozymes
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wag obtadnsd., However, with tﬁil and brain the seperation was very good,
ag shown in Fig, 20 , Thus, it is quite possible o examine cuantitatively
the pattern of each isozyme during thyroxine-induced tadpole metamorvhosis.
The revults obtained are listed in Table 1V and Table V ., First of all,
it can be geen that the values obtained by tha present method are repro-
duecible in all goses., TFurthemore, the vesults in both Tables confimm

the previcus observation thst thyroxine or thyroxine plus thalidomide
treatment decreased the laectate dehydrogenase in both tail and brain of
tadpols. Howaver, clome ¢xaminstion of the resulis indicate that the
dzcrease in the total lactate dehydrogenase activity is not dus to the
overall decrease in the individual isosyme activity. That is, thyroxins
brestment decreazed only the ¥3 isozyme bat not the other lsozymes. The
rolative amounts of igozyms Fl and F2 rather increassd, Moreover, it can
be seen that simultansous treatwont with thalidomide and thyroxine produces

chapges similar to those observed with thyroxine treatment alone.
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DISCUSSTION

(a) Bffect of thalidomide and its derivetives on the morpholozical

changes during thyroxine-induced metamorphosis of tadpole,

Sincs the reports of lacbrids (74 ) and Lenz (7, ) of congenital
malformations from thalidomide, thare have bteen mmerous attempts to re-
produce the buman maliormations in experimental amimals. Various animals
have been used for this purposs (4 2cic7), bub the yabbit (00 -J2/)
and the mouse have been the only memmels in which gross melformsticny of
the fetus were observed, Somers groduced fetal abnormalitics with thal-
idomide in a rabbit {0 ::), and lLucey and Behrman {o- ¢ ) showed that
treating monkeys before implentation of the zygote reeulied in still
births, He suggested that the drug killed the eubrye prior to its implant-
ation., Uelahunt snd Lassen { 70 ) showed that pregnant monkeys wers treated
with thelidomide after implantation but Bafore formotion of the fetal limbs.
Two fetuses that were recoversd from the treasted females had congenital
abnormalities. The thaelidomide syndrama in the moniceys wme manifested by
amelia, phoemeria, internal hydrocephaly, facial capillary hemangioma, hypo-
gemegle of the metatarsal bones, and anotia. They adsindstered thalidomide
(10 ng/Kg) by an oral tubs from dsy 32 to k2. Febro et al (- ) reporied
that when thalidomide at the concentration of 300-L00 mg/Kg body weight was
adninigtered orally or intsrperitonsally to rats, pregnant New Zealand
whits rebbits or Himalayan rabbita, the fetal toxic sfiects were observad

in all ctreins. Dipaclo and Yenner raportad that 750 Ag in 3 nl of fregh



T

kit

TR

seenrze

S AR S e At A e A

- 108 =

mediun of Fhrlich Ascites Tumor cells was sifective (237 )., In the case
of protnzos, 0.5-2.7 mg/nl was sufficient to inhibit growth { ./ ).

The study pressnted in this hesiec reveals that theolidomide ot
1 concontration of lO”h ¥ inhibits the prowth of hind legs amd the
reserption of tail during thyroxdns-inducad tadpols metamorphosis. The
inhivition bocame ovident only after five consscutive days of treatment
with thalidomide. This latent period is followed by the appsarance of
morphological changes. If the treatment was carried en for 16 days with
thalidomide at 1 ¥ 10-1 M, the percentage of inhibiti;n of I/? veotio wase
approximately LOZ. Thus this concentration would he the lowest ever
reported to be éffective in biologlesl systauns,

When thalidomide was sdministered to rabbit, rat or mam, 17

metabolites were found in the urine (., ). Twelve of thess have been

identificd after they were imolated in crystalliing form by Cslumn chromato-

graphy on alumina. Vhether thelidomide dtself or its metabolites in vivo is

the main responsible sgent for preducing abnormality is not yeb setiled.
Thus, some of thess and other derivatives were tesbed for their effect on

the L/T ratio, and the result is also presented 4n Table 1 in this thesis.

It is seen that 3<hydroxyrhthalyl.D,l-glutamine is the msed potent inhibitor

emong the campounds tested and 4t inhiblts approximately ©OF at the cone
centration of 5 10”5 M. ‘The othar conpounds tested in Tabls 1 have a
rather high inhibliing potency 17 the L/T ratiec. In general, it can beo
cencluded that the derivstives of thalidonide tested are more potent than
the mother compound in inhibitine the morphological chznges occovreing

during thyrexine.induced tadpole metemorphosis,
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Several authors have invi%iigated the mechanisn of sctiom of
thalidomida, It was obgerved thaﬁ;i;hibitory effact of thalldomide on
protozon was countered by nicotinic acid, nicotinamide, nicctinmmide
adanine dimiclectide, and vitamin Ky (»2/ ). Thue, the authors postu-~
lated that the mechanisu of toxicity may be due to er interferonce with
cellular oxidation. They have 2lgo found that thiasmine, riboflavin,
choline, inositol, thymine, orotic acid, p-aminobsnzoic acid, and folic
acid could not roverse the toxdoity of thalidoaide for all organisus tested.
Hince tryptophan is a precusor of nicotindc acid, metaboliies along the
rathway of gynthesis of nicotimic acld from tryptophane waeve testsd (02, Y.
S-hydroxytrypltophane, hynurenic acid, xanthuremic acid and quinolinic acid
partly countered the toxicity of thalidemide in O.malhamerisis., Quinolinic
acid slightly inhibited the toxdeity of thalidomide in O.dandieca, bub none
of the coupounds mentionzd above lessened the action of thalidemide in B,
graecilis or T.pyriformis ( 02/ ). Martiuse ( 27/ ) aloo reported that WAD
inhibited the toxicity of thalidemide ection and vitamin Ky (menadione)
inhiblts the toxicity of thalidomide action. They hypothesized that thal-
idomide acts at the level of cellular cxidations. Thus, it 4s quite
pogsible that thalidonmide acts at the point whers nicotinic acid is
connected to NAD, or it may imterfere with the utilization of NAR in
cellular oxidations {(23/). the conclusion derived abovs could e
applicable to man, thalidoside might interefere with cellular oxidations
during morphopenesis and cause abrnovamelities (/v 23+ ). It is of
intorest Yo note here that thalidomide toxicity was not roversed Uy ribo-
flavia nor folic acid in the protozoa system, although deficiencies of

these tuwe vitaming have beon impliceted in cansing fetal malformation (-« ).
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Robertson has described the development of polynsuritis and
gloasitis upon prolonged theraghy with large dosss of thalidemide in
human (¢ » ). Thess effects were comtrollad by the prophylactic use of
vitsmin B-conmplex. Intsrestingly, chick embryo injectad with nicotinic
ecid antagoniets had & high dncldence of rumplensss, ectrodactylism and
sctromsria. Thess findings are the only actusl indication of the modo of
action of thalidomide in the living organism,

In 1965, the effect of thalidomide on the metamorshosis of
tadpole wao independently reported by Tata (;;;:), who used L.3,5,3%.
triledethyronine for inducing metemorphosis of tadpole, He observed thai
thalidonide inhibits the growth of hind lege and the rescrption of tail
during 1.3,5,3'-trijiodothyrenine~dminced matamorghosis of tadpols. This
data is in asgreement with ocurs.

