CHAPTER III

RESULTS

1. Measurement of prostaglandld gynthesis by radiochromatographic

assay
1.1 o} {the™sesors iion of prostaglandins from
B would separate and give
good resolution ot 5 ;f“i dge B e prostaglandins of the
E and F series, frdf . os -7;; o R W ES rachidonic acid or other

N
5N

microsomal 1ipids mu % Mbefore quantitation of

prostaglandins is gnnJ' enpt, several common solvent

ll— ‘*1‘ :

systems employed in o anined as reported in

Table 1. Stand{iZcemses ncedure of TLC is

referred to Hate:‘“ g at

,,sfmmﬂ oy mm:;::;
TS AN R

resolution of PGE and PGF than system S Although 51 and 52 are

Y
similarly efficient in the separation of PGE from PGF, 51 can separate
the commercially available arachidonic acid into 2 spots (Rf values =

0.77 and 0.86) whereas S, gives only one spot of arachidonic acid {Rf

value = 0,98), Sl also required less time and less expensive solvents



Table 1 Thin-layer chromatography of prostaglandins, arachidonic acid and phospholipids by warious solwent

systems.
Rf value
Solvent system
PGEI PGEE Pﬁrlu PGFZIDI PS | PC
o ethyl acetate : acetone : acetic acid = I\ Bl 0.57| 0.58] 0.35 | 0.34& 0 0
90:10:1
*
S, = organic phase of ethyl acetate 0.7} 0.71| 0.51 | 0.51 0 0
trimethylpentane : acetic acid :
11:5:2:10
ik A
53 = benzene : p-dioxane : acetic acid : ¥ s.71} 0.72] 0.57 | 0.57 - -
acid = B2:14:1:1 and acetone : dichl'methane
‘a -
= 60:40 C
AUYINHNINEIND
*k v
0.3 | 0.45 - -

trimethylpentane : acetic acfld : water = 11:5:

2:10 and acetone : dichloromethane = 60:40
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Rf_ value
Solvent system
Pmi PIEE PGF]J: PGFEu PE | PS5 |- PC
i —
55 = benzene : p~dioxane : acetic acid = e e 0,42 | 0,40 0.31 | 0.31 | - - -

and organic phase of ethyl acetate :

trimethylpentane : benzene : acetic acef

water = 100:30:20z2 102100

& ! s )
The TLC plates were developed twice in the same dicT==—=

ik A
The TLC plates were developed in the first (gSfS e — —_‘l the second solvent in the same dimension

but only ran fnrl-uf the solvent fromt. 1l
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for running the chromatography. Considering all these advantages,

the solvent system 51 was chosen for further experiments with TLC.

The separation by solvent systems 51 and 5, of some
major phospholipids which might be found in the microsome preparation

was also Investigated. All phnuphnlipids tested remained at the

arems (Table 1),

/

1.2 Prostacli=me ~ ﬂ.,h,k--ntrol and IUD uterine

origin of the chromatogram

horns

Fire ‘_-‘ '_‘ i el 1s any different in

the levels of pros“' “gd IUD uterine horns

were carried out. FOmgF PFate o & Mgerus were extracted for

arachidonic acid and acetate (144), Figure B

ghowed that no prostag 2d in both the control

(4.28 mg protein) and 1UD= 5 ein) horns, only the arachidonic

acid band was cjpsl i”: #idonic acid band from

el
—l

LY
the IUD horn wa:‘fV ‘ the control horn which

“E act that the control horn™fs slightly smaller.

. Qlﬂsﬁ between control
L.

PAINIUINANENRL......

enzymes was compared between the control and IUD horns. 3H-arachidonin

may be due to the

and IUD uterinelporns

acid, their precursor, was used as tracer compound, and the procedure
was described in Materials and Methods. In these studies, only rats

at estrus stage were used.

A typical result of the chromatogram and radicactive dis-
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chromatographed. In this experiment the homogenates were
not incubated with 3H-arach1dnnin acid and external
standards were not added to the samples. The solvent

system employed for chromatography was solvent system 51.
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tribution 1s shown in Figure 9 A and B respectively. Only 29-30%
and 21-26% of the label appeared in PGE and PGF respectively. The
amount of incorporation into both compounds by the enzyme from edither
the control and IUD horns are comparatively the same. Figure 9 B

also shows that the spot corresponded to arachidonic acid is the

n 51).

