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ABSTRACTS
PART I: On the Effects of Treatment with Eatrogens

and other Sterolds on Steroid Glycosyl Trans-
ferases of Rabbit Tissues,

Administration cof steroid estrogens and of diethyl stilbestrol
to female rabbits at doss levels of 1.5 to 5.0 mgn/kg live
welght increased the amount of steroid N-lootyllgluconnninyl
transferase in kidney tissue. 81gn1r1cln£ increase of the
engyme in liver tissue was only noted in animals treated
with 17s-estradiol. 8Small doses of estrogens not exceeding
75 .gn/kg body welght inhibit the N-acetyl glucosaminyl
transferase in kidney tissue,

Neither the liver nor kidney levels of sterolid glucuronyl
tranatferase wers affected, Testosterone, progesterons and
cortisol in high doses had no effect on either transterale.‘
Confirmation of previous observations about the increased
sige of livers of cortisol treated rabbits is also reported.

PART I1: Studies on 8teroid Glycosideses in the Serum
of Pregnant and Non-pregnant Women,

Using a steroid substrate (Tritiated Estradiol 17,-N-Acetyl



i1

glucosaminide) it was found that, consistent with findings
of other investigators, serum N-Acetyl glucosaminidase is
significantly raised during pregnancy. The substrate used
in previoué experiments was p-nitrophenol 8-N-Acetyl glu-
cosaninide. The peak of activity is reached during the :
second trimester and 1s mainteined until the end of gesta-
tion.

It was found that a marked increase in seruid gluco-
saminidase activity, exceeding the hydrolysis of 2.25 .gm
6: the substrate by one ml of serum when incubated for 22
hours at 37°C, would indicate placental dysfunction.

The present series is limited in number, but should
these findings be substantiated this would provide an easy
and rapid method of assessing placental function.
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PART I

ON THE EFFECTS OF TREATMENT WITH
ESTROGENS AND OTHER STEROIDS ON STEROID
GLYCOSYL TRANSFERASES OF RABBIT TISSUES




INTRODUCTION

Williame (1957) recently pointed out that our knowledge
of the mechanism of glucuronic acid conjugation has been
largely obtained from the study of the fate in the body of
foreign organic compounds. He referred to the pioneer
findings of Mering and Musculus (1875) who isolated tri-
chloroethyl glucuronoside (Urochloralic acid) from human
urine after the administration of chloral hydrate.

However, & number of natural metabolltes can also
undergo conjugation and detoxication in the body. In the
steroid field, the glucuronoconjugation of estrogens was
recognised in 1936 when Cohen and Marrian reported the iso-
lation from human pregnancy urine of a4 non-crystalline BUbs-.‘
tance containing 50% by weight of aestriol. The substance
gave a strong naphthoresorcinol reaction for glucuronic
écid. Its alemental composition and the barium content of
its barium salt were considered to be in falr agreemsnt
with those required for én astriol glucuronoside (cahﬂjaog)‘

In 1938, Schacter and Marrian were the rirst to show
that estrone sulfate occurred in pregnant mare's urine when
they isolated 1t as the potassium salt.

Following these discoveries, and for almost two decades,
glucuronosides and sulfates were bellieved to be the only
hormonal steroid conjugates occcurring naturally in mammals.

Rates of glucuronoconjugation and sulfoconjugation of



sterolds are known to be different during'the various phases
of human life. Whilst the latter conjugation is predominant
in the human fetus (Troen et al., 1961), steroids are larg-
aely glucuronoconjugated in normal human sub jects and in
pregn&nt women (Twombly and Lavitz, 1966);

The past decade has witnessed the study of the blosyn-
thesie of steroid glucuronosides following the administration
of either non-radioactive or radioactive hormones to ani-
mals or to human subJacts. |

Various factors may affect the processes of conjugation
and detoxilcation. Factors which may inrluange glucuronocon-
jugation have drawn the attention of research workers be-
cause of the development of Jaundice in newborn human
Anfants (Lathe and Walker, 1958).

A _NEW STEROID CONJUGATE

The obgarvation that steroids are excreted in the urine
in combination with N-acetyl glucosamine represents a com-
pletely novel conjugation reaction. Work on this reaction

has been reviewed by Layne (1969) and the salient points

are outlined belowe.

Estradiol N-acatyl gluccsaminlde has been found in
the urine of rabbits (Layne et al. 1964, Layne, 1964) and
has been isoléted as & double conjugate in which N-acaetyl
glucosamine is attached to ths 17~ position while glucuronic
acld 1s attached to the hydroxyl on carbon 3 of the ateroid
(fig. 1). Using rabbit liver homogenate, Jirku and Layne
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(1965) were able to establish the ;fesance of a mechanism
for the transfar of N-acetyl glucosamine to the 17« hydroxyl
group of estradiol, However, they found that the rsceptor
ie not the frae steroild but the 3 glucuronogide.

Collins et'al0 (1968) econfirmed the presence of &
staroid N-acetyl glucosaminyl transferase enzyms in rabblt
liver, kidney and inteatine, Factors affecting this newly

discovered transferase system have not yet been fully inves-
tigated.

SUBJECT OF PmRT I OF THE THESIS

It 15 the purpose of part 1 of this thesis to elucidate
and compare the effects of the in vivo administration of
estrogens and other sterolds on the glucurcnyl and N-acetyl
glucosaminyl transferase onzymes of rabbit liver and kidney

tissues &3 measured by in vitro techniquesa.

HISTORICAL DATA

I. On the use of Estrogen Subgtrates in Enzyms Asgays

Foreword:?

lon sterolid substrates, such as O-amino phenol, p-
nitrophenol and phenolphthalein have been used in classical
experiments to study various con jugation reactions. On the
other hand, the use of sterolid substrates has allowed the
study of conjugation at various sites on the sterold molecule.

Since the blologlcal preparation of 6,7 tritiated
17+~aestradiol (Layne et al, 1955), Layne and hils co—ﬁorkera
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aave used this radioactive sterold in thelr enzyme &apays
(Collins et al, 1968), A further report on the use of
this steroid substrate is contained in the present work.

Higtorical Background:

The formation of estrone glucuronoside by the human
intestinal tract was reported by Diczfalusy et al. (1962).
17a~-estradiol was injected into an 1uoiated intestinal loop
with an intact blood supply. Large amounts of conjugzated
estrone were subsequently found in extracts of the intes-
tinal wall and in the effluent venous bloods The conjugated
estrone was identified as estrone glucuronoslide.

In a previous paper, Diczfalusy et al, (1961) reported
on the in vivo glucuronidation of estriol by the human in-
testinal mucosa.

In an attempt to find if the liver microsomal system .
18 effective in the formation of glucuronosideé of phenolic
steroids, Smith and Breuer (1963) incubated estrone with a
rabbit liver microsomal preparation and uridine diphospho-
glucuronic acid. They reported the identification of es-
trone 3-glucuronoside as ths reaction product. Estrone,
which has only one hydroxyl group was chosen to avold am-
biguity about the reaction product. In & similar experiment,
estradiol 178-3-methyl ether was found to be conjugated to
a less degree than estrone., These results suggest that in

rabbit liver microsomes, the rate of glucuronidation may be




higﬁer for the phenollic hydroxy group than for the 17
hydroxy group;

glawnvwhite et al: (1954) incubated homogenates of
human liver wlth uridine diphosphoglucuronic &cld and sstriol.
They were able to demonstrate the formation of eatrlel
16~ o= Deglucuronoside: They also reported that the inclu-
sion of uridine diphospho K~acetyl glucosaulne in the incu-
bation mixture increases the yleld of conjugates It is
belleved that thls increase is due to the inhibition of
uridine diphosphoglucuronic acid pyrophosphatase. |

IX. BIOSYNTHESIS OF N-ACHIYI GLUCOSAMINIDE

Foreword:

The praparation of 5,7 tritiated lTw-estradiol of high
specific activity (Layne et al., 1955) and the characteri-
gation of 1l7~-eatradiol 3-glucuronoside (Colline et al.,

1967) enébled Collins et ale. (1968) to obtain informatlon
on the characteristlcs, tissue distridbution; particulate
localisation and substrate specificity of the N-acetyl glu-
cosamine transferase in rabbit tissuves.

The followlng account on the properties of the enzyme
ip extracted from the published data by Collins et al.: (1968).

General Properties of UDP lN-Acetyl Glucosaninyl
Transforase .

1. Location in the Cell

Microsomal suspensionshave been prepared by differential

centrifugation of the tissue homogenate. The N-acatyl



glucosaminyl transferase activity was located in the washed
‘microsomal fraction (105,000 x g precipitate). No trans-
ferase actlvity wasg detected in the 105,000 x g supernatant.

2; pH activity curve
The pH activity curve for the transfer of N-acetyl glu-

cosamine to the l7x-hydroxyl group of l7o-astradiol-3-mono-
glucuronoside was different from that for the transfer of

glucuronic acid to the 3 hydroxyl group of 1l7~-astiradiol
(fig. 2).

3. Distribution among tissues
Rabbit liver, kidney, small and large intestine showed

UDP Neacetyl glucosaminyl transferase activity. KNo detec-
table amount of the enzyme was found in the rabbit ovary,

adrenal; spleen, whole blood, erythrocytes and plasma,

4, Specificity of UDP N-Acetyl glucosaminyl
transferase

Collins et al, (1958) testad a series of free steroids
ag substrates, none of them was conjugated by the liver
microsomes 1ln the presence of UDP N-acetyl glucosamine
(table 1). When the monoglucuronosides of the steroids
were used as substrates, or, when both UDP glucuraonic acid
and UDP N—acetyl glucosamine were present with the free
sterold in the incubation medium, 17v-estradlol, 17 eplestriol,
16,17 epiestriol and l78-methyl 17~-estradiol were convertad
to double glycosides. This evidence suggests that the
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Table 1. Compounds tested as substrates
for tranaferases of rabbit liver microsomes.

J.. Biol. Chem, 243: 2928 (1968)

from Collins, D.C. et al.

ot

T Formation| Pormation
Compound Trivial name Sonmetds | ty1 glues
gaminide
3-Hydroxyestra-1,3,5(10)~trien-17-one-6,7-°H | Estrone + -
Estra-1,3,5(10)-trien-3,175-d101-6, T H 17a-Estradiol + -
Ratra-1,3,5(10)-trien~3,17p-d1ol-6,7-"H 17-~Estradiol + +
178-Mathylestre~1,3,5(10)-trien-3,1T+~diocl 178-Methyl-17x-estradiol + +
},15a'-mlwdrggyutra-1,3.5(10)-tr10n-17‘-
ong~li-i4C 15a-Hydroxyestrone + -
Eatra-1,3,5(10)-trien-3,164,173-triol-6,7-°B | Estriol ' + -
Ectr&-l,).S(lO)-trlon-}.16a,173-tr101-16-mc 16-Eplestriol + -
Estra-1,3,5(10)-trien-3,16x,17a-triol~6,7-°4 | 17-Eplestriol + +
Estra~1,3,5(10)-trien-3,161,1T~triol=6,7->4 | 16,17-Epiestriol + +
3¢,172,21-Trihydroxy-5s-pregnan-11,20-dicne .
y2e0 , Tetrahydrocortisone + -
3«.119.17n,al-getrlhjdroxy-SBoprognlnoao- '
one~1,2-7H . Tetrahydrocortisol + -
38,17~=-Dihydroxy- proyx-s-eno«-ao-one-?a-}f{ 17+-Hydroxypregnenolone + -
17«-ﬂydroxymdrost-h-¢n—3—mc-1.2—3u Epitestosterone + -
Androst-li-en-3e,17diol1,2-"H 3, 17-Androstenadiol + -
Androst-i-en-38,1T~dlol-1,2-"H 38,17a-Androstenediol + -
‘u-BI?;ég;?zgfgﬁggh‘nyl)-j.haxene' Diethylstilvestrol + L.
17+-Hydroxyestra-1,35(10)-trien-6, 7~ H-3- I~ o
*-~Deglucopyranosiduronic acid - ' +

3.Hydroxyestra-1,3,5(10)-trien-6,7-"H-178- L~
f-D=glucopyranosiduronic acid

3 Hydroxyestra~1,3,5(10)-trien-6,7="He1Ty~ L~
2'-acetanido~2"'-dooxy~A=D=glucopyrancside

17a-8¢tru101-5-¢1murcnoudﬁ
Estradiol 17as-glucuronoside

Ratradiol-17~H-acetylgluco-

saninide

* These compounds formed N-acetylglucosaminides only after

prior formation of a aonoglucuronoside.
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tyansfer of N-acetyl glucosémine reﬁuiras. in add&tidn to
prior formation of ths 3-glucuroncside qf ;ha-phenolic

steroid, the presence of an «-oriented hydroxyl group &t
position 17.