In conclusion, it can be said that thalidomide and 4ts derivatives
affect gross morphological differcntiation to the highest depgres during
thyroxine-induced tadpole metamorphosis. Atitempbs to demonstrate the
direct interactien of thalidomide or its dsrivatives with thyroxine st
varicus pH did not reveal any change in absorption spectra. The extreme
sensitivity of tadpols to the various substances reyorted hsre suggeste

that anuren mstamorvhosis is an extremely useful tool in drugz testing,.
{B) Effsct of thalidamide and its derivatives on the seweral ensymatic
activities during thyroxins-inducad mstamorphesis of tadpols.

Buring the last decade or so, there hes keen a gradual shift in

the thinking of many embryolopiat as to the role of enzymss in dsvelepmantal
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processcs. Over this meriod tﬁeretns algo tsveloped & great deal of
interest in the description of enaymatic phenomenon in dsveloping tiasuea,
thus paralleling a gpeneral revival of descriptive biochemistry, Since
anpnibian metamorphosis is a procass which bridges the tranzition from

£n aquatic to terrestial evolutionary fom, this transfommation occupdes,
as such, an important placs in comparative biochemistry, Moreover, the
hormenal control of thig differentiation, via the pituitary thyroid axis,
offers additional reasons fop exploring mors fully the biochemicsl nature
of tadpole metamorphosig,

Thus, one approach to study the biochemical mechanism of tad-
pole metamorphosis should bo the attempts to characterize this process
enzymatically, A study of arginage activity during retamorphosis and
changes in other enzymee hag been previocusly reported (:35-239),

Shen has emphasized the gignificance of the appearance and development of
enzyatically active and spacific proteins during any norghogenatic
processss {77 ), dpecifio ensymes are undoubtedly involved ina the
synthesie and transfomation of spocilic proteins., In tissue culture of
musole a large increase in "free ribomucleoprotein granuleg! ococurrad as
cellular proliferation increasad 37 ). Elactron microscopic studies on
rat embryos (27 ) indicated an increase in "RNP particles" during early
cleavages, and & qualitative changs in sea urchin riboscmes after Serbil;
ization could be detected ( —3'), Thasge "activated ribosomes gftatly
enhanced in ZEEEE protein synthesis,

Increasing number of expsrimental deta has been accumulatigg 0

indicate that the egg and early embryos of Rana pipiens contain relatively
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srall amounts of zelubles protein and cytoplasmic rlbosames (23;,/} e
Howaver, both these moleties start to increase sinultanszously et about
Shumuway stage 18 (after the first muacular contraction), when the
majority of ensymes and specific proteins either appear orare augsented
(2/-792 ). Purthermore, the rate of synthosis of ribosomal RNA dncreass
greatly ab this time. Brown gb al (719 ) suggested that study on tho
develorment of Rana pipiens may provide en excellent exparimental oppor.
tunity to correlate the syntheeis of ribosomes uith protein synthesis end
embryogenesis. This could be possible due to the fact that the egr and
early embryo contain a low level of RNP particles which doess not increase
for geveral dayé and cytoplasmic ribosomes start to inecreace only aftey
{stage 10 as wentioned above) 3.l dayssfter fertilization, Enbryos increage
in its goluble protein content, and begin to concentrate mnagnssiun from
the medium, 25% of which is bound %o the nowly formed bibosomss. The
evidence for a general increase in the synthesls of proteins and engymes
after thyrold treatment in the rst or in ths metamorphosis of amphibies
is also well doocumented (-« - -2¥<), Some asuthors maintain the opinion
thet this enhancement of protein synthesis 1s dirsetly roelated to the
actlon of the thyroid homons (¢ ). This wae further gupported by
rocant studies showing the interferancs of thyroid howmone effeets in the
rat with purcamycin and actingaycin D by Tate et 21 (v -—_};;a‘), on
engyme synthesis in the tadpole with chlorsmphenicol by Paik and Cohen
{~r% ) and on tail response in tadpole with actinamycin D by Wahlvorg and
Frieden (160), _

The work of Sokolof? and Kauffman (v 7 ) and their associstés:

suggasted ( stimulation of amino acid uptale produced by thyreid hormeone
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both in vivo amd in vitro. Later, Sokoleff et al (-~ ) reported that
thyroxina can only dnerease amine acid incorporation into an optinal,
or below optimal, conecentration of ribosomal particles, Howavar, explore
stion into various aspscts af ths amino acid entry into protain synthesis
in the metumorchosing amphibian have nog Presented a convineing rationals
for the effect af thyroid hormones., Deggroot and Cohen (z-:) found no
incrsags in amino acid activating enzymes 4n either the soluble op partic.
ulate fraction during thyroxine<inducsd matamorphonis of tadpole, RNo
increass in glycina-Q»Clb inccrporation into tadpols liver protein during
the first 2L hours after 3',3,5-triiodothyronine treatment could be
damonstrated by'Daahman and Friedan (5/)s Yhile the Lliterature contains
mmerous sxamples of greatly increased anayme and protein synthesis in the
tedpols during ?) or Tj-induced metamorphoais, these changes do not appsax
te rasuly direetly from the alteration of emino acid metabolism or the
anino acid activating systems (. $2 z5z)e

It was to bte expecied that workers in this field would turn to
the ricleic acid szgment of the protein bilosynthetic plan a5 the site of
thyroid hormons action in the tadpole., Finamore ang Frisden (2. :-2) found
that the gross muclectide composition of liver and tail RNA wag essentially
unchanged after T3 injection. Of course, altersd Sequences or traces of
unusual nitrogenous bages night not have been dstected in these early
experiments. Thus, it ceemed more likely than the effect of thyroid
homoene might bs reflected in the metabolism of micleie acid, 4 sube
stantial increases in P320u Incorporation into liver RE ang vrotein within
o days after Ty treatment was obssrved (*<2), In contrast, phosphate

incorporation into taililid, BNA and protein uas less then in the control
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group as early &s 2L hours after 13 aduinistration, Later, Paik,
Metzenbers and Cohen (25%) obssrved a decransed rate of incorporation

of adanine-ﬁ»cu* into the liver RiA during thyroxine-induced metamorphosis
of tadpole. Humercus other alterations in the metabolism of RNA componsnts
hava been rzeantly roported ty Akamateu, Lindsey and Cohen (<57 including
an incroasse in uridins phosphorylase and a deficioncy of wyprimidine bases
during thyreoxins-induced motanorphosis of tadpole.