4 no significant different

d
the control and IUD horns

in prostaglandin s = 7 \
or that the unobsesec. ., e\ N

enzyme) would alsdfory u/ »
based primarily ongfndl gthofiiid % ‘Mekeguchi and Sih for

bovine seminal wvesiglc '

." i

2. Measurement of prostife———i= Fetase by spectrophotometric

JW

slower mobile spot {Rf va

To conm

he detection limit of
the radiochromatgs . activity (the oxygenase

assay

L~ -7
-
hY

2.1 Op s_?_‘_‘ is ftaic assay conditions for

l Jh‘

pros aﬁlandin synthetsse from rat uterus

A UHANUNINYADT. e
gure 10 t.hat the present vsteSnproduces duct with maximum
R LD RHELTE YTV —
cntaljrze& product. The characteristic maximum absorption of the
compound and dependency on enzyme catalysis for its formation corre-
sponded to the reported substrate-dependent formation of adrenochrome
by prostaglandin synthetase (141), Thus, it is evident that the uterine

microsome fraction contains the enzyme of interest. The optimum assay

condition for this enzyme complex in rat uterus was then calibrated in



Figure 9 Thin-layer radiochromatogram of labeled prostaglandins E
and F formed by crude prostaglandin synthetase prepared

from control (A—4) and IUD (+e—=.) uteri of estrus rat.

The crude enggMR|f'y ug protein) was incubated

\ L
with 1 mM BB—ar Ao oo JGHE - 105 dpm) at 3?“!2 for

5 min in 500

ing 5 mM each g 7-// .

nffer, pH 8.2, contain-

wreduced glutathione.
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ﬁfar, pm ymﬁm 1ﬁ Tween

activity was measured after
the reaction mixture was incubated for 5 min., The
absorbancy was scanned automatically in a Beckman 25

Spectrophotometer.
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activity was measured as described in Materials and

Methods. This experiment was repeated twice.
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normal rat at estrus stage.

2.1.1 The effect of preincubation time

The incubation mixture was preincubated for

at 480 nm was then measured imme-

various times and the absorban
diately. Figure 12 uhn?af -:. gof 3 separate experiments. It
could be seen that pr~b'r;, ; 7 *‘;"”- ent enzyme preparations

gave varying saturazfﬁﬂf'“ﬂ‘ affl mdmae cbheorption. In most of the
later experiments s 7/  ‘} w™moter 5 min of preincubation
was close to thatf i . ‘,- Pt 1 edWds, there is evidence that
7 ﬂynuly self-deactivated
during the oxygens Y ¥ ;ﬁ-ff-, f" 439) . Therefore, preincu-
re adding arachidonic acid

bation of the enz m

to the assay system

arachidonic acid after pre-

incubation wo r;i 7777777 If-{ at 480 nm (Figure 13),

An example from 1J!3¥E'vu : it thi) absorption increased

from 0.189:0.036 togQuB21:0.070. ghe absorbancy before the addition

ot emcriafil 14 %ﬂ»ﬂﬂﬁzﬂ AaIip)
q W’TﬁN

The incubation time of the enzyme solution was

also varied. Figure 14 showed that there is a time-dependent formation
of adrenochrome during the first 10 min of incubation after which satu-

ration is reached. All subsequent assays were then incubated for 12

min.
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cruda e lﬂ{l ug protein) was preincubated

ﬂ"u‘HQ%H W@wiﬂlqﬁ § 50 mM Tris.HCl-2%

n 40 buffer, HH B.2, at 25 C for vari u periods.
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preincubation time without the addition of exogenous
arachidonic acid. The vertical bar represents the

mean * S.E.M. from 3 experiments.
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of 50 mM Tris-HCl-2% Tween 40
buffer, pH 8.2. The assay condition was described in
Materials and Methods. Each bar represents the meantS.E.M.

from 3 experiments.



