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CHAPTIR III

RESULTS

1. Total protein and inorganic phosphate c acentration in the uterine

fluid

Determination of.tohel protein and inorgenic phogphate (Pi) concen-
tration in pooled utemine f1udd collected from many groups of rats used in
the following éXperiments confirmed the prévious results (3) that the
concentration of total protein and Pi in the IUD fluid were significantly
increased Z and 15-fold rGSpectiveLj of thogse in control fluid (Table 1).

The average concentration of Pi i4 the TUD £1luwid was 40.33 « 22,14 mg/il.

2. Number of normal fetuses observed i control pregnent rats

EN

The pregnohey of recipient rats were induced as described under
iethods' and the number of normal fetuses in Poth uteri were observed on

day 15 of pregnancys.

T4 was shown in Table @, that the number of normal fetuses in
each uteri variéd from 3+47 withimore or less similar laverage number of

Lo63+1.22 in the left uterus and 5,00+1,12 in the right uterus.

3. Bioagsay for the contraceptive activity of inorganic phosphate

Since Yaovapolkul (3) found that the Fluid-volume of the IUD-bear-
ing horn increaged from 0.3 ml to 0.5 ml witﬁ the net increase of about

0.2 ml during oestrus stage, in this experiment therefore, 2.2 ml



Table 1. Concentration of total protein and inorgnic phosphate in the uterine fluid

Group No. (4 rats/group Total” protein Inorgnic phosphate

~. {(ug/ut) (ug/mi)
control fluid 1 9 320 3.00
il 1 \ 250 2.00
o 3 180 . 2.00
v 10 2.36 3.50
Y - 15 PREYY / 250
¥ 36 213 4.00
v 14 2.85 2.50
T 17 1:45 2.00

Mean ¢ SD. 2.47+0.64 2.69+0.70
IUD fluid ! 9 11.20 ) 80.00
I 15 9.40 16.50
m 10 "o 1 10.00 30.00
A4 10 10.00 58.50
¥ 10 12.60 2200
] = " 9.00 35.00

Mean ¢ SD. 1037+1.21 40.332 2214




Table 2. Number of fetuses in control pregnant

rats( day 15 of pregnancy ).

Rat No. No. o% normal fetuses,
L R
1 ) 7
2 3 5
3 5 3
4 6 ?' 5
5 4 5
6 4 5
7 6 6
8 3 4
Mean SD. 4 .63 1122 5,00 112
6755

15
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of testing fluid was injected into the right uterus and the same volume
of proper control fluid into the left uterus of the same recipient rat.
The concentration of Pi in phosphate buffer was 200 ug P/nl so that the
anount of Pi admini, vered per horn was 40 mg which was in the range

observed in the IUD-bearing horn as previours.y shown in Table 1,

3.1 Iffect of dnmorganic phosphate injected on various days of

pragnancy

The contracgptive leffecet of 40 ug Pi injected into the right
uterus of the recipient gate on day 1-6 of pregnancy conpering to control
fluid was evidenced by the decrease dn number of normal fetuses in the
right uterus to zero whén injected on day 5 and 6 of pregnancy (Iig. 3).

On this critical day 5, the nuutber of mnornal fetuses in the left uterus
also decreased to zero, Cn 8ay 6 of pregnancy the nunber of normal fetuses
decreased to zero insthe-right-uterus—end-oppreathcd zero in the left con-
trol horn, During day 1.-4 of pregnancy, injection of Pi resulted in a
signilicant decrease (P<(.05) in the, number of normal fetuses in the

right uterus ag' conpared Lo the left uterus-receiving 0,2 nl of control
uterine fluid. DBesides, abnormally small fcetuses were found in both uteri
and remaflebly inéreased on day 5 and 6 of pregnencys. ' In-addition,; the
presence of clotting nateriaes in both uteri of the recipicnt rats recieving
Pi on day 5 and 6 of pregnancy also supported the harmful effect of Pi on
fetal developrmeant, Thesc results, firstly showed that Pi exerted the

most drastic contraceptive effect when injected on day 5 of pregnancy and
secondly, Pi injected in the right uterus of day 5 pregnant rats also

dininished the number of normal fetuses to nil in the left ufsrus.
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3.2 Lffect of inorganic phosphate at different concentrations