Studles heve been made on many enzymes involved in nitromen
metebolism, also liver cathepsin and trypsin have besn chown to decresce
during metamorghosis (7). Urbam (/7 ) rerorted en increase in the
dipeptidage for leueylglycine with a decreass in alanylglycing ang
glyeylelycine, HNo particuler trend could be geen for the tripsptidase for
gilyeylelyeylglycine, Weber (2" ) observed that acid proteinage inereeses
whereag alkalire proteinass shows an almost unchanged actlvity, end the
activity of teil cathepein increases 30-fold during netanorphosis of
tadpole. 4 marked increase in activity in liver carbamyl phowghate
synthetase and catalass during thyroxine-induced metasnorphosis of tadpole
hag been reported, whereas succinic acid dehydrogenspe decrosssd in the
dver (~ 7). Thus, as mentioned earlier, the metamorphosis of tadpole
is accanmpanied by a complex series of biochemical events including a
merked chenge in activities of varioue cuzymes, in one way or the other,
to provide pathwayes for the specinlized biochemical Zunctions of aduli
organism, Our shudies described in this thasis have bsen rainly concermed
with the study of the ongynes, glutamic oxsloacstic transaminase, cata}.l\lse,
alkaline phosphatase s and glutaminage during thyroxine-inducsd metamérmusis

of tadpole and the offect of thalidomide and its derivatives on thess
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enzymes during thyrowine-promoting metamorphasis of tadpole,

(1) The effect of 3-hydrowyphthalylglutemine on the alksline
rvhosphatase activity during thyroxine-induced

netamorphosis of tadpole,

The effect of metamorphosis on the activity of & revresent-
ative group of rhosphatase was reported by Yanagisawa in 195k (- 7)),

He tested tadpole of the Phacophorus schlegerlii araborea with an acetons.
dried powder of bovine thyroid gland. The metanorphosis was accelerated
upon treatment. Liver acid phosphatase increassd 200% and tail acid
vhosphatase approximately 180F by this treatment, Also liver and tail
alkaline phoaphatase increased 2109 and 150% respectively by thyroid hox-
mong treatment. He also reported an increase in inorpanic vhosphate in
the liver and tail by thyroid hormone treatment, Ioog et el (-5>) and
others (.57 -1} reported a similar results to those of Yanagisawa., In
196h, Kubler and Frieden (2.5 ) confirmed the increass of aslkaline
phogphatage activity in the liver and tail during thyroxine-induced
metamorphesis of tadpole,

Datz reported in the present thesis showed that alkaline
phosphatese activity in the liver, tail and "residual body" increased
markedly during thyroxine-induced metamorphosis of tadpole, However,
simultanecus preesnce of 3-hydroxyphthalylglutamins with thyroxine
inhbite this increase slightly but significantly., Since the magnitude
of the inhibition in the case of alkaline phosphatase activity by thie

sy
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derivative of thalidomide is amail, the blochemical significance of these
data in relation to the mode of action of thalidemide can not be decidad,

The versatility of ths metamorphosing tadpcle for the study of
differentiation arises not only from the presence of numerous anabolic
tissues zuch ag liver and limbs, but also from variety of tiseumes such
as tail and gut ih uhich numerous catabolic reactions predeminate, The
poasibility that tail resorpticn is a controlled expression of the
activity of intracellular catabolic ensymes has long been explored. Most
tlssues seem to combain the enmymes which =rs responsible for their
dastruction when cells die or assume certain psthological or controlled
mhyesiclogical sﬁataa. Ths mumerous maetabolisn for the conbrol and
regulation of the metabolic action of soms inmtracellulsr enzymep have keen
degeribed by meny authors, The most attractive hypothesic provomes that
the regulation of the inmtracellular catabolic enzymes may be determined
by the action of lysoscme, the intracelluler activity firet propesed by
DeDuve and his associates (327 ) and hydrolytic enzymss during tail
regorption such ag ﬁmglucuronidase, end soma thosphatages,

To assess the role of hydrolytic ensymes during tail rasorption,
Kubler and Frieden (.7.'5) have recently studied the fats and properties of
tail ﬁ«glucuronidase during emuran metamorvhosis. It was foundthat the
specific activity of coluble and particulate p-glucuromidage increage over
30 fold in the regressing tadpole tail during spontemeous metounorphosis,
while the total zmotivity appears to increase 3 times, The inorcase in soluble
enzymns activity ococcurs simultsncously in the skin, fin and muscle ab

the begiming of metemorphosis. During induced matamorphosis, the soluble
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PB~glucuronidace sctivity inereaéa to about 307 of that found during
spontanzous metamorghosis of tadpole (05},

As our datz and others indicated, the activity of aikaline
thosphataps in the tall during thyroxine-inducecd natanormhosis of tadpole
in increased mavkadly, It ig of parvioular interest that even in a tissue
undergoing dﬂgenération, there oppears to bs an initial syotheeis, not just
a relsass, of certain svecific enzymes which might be invoived in the degtruct
ion of that tissue, These gvidsnces, a5 mentioncd above, supggest that the
synthesis of these hydrolytic enzymes not only perkistibut |5 alse
stimulated during tail regorption. The data on PBEOhvincorparatiom into
DNA, RBA end protein of the toil also suggest that while tha incorporation
is less than controls it doea persist for the first 48 hours after Ty
administration (~55). During this period, the emphasis of protein syne
thesis could be chiftad to the mmerous catabolic enzyies which appear to
increasz in the tail during metamorphosis,

One of the metabolic derivatives, 3-hydroxyphthalylglutamine,
countered this increase in alkaline phosphatass actlvity slightly by
thyroxine tut significantly, as mentionad under resulss in this thesils.
Thus, it appears that the action of alkalins rhosphatage and the effect
of thalidomide might have soms common target. However, further study would

be required to know the oxact mechanism of these {factors,

(2) Bffect of 3<hydroxyphthalylglutamine on the activity of
liver cataluse during thyroxine-induced matamorphesis of

tagdpole,

-
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Catalase in liver of tumor bearing snimsl decreaces dramatically
(247 ) and this snsyme can be formsg adapiively by yeast as a regponse
to acration (=7 ), Paik and Cohen studied the relationship betweon
the increased activity of cetalass and of carbamyl phosphate synthetass
(207). Up to the time when the activity of carbamyl phosphate synthetase
has increased ebeut fourfold, the catslass remeins unchanged, S8fter
this time interval, the activity of cetalase begins to increass and reaches
a plateau at the same tims as dozs carbanyl phosphate synthetase. The
final level of the enzyms activity is about five times that which is
observed in the premetamorphic tadpole {-1v3 ), This vas confivmed in our
present expariment,

Significent incrense in oxygen consumpbion aficr T3 or Ty,
injections wers reported by Lewis and Frieden (Lo, o2 ), T} or Th pro-
duces a greaster oxygen upbale » calculated on the besis of the individuval
animal and per unit of wot weight, This increasad regorption uwight
gtimulate ths setivity of catalass during thyroxine-induced motemorphosis
of tadpole. However, B—hyﬁrc:qy;izf.imlylglutamim irhibits the increase
of catalase sotivity caussd by thyroxine treatment. It supgests that
3-hydroxyphthalylglutanine might inhibit cellular oxidation during
thyrorine-induced metamorphosis of tagpole, This contention is in
accordance with the finding of Frank et al (+~ ) and others (=, /7
Z4s-237:), as previously described, that thalidemide inhibits grovth
of protosoe, and this inhibition was countered by nicotinic acid,
nicotinamide, nicotinamide adenine dimiclootide, and vitemin XK. They
alsw described that thalidomide may possibly act at the point vhere
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ricotinic acid 1s connected to flAD, or it may interfare with the
vtilization of NAD and vitamin K 4n cellular oxidations, Bven though
the implicaticn of these findings in the tern of mechanizn of thalidonide
action ie noi clear at prasent, the fact that the innibitory action of
this drug on the thyroxine-induced netanorrhosis of tadnole 1s not none

disocriminatory will be evident from the data presented in this thesis.