5. Soma data on Kinatic studies

The Michaelis constant (K,) value for UDP N-acetyl
glucosaminyl transferase was 6,8 x 10™2 M for 17w-estradiol-
B-glucuronoaide at the optimum pH of B.0 in phosphate buffer.

6. Inhibitors | -

Mathanol and propylens glycol when present &t low con-
centrations do not inhibit ths tranaferage activity to any
apprecisble uxtént and are thsrefore sultable as solvanﬁa
for the addition of steroids to the incubation medium. On
the other hand, ethanol, butanol and aggenol are effective
inhibitors. Estrone and diethylatilbostrél errectively
inhibit the transfer of N-acetyl glucosamine to the 17v-
estradiol-3-glucuronoside.

7. Storage
The washed microsomes resuspended in 0,15 M potassiun

chloride are gtored at -10°¢ without any appreciable lose
of activity.

8., Solubiligation, Purification and Stability of
the Engzyme

Treatment with deoxycholate and Triton x 100, butanol




extraction and sonic vibration have been investigated in
an attempt to release the engyme from the microsome.
It is hoped that studies on solubilisation, purifi-

cation and stability of the engyme will be soon &vailable
for publication.

III. SOME EFFECTS OF HORMONAL STEROIDS ON GLUCURONOCONJU-
GATTON IN MAMMALS. :

Iathe and Walker (1958) found that sera from pregnanf
women and newborn infants inhibited the conjugation of
bilirudbin with glucuronic acid by rat liver slices. The
inhibitor was dialysable and heat stable. Conjugaticn in
liver slices from rabbits and monkey was inhibited to a
gmaller extent. The conjugation of bilirudbin with glucurnic
acld by rat liver alices (but not rabbit or monkey) was |
also inhibited in vitro by several steroids 1nc1ud1ng‘pro-
gesterone, atiocholanolone and deoxycorticosterone. On
the other hand, the sera and ateroids had no inhibitory
effect on o-anminophennl conjugstion by rat liver slices,
or on bilirubin conjugation by rat liver suspensions.

Heia et al, (19563) found that testosteraone and pro-’
gesterone inhibited guinea pig liver glucuronyl transferase
whilst cortisone and estradiol did not. The aglycones used
in their experiments were o-aminophenol, p=nitrophenol &and
J-methyl umbelliferone, Halms et al., (1957) studied the
effect of cortisona acetate an the glucuronoside synthesis
of the liver and duodenum. 45 male albino rats were divided
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into 2 groups (Group I 25 rats, Group II 21 rats), Four-
teen rats in group I received daily doses of 12.5 ngE cor-
tisone acetate intramuscularly over a period of 6 - 10 days.
Twelve rats in group II received dally doses of 25 mgnm
cortisone acatacé over a'perion of 10 days. The rest of
the animals were used as controla, The detoxication syn-
thesis was studled by using o-aminophencl as a substrate
and meaguring the slucuronoéide formed with it. No marked
changes were found in the glucuronoside synthesis of the
liver after the adminlstration of cortisone acetate, How-
ever, duodenal tissue glices showed & depression of the
glucuronoside synthesie in cortisone treated animals (Table
2)e Haftiala and Pulkiiinen (1964) found that one month
old Wistar rats possess 3 greater capacity than mature
rodents for the synthesis of o-aminophenol glucuronoside

in 1iver and duodenal tissue slices ;é}gig;g. However,
they found no difference in aither UDP GA transferase or
3 glucuronidase activity in the same groups of animals
(Table 3). They postulate that the gradually increasing

secretion of the sex hormone may be & causative factor,
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Table 2

Effect of cortisone acectate on the glucuronoside detoxication
synthesis of duodenum in rats.

from data by Halme et al. Acte Fhysiol. Scand. 42, Suppl. 145:

62 (1957)
GROUP T GROUP II
(25 male albino rats) (21 male albino rats)
Control Treated |  Control Treated
Number of Rats 1 13 9 12 .
| Dally dose of cortisone nil 125 ng nil 25 ng
Number of days injscted - 6-10 days - 10 days
o..-!bou_u-uou. con jugated
per 100 mg dry weight of
duodenal tissus 217 + 11.0 150 1+ 9.2 237 + 23.9 135 + S.4
6.7 + 18.3 12+ 245

Mean Difference
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Table 3

. Formation of o-aminophenol glucurcnoli.« in rat

liver.
weight/

953 o-ul.nophenol glucuronoside/100 mg dry

rrom mtiala et al, Ann. Acad; Scient, Pennicae
C AsV. 106712 (1964)

Rats aged 4 months

Rats aged 1 month

. male 163 + 30 bhs 4 50
Female 17k 25 321 &+ 26
UDP OA transfersss in the same rats , O0.D¢
male | - 363 + 28 350 & 51
Female | 343 + 27 296 + Wb
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MATERIALS
A. RABBIIZ .
’ Female immature white New Zealand rabbits waighing
- between 1.5 and 2.0 kilograms were used for all expsriments.

B. IX0 FEEDING RABB

The rabbits wers housed in pairs. They received master
rabbit pellets (Maple Leaf Nills Ltd.) and water ad iibitum,
The pellets contain crude Protein (min. 15,04), crude fat
(min. 3.05), crude fibre (max. 15.0%), salt (0.5%), calcium
(1.5%), phosphorus (0.68%) and Vit. A (ain. 5,000 I.U./1b. )
" The cages were cleaned deily and their floors covered
~ with fresh wood shavings.

Bstrogens and other hormones used in all experiments
were pure as judgsd by thin layer chromatography.
Frogesteraone U.3,P, ("PROLUTON" Schering Corporation Ltd.

'~ Montreal) each cc. containsg 50 mg crystallina progeaterons
| U.8.P. in vegetable ofl with 20 benzyl benzoate.
Testosterone U.8,P, ("ORETON" Schering Corporation Ltd.
Montreal) each cc. contains 50 mg crystalline testosterons
propionate in vegetable oil with 0,1% propyl ester of p-
hydroxybenzoic acid as a preservative.

Hstragiol bengoate ("PROGYNON B" Schering Corporation Ltd.
Montrsal) each cc. contains 3.333 mg of 178-Estradiol bene
‘zoate in oil solution,

178 Estradiol bensoate was also obtained in the crntlnmo‘
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form from Sterdid Laboratories Ltd. (Montreal),
W. ("8olu~Cortef" from Upjohn Coumpany
of Canada) each cc. contains 50 mg hydrocortisone sodium
succinats, 0.4 mg sodium biphosphate, 4.38 mg sodium phos-
phete, l.24 mg methyl paraben, O.14 mg propyl paraben in

_ water suspension, |

Diethyl Stilbvestrol U.3.P. was provided in the crystalline
form by Nutritional Biochemicals Corporation (Cleveland).
170- and 178-Estradiol were obteined in the crystalline
form through Siges Chemical Company (St. Louis, Missouri).

D. C 4 N (1)

During the early pnrt‘ of the experiment, the steroids
were suspended in sesame oil., Later, & steroid suspending
vehicle was available froa the National Institutes of Health
' and was used. This vehicle contained per ml of water:
Sodium chloride, 9 mg; Bodiui carboxymothyl cellulose, 5 mg;

Polysorbate 80, 0,004 ml; Benzyl &lcohol, 0,009 ml.

E. LUTI FOR Y

Except for UDP-N-Acetyl glucossaine and UDR-Glucuronic
acid which were purchased from Sigme Chemical Company, all
other chamicals were ACS certified Fisher products.

l. 0,15 Molar FPotagsium 1

KCl P.W. Th.56
11.18 Gas of Potassium Chloride cryastals were dis-
solved in a litre of distilled water.
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2+ Eyepapation of Fhogphate Bugfers
1. Q.15 X pivaste Sogium Fioaphate
" Na PG, P, 141.96
10,65 gus Ha HFo, were dissolved in 500 mls
of distilled water, '

11.

e

KH,Po, F,W. 136.09

1,08 gus KE,Po, wers dissolved in 200 auls

of distilled water.

111. Phogphste Bufer pR.§.0 .
5.0 mls of 0,15 M Ki,Fo, were added to 95.0
mls of 0,15 M Na HPo,, The pH was brought up
to 8,0 by careful addition cof Na,HFo, umnder
the control of a pH meter.

iv. ogohate Butfer P 7.7
12,0 als of 0.15 M KH,Fo, were &dded to 68.0
mls of 0,15 M Nﬁﬁhu. The DH was brought up
to 7.7 by careful addition of "‘amu under
the control of & pH meter.

Uriging viphospr SLUCUFroNnic 4 Solutic
8.33 mgn of UDIGA were dissolved in 50 mls
of phosphats buffer of pH T.7T.
Iridine Diprhosphate N-Ac 1 £

-
iy Biviag, D SN SURISIER S SN

8.33 mgn of UDPNAG were dissolved in 50 mle
of phosphate buffer of pH 8.0,
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111, HOTE:

| "a) As 1 mgn of UDPNAG or UDFGA 1s equivalent
to 1.5 ymole, 2.0 mls of the Above prepared
solutions would provide 0,5 pmole of UDPNAQ
or UDFGA, ‘
b) Owing to the instability of the UDP com-
pounds, they were prepared fresh just prior
to the start of the experiment. |

4, Preparation of 6,7 Tritiated 1T~~Estradiol
M

A standard solution of the tritiated estradiol was
used in all the expariments. The radioactivity
nad been incorporated two years previously and had
a specific activity of 5.6 curie per millimole at
that tims. Ths 2 year decay as estadlished from
the chart (Teble 4) is 0,89, this would reduce

the specific activity to 4.98 curies per millimole.