in combination with control fluid

Since, the previous results of Pi concentration in IUD fluid
shoved vide varistion between 20-80 wg/irl (Table 1) and injection of P,
on day 5 of pregnancy resulted in the mesbiarastic effect on fetal develop-
nent, we decided to vary the Pi concentration from 20 ng/0,2 ml to 60 g/
0.2 ml (100-300 ug/nl) 40" test the contraceptive effect in the right uterus
of the recipient ratse’ Day £ and 5 of pregnancy wcere chosen to compare
between the critical day and the othcrs. COontrol uterine fluid of the
samc volue was injected gimultancously in the left uterus, I'ig, 4
ceieenbration of Pi used the nunber of
noriiel fetuses in the right uterus receiving Pi on day 5 of pregnancy
decreased to zero., Transfer eifect of Pi into the left ulterus was also
observed by the significantly decrease in nuwaber of normal fetuses at
every concentrationiof Pi on day 5 comparing to day 4 of pregnancy. Varia-
tion of P, concentra®ion from 100--300 jg/ml had no correlation with the
nunber of normal fetuses~in b oth uteri uhesher, injeeted on day 4 or 5 of
pregnancy. Abnornally small fetuscs and clotting waterials were found in
both uteriron dey4 and-hebdicably increased when Piwas injected on day 5
of pregnancy. Hovever, con day 4 of pregnancy, clotting naterials in both
uteri were found only whon Pi 60 mg/0,2 nl (306 ug/ml) woes injected into
the right uterus., Thesce results showed that injection of Pi on day 5 of
pregnancy excrted the stronger contraceptive cifect on fetal development

and this effect can be transferred into the left control horn,
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3.7 [ffect of inorganic phosphate at different concentrations

in_combination with normal saline

In thonext experiment, control uterine fluid injccted into
the left uterts wes “>placed by physiological saline solutiony in order
to prove if Pi alone or Pi conbined withesome biomolecules in the uterine
fluid medicte the contraceptive activity. Iig, 5 showed that various
concentrations of Pi injeeted into the right uterus comparing’to normal
galine in the left utesus resulted in dininighing the number of normal
fotuses to nil in bothauteri at every concentrations of Pi when the
injection was carried olit oy day 5 ef pregnancy, In addition, abnornally
small Fetuses and clotting materials were also found in both uteri on this
critical day 5. On the contrawy, injeeticn on day 2 ond 4 of pregnancy
sllowed normal fetal dcvelopment in both uteri, although the number of
noriual fetgses in the right uterus decrcasedusignificantly from the left
uterus at cvery conceatration ol Pi' flo traces of . bnormal fetuses or
clotting naterials were observed when the administration wos perforned
on day 2 and 4 of pregnaincy. All the résults strongly suggested that
injection of Pi ontday 5Uof pregnancy incoabinatiofi with control uterine
fluid or norial saline caused the most draéstic contraceptive effect in

both uteri.

4

5S¢4 Effect of injection on day critical

It was of interest thercfore, to test the effect of normal
saline or contr01 uterine fluid injected into both uteri on this critical

day 5. The results in Fig. 6 showsd that normal saline and control fluid
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injected into both uteri exerted a milder contraceptive effcct as evidenced
by a decreave in nunber of the normal fetuscs in both uteri and the pre-
sence of many abnormally smell fetuses, but none of the clotting material
was observed. Injection of' 40 ug P, (200 ug P/ml) into the }ight uterus

4-1~

in combinafion with normal saline in the lef't uterus showed more haraful
effect on fetal developuent as indicated by the decrease of normal fetuses
in the right uterus to pideend the presence.of ciotting materials in both
uteri. then 40 ug Pgstras adninistered into the right uterus in combina-
tion with control utering fluid in the left uterus, none of the normal
fetuses was observed. dn both uteri, Tﬁis extensive contraceptive effect
was also observed when 40 ug Pi premixed with control fluid was injected
into the right uterus im combineticn with merely uterine fluid in the
loft, 411 these results/implied that freec P, (40 mg/0.2 ml) injected
into the right uterus could migrate into the left uterus and exerted its
contaceptive effoel, In addition, binding of Pi to some biomolecules
in the uterine fluidrwizht intensify the effect ol Pi.