(3) Bffect of 3~hydroxyphthalylglutanine on the plutemic
oxaloacetic transaminace activity during thyroxine-induced

matamorphosic of tadvole,

Studies have been made on many ensymes iuvolved in the ritrogen
metaboliem. An impressive 30-fold increass in tail cathepsin was found
by Weber (25/), amd 15-fold increass in liver carbanyl phosphate syne
thetase during thyroxine~induced metamcrphosis of tadpole was reported
by Paik and Cohen {47 ), There is a remarkably complete correlation of
the alteration in principel nitrogenous metabolima with onzyme development
during anuran motamorphosis; the important metsbolic vaquences involving
the comversicn of smmonia to urea are markedly incressed during induced
or spontansous metamorphosis of tadpole., The key enzymes in the urea
formstion oycle sre carbamyl phosphate anythstasge, avginase, transaminase
{(glutamic oxalcacetic transaninasa), ornithive trenscarbamylass, and
arginosuccinate synthetase, Muaro (=57-277) and Frieden (<)) made
thorough study of liver arginase activity during induced and spontancous

metamorphosis of tadpnola, They repertedthat inm both the toad and the
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ewanp frog, & direct relationunip was obtained between the morphblogical
stage end an increassd arginasa activity, The arginmes activity 4s
reported more rapidly to T3 and Ta_than daid the morpholbgical conmversion.
The incrsase in avpinass hos been confirmed subsequently by Brown and
Cohen in another specles, Hana catesbgsiana (2.

The enszymss, carbamyl phosphate synthetase, ornithine trang.
carbemylase, arginosuceinate synthetass, glutamic oxaloacetic transeminase,
and arginess increaseqd markedly during induced or spontanecus metamorvhogis
and vema3in ah an elevated lovel in the adulb frog(lﬁgg?gag?d Cohen alse
reported that & rice of glutamic oxnloacgtic tranaminase activity bogins
at onsst of metémornhosis of tadpole in both spontancous and thyrosing.
indeced metemorphosis of tadpole., The highest activity of the glutamic
oxalescetic transaminase wag Qb%ainad in the liver of the adult frog,
which shoved & L-fold increass ag coapared with that in the orenatanormiic
stage&uﬂ?imilar regults wore also obteinsd in ouy experiment ag described
previously., It wae observed that the enzyme started to inersase at tha
onset of metanorphosis of tadpole in our experiment and it increassd in
activity J./-fold, 2-fold, and 1.5-fold in the livar, tail and "vasidual
body" respactively at the conpletion of thyroxins-induced netamormhosis
of tadpole, Increased urea fomation from ammonis is directly correlated
with the increased activity of glutemic omaloacetic tranoeminase activity.,

The onigmas posed in attenpting to find out nzaningful relation.
ship between the thyroid hormone énd numerous differsntieting processes
have been discussed at the morphological and physiological level by many

authors., In adddition to netamorphosis, mmerous characteristics associnted
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with maturation and ssxual dsvaiapmsnt in mammals are regulated by the
thyroid hormone, At this time it will b3 moet important to consldsr
the possible intimate biochemical mschaniam that might he involvad in
the hommonel control of differentiation in,p@nsral and the particulay
role of the thyroid horuone in these ppocesses,

However, when 3-hydroxyphthalylglutanine was addad togather with
thyroxine, a slight but signifioant inbivition of glutamic-oxaloacetic
transaminase achtivity occurred in all tissues tssted. In the pregent
stage of kmowledge no conclusion can be derived about whobher these com-
pounds act at the level of blosynthesis of the enzyms or at the lavel of
the enzymic aotiﬁity.

(L) Bffect of tholidonide on the activity of pluteminass

during thyroxine-induced nebamorphosis of tadpola,

Falgle gt al (/5. ) Zepiytedthat various methods for concen-
trating the metobolites present in une urine after sdministering radic-
active thalidomide invariably yield highly radicactive fraction containing
substances of an acidic nature which, following jotal hydrolysis with
hydrochloric acid, gave riss to phthalic acid and glutamic acids which
were jdentified by quantitative papsr chronatography, Aftey nethylation
of the concentrated metabolites and separation of the resultant esters
by thin layer chromatogravhy, it was foundthat glutamle acid vasg conjugated
with other compounds (, ;> ). Thalidomide ia the only krown sedative

whoze metabolltes are glutamic acid derivatives, and which vogscus:s
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neurotoxic and poseibly teratogenic properties, Thus it gives rise to
a numbar of considerations end speculations which might serve as a gulde
to study the sction mechaniss of thalidemids.

Apart from ite importance as & component of rrotein, glutamic
acid occupiss one of ths most jwportant positions within the network of
internediary metabolism, The bilological substances closely related to
glutanic aecid such as glutamine, glutathione, carbsmyl-glutamine and
folic acid also play important physiological roles. Glutamic acid hag
algo proved of limited clinicsl interest in certain nsurogical disovders
(zi-77 ), Thus it is quite possible that thalidomide mey in vive
through ites hydrﬁlyais in gose way interfere with the blochenicsl and
physiological function of natural glutemic acid, glutamine or other
glutamic acid derivatives, as mentionad praviously.

Degroot and Cohen {© 23 ) reported that the lsvel of glutamic
acid dshydrogenase activity is 6 times higher in adult frog than in
tadpole liver, and 1,5 times higher during thyroxine-induced matanorphosis
of tsdpole than in tadpole liver., It was observed in our axperiment
that thyroxine treatment results in about & fourfold increase in liver
glutaminase activity of tadpols, However, simultansous treatment which
thalidomide reduces this increase about twe fold, This result is very
similar 4o the observation made by Fabro et al (+»% ) that one of the
metabolites of thalidarids 2-(0-carboxybenzamine)-glutaric acid, was
found to imhibit the activity of glutamine synthetass, glutamine decar.
boxylass, and glutamate dehydrogenass of rat brain, The concentmtiqrn
of 1 % 1073 ¥ of thalidamide was used to inhibit 50% of activities of
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these enzymes, These results suggeeted that thalidomide and its
hydrolytic products invivo might act as antimetebolites to glutenic acid
and glutamins,

(C) refect of 3-hydroxyphthalylglutanine on the biclogical amines
during thyroxine-induced metamorphosis of tadpols.