5, Pr.pnktio: of Tritiated 17.~Estradiol from
%

!OUN G AR E

0.1 m} of the solution wis coumnted in Tolusne
‘seintillation solvent., The result of the
count showed 7,316,495 d.p.m. (aisintegrations
per minute) per 1.0 ml of the solution.
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Table 4

Decay Chart for Tritium

20

MONTHS
0 2 4 6 8 10
0 - «99 .98 97 .96 «95
1 35 S 093 .32 91 «90
2 .89 | .88 .88 87 86 | .85
3 84 84 .83 .82 81 «80
4 .80 .79 .78 .78 T7 76
5 Y 4] «T5 Th T3 T3 T2
6 071 171 070 069 069 068
7 Ny 4 67 «66 +65 «65 6l
8 Ol 63 62 62 .61 61
9 «060 <60 59 «58 58 ST
10 5T 56 «56 55 «55 S
11 «Sh 53 «53 52 52 51
12 «51 50
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11. Calculation of 33""““ golution needed to
i . |

&) Amount of d.p.m. in 100 m) for 500,000
d.peme/ml ’
5”.000 x 100 = 50 x 106 dopnmcllm mle,

b) Rusber of millilitres needed from standard
solution

50 x 10° dup.m. & 7.316 x 105 = 6.83 mle 1n
100 mls
111, Agaition of 17e-Estrediol

a) ugms of tritiated 1Tv-estradiol in 50 x 10°
GeDele ' o

J“A%“m_— = 0,209 pgn
23908 X 1 d-p.lo/pm

b) Activity of standard solution

108 millicurie per microgram
c) Desired specific activity

5.6 curie per nnmxo

d) Activity of standard solution expressed
per aillimole

8ince 1.0 ;mole = 272 .gm
tharerore 108 x 272 = 29,275 millicurie per
micromole or 29,27 cw/m mole
e) Calculation of 17o-estré&diol needed
29.27 + 5.6 = 5.22
1.0. 5.22 Oms 17«-estradiol for esach Gm
of tritiated 17x-sstradiol

0.209 ugm x 5,22 = 1,09 ,gm l1lT7a-eatradiol
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ive P 8

C.1 m) counted in rolum- lc!.nunauen solvent,
The tnult ohttuud was 516,820 d.p.m./nl.
6. of ‘i1 70=Est ol
1 ags in 100 mls methanol
1,6 10 ygm in 1.0 md
7. 1.0 ¥ _Hygrochlorig fcig
Commercisl concentrated hydrochloric acid was
used in the preparation of 1,0 K HCL,
8. Ethyl Acetate
ACS certified Pisher product was used without
further puri.tieltim. '
9. M |
ACS certified Fisher product used without further

purification,

10.

L Gms PFO (2.5 m.phonylouuolo) dissolved in‘.one

iitre of Toluane.

Naphthalens 60 gns
PPO (2,5 diphsnyloxasole) 4 gus
Nethanol 100 mla
Ethylene glycol - 20 mls

Dicxans ad  one litre
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Spv—
g% w/v Sodium carhonate in O.1 N Sodium hydroxide
(NaOH M.¥. 40)

R g
0.5% w/v Copper sulfate pentahydrate (CuSo, 5H,0)
in 1% w/v Sodium tartrate:

3. Resgent "C": « "Alkaline Copper Solution”
' 50 mls of reagent "A" were mixed with 1.0 ml of

P
2«
4,
5e
Q.

reagent "B"., The solution was freshly prepared
and discarded after one day,

t "R":

1.0 N #olin Ciocalteau phanol reagent

Stangard Protein §olution:
_ Solution of bovine albumen (500 ,gn/ml)

75 ul of each of ethyl acetate and cyclohexane.

This systen was satisfactory when separation of
the three common estrogsns 1.e. Estrone (B,), Estra-
diol (K,) and Xstriocl (E,) was required. |

2. Chloroform, formio scid and isopropyl algohiol

5 poxrta chlawaform were added to 3 parts isopropyl
alcchol and ocne part formic acid. In this solvent
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system, diglycosides remain near the origin, they
. are well separated from both monoglucuronosides

‘and monio-N-acetyl glucosaminides,

H, SILICA GEL FOR THIN LAYER CHROMATOGRAPHY

8ilica Gel H (acc. to Stahl) is manufactured by E,
Merck AG Darmstadt (Germany) and obtained through Canlab,
Type Anslysis | .

Without CaSoy, Iron 0,03%, chlqr!.do 0.02%, pH of

a 10% aquscus slurry 7. Medium grain size of the adsorbent
10-40 {1e ‘
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APPARATY

1; SYRINOES AMD NEEDLES

Folypropylene disposable syringes were obtained
from Burron Medical Producte, Inc: Disposadble inJjection
needles gauge 20 and 1% inches long were used.

These dispoadble syringes and needles were dis-
carded at the end of each 9 day experimant.

2+ DISSECTION TOOLS ' ' -

Stainleas steel Mayo Scissors 5% inches long,
straight Kelly scissors 6¢ inches long, 5 inch stainless
steel thumb forceps and 5 inch stainless steel tissue
forceps weres required for the dissection of rabbits: These
instrusents were washed with running water and wiped dry -
after each d&unoctime

J. GRINDEZR
A modification of Fotter Elvehjem tissue grinder
with & teflon pestle (from A.H. Thomas Co., Philadelphia,

Pa.) was utilised. A rotary motor was used to rotate the
pestle,

4, 8 BATH

Incnbluom for enzyme assays were carried out
in a shaker bath (Precision Scientific Co., Chicago). The
temperature of ths water bath was adjusted to 37°C and

kept constant by a hydraulic thermostat with sensitivity of
40,19C.
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S CENTRIFUGR
International Bqulp..nt Co. (Boaton, Mass.)
centrirucp was used.

6. LIQUID SCINTILIATION VIAIS

Spectravial IV (Nuclear Chicago Corporation, Des
Flaines, XIll.) was chosen because of its low cost and its
higher relative counting efficiency. This polysthylens
vial exhibits less permeability to toluene than other non-
glass vials. Spectravial is & standerd 20 ml volume and
has & plastic screw cap lined with cork and metal foll.

7. LIQUID SCINTILLATION SYSTEM
A Unilux T.M. II Liquid Scintillation System
| (Nuclear Chicago Co.) was used. This instrument is designed
ror high efficiency counting of soft beta eaitting iso-
topes viz. Carbon 14 and tritium in & controlled tempera~
ture environment. Some of the features of this aystem
are: 1) an automatic sample changer 2) & cooled sample

environment 3) an automatic data lister.

8. BPECTROPHOTOMETER COLORIMETER

A spectronic 20 Colorimeter (Bausch & Lomb, Ro-
chester, N.Y.) was chosen because of its easy operation
and reliable results.
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9+ K=EVAP |
Drying under nitrogen was facilitated by the

use of N-EVAP (Orsmmtion Assoc,, Shrawsbury, Mass,) -



A. KILLING THE RABBITS

Stretching the cervical spins and acute angulation
of the neck ensured & rapid way of killing the virgin
femalefrabbits, |

B. 0BT N H
As soon 8s the animal was killed, the liver,
kidneys and uterus were dissected out and placsd in seps~
rate beakers containing 0.15 X Potassium chlérid'q. . The
beakers were completely surrounded by ice in an ice bucket,
The freshly obtalned organs were weighed and
an aliguot was taken for homogsnisation.

Although ths rabbits were chosen as sexually
immature, it was thought that, to exclude any possible
sndogsnous effect from the gonads, bilateral oophorectomy
would 1imit the estrogenic effect, if such is cbsarved,
to a solely exogenous origin,

2. Anssthesie

Sodium pentcobarbital 60 mgms in one nl was diluted
in 4 mls of normal saline (0.9 Gms NaCl in 100 mls dis-
tilled water)., The first rabbit was given an injection of
3.5 mls in the ear vein, This was followed by cilorofora
administered per funnel. The animal died early during the
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operative procé—:’duu.

Ths sscond rabbit was injected with 2,0 mls of
the diluted sodium psntobarbital solution (1.6, 24 mga
sodium pentobarbital) via the ear vein, This was followed
by chloroform administered per funnel, Successful removal
of both ovaries was achieved and the animal recovered
well after the surgical procedurs. The method employed
in anesthetising the second rabbit was used for the remain-
ing four rabbits, but deapite due precl\\tiohs, one fure
ther animal was loat during surgery.

Chloroform per funnel

A dropper bottle was filled with chlorofora.

An ordinary plastic funnel was utilised, the large and
was placed over the animal snout and the narrow end was
11ghtly packed with cotton wool.

Chloroform was poured dropis: to kesp the cotton
wool slightly wet during the piriod of operation.

1ls of 1 8

As soon as the animal was given the injection of
sodium pentobarbital into the ear vein, it was tied down
to & dissecting board with its belly facing upwards. It
was noted that at the time of tying the animal down it was
liupA but not completely anesthetised, the pupils were
widely dilated and reflex blinking eoﬁld be obtained by
touching tha eyelashas. |

Just prior to a satisfactory degroe of surgical
anesthesia the animal gave & loud cry which was followed
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by complate relaxations . At that time, the funnel was
placed over the animal snout and the cotton wool kept
constantly moist with chloroforms

Respiratory efforts of the rabbit under anssthesia
were noted and eny evidence of respiratory depression was
folloied by imsediate removal of the funnel.

3. Shaving the Abdomen
Prior to surgery, the hind part of the abdoman
of ths rabbit was shaved using shearing scissors.

b, Ingision
A midline incision over the hind part of the
sbdomefh was effected using & sharp knife,

5. Cagtystion ang Closurs of Incigion

Both ovaries were removed with no attempt at
1igation of bleeding vessels. BElesding was mininal and
did not give rise to any concern. The peritoneun wes
closed with 00 plain catgut using & continucus stitch.
The abdominal wall including the skin was closed with
000 silk using & continuous stitch.

6. Iopt-operative Recovery

After surgery the enimals were placed on their
side and respiratory obstruction was avoided by proper
positioning of the head.

7. Sepvalgscence
Ths four surviving rabbits wers left to convalesce
for a period of two weeks before injections wers started.
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METHODOLOGY
A. THIN IAYER CHRONATOGRAHY
1, t t t 2 X

An activated 0.2% mm thick silica plate was
used. The plate was impregnated with standard steroids
and the radioactive steroid to be tested.

A' chloroform, isopropancl and formie acid sole
vent system was used. The plate was then lprmd with a
utuntcd solution of phosphomolybdic acid in methanol,
The plate was mtly heated in an oven and the coloured
spots with the description of their corresponding stan-
dard solutions wers noted, scraping off amall gecticns
of the silica gol and counting the ruu.olctivity in a
scintillation counter deteratned the site of maximum
steroid concentration ang its relative purity as come
pared to the standard solutions.

Re ioacti t (2]

Using & 1 mm thick silica plate, the some pro-
cedurs as for testing the purity of the steroid was adop=-
teds The subntlnoo to be purified whilst impregnated in
silica gel wos protected from the phosphomolybdaie acid
pray.,

The silics gel was scraped off opposite the site
where the pure steroid was Judged to be concentrated,
Dissolving in methanol and filtering off the silica gel
under vacuum resulted in the acquisition of a solution of



the relatively pure steroid. Testing the purity of the
steroid thus obtained was again required.

Bs RANDONISATION
Randomisation by number wes adopted, Each anie-
mAl was given & gerial number before being weighed and

housed. The type of treatment was assigned according to
the number,

8teroids lﬁlpondcd in 1 a1l of vehicle (p. 17)
were injescted subcutaneocusly, All animals roeoivod a
daily dose for eight deys and were killed on the ninth
day. Control animals received 1,0 ml of the nunponding
vehicle only.