40

2.1.3 The effect of preincubation temperature

The effect of preincubation temperature on the
enzyme activity was also studied. The result is shown in Figure 15.
Figure 15 showed that the rate of reaction increased as a function of

preincubation temperature. A slight delay (about 1 min) of adrenochrome

formation was observed at 1 B 1P FF drures {ESGC liﬂﬂ 4°c). The rate
at 4°C was slowest and g é maximum at 12 min, The

» o —— -derate and reached the same
maximum, The rate ol o SEI ™S than 15°C. The reaction
rate at 37°C was LA AN Pigteau within 2 min. Since
the assay mixture diéf ry ‘ ¥ 0 SN o, témperature when arachi-~
donic acid was added ¥ g , this may indicate that
this enzyme operated | 7 Bserved result may also due
to the liberate of lar am j,- — : chif®®nic acid by phospholipase AZ

during preincubation at 37"

fntained in an air-
s he flomg tat controlled equipment,

J

the preincubation te?perature at 25° C was chosen. The incubation

temperature ﬂaﬂﬂ Qxﬁaﬁ;ﬂ?ﬂ E}ﬂ ﬂﬁ'maregulated spectro-

photometer idflhot available :L% this labnratu:y, the study on the effect

g “ﬂ’ﬁ‘lﬂ‘ﬁﬂﬁﬂé"wfﬂl") NYINY

2.1.4 The effect of protein concentration

conditioned room

Figure 16 showed that the activity of the enzyme
increased with protein concentration up to at least 300 ug microsomal
protein. Maximum activity was observed at 300-500 pg protein. A notie-
able decreased in the enzyme activity was always observed in every set of

experiment if the protein concentration was increased to 600 ug or more.
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100 ug protein of crude enzyme and 6.0 mM of L-epinephrine

was carried out at various temperatures for 5 min prior to

the addition of arachidonic acid (0.5 mM) in 1.5 ml of

50 oM Tris.HC1-2% Tween 40 buffer, pH 8.2. Enzyme activity
was measured for 12 min as described in Materials and

Methods. This experiment was done thrice.
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Figure 16 C ty as a function of

enzyme| fonce

A ugm'n BTN o

was preincuhated with I.-epinephrine (6.0 mM) at

q WIN9N t’gﬁ YIS T =

of 50 mM Tris-HC1-2% Tween 40 buffer,
pH 8.2. Enzyme activity was measured as described in
Materials and Methods. The vertical bar represents the
mean * 5.E.M. from 3 experiments.

V = initial velocity.
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2.1.5 The effect of detergent

Prostaglandin synthetase is a membrane protein.
In many cases, it was found to be embedded in the endoplasmic
reticulum (31,33,145). This enzyme may be partially solubilized with

non-ionic detergents such as ¢ tecum, Tween 40, Tween 20, TritonX-100

(31,33,146). Rome and Landi\R¥ flrted that 27 Tween 40 could

golubilize 80-90% of v weep vesicular gland. This

study wanted to exag 2 same effect on the

enzyme in rat ute F ST & using 0.03% and 2%

Tween 40 showed ould increase the

enzyme activity al ly demonstrated that,
at 2 percent, Twee B and amount of adrenc-—
chrome formed by the alexperiments of this study
has adopted the method® e puchi and Sih (138) in which

therefore 2% Tween 40

0.03% cutscum was added ) i s tem,

‘I The e CeepespecpLinephril® concentration

ﬂ u ﬁ%ﬂlwﬂslwm‘ﬁfiq of the enzyme

increased wif}] increased amount of L-epinephrine and became saturated

= AR TU AN IR o >

assay sfstem.

2,1.7 The effect of arachidonic acid concentration

The formation of adrenochrome as catalysed by
prostaglandin synthetase is an arachidonic acid dependent reaction

(141). To see if the amount of added arachidonic acid has any effect
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The assay ‘Jnixture :antained 100 p crude enzyme

q W‘Tﬁ“ﬁﬂﬁfﬁ & Wﬂﬂ%ﬂﬂ‘ﬂﬂ s

presence of 6.0 mM L-epinephrine and 0.5 mM arachidonic
acid in 0.5 ml of 50 mM Tris.HCl buffer, pH 8.2,
Absorbancy at 480 mm was recorded at 25°C for 12 min.