(1) T%£fect of J-hydroxyphthelylglutamine on the adrenaline
and noradrenaline contenty daring thyroxine-induced

metamorphosie of tadpols,

It is mow well established that noradrenzline is pregent togathor
with adrenalins in wmost mammalian suprarenal glands, even though its
relative amount varies widsly. In the rabbit, for example, only traces
are found (272 ), whereas in the cat up to helf the amount of total amine
may be present as noradrenaline,

The detection and isolation of epinephrine from the parotid
secretion of the tropical toad, Bufo marinusg, was first accomplishsd by
Absl and Macht in 1919 (<75 ), 1In 1929 Chen and Jenson (), and in
1933 Chen and Jensen (7. -27/) succeeded in isolating epinephrine from
Ch'an Su, a commercinl prepsration of the Chiness toed venom employed 4in
medicire in China for centuries, The source of Ch'an was finally proven
to be the parotid secretion of Bufo pergarizans (27”), Bvidence for the
presence of epinephrins was also obtained from the parotid secretions of
Bufo regularis (270 ). Toewi in 1935 (77 ) and Buler in 1946 (247)
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demonstrated adrenaline in exbfacts from frog's heart. In 1949 the
identification of norepineparine in adrenal glands by Enler and Hambarg
wag proaptly followsd by the isolabtion of the same substancs by Berstrou
and his sgsociates ( 55 < ), and by Tullar (<73 ) from ¥.5.P. standard
epinephrine, However, Bacq snd Lacomte (.7 ) and Fischer and lecomte
(:7y ) found no tracs of morepinsphrine in the parotid secretion of B,
ayenarum, B.marinus, and B.maurstanicus, altheough in & later publication
Fischer and Lsoonts (- /.3') adnitted that the quantity of norepinephrine
pregent in the parotid zsoretion of B.marinus might be so small that it
could not bs detscted easily. Finally, in 1951 Lee and Chen have found
norapinephring in toad venam by paper chromatographic method(f)In 1953
Grogomman {77 % ), using the papsr chromatograghic method, dsmonstrated
both adrenaline and dopamine in the sscretion of the skin glands of the
toad. Lasagna (/7Y ) reported that ohemical and chromatographic studies
have revealsd the pressnce of a substance, possessing characteristics of
norapinephrine, in a preparation of epinephrine extracted from the
parotid Bufo agua, They &lso reported that the pressnce of norepinephrine
in toad sscrations demonstrates the abilibty of thsse animals fo fom
snineg, This raises the possibility that other tissues of tead, includ-
ing those of ths nervous system, may possessthis ability, and that
norepinephrine msy play en inmportant rols in the normal vhysiology of
these snimals, perhaps analogous to that suggested for highey animala,
The presence of adrenaline in the toad advenal gland was first reported
by Houssay (.7 /-, ), and in the frog adrenal gland by West ( -+ ).
These authors alsc demonstrated the existence of noradrenaline by paper

chrematographlc method,
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In view of the fact ﬁhat catecholamines in amphibian could
be changed by respirvatory metabolism (.73 074, Locker (L9,-27/) reported
that oxygen consumplion of amphibian tissuss is related by catecholomines
contents, and Smith (277 ) observed that glycemia is caused by catechol-
anines in toad. Hauzoco { V7 -~ 5./ ) obasrved that heart glycogen
content of taad‘is related to catecholamines, atd that this may be ths
cage with the ysarly varistions in vascmobor resctivity and arterisl blood
pregsure in toad, with changes in circulating catecholamines (< 7)), as
repartaéfﬁegra and D'Agostino in 19€u (572). The presence of adrenaline
was demonstrated by paper chromatography (5,5 ). Hbradrsnaline was presort
in minute amuﬁnts and could only be detectsd in ulbraviolet light,

The origin of plasma catecholaminesin the toad remaina to be
clucidated, Very few studies have been conducted in this srsa, Advrenaline
48 the main catecholamine in amphibian tissues imervated by sympathetic fbers,
but in the adrenal gland both amines are present., Buler and Lisha jko
( ic-w ~40%) found only traces of noradrenaline in heart, svlsen and liver
of Rana temporariz. Bsrtlar and Rosengren {3:( ) showed thet adrenalins
ig the principal catecholamins in brain of Rana temporaria and B.vulgeria.
Similar reeults have also baen reported in brain and heart of Rana
ripiens, H.Cinera, Bufo emericans, and Bufo marimus by Pogdanski (07 )
in 1963, It is of prest interest thet paripheral sympathetic neurons in
the frog contain adremaling instead of noradremaline (:-§ ). Our data
also showad that the content of epinaphrine ie larger than that of nore
gpinsphrine in the brain of tsdpole. These evidences seem to indlcate o

marked difference between amphibian and manmals, since in the 1at£er the
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syapathetic systen centaine 1§rger amounts of noradrenaline, whereas in
the amphiblan noradremaline is much lower (57¢ —»7). Since the brain

of fish comtains norspimephrine, it is possible that modern amphibia
arose from primitive sbock whozs brain catecholsmine was norvepinsphrins,
The raason why epinephrine hasg become the main catecholamins in amphibian
brain is not wéll understocd, Strangely enough, norepinephrine is the
main catecholé),:im in the periphersl organs of malamanders but not of frog
and tecads.

With the above backgreund knowledge on catecholemines, we have
found that thyroxine treatment seems to have some action on the contents
of eatecholaminm in ‘the tadpols brain and kidney; however, the individusl
variations uers such that statistically there is ne diiference between
thyroxine~treated and control group, at this concentration of thyroxine
treated, Furthemore, simultansous treatment with 3-hydroxyphthalyl-
glutamine does not bring any difference frem that observed in the presence

of thyroxine alones,.

(2) Effect of thalidomide on ths glucosamine comtentsduring
thyroxive-inducad metamorphosis of tadpole.

Bffect af thyroxine upon the mucopolysaccharide of blood vessel
wall have been studied by various workers; Aschoff (=s77), Denmisch (-, )
and ?r}.edlanéiii;‘;porbed that thyrold hormaone produced scme damage on the
wall of the bleod vessel. In 1939 Van Balo treated adult rabblis with

high dose of thyroxins and found extensive gross and microscopic 'changas
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in the aorta, Theee findings'agrsed with the findings by Fischer in

1905 (3,4 ). Comparing the hexosamine/hydroxyproline ratic: in epinephrine-
treated and epinephrine-thyroxirs-treated rabblts, a significantly higher
valuc was found in the latter group. The fact that the concenbtration of
hexosanmine and hydroxyproline ware gomewhat lower in control as well ag
in experimentai animals of the epinephrine group is presumebly due to a
mors quentitative detexmination of the water content in the spinephrine-
thyroxine ammals when using the vacuum dsssicator, The H/Hp ratio for
the control was the same in both experiments. The alteration in the
hexosamine /hydroxyproline ratio may be taken to represent an accumu~
lation of muéopolysaccharidsa in relation to quantity of collagen which
has been found to be present in wound healing (3:=).

Biochemical and histological changss in the sorbtae wall of
rabbites were studied following injection of adrenalins and l-thyroxine for
2 weeks { 2/ ¢ ). It vas observed that the wide spread gross and micro-
scoplc changes wers accompanied by increase in hexosamine content, an
increased uptake of 355 1abeled godiuz sulrhate, and an increased calcium
content ( 5/, )., There was & clear-cut increase in hexosamins content and
uptake of 358 sulphate, most pronounced in the first part of the sorta,
from the sortic valve to ths.first intercostal arteries, and in the
abnorwal aorta. These changes were of the same nature as those seen
following injection of adrenaline plus l-thyroxins-induced sensitization
to endogenous adrenaline, and the accumulation of mucopolysaccharide
probably indicates a ralated process, Fron these evidances they postu-
lated that possibly the dameging effects of adrenaline on the veéﬂel wall

is oxorted through the variationg in the blood pressure which accanpanicd
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the edranaling injection (3.7 --/7), There may also be a question of

anoxic damage via & congbtriction of the vasa vasoruq Thyroid exbracis

are able to increass the susceptibility of the tissues to adrennline,
Also the possibility existe that this sensitization is verhaps explicable
by the inhibltory effscts of thyrong?;cel g%tgﬁgox%z%génagz%gtgﬁ-&;ﬁg’f\%ﬁggsgre
assweed to be the important fsctorfin the breakdown of catecholamines
(Fr-578 ).