1. Homogenisation of tisguss obtainsd
'Aliquots of the fresh orgins were homogenised
with 4 volumes of 0,15 M potassium chloride solution in
a Potter Rlvehjem tissue grinder (p. 25 ).
2. Ereparation of samples
15 mls centrifuge tubes were used for this pure
pose and adequately labelled., MeAsured quantities of the
storoid substrates were pipetted out and dried under nitrogen.
S« Mixing of samples
N.B. In all samplies, ths incubation medium was

brought to a final volums of 3,0 ml with 0,15 N potassiun
chloride,
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*) Eox liver Nescetyl glucossminyl transferase
"~ 1,-0,05 ml liver homogenate

11, 2.4 x 10° dopems tritiated 17s-estradiol
3 glucuronoside (p.19)

111, 0,5 ymole uridine diphosphate N-acetyl

. glucosaminide in 2.0 mls of phosphate
burfer (p.19)

b) For 1liver glucuronyl transferase
1s 0.1 ml 1iver homogenate "
11 10 pga 1Ty~estradiol (p.22 )
112, 17,“0200 depoms tritiated 1lT7.-astradiol
ps22) o
iv. 0,5 ;mole uridine diphosphate glucuronic
acid in 2.0 mls phosphate buffer (p.19)
# 0,05 ml was used in soms experiments

¢) Por kigney N-scety) glucceaminyl transfersse
i, 0,05 ml kidney homogen&te

11, 1,9 x 10° dep.ms tritiated 17--estradiol
% glucuronoside (p. 19)

111, 0.5 pmole UDP NAG (p.19 )

d) Zor kigdnay glucurony) transferage
1. 0.2 ml kidney homogenste '
11 517,000 dspems tritiated 1l7avestradiocl
(pe 22)

111, 0.5 ymole UDP GA (p. 19)
# 0,5 nl was used in some experiments



he Eggation
The samples were shaken well using & Parafilm

"M" (American Can Company, Neenah, Wisconsin) to seal
the tube, 7The vcontrirum tubes containing the saaples
were then placed in & shaker water bath at 37°C.

Incubations were dl&ied to procesd for 30
minutes with air as the gas phase,

Se on _ substrate
a)l 10l 3 m 2
0.5 ml was added to the incubation medium
to reduce the pH to 2,0. .
11. ti h 1 )

5.0 mls ethyl ecetate were added to the
incubation medium &nd the tubes well shaken. The tubes
were then centrifuged at low speed for 5 minutes,

b) 17x~Estragiol

5.0 mls of henzene ware 8dded to thes incu-
bation medium and the tubes well shaken. The tubes were
then centrifuged at low speed for S minutes.

6. Gounting Raglosctivity
a) Ethyl acetsts extract
0.5 nl of ethyl acotate was pipetted ocut and
transferred to & polysthylene vial;10,0 mls of dioxane
esintillation solvent wers added using an sutomatic dis-

penser. Counting was effected in & liquid scintillation
systen.
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b) Bensens extragt

The procedurs is similar to that for the
ethyl scetate extract except that tolusne scintillation
solvent was used. | |

(for solutions required see p. é} )

The rabbit liver is inown to develop fatty ‘
changes whan the animal is subjected to estrogen therapy.
This phenomenon was observed during the course of this
experiment. In order to obviats possible changes in the
results dus to this effect, the protein content of all
homogenates was estimated.

The method is that of Lowry et al. (1951).

1. 1 8 ol .

_ Using colorimster tubes, 50, 100, 150, 200, 250
and 300 ,gm of & standard protein solution were brought
to & volume of 1.0 ml with water. 5.0 mls of reagent "C"
were &dded and the mixture weas well shaken.” Ten minutes
later 0.5 ml reagent "R" was added lud well aixed.

Using & spectrophotometer colorimeter (p.26)
reading was effected after 30 minutes at 750 , (Additional
readings may be also obtained at 650 and 500 u')-"



2. Dilution of Homogenaten |
0.0% ml of the homogenate was added to 9,95 mle
of distilled water and the mixture well shaken,

3. ' Prot tent

1.0 ml of the diluted homogenats ( 0,005 ml orige
inal homogen&te ) was transferred to & colorimeter tube ..,
5.0 mls of raagent "C" added and the mixture well shaken,
After 10 minutes, 0.5 ml of reagsnt "B" wes added .und
well mixed. .

Estimating the percent tranamittance after 30
ninutes was effected in a spectrophotcmeter colorimeter
at a wave length of 750 u. The amount of protein was
calculated from the standard curve (£ig. 3).

The background CPM was sinmply measured by using
a blank (unlabelled) sample similar in volume and cou-
position to the uninown sample.

To obtain the net channel CFM for a se#Mle the
background CPM{ was subtracted from gross sample CPM in
each channsl.

2. ction £1¢ [

The ratio of ths count rates in the two counting
channels A & B 1s directly related to the counting efficlency
of the sample. A quench correction curve is constructed
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by using the Tritium Quench Standards Bet (Nuclear
Chicege): This set is & series of standard samples of
known uéiﬁty snd varying degress of quenching.

The counting efflciency for any unknown sample
is read directly from the graph using the rasios

et Chapnel B OBt (see rig. 4)
Net Channel A CIM

1Y ulations :
Knowing the counting efficiency and the net

Channel CIH for & sample, it is possible to calculate
the isctope disintegration rate in the uninown saaple.

G, CALCULATION OF MICROMOLES OF BUBGTRATES IN LIVER
AND _KIDNEX _SANPIES

o R S

1, DR{ of 1T.~estradiol 3 monoglucurcnoside
2er sicrqmole :

R

- 4. specific activity of solution used:
5.6 curie/mi1iimole.

11, 2 year decay from chart (p. 20) 0.89

111. Present specific activity = 4,984 cu/milli.
mole or 4,98 millicurie per micromole
(4.98 meu/,mole)

iv. As one mou = 2,22 x 10° d.p.m.

v, Therefore,
4.93 X 2.22 x 109 - 11.%56.3

107 d.p.m./ mole
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2, lﬂcmclc: of 17s~estradiol 3 monoglucurono=

1, DA in liver sample 2.4 x 10° dpn (p. 33)
11, Therefore

Z.:A.&_L_Ashsﬂa W
11,0556 x 10° dps/,mole

111, DPM in kidney sample 1,9 x 105 dpa (D. 33)
iv. Thwerefore
10% gpu/sample = 1072 % 20 umgle/
11,0556 x 10° dpa/;mole kigney sample
1. specific activity of solution used (Aug.. 1966)
5.6 curis/millisole
11, 2 year decay froam chart (p. 20) 0.89
114. Present specific activity = 4,984 cu/milli-
| mole or 4,98 millicurie per micromole
(4.98 mew/ mole)
iv, As one meu = 2,22 x 10° dpa
v, Therefore
4,98 x 2,22 x 107 = 11,0556 x 10° dpm/,mole

4, Micromoles of l7x~estradiol in liver and
o T U AL 1O U7 —

i. Liver sample
0.517 x 10° dpa + 10 ,gms (p. 33)
11. Therefore |

10 .gms + 0,517 x 10°
272 .gne/ymole 11,0556 x 10° dps/ mole
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0.03676k4 ,mole + 0,0000467 ,mole =
0.036810 ,mole =
3,68 x 10" mole/1iver sample
111. Kidney sample |
0,517 x 10% dpa (p. 33)
iv. Tharefore

0 10 ampls = 4.67 x 10°3 mole/
11,0556 x 10” dpa/mole kidney sample

H. STATISTICAL ANALYSIR

Por rapid statistical “I‘l,l’.‘ of ouy pré-
liminary dats, & rapid approximate statistical procedure
was adopted (Wilcoxon & Wilcox 1964),

In all other expsriments 7 was caleulated

vhere Z = ﬂ. -Ea'

LN

- . 8,02 _ (8,)°
e

8 = gstandard Deviation
X = mean of samples
'n = pumber of samples
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F1LOT, EXPERTNENT

QRIRCTIVE

It 1s an attempt to determine the possidle in-
vivo effects of a wide range of steroids on the sotivity
of N-acetyl glucosaminyl and glucuronyl transferases of
rabbit liver and kidney. |

The results of this experiment are presented in
& graphic form (fig: 5)« 17a-estradiol banzcate was
noted to have an effect on all tha transferases except
the liver glucuronyl transferase (fig: 5).

1T7o~Estradiol was injected into rabbits instead

of 17s-estradiols; Freparations of testosterons, proges-
terone and cortisol were similar to those used in the
preliainary experiment. The results are presented in

table forms for ease of reference (Tables 5, 6, 7, 8, 9 & 10)

REQULTH

On perusal of table 5, it is noted that one
animal weighed less than 1.5 kilos which was the accepted
minimal weight for one experimental animal. The daily
dose of testosterons given to this relatively small
aninal was slightly more than two thirds of the dose given
tc the other rabbit treated with mals hormons. It is
rather surprising to nor"so (table 6) that the liver and
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Table 5

Rabbits used in pilot experiment with doses of steroid injected

! DOSE INJECTED | ML INJECTED

RABBIT SYMBOL | WBIGHT IN REMARKS
AXD NUMBER GRAMS DOSE 2 mgn/kilo (in ygus)
CON ¢ 52 1635 ster. susp. veh. ~ none 1.0m
TEST 4 53 1293 Testostercne 2586 | 1.0m
By # 54 1623 17-~estradiol %016 1.05 m1
PROG # 55 1808 Progesteronie 3616 1.0 al
CORT + 56 1877 Cortisol 3754 1,16 ml
CON 2 57 1784 stcr. susp. veh. . necne 1.0 ml
TEST s 58 1778 Testosterone - 3548 1.37 ml
Byw £ 59 1543 17o~egtradiol 3086 1.0 m1
PROG # 60 1829 Progsstercae 3658 1.01 ml
| CORT # 61 1617 Cortisol R34 1.0 ml

Testosterone 1 ml = 2586 ,gms
17~estradiocl 1 m1 =

3086 ,gms

Progestercne 1 ml = 3616 ,mms
Cortisol 1 aml = 3234 .gms
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Table 6

Welghts of dissected out organs and & cosparison between

the liver-body weight ratios of various treatments

_ 116,21

| | WEIGHT LIVER | ALIQUOT | WEIGHT KIDREYS | ALIQUOT | UTERUS || LIVER-BODY | TOTAL PRO-
RABBIT (Gms) (Gms) (Gms) (Ous) WEIGHT | TEIN
| RATIO | (LIVER
(Cms
CON s 52 68.43 3.0 11.54 3,22 0.21 | 4.18% 19.50
TEST £ 53 66.98 3.22 9.71 2.23 2.60 | 5.18% 19.75
By ¢ 54 59.09 - 3.15 11,07 317 7.16 || 3.64% 17.72
PROG 2 55 88.7 .28 11.81 2,65 1.87 || 4.90% 21.95
CORT £ 56 | ' 158.81 2.69 12,40 3.68 || 1.82 || 8.6 | 31.76"
CON # 57 .22 3,36 11.54 2,51 0.38 | b.3% 16.02
TEST » 58 56,77 2.52 9.55 2.70 2.62 || 3.20% 15.0%
By & 59 57.51 2.8 || 11.53 3.58 | 2.84 | 3.728 16,39
PROG 2 60 51.87 2.99 10.86 3.13 2.28 | 2.8% 15.82
CORT & 61 3,50 | 12,96 3.67 1.24 | 7.18%" 24.98"

# Ssignificantly higher than control ( p < 0.01 )
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Specific Activity of Xidney N-Acetyl Glucosaminyl

TABLE 7

Transferase of Rabbits Treated with Various Steroids:

%

Sl T T W R s e
sample (moles/0.2 ga |tissue
tissue)
 con # 52 36495 63.55 12.71 6.35 2600 2.4
CON £ 57 | 32.06 5514 11.02 5.51 2850 1.93
TEST : 53 | 36.15 62.18 12.43 6.21 2850 2.18
. TEST : 58 | 45.96 79.05 15.81 7.90 2750 2.87
Bper # 54 | 65.59 122.81 22.56 11,28 2400 3.70"
Byw 859 | 43.68 | T75.13 15,02 7.51 2750 et
PROG 4 55 | 51.94 89.34 17.86 8.93 2850 3.13
PROG # 60 | 31.19 | 53.65 10.73 5.36 2478 2.18
CORT ¢ 56 | 31.99 55,02 11.00 5,50 2400 2.29
CORT # 61 | 38,64 66,45 13.29 6.64 2475 2,68

# gStatistically not significent (p = 0.05)
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TABLE 8

Specific Activity of Liver NeAcetyl Glucosaainyl
Transferase of Rabbits Treated with Various Steroids,

RABBIT % Conju~ uom x moles “_.o: x ymoles 10° x pmoles gn protein/ 10° x _.-owr.-"
gation |conjugated conj. per al conje/ em wet nolon-b»-on cond,/gm m
. | per sample homog. (.moles/ |tissue used protein
| 0.2 gn tissue)
CON » 52 T4.55 161.77 Re35 1.61 2850 5,68
| coM 57T | 51.76 | 112.3 22.46 1,12 2075 5,42
TEST # 53| 72.29 | 156.87 3137 1,56 2950 5.2
TRST 5 58 | 72.50 | 157.3R 31.46 1,57 2650 5.94
Bye 4 54 | 68.09 | WT.T5 29.55 1,47 3000 5.93
MNQ & 59 68.27 148,15 29.63 1.48 2850 5,20
PROG ¢ 55 | 80.32 | 17h.29 34,85 1.74 2475 708
PROG 5 60 | 73.60 | 159.71 31.94 1.59 3050 5.28
CORT £ 56 | S2.16 113.19  22.63 1.13 2000 5.66
CORT £ 61 | 49.89 108,26 21.65 1,08 2150 5.008




TABIE 9

H Specific Activity of Kidney Glucuronyl Transferese

of Rabbits Treated with Various Steroids

M (g |1 e g e g e | (RN |12 S
per semple ﬂw. ‘:ﬂwwuﬂv tissue tein
CON z 52 | 21.96 10.25 20,51 102,55 26,000 7.88
coN £ 57 | 33.83 15.79 31.59 . 157.98 - 28,500 11.08
| ‘PEST 2 53 | 34.30 16,01 3403 160.18 28,500 11.2%
TEST 5 58 | 36.45 17.02 34,04 170.22 27,500 12,37
B,z 5 54 | 3T.12 17.33 34.67 17135 24,000 18,44
Ro 59 | 3929 | 18.30 36.60 163.00 27,500 13.30
PROG £ 55 | 2763 12,90 25.80 129,03 28,500 9.05
FROG 5 60 | 26.91 | 12,56 25.13 125.66 | 24,750 10,15
CORT ¢ 56 | 28.55 13.33 - 26,66 133:32 24,000 1.1
CORT 2 61 | 19.45 9.08 18,16 90,83 24,750 733
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TABLE 10

- Specific Activity of Liver Glucuronyl Transferase

of Rabbits Treated with Varicus 3teroids

e\ oi 10 m | hiRemt | SR AL IR smoles conde/
‘ . {om tissue)

cox » 52 55.12 19.54 0.39 1.95 2850 137.17
CON 2 57 | 42.03 15.46 0.30 1.55 2075 149,07
TEST 2 53 | 56.50 20.79 0.81 2.08 2950 140,69
PEST 5 58 | 55.28 , 20,34 0,40 2.® 2650 153,53
Byr 2 58 | 4B.53 17.85 0.35 179 3000 119,06
Bye + 59 60.24 22.16 0.4k 2.22 2850 155.56
PROG 1 55 | 62.10 22.85 0.45 2.29 2875 184,66
PROG 2 6O | 4h.92 16.53 0.33 1.65 3050 108.39
CORT 2 56 | 51.17 18.83 0.37 1.88 2000 188.30
CORT £ 61 | 33.94 12.49 0.2% 1.25 2150 116,18
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kidneys of this relatively small animal weighod mors
that those of its counterpart.

The livera of cortisol treated rabbits were
gigniricantly largar than those of the control group
(p < 0.01; see table 6).

Table 6 also shows that the total protein con-
tent of rabbit livers treated with cortisol is signiri-
ocantly higher than those of control rabbits (see conclu-
sions and discussion, p. %9).

The rabblit which responded to 1T«-estradiol
therapy by & marked increase in uterine swsight (table 6)
showed & rige in the activity of the kidney N-acetyl
glucosaninyl transferase senzyme (table 7)., However, &
correlation botm uterine sisze Iml‘ engyme activity
could not be cbtained in other experiments (fig. 6).

To caloulate the statistical significance of
our results, data from both pilot experimants (prelininary
and confirmatory) were compiled. Our attention was drawm
to the N-acetyl slucoua_unyl transferase levels of rabbit
kidneys of eatradiol t:;n.t'o'd and control animals when
& rapid test of statistical significance was applied to
our results (Table 11). PRercent conjugation of subs-
trates was choasn for analysis. The rank sum test as
suggested by Wilcoxon and Wilcox (1364) showed & dif-
ference in the rank sum between the control and the
treated animals of 41.5 which is higher than the number
41,2 required to obtain statistical significance. In



TABLR 11
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Per Cent Conjugation of 17.~Estradiol Monoglucurondside
in the Estimation of Kidney E-Acetyl Glucosaainyl Trans-
" fersse Astivity. The Applicatiocn of the "RANK SUM TRST"
on Radbbits Treated with Various Steroids.

Renk [CONTROL [Renk | TEST(8~ | Renk| BSTRA- Rank | PROGES- [Renk [CORTIBOL
" | PERONE DIOL |  |TERONE | .
8 [36.9 |7 | 36.1 (18 [65.6 |17 |59 [2.5 | 3.0
|5 | 3.0 15 | b5.9 |12 |43.7 | 1| 3.2 |9 38.6
6 35.0 5 35.5 (20 !73.,3 :| 13 | 44,9 |20 39.8
11 (5.9 |4 | 2.5 [19 [67.2 | | 85,8 |16 | 46.1
2T.5 " n 1:59 ' 45 3745

Rank sum difference (Rstradiol Control)

41,5 (for P = 0,1

b1.2)
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‘this test K = 5 and Noml (ﬁMre "K*' is .’the ‘number of
 treatments snd "N" the number of obiervations per treats
ment), Results were further tabulated as to the activity
of the enzsyme per gram of wet kidney tissus (Table 12),
Statistical ‘iimiucanco'(l‘ < 0.01) was noted when come
paring the N-acetyl glucosaainyl transferase levels of
rabbit kidneys oi esiradiol treated and control animals,
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TABLE 12

Kidney NeAcetyl olucoainml Transferase of Rabbits -
Treated with Various Steroids. Comparative Study
of Activities.

10° x uloles conjugated por Gm wat kidney tinnus

CONTROL| TESTOS- | ESTRA- | PROGES- | CORTISOL
TERONE | DIOL | TERONE
RABBIT # 1 - 635 621 1128 | 893 550
RABBIT + 2 551 | 790 ™SL | 536 664
RABBIT 2 3 619 516 .1266\ ™ 684
RABBIT s &4 720 559 1155 | 780 792
MEAN | 631 636 103 | 78 672
STANDARD ERROR | 34.64 | 51.96 | #110,90| 74.83 . | 48.98
STAND, DEVIATION | 69,28 | 103.92 | %221.80| 49.66 | 97.96

sgtatistically significant froam control (P iz 0.,01)



MAJOR EXPERIMENTS

INTRODUCTION
The points raised by the bilot experiment were considered!

ls It was necessary to determine whether the
irciradssa kidney Neacetyl glucosaminyl trancferase level
was an effect of estrogen. If so, stilbestrol and other
non-steroid estrogens should give 1it. o

2., The erfect of dosage in relation t6 ;nzymc"
activity had to be further elucidated. o

3. The action of estradiol on kidney N-acetyl
glucosaminyl tilnlreraso may be & replica of the action
of bengpyrene on glucuronyl tranaferase (see Inscoes and
Axelrod, 1960), Buch induction of an enzyme by & spe~
eific compound had to be considered.

4. Achieving sexual maturity by exogenous es-
trogenic compounds may bear a causal relationship to

enzyme activity. 8tudy of this point was envisaged.

EXPE AND ULTS

In an early experiment, castrated rabbits were
used (p. 28). Dus to the great wastage of animals
during and after surgery it was decided to limit the
number of castrated rabbits to four., However, one rabbit
died of disrrhes during injections with estradiol. It
was noted (Table 13) that the Neacetyl glucosaminyl trans-
ferase activity of kidney tissues in the estradiol treated
animal was mariedly higher than that in the controls.
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TABLE 13 Y

Effect of Estradiol Benzoste Tresatment on Glycosyl

Transferace Rigsymes of ILiver snd m&my in Castre-
ted Rabbits.

|CONTROL # 1 | CONTROL : 2, EATRADIOL
: o i b o s .

Daily dose of Estradiol
bansoate nil nil 2325 ugn

Utorine weight (Ous) 0.29 1,30 2.93

Kidney glucuronosyl transe-
forase (105 x . moles con-
Jugated/Ga protein) 3.29 6.02 9.45

Kidnay NeAcetyl glucosam-
inyl transferass (10° x
M0les conjfugated/gm
protetn) ‘ 3.23 828 | 67"

Iiver glucuroncsyl trans-
ferase (;moles conjue
gated/gn protein) 6.56 7.63 | 973

[

. Liver NeAcetyl glucosam- |
' inyl transferase (10° x
. ymoles aonjugated/ga f

. protein) . 65 . 659 61

* Statistical analysis of results not possible



56

Stastisticel analysis of the scant results was, however,
not possible,

| In another series of experiments, female immo~
ture New Zealand rabbits were injected with 17 and 17
estradiol and diethyl stilbestrol, The dosages used
ranged between 1,5 and 5 mgm per kilogram of live body
weight. The results are presented in table form (Table
14). 8tatistical significance (P < 0,01) was cbserved
when the N-acetyl glucosaminyl transferase activity of
kidney tissues of rabbits treated with estrogens was come
pared with that of control animals. It is also noted
that N-acetyl glucosaainyl transferase activity of liver
tissues is significantly higher than the control (P <
0.01) in rlbbit't treated with 17p-estradiol, No corre-
lation was observed between uterine weight and kidney

N-acetyl glucosaminy) transferase in muuam cn!.nln
(f 18. 6)

THE SFFECT OF DOSAGE

Rabbits were injected with varying doses of
17a-estradiol benzoate. The lowest dou was 20 ,gm of
173-utrui.ol benzoate per kilogram of live body weight
(equivalent to 15 ,gm of 1Ta-estradiol), Ths highest
dose was 1500 gm ( 1127 ,gm 17s-estradiol). As our
mAin interest was to establish the effective dosage of
the steroid sstrogen on kidney N-acetyl glucosaainyl
transferase, it was decided to limit our observations to



