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;’IN-VI%TRO‘VVEFLFECTTOF SOME, FREE ESTROGENS oR.-; -
'ESTROGEN PRECURSORS ON COLLAGENASE =~
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A,‘ TI'VITY OF UTERINE CERVIX

VST RN el iyt o Fripe niiev

S}hoptns In order to determme whether or not collagenase actlvxty of the uterme cervui can be 1nﬂuenced by estrone ,
o (Ey), estradiol ( E - quiili e sulfate (DHA S) or dehydroeplandrosterone (DHA) ’
the ‘collagenase ‘activity of extract of connectivé tissue of the uterine ¢ervix treated with' the drug was measuréd. ‘A
'+ higher collagenase activity was obtained in pregnant cervix than:that in nonpregnant.ores: There was no differencein -
+; collagenase activity/of the uterinecervix extract between controliand drug(b X-10.5M of E,, Ey;.Es, equilin, DHA-S.
or DHA) groups both in nonpregnant anql Jpregnant conditions. :

After preincubation of tissue thh 1 x 10-5M of the said drug at 37°C for 60 mm the enzyme act1v1ty of the super
natant was also investigated. In nonpregnant conditions, no mcrease in enzyme actlvlty ‘was observed On the con-
trary, significant increase of the enzyme activity was obtained inf pregnant uterine cervix prelncubated with equlhn

i1 Eg; DHA-S or DHA comparing to that'of control group. However; these increase was not observed by E; or Ep:

Elastase activity was ‘also investigated on cervical connective tissu¢:both jnimonpregnant-and pregnant.conditions.

_ . No increase in.elastase activity w
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Introductlon '

The stlmulatmg effect ‘of intraveneous ad:
ministration -of conjugated ' estrogens: (CE)- or
DHA:S on the ripening of the: pregnant uterine
cervix have been reported by many irvestiga-
tors:’ The ‘detailed mechanism of ripening by
these drugs; however, have not been explained
sufficiently. This -paper describes ‘the'collage-
nase: actmty which is thought to be-a key factor
in ripening mechanism of the uterine cervix, in
nonpregnant and pregnant conditions;: and the
effect of estrogens or estrogen precursors on the

enzymet :

"M‘ztte:x'iinls"ant‘i&'Methods' o

Reagents. it e

‘N=carbobenzoxy- glycyl prolyl glycyl glycyl +
prolyl:alanine :(CBZ-GPGGPA), :glycyl-prolyl-

alanine (GPA) and bovine serum: albumin,

bovine pancreas trypsin(type-HI); estrone; -

estradiol, ; estriol; ‘- equilin, - ‘succinyl:(L-Ala-
nine)s-p-nitroanilide were:;purchased *‘from
Fluka AG, Chemische Fabrik, Switzerland and
Sigma Chemical ‘Companies U.S:A.:’ DHA-S

bserved in the pregnant cervix comparing to that of nonpregnant group. .

and DHA :(Organon; ‘0SS, Holland), Ninhy-
drin (Nakarai Chemicals; LTD, Kyoto, Japan),
N-:metyl-2- pyrohdone (Wako Pure Chemlcal
Industries, LTD, Osaka, Japan). ~ .
Specimens of uterine cervix or uterine body
were obtained ‘during simple hysterectomy or
cesarean section from 18 nonpregnant and 8
pregnant women. A ‘portion of the speciméns
(700 'to.800'mg wet ‘weight of. the tissue) was
washed : in -cold ‘salinéand - homogenized im-
mediately in 5ml of 0.1 M acetate buffer (pH

- 5.0), ‘containing0:1 % 'of Triton-X 100 using a

glass:homogenizer.. The homogenate ‘was cen-

trifuged at:6,000xgfor 10 inin in refrigerated

centrlfuge '0:05ml of the supernatant was:sub-
cted to enzyme' assay. The protein’ ‘content of
the'supernatant was determined by the method
oft Lowry et'ali® (1951) with crystallme bovme
serum albumin-as standard.

(1) “:Collagénase: activity ‘of the supernatant
" fluid (=extract) of uterine tissues ‘
«Collagenase ‘activity of the supernatant was

measured by the procédures of Espey and Ron-

dell¥ (1967) with some modifications. A reac-
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tion mixture of 0.1 ml CBZ-GPGGPA solution

(5mg per ml of distilled ‘water :containing
0.001 M CacCly), 0. 05 ml of the supernatant and . .