As deseribed under results glucosamine increased 2-fold Quring
thyroxire ~-induced metamorghosis of tadpole, in the present cxperimenta.
Thus, our resulis are in good agrecment with the hypothesis that thyroxine
increasasp hsiaa&mizza contanta in the tadpoles, ag mentionad previcusly.
Furthermore, it iz quite understandeble that collagen should be necdad
during metamorphosis of tadpole for the formation of limbs, Since glu-
cosanins is one of the imvortent commonants of collagen, these two
factors, such as thyroxine administration end devaloymsnt processes, are
expected to exart an increaged glucoswnine syntheeis in the liver daring
thyroxine-induced metamorphosis of tadpole,

Simultaneous progence of thyroxine and thalidemide does not
affect the changes brougnt sbout by thyroxine alone. Thalidomide and its
derivetives inhibit the actlvities of gsveral emzymes, such as eatalsse,
transamdnass, glutaminase, and alkaline phosphatase during thyroxine-
induced metamorphosis of tadpole as mentionsd previously, and they also
inhibit the activity of glutamine synthetase, glutamine decarboxylase,
end glutemate dehydrogenase in rat brain (+?/). Thus, it is cuite

possible that thalidanide and its derivatives do not play any direct effect
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on the glucovamine combent during thyroxine-induced metanorphosis of
tadpole, and that the mode of action of thalddomide end its derivaiivas

is quite selsctive in the living orgardsme,

(b) The metivity of lactats dshydrogonase isozynes during

thyroxine-induced metamorphoeis of tadpole,

Over 60 yeavs have olspssd since Nutall et al showed by immuno-
logical methods that sevum proteinsdiifer in stiucture frem spscies to
specles (427 ), Purther studies of spocles differences have since been
neds , usuallj with antisera o protein mixtures from serun or cge white,
Landgteinsv (,30 ) and Boyden {52/ ) have summavized dhese studieg, which
showed that the degree of immunological ressemblance botween proteing of
different species is often a function of how clossly related the speciow
are. Ganetic control of the synthesis of specific proteins has been
repeatedly domonstrated and in & few cases chenges in the specific proe
perties of a protein have besn correlated with corresponding changes in a
gene. Several variations of adult and fetal hemoglobin have been ident
ified and shown to be under genstic control with heterozygous individuals
producing the two alternative tymes of hemoplobin (/35 )., There have been
studies of species difference with antisera directed to enaynss and they
sutfice to show that enzymes also exhibit the phenmmenom of species
speeificity (ﬂél.iﬁa?}.

The exdctencs of isosymss raises the question of whether the

synthesls of each of these alvo is coutrolled by o separate gene or
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whether they are due to modification of & single gene, Houever, it is
implaueible to consider the mulbtiplicity of isoszymee as raflecting a
heterosygous genstic constitution since many amimals exsmined thus far
¢ould scaresly have been so uniformly heterozygous; for oxzampla, ths mice
uged were from highly inbred colonies of indepondent genss for the gyn.
thesls of fetal and adult hemoglobins., Bxpecially relevant is the facs
that these genes for hemoglobin synthesie function at different ayriods
during ontogeny. Certain isozymes also appear to be characteristic of
spacific stages of development. The genetic basis for the isozyme sy~
thesis camot b setiled completely at present and must await the discovery
of isozymic differences in the organisms that can be subjecied to genatic
analysis., However, it is suggestad that each species has its ocwn
gharacterigtic isozymic patiern, presuwaably reflecting the genetic makeup
of the species. The over-lapping tut distines patterns of lsozymes in
genotically different animals are amenable to either of two genstic
interpretations; each isosvme attributed to a gingle gewe, with specles
differences due to the particular geneg possegsed, or altarnste forms of
gone may produce somewhat different constellation of isozynes, each species
then having a uniquely characteristic gene for gynthesizing its own array
of LUH isozymes.

Fourteen samples of pure #), enzymaa frow verious species have
bsen subjected to quanthative amino acid anslyeis (2357). ‘The histidine
content varies widely, froau 70 residues per mols in the turkey enzsyms to
balow 30 in the frog., Furthermore, it ic evident that closaly ra]gted

vertebrats classes are grouped in the same mettermns of isosymss in the same
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organ. Thus, all birds have a high histidine content, The mamvals
exanminad exhibit similar values. It is noted that the caiman, which is

a reptils related to the erocodile, . has an #H), isozyme with a hicti-
dins content intermediate between thet of birds and other tetapods. This
is in good agreement with the well-known theory thet birds have evolved
fras reptiles and, in parvicular, from a reptilian group allied to the
crocodiliane (736 - 15§), In contrast to histidine, phenylalonine doss

not vary in content among M), IDN (~sv), Fight erystailine H), enzymes
have been analyzed for the amino acid contents (sgy « Several saino
acids vary gignificantly in comtent franm syacies to spocien; for instance,
the arginine content of tha frog enzyme is lower than in birds and Banmals,
The isolsucine contents of the mammalian enzymes are similar to each other
and are digtinct fram those of birds #nd frog. On the other hand, the
lysine content is rather cimilar in all eight of the ﬂh isozymes., The i
IDH date leads to conclusions as the ¥y, LM data; nemely, that the amino
acid compositions varies considsrably among various classes of vertebratesg,
and that closely related species have similar conpoaitions. Althouph
amino acid analysis show that varistions take place in the chemical
gtructurs of IDH's smong gpacies, such data cannot be expected to give a
clearcut picture of the extent to which the amino acid sequence are
variable, Howevar, the finger print method has samne advantages in this
regard, Fondy et al in 1964 began to exmmine the Linger print pettorns of
severel cryetalline LDH's amino acid analydis (/37 224 ), They reported
that the hybrid lactate dehydrogensse HoMofrom chicken liver ang HMB from

chicken log muscle have been isolated and erystalliczed and the pure'Hu
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form of the enayme has besn isolated and crystallized from chickan liver,
and thes2 were omupared with the iib obtained from heart. Flnger orint
matterns of tryptic dlgeste of the hyufils have baen compared to that
ovtainad from & 11l mixture of the H) and M) and have choun the hybrids

to bs 2 conbination of the pure forms, Amino aoid analysis, marticularly
of histidine, place the hybrids at points inktarmediate betusen the two
pure types. All the elvdences such es anolysis of amino acids composition,
tryptic peptide mapping, immunological analyeis (/57 ), as wall es wecent

ganetic exneriments (za...;,@ﬂ, support the "enzyme subunits hypothesis®,

(1) The patterns of lectate dehydrogenase isozymas during thyroxine-
inducad metamorvhiosis of tadpole,