TARIE )&
Glyconyl Transfersses in Rabdits Treated with Various Estrogams
iﬂ'xmm‘xmm'xmnmu ‘
Yo Uterus _ e ; ‘ :
ight conl/g8 pin Jlg pta oa.!/ﬂ ptn ;g:/ﬁ
(A) conrnois : , ' ‘ '
363 ‘ . 5ol R 11,81 | Hean XIDHAG z..rr 8.8 % 0.1
2 1.8% 3 08 18,17 mms.x 8.8, »
0.21 2,50 e 513 13.71 | Kean LIVGA 1. 18 8. » Y X
0. . 11.08 5e 13,90 | Nean wt. \w. 1.81 8.B o+ 046
2.” | 2. 60 6'.5 9.11 ]
(B) 17~ESTRADIOL |
2.95 L B,00 5.9 8,23 11,36 |Nean KIDNAOG 3.53 8.%. + 0.32
» 30 2.95 5!11 «OF 13.33 [Mean XIDGA O, S.8. 2 2,22
J. 0 g.l} <81 85 10,53 [Noan LIVEAQ 3,08 8.E. & 0.17
7.16 80 13,84 h,99 11.90 |Memn LIVGA 12.49 8.2, 4 .90
, .'. 2.79 13-,0 5.26 15055 Moty wt. wt, c” BeRe E 3 0'”
|(€) 17a-a8TRADIOL | o |
2.1 - 2, . 28.57 |Mean EXDEAQ 8.5A" 8.K. + 0.74
7.3§ W g'% T | GA70 |Mean XI00A 6.83, BoE: o &
2e 2.3 "Rl 5.80 15, Metn IZIVEAS 6,27 8.k » O,
5.“ 5.2 6'” 16” . Mean 1IV3A n 3.5 * 2‘%
Be Be 10,22 (S 18, Netaa wt. M. .027 S.R s Q,
2.‘ 6.” .w .1 & .
(P) STILBESTROL
&, 2.54 LI, . 19.20 | Mewn XIDRAO A8 S8 - °.85
zozg 3.38 5.'ﬁ zoa D Neans XXDGA 8 3 «Be : E
)oa t.g B 5.?8 .‘oll 12 “m ‘.1 8,8, L3 0-
2. Io uo” x.:g 8» lﬂh L‘lm 11 .o‘o E 3 1.P
2.” ‘1; lotﬁ » 7'% mw. “ 'o 'o.‘ *» Q 1
1.“ .5b 9'” 6. 9‘

Ilvwer; 8.5 = Stanéard error; u{ » wpight of uterus.

* aignificantly greater tham control (P « o.eu
+ significantly greater than contyol (P < 0,01
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this enzyme. The results are presented in table 15,
It 1s noted that low doses of estrogens viz 15,0 ,gu

'and 75¢1 pum per kilogram body weight would signiricantly
inhivit the ensyme activity (fig. 7)

TRANSFERASE ACTIVITY AS A PUNCTION OF THS LENGTH

Rabbits were injected daily with estradiol bene
zoate (dose 2,5 mgn per kilo body weight)s The irst
group of ‘control and treated rabbits wers killed on the
third day after two days of trestment. The second group
was allowed 4 days of injections and killed on the 5th
day. The third group was killed on ths 7th day after
6 days of treatment,

| The results pertaining to the first two groups
are presented in tab;,s 16 and 17. Increased tidnoy
n%acntyl Clucoseminyi transferase activity was noted

lrtor two days of treatment and wes again demonstrated
after four days.

SONCIUSIONS AXD DISCUSSION

The increase in )iver weight noted in cortisol
treated rabbits (see table §) confirms previous reports
on this phenomenon. Silber and Porter (1953) postulated
that the inoreased sige of livers caused by cortisone
mAy be $us primarily to a laying down of cytoplasm
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TABIE 15

Effect of Variocus doses of 17s-Estradiol cn Rabbit
Kidney N-Acetyl Glucosaminyl Trensferase in vive

Uterine

uSAs 1Ts-sstradiol wa X pmoles

per kilo body weight |conj./gm ptn

weight (gms) .
CORTROL * 76 nons 0.94 3,23 Mesn KIDNAG 3,35 S.E. + 0.158
CONTROL # 81 none Nia u‘mﬂ Mean wt ut. 1,40 8.R. Oou”
CONTROL 2 86 none 1.19 3,15 _ . o .
R ¢ 77 1127.8 3.6 ‘2.32 | Mesn KIDEAG 3.64" B.E. + 0,860 '
".F # g Eﬂcw Unmm m.um Mean wt ut. Wos S.B. & Qou.o
B, 87 1127.8 3olh 3434 |
E s+ 78 375.9 §.25 3,28 Kean KIDNAG 2.69  S.E. + 0.848
J F & ua.w &.0”0 mla xﬂs wt ut. 308 8.BE. & ODNQB.
R, + 68 375.9 3.47 1.81
n.u $} 79 75.1 6.23 3.26 Mean KIDNAG 3.07" 8.B. & 0,122
w * g dIH W.WH. uuu.u 53 wt —Hﬂ. uoa u.uo 3 FOP&
Ey ¢ 89 5.1 2.16 2.84 . |
E, + 80 15.0 5.88 3.24 Mean KIDEAG 2.61% 8.E. + 0,332
B +85 15.0 5,52 1.89 Mean wt ut. 5.46 8.B. + 0.770
“’ * 8 H.mto miww miﬁ 7

+* Statistically not

. @ Bignificantly lower than comtrol (p < 0.05

sigaificent st 0.05 lsvel of confidence
+ Bignificantly lower than eantrol (p < a.ou.w
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Effect of two-day treatment with 17a-estradiol
on rabbit kidney N-acetyl glucossminyl trensferase

~[Total dose (mga) | Uterins | 10° x .aoles
Woanoﬂa glven in | weight | eonJ./g= ptn
deys (gms) - .
CONTROL s 1T |  nome 2.47 - 1.901 - | Mean KIDNAG 1.949 8.E. 1 0.077
CONTROL ; 15 ‘none 2.69 1.835 | Mean wt ut. 1,786 8.5. 1 0.759
| CONTROL # 3 _nene 0.20 | 2.132 |
ESTRADXOL 18| 9.068 | 2.73 2,453 | Mesn XIDNAG 2.968" 8,2, s 0,258
ESTRADIOL #15 9.220 1.2 | 3.188 | Mesn wt ut, 1.53 8.E. : 0.501
ESTRADIOL 4 4 8.8k0 0.8% . | 3.265

* Stanificantly E.g«v-n nnuanou (p < 0,01)
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TABLE 17

| Effect of four-day treatment with 17s-estradiol on

" rabbit kidney Ne-scetyl glucossminyl transfersge
Total dose (mgm) | Uterins | 1C° x ,moles
eatrogan glven weight | conjt./gm pin
in 4 days (gns)
CONTROL & 11 none 1.56 2.126 Mean KIDNAG 1.566 S.E. & 0.303
CONTROL 2 9 none 1.48 1.080 Mot wt ut. 2.056 8.E. : 0.536
CONTROL 5 1 nons 3.13 1.492
Rgnoa 312| 17.868 2.45 3.785 Mean KIDNAG 3.307" 8,E. s 0,828
ESTRADIOL : 10| 15.548 1,28 1.701 Kesn wt ut. 3,05 8.B. 1 1.228
{ EBTRADIOL x 2 17.620 5.42 8,436

+ Significantly higher than control (p < 0,05)
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(ribonucleic aecid incressed) without the formation of
new cells (deoxyribonucleic acid not increased),

In our series of experiments livers of cortisol
treated rabbits showed & significsnt increass in total
protein content whan compared with those of control
aninals (see tadle 6). Paigeleon ot al. (1962) studied
the effects of cortisone on nucleic scid and protein
metabolism of rat liver. They found that parenteral
saministration of & single low dose of cortisone acetate
exerts =n anabolic influence on nucleic acids snd pro-

- teins of both normal and regenerating rat 1ivers. The
ltinulstqry influsnce of cortisons on RHA metabolism was
more marked when [2 ¢y glycine served as precursor
than when radiocactive orthophosphate was employed, sug-
gesting a hormonslly induced enhancemsnt of purine
nucleotide biosynthesis as well as stiaulated nucleoctids
polymerization into RNA,

As regards glucuronoside synthesis one may con-
sider the work of Lathe and Walker (1958). These workers
have used the seas experimental animal as that ussd in
the present experiments, nassly the rabbit. They were
able to compare the results obtained when using other
animals riz, the rat and the monkey under similar exper-
imental conditions (see p. 12). The observation that
various steroids do not affect ths in vitro conjugation
of dilirubin with glucuronic acid in rabbit liver slices
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correlates rather well with our An Vivo findings. It

1s interesting to note that not only species difference
was important but the use of a different substrate wiz,
o-aminophenol or the replacement of liver slices by a
liver suspension in the same experimental animel led to
a different result under similar experimental conditions,

The increased activity of kidney N-acetyl glu-
coeaminyl.transfefgse of rabblts treated with adequate
doses of estrogens for 2 days or more is the main sub Ject
of this discussion, - ‘

Whether eatrogens enhance the activity of the
snzyme or. increase its prdduction in vivo is not known.
The finding:that etilbestrol as well as the steroid
estrogens prbduce this effect may suggest that the en-
hanced activity is due to the eat}oggnic effect of the
injection rather than to & specific action of the es-
tradiol staroid. '

Wayne et al. (1964) found that a non speciric
serum hyaluronidase inhibitor increases following intra~
venous administration of estrogens in the human. The’
increased activity of kidney N-acetyl glucouamihyl trang-
ferase under estrogen therapy may be in ract due %o &
decreased activity of hyaluronidese under the effect of
an inhibitor similar to that found in human serum.

The liver 1s not affected similarly bascause of
its capacity to metabolise the estrogen it fixes (Segalorr,
1963). On the other hand, table 14 shows & significant
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inerease in the activity of liver N~acotyl glucosaminyl
transferage of vabbits treated with 17p-estradiol.

One may spsculate that as the rabbit metabolises 17g-
eatradiol into its 17~ isomer before conjugation and
excretion (Heard et al., 1941) the eatrogen may be
£ixed to the liver parenchyma for a sufficiently long
period to produce a measurable effact.

An increaged synthesis of the ﬁranaferuse enzyme
by the kidneys is snother possibility. Jensen (1962)
envisions that estrogens have an indirect effect on the
aynthetic machinery which ig already present in the cells,
He postulates that high energy phosphats fuel is made -
aveilable by blocking the ensyme adenosine triphosphatase.
The latter enzyme is considered to be 8n efficient shunt
mechanism which drains off high energy phosphate in the
absence of estrogens in estrogen sensitive tissuss.