This experiment was repeated 4 times.
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Figure 10 The effect of arachidonic .q.;j:i
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Emmmrvhe rate of prostaglandin synthetase which

are shown in the Michaelig-Me Wen plo A) and Lin mirar—iiutk plot (B).
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microsomal protein Wﬁ. ﬂmmﬁmefﬁ Tris <HC1-2% Tween 40 buffer,

p 8.2. Enzyme activi ty was measured as described in Materials and Methods. This experiment

was repeated twice.

V = initial velocity.
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on the rate of catalysis, the enzyme activity was assayed with vary-
ing amounts of arachidonic acid. Figure 19 showed a typical
Michaelis-Menten kinetic. The reaction rate increased linearly with

low concentration of arachidonic acid, slowly falled off at increasing

concentration and approached a constant rate after 15.0 yM of arachi-

donic acid is reached. Theig ’ 4 gencentration of arachidonic acid

A\l
W _ﬂsa}r system.

wot, the calculated Km for

exceeding 15.0 uM co

arachidonic acid g 84 mmole of adrenochrome

per min respecti; asult was transformed
into Lineweaver-F Slilar values of K_and

" (1.05 uM and per min respectively).

ained, an optimum condi-

tion for the assay off " synthetase in rat uterus is

established as follows gt exceeding 300 ug, L-

epinephrine 6,0% ;;» —1‘:‘ Tween 40, preincubation

time 5 min, prei_ bat cubation time 12 min.

q'IHany imatigntgrs have d nstrated tha& insertion of an
» QAR FHUMIIRE LAY i o
(126, 1 7,134). In this study, attempts were made to see if IUD also
enhance prostaglandin synthetase activity. Figure 20 (A,B,C,D) shows
the enzyme activity in the control and IUD horns at various stages of
the estrous cycle. Biological variation between rats was obvious.
In most animals, the enzyme activity in the IUD horn is, if not equal,

almost always higher than that of the control horn. It is also



Figure 20 The activity of cilies "ihetase in the

—

control (0--0) =S stage of the

estrous cycle,

The enz at various

concentrations oy g protein).

The activity was JF :'Fl-rnma formed per

min. The rat numbe rner of each graph.
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apparent that the measurable enzyme activity did not increase in
response to increasing protein concentration. The specific activity
of the enzyme as shown in Figure 21 (A,B,C,D) decreased when higher
amount of microsome is used. At 200 pg protein, no significant
diffgrenne of the specific activity was observed at all stages.

@tivity of prostaglandin synthetase

Histograms showing the npecifka'
in the two horns were p{-f;A \ e 22. At 50 pg protein, the
enzyme activity in h.-.,,f?kl _uﬁsaém horns was least during
estrus, At other sW@EE. Strus 1 and 2, the
enzyme activity 13 pattern is observed

when higher amount™o € #fi & & foue
2.3 Factorsgin /

Many prj

=" assay.
% synthetase

ndicated that the prosta-

glandin synthetase act! d With increasing amount of

microsome., Such inhik pspecifically from proteins

present in the “.‘i"’ e '_“"’:‘ from some specific
i |

component(s). To *;' sevgilal experiments were
! AF

performed. Only cnnimal rats were d in those experiments.

auﬂQMﬂﬂiwswns
AR DN TR A

1nhibit) the enzyme activity, BSA (100-600 pg) was added to a fixed

amount of microsome (100 pg) and the enzyme activity was measured.
An inhibitory effect by BSA was observed (Figure 23). One hundred to
three hundreds yg and 400-600 pg of BSA depressed the enzyme at min 2

by 61.1% and 88.9%, respectively. At the end of incubation (min 2),



Figure 22 Histograms of de prostaglandin

synthetase in horns of the

rats during tk

Fifty ug j R 27' EH‘-F ein (B) and 200 ug
protein protein (C = zy8 were used in the

assay. Each bar repre g * S,E.M. from 6 experi-

ments. This|g

% = P<0.05 %l B est .
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the inhibition was less (19.7% and 34.8%, respectively) but was still

significant,

2,3.2 The effect of cytosolic factors

Many investigators have shown that some cytosolic

factors from rat liver (1-‘-’1}'} bit kidney medulla (148) and human

\¥ ):losynt‘hesis by either activate

uterus (149) could cha
or inhibit the procges uis 5 mmemmsa examined such effect in