Kaplan end his coworksvs (/i %/-94) have demonstrated different
catolytic efficiencieg for the differant TOH ivozymss. It has been
suggested that the distinguishing properties of varicus isomymes may sllow
them to be inteprated into distinct metabolic pethways in diffevent
locations in the cell, Such an srrangement might prove biologleally
advantageous bacsuvse of a more precise and localized control of celliular
funetion (33 ./77). Markert et al investigeted th€ LN isozymes pattern
of the various tissues and ontogenic specificity in mouse (/7. ), and the
results indicated that the changing need of the differentiating cells is
met by repld alieration in the relative rates of synthesls of the isozymes.
Kaplan and his co-workers demonstrated that the different forms of LOH

have different resction rateg {or NAD analogues and different optimal
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substrate concentrations for pyruvate ( /2 3 ). Very recently,

tha Mh and Hh isozyres of many species have also baen investigated by

thg use of coenzyme anslogues by Wilson at al L%ﬁwﬁﬁ. The data

suggested that, the more closely related the speciss are, the more
similar patterns of LDH 4sozymes, as memtioned previcusly. However, our
regulis demohstrate ‘that tadrole liver has only one isozyme aend the tail
and brain have three isozymes. As reported in the Results in this thesis
the mobility of LUH of tadpels liver, tail and brain is gengrally slow,
the H), isozymes of ret kidney moved 4.3 cm in 2 hours whereas corraaponding
fraction F1 of tadpole tail and brain moved 1.2 cm and 2.6 cm in L hours,
resp@ctivel&, undgy identical conglitions,

Elsctrophoratic mobility measurements can zlso bs nede with
enfety using crude extracts and 2 gpscifirc standard method for LDH. In
1962 Vessel and Bean reported that erythrocytes fran representatives of
the 5 classes of vertebrates revealsd a marksd species variation in the
number of LDH isozymes, in their electrophoratic mohilities (?971).
Starch gel electrophoresis of hemolysates followed by direct histo-
chemical demonstration of LDH activity with mitroblue tetrazolium as dye
end phenasine methosuliate asthdelectron carrier showed that closely
related speciea eshibited similar LDH patterns. The rhecus monkey had
LD isozymes of similar pattern to those of human hemolysate but sligutly
slover in electrophoretic mobility, They also obssrved that the goat and
sheep each had 1 band of LOH activity in their erythroeytes of identical
electrophoretic mobility, whereas the single band in steer hemolysate

nigrated slightly faster. The five bards of chicken hemolysate were
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quite similar in pattern té the T bands of dualz nemelysate bl miprate
elightly faster and exhibiteu a different alstribution of the LK
activity. The two species of snalke had 1 band eack of LOH activity with
identical wobility (324). Sxamination of moxe than 380 human hemoly.
sates Zailed to vevoal sny difference anong jndividuelsin the main 10K
bands. However, it was quite often found that the clogaly rolated
species cxhibit sigmificant differences. A4s an outstanding example, iy,
enzymoe of builfrop amd Leonand frop can easily bo distinguished by
eloctrophoretic methode (3%). Although there is considerable vaviation
in elsctrophoretic mobility of the Hi_,‘ ensyms anong spaoiss of a vertse
brats cla:aé, caxtain genaral tronds arc observad, when gpevies of each
class are investigated (72+4), The distance moved ig in the vengs of
5«10 cm for the great majority of fishes and frogs. Uost momnnls heve
an enzyme that moves 12-15 cm under the somg conditions, Bvidontly, &
significant increese in ¢lectrophoretic mobility tosk place whon mommals
evolved from raptiles (34, Birds have an Hy, 18d that moves only 1,5-3
em under the sams conditions. Apparently, a reduction in alectrophorstic
mobility tool place when birds evolvad from rvaptiles, It is interesting
to note; howsver, that certain birds, such as the ostrich, rhea end
vinamou, which ars temad ralscognathous drds, heve an Hl; ensyme whoss
mobility is 1iks that of reptiles. These birds have been considered on
anatomical grounds to be relabed to ench other and to be primitive emong
birds (33/-33% )o Thus, from the foregoing consideration, our data egaiu

confirmad that tadpole ig core closely reloted to birds than memmals as
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far as the mobility of isozymes are concerned; frog is mors like fish
than birds frem the viewpcint of mobilitiee of isozymes on the electro.

ghoretic diagram,

(2) Bffect of thelidomids on the lactate dehydroganass activity

during thyroxins-induced metamorphosis of tadpols,

The effect of thyroxine on the level of individusl enzymes hag
been studied & great dsal ss mentioned previously, Vestling and
Knoaphermacher (345 ) observed the dscreasa in the total IDH ectivity in
the liver of rats fed with thyroxine., Degroot and Cohen (.. :) veported
that in the liver of thyroxine-stimulated metamorphosing tadoole the
total LUH activity dooreased approximately 603, Marvia et al (so0)
reported that the sdministration of L.S.3'-5'utriicdothyronine to rabbits
resulted in the dacreased lactate debydrogenase activity in the liver,
Similar results as describad above wevegsbtained in cur experiment, if
ons compares the patterns of changes betwesn control {non-ty@atfd animal)
and thyroxine-trested tadpole IDH activity, Ae it can be scew in Mgl 19
and Teble :Lvin:i(.in this thegis, thyroxine treatment caussd a decrease of
LI activity in liver, tail and brain of tadpole, 4 change in the activity
of an enzyme during develomnent as measursd may be dus to nany factors;
that is, 1t may represent & change in the emount of enzyne, the removal or
formation of an inhibitor, changes in ths stablility of the aneyme, ehe,

However, little could be said with cortainty on ths mechanism of
inhibdtion of thyroxine on the lactate dshydrogenasge activity =t precent s
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even though mimerous workmfs have studied on the offect of thyroxine on
tue ldving orpenisms,

Although a large amount of work had been carried oub on tha
isozymes of lactate dehydrogenuse, very few ahsorvations have been
nmade on the relationship between thyromine and lactate dehydrozanase
isorymes. The vesulis reported in the prasent thesis, demans¥rate thab
thyroxine decreased LDH activity. However, 4t can also be ssen that the
relativs amount of the IDH isozymes activity dees not Tolow the oversll
pattern; among the icosymes, as scen in Fig, 10 and TablelVJ”j'FE io
relatively and abselutely reduced vheress ¥2 and ¥1 arc rodused only
relatively; Thug, thyroxine seems to act vary gelectively on only omc of
the lsouyms fraction during thyroxins-induced ugtamorphosis of tadnole,

The results, illustreted in Fip,20 and Tablelvanf gémw that
thalidendde exsrts no significant offect on the decrsase in both toisl
LOH activity and any of the amount isosymas petterns in the Yivey,
Similar results wers obtainad with tedpole tail and bradn, Since
thalidomide hes been shown to inhibit, selectively, coms of the tlochomical
and morphological changes of thyroxine-inducsd retamorthiosls of tadpole,
as desceribed previously (2°%), lactetc dehydropenace activity constitutes

an exemple of one of the activitics not affected by thelidomide trestament.

(3) An improved colorimetric method for the celluloss poly-

acetate elsstrovhorssic.