The increased activity of the kidney ensyme may
be ascrided to & specific action of the estradiol mole-
cule (Layne, 1969). The thecry is based on the finding
that the rabbit excretes 17.~sstradiol as the doudle
conjugate. It seems probabls that the kicdney is unable
to excrete the estradiol as a monoglucurcnoside. It is
suggested that rollouinglinaoctianl with estradiol, the
kidney R-acetyl glucosaminyl transferase is lctiialy '
involved in transforrth& Ne-acetyl glucosamine to the
sterold. This, however, doss not explain the similar
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effect obtalned on the transferase system by treatment
with atilbsstrol, |

Mazur and Shorr (1942) have found that stilbes-
trol 1s mainly excreted by the rabbit as the monoglu-
curonosides Collins et al, (1968) found that diethyl-
stilvestrol inhibits the transfer of Neacetyl glucosaming
to the 17, -hydroxy of l7c-estradliol-3-glucuroncside. E
In view of thess findings, it is suggested that a reexam-
ination of the mode of conjugation of stilvestrol in the
rabbit would be of interest in order to definitely esta~
blish whether thia ecompound is an in-vivo substrate for
the N-acetyl glucosaminyl transferase (qlnﬂva et al,,
1369). Pinally the possibility that the increessd Sransg- .
ferase activity is a function of neoprotein symthesis
may be entertained, In such & case, the administration
of puromyein may stop the entire process (see Mueller
et al.; 1961).- |

A plausible explanation for the inhibition of
the kidney Neacetyl glucosaminyl transforase by small
doses of 173-estradiol (see table 15 and £ig. 7) is yet
to be found. - | '

Ag a final thought for this discussion, the use
of microsomal preparations may elucidate some of the
actions of this transferase ;&atan.' The addition of
the supernatant fluid obtained at the various phases of
- differential centrifugation may reveal the presence of
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an inhibitor for ths hydrolase snzyme or an activator
of the transferase system or hoth.
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ANTRODUOTION

A number of entymes and hormones produced by
the human plecenta are belisved to be necessary for
the maintensnce of gestation. The recognition of the
functional capacity of the placenta may therefore help
in preicting the outcoms of pregnancy. Olinical methods,
viz. auscultation of the fetal heart, naxed eye obser-
vation of the liquor amil etc., when taken as the anly
criteris for assessuent are inadequate and have resulted
in suddon unexpected fetal death. Flacsntal insufe
ficiency is also known to be responsidble "toi cages of
intrauterine fetal growth retardation. This so-called
"Small for Dates" or dysmature infmnt is & child at
rigk to various hagards (Brit. Med. J., 1967).

These wnfortunate outcomes of pregnancy have
led to extensive investigation of the placenta. . Trem-
blay et al. (1965) found that placentse from cases of
fetal malnutrition utilize oxygen at a lower rate than
do those from norma) cases. Meérdin; to these worl{orl
the fault seems to 1ie in the enzyme systsnas of the
Placenta, However, ths reduced oxygen uptake, bsing &
blanket test for metabolic activity, csnnot detect
which function is depressed.

On the other hand, placental insufficiency wes
found to be essociated with a reduction in urinary preg-
nanediol excretion (Russell et al., 1960) thus indicating
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a depression of the endocrine function of the pla~
cente (Russell, 1961),

During receni; yoars, cnnicim have largely
relied on urinary estrogen eatimatioha to assess the
condition of the fetus in utero. However, the wide
fluctuations in serial estriol excretion valuss has led
to a search for & substance which is mainly produced
by the placenta (Morris, 1968); As & logical sequence
to the above discussion; research should be concerned "
with an enzyme (or & number of enzymes) which is almost
sntirely produced by the placents and clossly connected
to its endocrine ruﬁotimq.

This paxrt of the thesis deals with some preli-
minary findings on sterocid glycosidases in the sera of'
pregnant and non-pregnant uomn.{



- Forewerd: .

- The hydrolysis of glucossminides by an enzyme
in Relix Pomatia has besen investigated by Neuberger
et al, (1939) Pugh et al, (1957) reported on E~acetyl
p glucosaminidese in rat kidney. However, work on the
kinetice and specificity of Neacetyl s glucossaminidase
Ln' hunan serum is largely attributable to Walker et al;
- (1960). The following &ccount on the properties of
this glycosidase is mainly based on the findings of
Walker and his co-workers.

Activity in scetate and citrate buffers:

Pugh et al. (1957) found that the activity of
the enzyms in acetate buffer was considerably lower
than that in citrate buffer cof equimolar concentration
(rig. 8.). It was also noted that the enzyme activity
fell progressively with incretsing acetate concentra~
tion. Pugh et al. (1957) concluded froa experimental
avideiice that the inhibition of the enzyme produced
by scetate might be competitive.

Etfect of pi:

The i optimum of 4.3 was obtained when the
mm activity wes deteramined over the range pH 3 ~
6.5 in 0,05 K citrate buffer at a substrate concentra- ,
tion of 0.01 M (fig. 8).
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A-Glucosaminidase (Pugh et al. Biochern. J. 65:4651957)
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 Pugh et al. (1957) reported that the rate of
hydrolysis of phenyl-He2cetyl 5 glucosauinide was pro-
portional to the time of incubation up to one hour
but after this it declined progressively {fig. 9).
This fall hll. besn attridbuted to & probable instability
of the engymns en prolonged incubation,

Welker et al, (1960) studied the lct.i.vity of
serum y—mtyl-s-gluconamlduc during ths course of
& noraal menstrudl cycle, they found slight variations
in the enzyme activity. They report, however, that
the mean Neacetylep-glucosaminidase activity of serum
ross throughout pregnancy. The increase was logarithmic,
the activity being approximately double in sach trimester.

I.ocun:at:l.on of R-acotyl-a-glucosmmmO in
Rplacents and membranes

The histochemical localisation of Neacetylep-
'glucosaminidese in formalin fixed placenta embsdded in
gelatin, as well as in ths nmembranes was studied by
Valker et al. (1950). -

The histochemical reaction depends on the liber-

ation of o=naphthol by the enzyme from ~=naphthyl

N-acetyl-a-glucosanminide and its precipitation in the
section as insoluble &zo0 dye by simultaneous coripling
with diasotised o-aminoaxotolusne (see Pugh & Walker, 1958).



100
1001

ugms phenol liberated- per .sample
S

40
20t
0 /R SR

- Time(hr)

Fig. 9. Effect’of Time of Incubation on Rate of
- Hydrolysis of Phenyl-N- Acetyl-3-Glucosaminide
. . from Pughet al. Biochem. J. 65:466(1957)
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Dacidual cells in the basal and chorionic plates of
the placenta and on the meternal gurface of the chorion
show an Intenss remotion (fig. 10), Amnion chorionie
connective tissus and placental villi are much less

- Getive. These atudies suggest that the ratal contri-
bution to the ensyms is negligible.

Studies on serum Me-acetyles-glucosaminidase in
Wm '

In 10 cut of 15 pregnant women suffering from
moderate or mariced edema Puruya (1966) found that the -
serum HAG sctivity was higher than that sxpected rorx
noraal pregancys On the other hand; he cbserved that
there wers ainimal or no changes in enxzyms Activity
in 7 casos with hypertension in the late stages of preg-
naney. |
) " Howsver, herreported that 2 cases with per-
a@istent hypertension in pregnancy had lower serun NAG
activity than normal, The abnormal highor and lower
levels were found to revert to normal on subsidence
of the symptoms, -
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Fig..10. Localisation- of N-acetyl Bglucosaminidase

- in(i) basal plate of placenta (iiHetal mermbranes
- from Walker etal. J. Clin. Path. 13:353 (1960)
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B. STUDIES ON g GLUCURONIDASE

Poreworg:

The cbservation that urinary excretion of
estriol and pregnanediol glucosidurcnate increases
during pregnancy togsther with the introduction of a
simple colorimstric method for enzyme &asay have
stimulated the interest of McDonald and Odell (1947)
to study the serum glucuronidase activity during the
course of gestation.

QFonigage during normal pregnéncys
McDonald and Odell (1947) found that during

. normal pregnancy, the mean curve for serum glucuronidase
activity showed & downward inclination at its inception
between 6 to 12 weeks (see fig. 11). This fall in
enzyme activity was coincident with that of serum gon-
adotropins. The subsequent rise in serum glucuronidage
parallels that of serum estrogens (Smith and Smith, 1937;
McDonald and Odell, 1947).

T & of s
 In 12 cases of pregnency sssociated with
hypertension, McDonald and Odell (1947) found that the
serum glucuronidase activity was not significantly dif-
ferent from valuss for normal pregnancy. On the other
hand, much higher values were obtained when the preg-
nancy was complicated by pre-eclampsia (rig. 11),
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- F lg-”-Serum glucuronidase activity in micrograms per mi, in
twenty-four cases of pregnancy toxemia. The mean
curve of normal pregnancy is plotted for comparison,
From McDonald and Oddell J.Clin.Endocr. (1947) 7:535



: Jexun glucuronidese L...:t...J: u. nancy s
The findings of McDonald and Odell (1947)
ssen to indicate that the source of serum g glucue
ronidase sctivity during pregnancy is not the gravid
endoastrium or the placenta. This conclusion was
based on glucuronidase assays of varicus organs during
pregnant and non-pregnant states (see fig. 12).




DAINS Y -

. N\
R N En S ..
NMEEATANNIIT N\queubaid uou

I AU AT

jsuswlioads . uor
-109S UP3IPS3T -

WIN1}8UI0pU3

(Jewlou

PjUIP]

7,000

6,000
5,000
4,000

(1biam 1M .Em_o J1ad susbrly

Ayanoy SSEPIUOININ

- Fig.12. Glucuronidase Activity in-Various Tissues

from-data by M¢ Donald & Odell ',;J:.Clin. Endocr. 7:535

(1947)



82

Female patients attending the out patient
clinic snd those admitted to the gynecologlical and
obstetrical wards of the Ottawa General Hospital wers
randonly ascribed to the study. No attespt was made
for the selection of patients although most of them
were from the clinic service.

B. THE SERUM

Pasting blood was collected from the antecubital
vein by venipuncture using a disposable vacutainer
needle and a sealed vacutainer test tube, About 5 mls
@tre collected from each patient. Ths time elapsed
tatwaen the collection of the blood sample and the
incubaticn of the specimen for enzyme &ssay did not
exceed one hour,

Blood was centrifuged at low spead and the
supernatant serum pipstted out and transferred to
another test tube adequately ladbelled.

C. ITHE SNESTRATES
1) Tritiate t 0l 17o N-Acetyl » D 1
was prepared by Dr. D.S. Layne (fig. 13a)
2.65 ngm of the crystils were dissolved in 10 mls
methancl and stored at -10°C. 50 .1 of the prepared



“ NHCOCH3
¥ | |

&tra-1,3,5( 10)-trien-3-ol.-
+ 17-a-YL-2'acetamido- 2'deox
¥ B-D-glucopyranoside |

- Fig13(a) Estradiol 17a.N-acetyl 3-D-glucosaminide

Estral3500tren7aqol-3YLB.D. &
glucosapyranosiduronic  acid o

F ig.lE(b)Estradiol 17d-hydroxy-3 ;mohoglLquronoside
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golution showed &n activity of 4,250 d.p.m. It was
previously known that cne ,gm of the substrate had
318 deDele

2) Tritiated Estradiol 17~~hydroxy 3 monoglucure-

A

was also praepared by Dr. D.8. Layne (fig. 12b).
3,39 mga of the powder wers dissolved in 10 mls
methanol and stored at =10°C, 50,1 of the prepared
solution showed &n activity of 6,000 deDeM.

D. BUSFER SOLUTIGNS
1) 0. M Acqtate Buffer pi 5:0

a) Preparatiocn of 1.0 M godium acetate
(CH,COONS, 3H,0 Mol. wt. 136)
68 gms of sodium acetate Are dissolved in
500 mls of distilled water.

b) Preparation of 0,1 N godius l;cotltu
180 mls of distilled water are added to
20 mls of 1,0 N sodium acetats solution,

¢) Adjusting pH
Under the control of a pH meter, glacial
acetic &ecid 19 Added dropwise to lower the
PH to 5.0.