4

4. Irenslocetion of PSP, in vive

In order to prove that free Pi injected into tke right uterus
of the mecipient rats on day/ 5 of priegnancy can be translocated into the
left uterus and consequently exerted sinilar antifertility action,
32Palabelled Pi (0,32 1.Bg) in 0.2 nl 0,006 M cold phosphate buffer pil. 7,0
was injected into the right utcrus. The same avnount of control [luid was
injected into the lcft uterus. At verious times after injection the rat
was sacrificed, and the radiocctive 32P--Pi was determined in both right

and left uteri, which were divided into 3 fraction : fraction 1, flushing
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(F.); fraction 2, endometrial homogenate (F,); fraction 3, muscular cells

).

1

homogenate (F

3

The results from "long term' study (1 hr-4 days) were shown in

3

Fig. 7. The .adioar "vity of 2PePi was detected in both uteri, but the

per cent recovery was very low (0.005-0,15%). The time after injection

wvas therefore reduced to 5-20 min as siown 1ln Fig, &, The results from

32P---P can

both "long term" and ''shert term" study in wivo indicated the -P.

migrate from the right uterus into the left uterus when the injection was

perlormed on day 5 of prggnancy,  The high recovery of radioactivity in

the right uterus firgtly appearcd in F., flushing, at 5 min ond consequent-

19
1y shifted to Fg, the amiseular tigsue of the right uterus in 10 min,
19 F2 and Fq of the left uterus 5 min after

injection, Iowever, the radicactiviiy mas accumulated wostly in F3

The 32P~Pi vas delscted in I

which was the 1uscular fraction of 'oth uteri, which implied that the
mscular tissue wight be the target tissue for the contraceptive activity
of Pi. The radiocctivity of 32P=Pi was also found significantly (>0.1%)

in ¥,, the endmetrizl_ lining, which also stayed quite nermanently as in

2}

F Fig. 9 shigwed ‘the kinctics of 32P~Pi trenslocation in vivo. 32P~Pi

3°
injected intraluminelly into the right uterus was translocated from the
flushingainto the miscular Jtissue of /the right uterus yithin 10 min after
injection. In the left uteru;, maximal recovery (0.,24) was also found in
FB’ the smooth muscle at, 10 min after injection. The radicactivity of
32P~Pi incoperated into this smooth muscle fraction seemcd to be retained
at constant level (aprnroximately 0,05%) until 4 days after injection.

The incorporation of 32P—P. was also checked in several other tissues
i

such as adipose tissue, ovary, liver, snd in blood circulation but



Figure 7, Long term study on ' ion-o ‘«Pi injected into

the right uter

BZP~-P. / An s L M cold phosphate
: =P \N\
buffer, pH. 7.0 uad ihjoc { ? e right uterus the same
; \ W\
0.2 ml niro \ eft rus of the
recipeint rats on ds g *cy nats were sacrificed
at various times after i o nd the incorporation of
2P~=Pi into f l t uterus was
\ Lhods”

'l
Iu

determined in J f F )

1ntr'v Iuminal flushlng

ﬂum%mwmm
SRS MInena

time interval.



25

-—
£ o
S o
Q

2

[o]
i

% Recovery of

474
]
oo e
“n -t it

AMIANIAYNIINAY



Figure 8,
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the radioactivity observed was all lower than 0.,1%. From these results

it can be concluded that 32P--Pi injected on day 5 of pregnancy could be
translocated from the right uterus into the left uterus and its incorpora-
tion was directly intc the uterine muscular tissue (FB)' Constantly
accumulation ¢l rad.cuctivity in F3 in both "short term" and "long term®
experiments suggested that the targel #issuc for the antifertility effect

of Pi might be the uterine smooth muscle.

5. Binding of 32P_Ri withgtterine| fluid in vitro

~

5.1 Gel filtra#iof gubfile 6f sole *“P-p. and uterine fluid

Then sole 32PmPi or uterine fluid (control or IUD fluid)
was eluted on a Sephadex G=25 colwm ae described in filethods", Fig. 10
a and b siowed that both the control fluid and IUD fluid wvere cluted at
the void volumn of che colwin, fraction 6-8 and 32PmPi was eluted in

fractions 10-16,

5.2 Binding of 32P=-Pi at various times) of incubation

The | binding’ of 32PmPi uith ‘sone biomoiecules in the uterus
fluid at 37°C was shown in Fig. 10 ¢ and d. In the prescnce of uterine
fluid, &ithen contizol or TUD fluid, 32P~Pi obviously bound to some biomo--
lecules and foramed another peak (fraction 8, FS) which vas eluted before
Pi alonc. This binding could be observed even at O hr of incubation and
it increascd with incubation tine. Heating of the mixture of 32P—Pi and
uterdne f1uid at 100°C for 10 nin (Fige. 10 e and f) did not prohibit tlis
Winding so that the chromatogram were morc or less similar to those of