The Plvat Wiologica) application of LM heterogenity whilizing
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the technique of starch bloék electrophoresis have . : been reported
by several authors {(//,7). The starch-gel electrophorssis is most
widely used for lactate dehydrogenase isozymes separation (17« w250 )e
This is largely dus to the improved power of resolution that starch-gel
eleatrovhoresis affords, to the developaent of comvenisnt histochemical
methods for exhibiting lactate dehydrogensse isozymes on the gel, and the
capacity of the gel for separating multiple spscimens simultaneously,

The extreme sensitivity of the starch gel and its cppacity to reveal small
differences in the slectrophoretic mobility have, howevsr, prasented
certain problems as mentloned in detail previously in the Review of
Literatura,

After staining, two msthods have been ~ - - Cor the quatitative
analysis of lactate dehydrogenase isozymes seperated on the 6lectro-
phoretic diagrem; ons of the methods is to elute the gtarch-gel
electrophoretic diogram and the IDH activity was determined by measuring
the oxidation of NADH or the reduction of MAD (5,7 ). The other method
is ths gcanning procedurs bi?gpprcpriate densitomster, The former method
is @ modification of Smithis'e method (.74 ) by Fine and XKaplan (... ).
Apar-ssturated KC1 bridges were used to connsct the electrode chambsra to
the chambers in which the wicks ®ere immsrsed. Separstion was carried
out 18-20 hours with a voltage gradient of 7.5-12,5 volt/cm across the
gel and o constant current of 2427 milliamperes. After ths separation
the gal of alectrorhoregram was cut into 3 slices. The center slice,
as coloyed carrler, 2-3 mm thick was incubated in the dys-substrate
reaction mixture for 2 houre at 37°C in the dark. 7This staining method

is ¢ nwodification of Dewsy and Conklin msthod by Markert et 21 (2,
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bach isozyme band was then cut by the carrier of ceuter slice elechbrow
pherogram and was eluted with 0.2 M, phosphate buffey s@lution P 7.2,
The LDH activity in the eluates from the starch-gel electrovherogram

w aS then determined by measuring the osddation of NADH or the raduction
of NAD, BEven though this quantitative nmethod is used vy many workers,
certain praﬁlema are inherent to this procedure; the carriev of center
slice is net always shown at an exact arece for the banu, becsuse in
sone cases the seyparation bands are not nermenrved as straioht linz band,
The area cut, therefore, ie not always acoursic. Ons of the other pro-
blems 13 the elution procsdure, The losz of LDU isozymes actlvity was
unavoidablé in this elutlon procedura.

The scanning methed is another widely usasd procedure, However,
certain problens are tied with this scanning method for the quantitative
analysis of the LIM isozyme activity; the LDH isczymes bands are not
alvays separated in straight line, as mentioned previouzly. Furthermore,
the intensity of color devslomment in the isozwme bend is not heogenous,
specially on the starch-gel electrophoregram, Thus, the callulose noly-
acetate was introduced into the use, Howaever, before the seliulose
polyacetate electrorhoregrams can be scanned, cellulose polyacstate
membrane must be made transperemt. Since Sepraphove 111 is not trans-
varent membrane, the scanning can not be reeorded clearly for the
quantitative analysis of each LDH isozyme separated by electrophoretic
procedures without prior clsaring, In order to clear the membrane the
cellulose polyacetate membrane is fleated on the top of liquid getrolatum

until the membrane is complately trangparent, and the transparsnt membrans
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is sandwiched between two élass slides to remove excess petrolatwm,
and the elide is tapad at either end with transparent tapes (Lo ).
This procedure, however, in many cases in cur own syperience, results
in certain opacity. Thus, the values of scaming records might be
greatly affected bty this opacity. The other fault of this clearing pro-
cedura is : 1 the lose of LDH isozvmas stained,DbfY;4rﬁi thoa
clearing procsss, \

tne speclal electrophoretic migration roan and facilities are
required ior the starch-gel electrophorasis, and the spacial scanmer is
nzeded for the cellulose polyscetate membrane electrophoregrem analysis,
In ecmpariéon with the values obtained and the facilities nseded, it was
felt that the investigation of colorimetric method for the gquantitative
analysis of IDH isozymes stained on the callulose polyacstate membrane
electrofherogram would greatly simplify the procadure and facilitate
the study on the isozyaes of the enzymss, Errors deseribed above are
eliminated by the present dissolving procedurc improved, and described
in the pressat thesis, According to the methea gescribed in the pregant
thesis, the membrane was stained, the individual bands were cut and each
rlece of membrane was put into & test tube which contained L ml of &
mixture of equal volumes of N-N-dimethyl-formemide and benzene. The test
tube was shaken to facilitete the dissolution of the membrane and 0.5 ml
of absolute sthanol wae added after the membrans was completely diesolved,
The electropherogram together with each colored isozyme band is dissolved

in the solvent. Therefore, the loss of activity and the elution problea

can b avoided cumpletely,
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It can be seen in Fig.// that thers 1o food linear relationw
ship between the activities measursd by the present method and often
ueed spectrophotometric mathod, It was found that the same amount ox
the enzyme which gave an optical density at SLO mp of 0,1k by the prosent
dlsselving method, caused an optical dansity changs of 0,13 ver minute
at 3ho R by‘the usual automatic recording spoctrovhotametry. Thus,
when the automatic recording is carried out for 1 mimute, the sensivities
of the two methode are quite comparable. It is also seen thet the
intensity of the color after the glectrophoretic membrane wag dissolved
increased as time elapsed, and it wasfound that after 2l hours the color
reached its.maximum intensity. Even though the color intensity increased
with time, the relationship between the amount of the enzyme and the
optical density remained proportional., This method is reproducible,

accurate and less time-consuming,
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Tholidenids and its dorivetives are inhibitery to bLoth
merphological and Diochomicsl chengea ocourting quring thyrowine-acceley-
ated matomesrphosis of the tedpsle, In genarel, the worcholowical
changeo are more affected then the bicchemlcal differentiotion, The
activitics of glutanic oxaloacstic transeminase, elkaling thopphatace,
and catalage wers imbdbited by 3I<H-phthalylpglutanive » and the activity
of gluteminuse was imhibited by thoalidomide during thyroxdne-inducad
metauorghosis of tadpole, Thyroxing trestmont increcses the saount of the
iver glucosanine, uhile simultensous treatmsnt withk thelidouide hes no
effect on the coutent of this compound. Trestuent of tha tadooles with
thyroxine alone or thyroxine and thelidomide doee nobt alfect the adremeMna
and noredrensline contente of ikidoney and brain. Thus, the eficct of

nalidowdde on the soiaucorphosis of tadpole induced by thyvoxine is quite
selective, These changes were brought aboub at a thelidomide consentredioh
of T X 10‘)‘ 4y winich ig the lowest ever revorted %o be effsctive in bioe
logical sysgtens,

b naw Laproved method to quankitets the wzount of the various
isosynes of lactats dehydrogenase (LOM) has been deviged, The method ip
senaitlve and very reproducible. This method has besn engloyed for studies
on L isomynes during thyrodag-induced tedrole netanorphoeis, Unly om
isozyms is present in tedpole liver whareas three ivosynes are pregent in
tndpols teil and brain, Thyroxine treatment produced g decreaze of tha

totedl LM activity of tadpole liver, teil, ond braing hougvay, the
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relative omount of the lsozyme 73 in tadl and brain is the only fraction
which shows & decreese, The ¥l and 72 fractlions show an increase in
relative amount. Thalldomide has no influence on the isozyms pattern of

LOH in thyroxdine«~induced metamsrohosis of the todpole,
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