2) Q.1 M Citrate Puffer PHUR
a) Preparation of 1.0 M sodium citrate

(NayCgHOpe 20,0 Pl 294.10)
147 gms of sodium citrate are dissolved in
500 mls of distilled water.
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solution showed an activity of 4,250 d.p.m. It was
previously known that one ,gm of ths substrate had
318 deDetli
2) Tritiated Eatradiol 17,~hydr 3 monoglucuro-
) ri L 17~hydroxy 3 n

¥as &1s0 prapared by Dr. D.8. Layne (fig. 1%b).
3:39 mgm of the powder were dissolved in 10 mia
methanol and stored at -10°C. 50,1 of the prepared
solution showsd an activity of 6,000 d.p.m.

D. BUFFER BOLUTIONS
1) 81 M Acetate Buffer pi 5.0
&) Preparation of 1.0 M sodium acetate
(cu,coom‘ JE,0 Mol. wt. 136)
68 gus of sodium Scetate are dissoived in
500 mls of distilled water.
b) Preparation of 0.1 N sodium acetate
180 mls of distilled water are added to
~ 20 nls of 1,0 M godium acetate solution.
c) Adjusting pH
Under the control of a pH meter, glacial
&cotic acid is added dropwise to lower the
pH to 5.0,

2) 0.1 M Gitrate Burfer pif 4.2

a) Preparation of 1,0 M sodium citrate
(WAyCgHsOne 2H,0  PeWe 294¢10)
147 gus of sodium citrate are dissolved in
500 mls of distilled water.



8s

b) Preparation of 0.1 M sodium citrate
180 mls of distiiied water are added to
20 mls of 1.0 ¥ sodiunm citrate solution,

c) Preparation of 1.0 M citric uckd
(HyCgHs0, FuW. 192.13)

96 gus of oitric acid are dissolved in
500 mls of distilled water,

d) Preparation of 0,1 N citric acid
180 mls of distilled water are added to
20 mls of 1,0 M citric acid -qlut1m¢

e) Adjusting pH

Under the control of & pH meter 0.1 M
citric acid solution 1s added to 0.1 M
sodium citrate soluticn to lower the pH
to ‘h?g

ACS certified Fisher product used without
further purification.
2) Zolusne 3ointillation Liquids
h gus PPO (2.5 Diphenyloxazols) are dissolved
in one litre of toluene,

Fo QUHER APPARATUS USED
1) Centrifuges
This is obtained from International Equipment




Co. (Bostan, Masgs)s 3
2) Ingubstort |
Fisher Isotemp incubator (Senior Model) is
used bacause of its accurate temperature ragulation..
3) Leng Tavy Elpattes |
A 50 4,1 capascity Lang Levy pipette 1o used
for messuring the substrates. o
4) gentrifuge tubegt |
15 ml pyrex centrifuge tubes fitted with
atoppsrs are used for the incubation media,.
'5) Seintiliation vials & liquid scintillatica

As deseribed in m 1, page 25,
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METHODOLOGY

A, ¢] N ON MEDIA
1) For s glucuronidase essay
Using & 15 ml centrifuge tube, 50 ,ls of
eatradiol 17~ 5 monoglucurcnosids solution are added
to 4.0 mla of acetate buffer pH 5.0, C(ne ml of the
serun to be teated is then added to the above mixture,
The control tube contains 5.0 mls of the acetate buf-

£ar in order to equalize the volumés of the incubation
media,

2) For N-acotyl a glucusaminidase asgly
Using & 15 ml centrifuge tube 50 ,ls of

estradiol 17.~N-scetyl glucosaminide solution are
added to 4.0 mis of citrate buffer pH 4.2. One ml
of the serum to be tested is added to the above mix-
ture, The control tudbe contains 5,0 mlg of the citra-
te bhuffer in order to equalige the volunes of the
incubation media,

B. INGUBATION
The centrifuge tubes Are fitted with stoppers
and kept in an incubator at 37°c for 22 hours.

C. on

At the end of ths incubation period, 5 nls of
bengene are added to each incubation medium and the
mixture is gently but thoroughly shaken. Vigorous
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phaking results in a nilky suspension espeeclally
when dealing with the Neacetyl-s-glucosaminidase asasay.

Di ¢ oN |
Artor adequate shaking the centrifuge tube
are centrifuged at low speed for about 5 minutes. If
the formation of a clear upper bensene phage is pre-
vented by & milky emulsion, the thick eurd is gently
broken up using a glags rod or a dispcadble Pagteur

pipette and centrifugstion is allowed to be repeated.

E. G_RADT TY

One ml of the clear upper benzene phase is
obtalned and transferred to & scintillation vial., Ten
mlg of toluene scintillation liquid ars added to each
gample and the vial closed and well shaken, Coun-
ting is effected in a liquid scintillation systen,

P, CALCULATIRG . HYDRO!
The DP!;! ecount 1s calculated in each sample

after ancountids for quenching, efficiency and the
blank spacimgn.

As ths number of d.p.m. contained in each
subatrate sample is previously iknown, the calculation

of the parcentage hydrolysis is facilitated by apply-
ing the following equation?

dom cgunggg X 100
Total dpm added
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G. CALCULATING AMOUNT OF SUBSTRATE HYDROLYSED

As each ugnm of the prepared radioactive
substrate sivil a fixed number of d.p;m. it 1is pos-
sible to calculate the amount of substrate hydrolysed
after obtaining the d.p.m. count on any sample.



RESULTS

It was noted that serum N-acetyl gluco-
saminidagse activity rises during pregnancy. The
psak of activity is reached towards the end of the
second trimester and is maintained until the end
of gestation, uoh-pregnant women receiving progestogen
therapy do not show any change from the non-pregnant
level (fig.l¥). However, a post menopausal woman
showed a high level of ths enzyme, she was receiving
cortisone therapy for arthritis. |

Early in the experiment a level markedly
higher than that obtained in normal pregnancy pronb-
ted us to study ths problem of placental dysfunction;
this was ths case of a pregnancy complicated by ex-
cessive weight gain, periphsral edema, hypertension
and minimal albuminuria., Treatment with hydrochloro-
thiazide was successful in abating the clinical
signs but did not arfect the serum N-acetyl gluco-
saninidese activity. Up to the present time, the
sera of U8 pregnant and non-pregnant uonnn:hlwa been
examined for glycosidase activity. The results are
represented in a graph form (r15.1$0. In the two
cases of toxeamic pregnancy, there is marked lncgaasa
in N-acetyl glucosaminidase activity. A case of
Wilson's disease (Hepatolenticular degeneration) and

two cases of Diabetes have been studied, the results
do not show any significant change froam normal pregnancy,
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The paugity of our abnormal obstetric
cases is apparent, However, the few cases we have
confirm the hypothesis that a high level of N-acetyle
s~glucosaninidase activity may de lndictti.ﬁ of pla~
cental dysfunction (Himaya & Layne, 1959). Table 18
shows our results in tadle fora excluding the cases
of toxemic pﬁmey which are not sutficient for
statistical analysis. The various clinical conditions
encountersd are outlined but these do not sesm to
affect the serum glycosidase activity.

Comparison between serus glycosidages

The parallel changes in sctivity of K-acetyl-
s=glucuronidese in serum during pregnancy as demons-
trated by Walker ot al. (1950) sugsest that these
ensymes may bo related (see £ig.15). McDonald and
Odel)l report 2 higher laevel of a-glucuronidase in
toxemia of pregnancy (see rig. 1). Using a steroid
substrate, we were able to confira the latter finding
in only one of our two cases {rig.16). In our c&e
periment the results of serua s-~glucuronidase activ-
ity are unpredictadble and do not ssem to bs of prac-
tical value, It is envisaged in the future to inves-
tigate possible avenuss to improve our Nlﬂtl-
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TABLE 18

Veluss for serua N-acetyl-a-glucosaminidese
activity in pregnant and non-pregnant women

Condition B,NAG | Standard) Standard Clinical Conditions
Error Deviation :

Non-Pregnant o.21 40,017 10,044 Oligomenorrhea for investigation; -
Stein-Lsventhal; Menorrhagia; Pro-
gestogen Depdt; Endomstrial hyper-
plasia; stress incontinence.

First Trimester , | | o

Pregnancy 0.38 30,031 240,087 Inevitadble abortion; Ectopic preg-
nancy; threatened abortion; Diabetes
mallitus. _

Second Trimester

Pregnancy 1,01 40,063 40.166 Urinary infection; Fyelonephritis;
‘ Shirodkar's procedure (cerclage).

Third Trimester 6 . .

Pregnmncy . 1,01 40,1 20,316 - Wilson's disease; Urinary infecticn.

*

nmazpo = mean value for ,gas estradiol 17o~N-acetyl g-glucosaminide
hydrolysed by one m’ of serun when incubated at 37°¢ for 22 hours.
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PR O PLACENTAL FUNCTION
. PLANS_FOR FUTURE STUDIES

Serial urinary ostriol estimations have
gained rapid popularity as the accepted paramsters
for fetal health.

'*'castar (1959) found thit following Y
artificially induced fetal death in utero, there
wag a marked reduction in urinary excretion of estrogens,
The sams author further noted that, of the three
urinary estrogens, ostilol disappears more rapidly
than does estrone and estradiol.

The observations of previous investigators
(zondek, 1557; Taylor, 1958) were thus irrefutebly
confirmed by experimental evidence. -

Despite the declining interest in estriol
values (Booth et al., 1965) urinary estrogsn excre-
tion during pregnancy is the universally accepted
llhbrltory inveatigation &t present available for
assessing fetal health. A parallel study using dboth
urinary estriol and serum glycosidase is planned
for the future. |

It is hoped that the time of incubation can
be reduced so that the resultes of the enzyme assay,
would be available in & few hours. Enzymatic and
nistologlc studies of the placentas of the pregnan-
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clies involved in the experiment must be well .
Planned. An accurate record of the infant's health
for the first 2 years of his life will add to the
value of the data collected. |



CONCIUSTONS AND DISCUSSION

The search for a substance which is largely
_or solely manufactured by the placenta and whose
production could be used to messure placental active
ity is atill in its early stages. The increase in
serum N-acetyl glucosaminidase during pregnancy 1is
believed to be due to the producticn of this enzyme
by the placenta, Histochemical localisation of this
glycosidase in the placenta and the liiited Ne-acetyl
a glucosaminidese activity in umbilical vein serun
(Welker et al., 1960) suggest that the fetal con-
tribution is negligidle.

Puruya (1966) found high levels of N-acetyl
giuconlninidllo in pregnancies complicated by edema
and low levels in 2 out of 9 cases with hypertension.
He relates these findings to the possible mction of
this glycosidase on the mucopolysaccharide end hyalu-
ronic acid of the wall of the blood vessels and con-
nective tissues.

We have been able to confirm the presence
of higher N-a&cetyl glucoseaminidase activity in cases
of edema which was part of the pre-eclampsia syndroae.

On the other hand, Browns and Veall (1953)
studied the role of placental ischemia in the etio-
logy of pre-sclampsia, they found that the maternal
Placental blood flow in pre-eclampsia and chronic

hypertension is reduced to about one third of the
normal,
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As 1t 1s usumlly assumed that an increase
in the activity of an ensyme in serum reflects
either an increased production by the tissues or
breakdown of the cells producing it causing a
release of thair enzymatic content, it 1s reasonable
to presume that the incressed serunm K-acetyl gluco-
saminidase activity is & function of cellular breai-
down dus to ischasmia, Extensive research is re-
quired before the validity of this test can be estab-
lished. A protocol which can be used for further
studies is proposed (see Appendices 1 and 2).

As & closing comment cne must admit fhlt
at present our results for a-glucurcniduo asgay
are inconclusive and couplruon with other studies
1s not envisaged (see McDonald and Odell, 1947).
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