0 hr incubation (Fige, 10 ¢ and d). These results showed that both control
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and TUD fluid contained sowe biomoleculegs that biand to 32P~Pi and this

component hLas the 1,1/, about 5,000 dalton,
503 deplacenept of uterine fluid with BSA

"Men % same zmount of BSA (1.25 mg protein) was used instead
of uterine fluid, TFig. 11 b showed thalsthere was no other neak at fraction
3, indicating that the binding bctween 32P“ii and the couponent in uterine

fluid was rather specifie; .tnce such binding was not observed with 25A,.

5.4 Chasing with cold Pi

LN 2
In order bc gtudy thenature of binding boetween 3'P==-Pi and
4 e 32
the component in the uterne fiuid (Fi)," the wmixturc of ~ PmPi already
Q

incubated wilh control oz IUD-fluid at 37OC, 1 hr wos chased with cold Pi

at 1,000 fold concentration higher than that of‘BZPaPi and further incubated
at 37°C for another hour. Figz. 12 o and b (r-=-#) shoued that the incor--
peration of 32? in Fé vas decreased te 43 % and 37 ¢ respectively.
Preincubation of utemne fluld with excess smount of cold Pi for 1 hr,

before adding 32P~Pi also, resulted sinwdecreasing-ineorporation of 32? in

F8 to 24 %% and @5 > as shown in Fig. 12 a and b (=---=), These results

denonstratedatiat 32P-=-Pi bound teo Fgcould+be reschanged with cold Pi and

3

vice versa, It also implied that covalent binding should not exist

betireen Pi and the biomolecule(s) in FS'

5.5 0DS--zel electropnoresis

Pooled fractions 1-9 and 10-15 from Scrhadex G-25 column

with the radioactivity range of 3,000-30,000 cpa were lyophilized and
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Figure 12, Exchangze of P1° bound to the component ir uterine fluid.
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subjected to SDS gel electrophoresis, Iach gel vas longitudinally cut,

" one half w=s staincd foi protein and the other half was fractionated ana
counted foi radioactivity as shown in Fig, 13. The gcl clectrophoretic
profiles in Fig. 13 a, b, c and d showed that all the proteins in both
control and TUD Fluvid was eluted from Sephadex G-25 column in the fractions
1-9 and there was no more in the fractiong 10-15, There were four dominant
pecks of protein nwnbering Ly LT, IIT and I in the order of decreasing

MWy, Protein IV (P,) whichstad the lowest M., among the four was increased

4)

significontly in the IUD #luid. However, there was no incorporation of

32

P in P4 or any othen peaks as gvidenced by the low radicactivity, less
than 100 cpa in every gel fracticn.  This results also confirmed that

32 o 4 F oy s . . ;
“PuPi found associated with “thie nacrarolecule(s) distributed in fractions

1-9 of the Sephadex G-25 eolumn should net be phosphorelated covalently

to any proteins,



figure 13,

3

e . . 2 .
The SDS-gel electrophorstic profiles of the “"P-associated

fracticns elulted from Sephadex’ G-25 column.

Pooled fraetions.1-9 and 10--15.ghowing 32P incor-
peration 3,000«30,060 cpm obtained from the application of
32PwPi and uterinesT lid mixture as shown in I'ig., 10 ¢ and
d wefe lyophilized and subjected to the SDS gel electro-
phoresis as degeribed in UlMethoeds'. The protein profilés
(+==-=) were scouncd 2t 650 nm, and the radioactivity in

each Irachion of the pame gel was presented in a continuous

line (——)

a. pooled ieactions 1--9 obtained from the.mixture of
2
?%p.p, and.control fluid (total cpm 22,4 x 10%)
b, pooled fragtions.l0-15 obtained, from, the mixture of

32PuPi and “€ontrol fluid (total &pm = 3.4 'x 103)

.Com pooled fractionsg«l=9 obtained-from,the, mixtureqsof

PP, and 10D fluid (total cpm = 3.4 % 10%4)

de. pooled fractions 10-15 obtained from the mixture of

32P-—P_.L and IUD fluid (Total cpm = 8.3 x 103),
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