rat uterus., Cytost ﬂ’ -, B g centrifugation of the

rat's uterine homogey snat 100,000 x g; the result-

ing supernatant was gtion (CF)". The influence

of CF was tested#® ‘enzyme in the presence of

varying amount of W in Figure 24, It is

clearly shown that,#a o1 ey e CF at 100 pg stimulated
prostaglandin nynthet se ﬁr’f"m', incubation (Figure 244).
However, the kinetic.m i on mixtures was the same.
It is mtmrth I.;"J onvert L-epinephrine

into adrenochrome||| The™® #Tsion s comparatively equal

AF

to the increased acplylty observed gp the presence of 100 ug CF. When

e cr vas () Y DRI IRBIIR Fovs et evperacan

was added to the enzyme mixtygre, the acgivity to proguce adrenochrome
QWH«M AN A
st:l.mul te prostaglandin synthetase in the microsome and exhibited the

same kinetic pattern as those of the control or the control with CF.

When higher amount of the CF was added to the
microsome, the kinetic pattern changed remarkably (Figure 24B, C and

D). At 300 ug, the CF depressed the enzyme activity during the first
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reaction mixturc it 7/ =y S e (100 ug protein),
the cytosol frag o L-epinephrine
(6.0 mM) and ara . %‘x1-5 ml of 50 mM
Tris+HC1-2% Tween ME-s‘experiment was
repeated 3 tima; ‘

C = the cruda enZ

CFx = t 1;;{ : 3 % protein
CF = su) .‘.-.“-Lr i | fraction which

x,b

'ﬂ. P = ¥

Figure
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4 min but became higher after 5 min (Figure 24B). Maximum stimulation
(44 .B%) was observed after 8 min, The extent of stimulation was
always higher than that of the CF alone. At very high protein con-
centrations (600 and 1000 ug), the CF dramatically inhibited the

enzyme activity (Figure 24C and D). Boiling of the fraction would

abolish such inhibitory efige uld stimulate the enzyme instead.

| ‘ j
V&he nature of the effector(s)

in the CF, the CF y elris-HC1 buffer, pH 8.2,

at 4°C for 24 h a fer = 100 : 1. The

macromolecular f then collected and

added to the micrg d that at the amounts

of CF used, both t} uld always significantly

inhibit the enzyme aj Wf study. With 300 ug CF,

the degree of inhibitd tH® CF was dialysed against
buffer. The enzyme m:t pve background when higher

amount of CF (62 ;—-; dialysis of these CF
| &

gave contrasting :"r ¢

of dialysed CF was igher than I:hat of the

=:civity in the presencas

ialysed CF when 600 ug

CF was usedﬂwfa mﬂ% Wﬁ{rﬁﬁw was the same.

2 3.3 The effe,d't of indomeshacin e/

AAIAN

inhibitor. The inhibitory effect of 5, 10 and 20 mM of indomethacin

Indmthacin iz a prustnglandin synthetase

on the enzyme activity is shown in Figure 26. It clearly indicates
that 5, 10 and 20 mM of indomethacin inhibited this enzyme about 22,

44 and B8%, respectively. I5ﬁ of indomethacin was 11.3 mM.
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Figure 25 Effect of (e & (undialysed and dialysed)

on adrenochrozi Tevuzyl at uterus (n=2),

. ” A¥ J4 the crude enzyme
(100 uJ]-rute 17 Lnout ::- cytosol fraction
(300, 600 gzad 1000 ug p¥tein), L-epinephrine (6.0 mM) and

ﬂ%&ﬂl&lm | 230010 0 TR

Twaen 40 buffer,

’QW’I Mﬂﬁ&ﬂﬁd’lﬁﬂﬂ’lﬂﬂ

x the undialysed cytosol fraction containing x ug

protein

CFx = the dialysed cytosol fraction containing x ug

protein
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indomethacin (5, 10, 20 mM) at 25 °C for 5 min before the
addition of arachidonic acid (0.5 mM) in 1.5 ml of 50 mM
Tris«HC1-2% Tween 40 buffer, pH 8.2. The enzyme activity
was measured as described in Materials and Methods. This

experiments was repeated twice.
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