0.05ml of 0.1 M acetate buffer (pH 5. 0) was in-

cubated at 37°C for 3 hours. Thé reactlon was i

stopped by 0.1 ml of 10% trichloroacetic acid
and resulting precipitate was removed by cen-

trifugation at 2,000xg for 10 min. A reactlon ’

mixture of 0.1ml supernatant, 0.02ml of
1.0M NaOH, 0.2ml of ninhydrin reagent was

placed in a boﬂmg water bath for 151 mm After o
dilution of the mixture with 5ml of an even
mixture of n-propanol and water, the optical .

density was measured with Hitachi Model 200-
20 spectrophotometer at 570 my.

The activity was determined by‘ subtractmgr
the OD in the absence of a substrate (blank .

test) from the total OD in test tubes containing

both a substrate and the extract. The collage--

nase activities are expressed as AEz;¢ per 3 hour
per mg protein in the supernatant fluid. -
(2) Drug influence on collagenase activity of
the uterine cervix extract
After incubation of the initial reaction mix-
ture with E,, E,, Es, eqilin, DHA-S or DHA at
final concentration of 5 X.10~%M, the collage-
nase activities were measured by the same pro-
cedures described above.
(3) Collagenase activity of the uterine cervix
slice preincubated with drug
~Slice was made from another portion of tis-
sue (40.to 50 mg wet welght) and was preincu-
bated in 4.95ml of Krebs-Ringer: bicarbonate
buffer (pH 7.3) containing E,, E;, Es, equilin,
DHA-S or DHA at final concentration of 1 X
"10-5M with or without 0.05ml of.  trypsin,
Type I, 12.700 BAEE units per mg protein,
(1 mg: -per ml, of saline) for 30  min at 37°C
under 100%. oxygen. The slice was washed in
cold saline and homogenized in 2ml of 0.1 M
acetate buffer (pH 5.0) containing. 0.1%. of
Triton-X 100 using a glass homogenizer.- The

homogenate was centrifuged at 6,000xg for 10.

min in refrigerated centrifuge, 0.05ml of the
supernatant was subjected to enzyme assay by
the method described above. o
(4) Elastase activity of the uterine cervix

measured ‘by ‘the ‘method of Bieth (1974).
- Supernatant for:elastase assay was made from

stead of 0.1M acetate buffer (pH 5.0). The

" - nine)s-p- mtroamhde solutlon 4.8ml of 0.05M
~ Tris-HCl buffer (pH 9. 0) and 0.2ml of the

~ The elastase act1v1ty 1s expressed as AE.m per
: Trypsm effect of elastase activity was also in-

.vestigated by the same way of that on collage-
from 30 min to 60 min.

(1) Collagenase act1v1ty of the supernatant

- fluid of connective-tissue of:the uterine:cervix

. pregnant and: pregnant conditions. Trypsin

Elastase activity of the uterine cervix was also

the cervical tissue homogenate using saline in-

reaction mixture of 40ul of succinyl-(L-Ala-

supernatant was incubated at 37°C for 20 min.

20 min per mg protein in the supernatant fluid.

nase except extension of - the 1ncubat10n time

Results ;

fluid of uterine cervix = - "
"The collagenase activity of the supematant

was measured and compared with those of
uterine bodies in both nonpregnant and preg-
nant conditions. The following results (4Esy0
per 3 hours: per mg protein) were obtained;
connective tissue of nonpregnant cervix 41.8 +
17.8-(n=13), connective tissue of pregnant cer-
vix 61.8 * 19.2. (n=8), nonpregnant myo-
metrium. 26.2 *.8.1°‘(n=4), pregnant. myo-
metrium of placenta-implanting site:58.2 £ 6.6
(n=8), pregnant myometrium of placenta-non-
implanting site 83.9.+ 28.3 (n=3) and connec-
tive tissue of nonpregnant portlo vaglnahs 67.7
+25.9 (n=3).- TR T ,

A s1gmﬁcant increase -of collagenase act1v1ty
was obtained in connective tissue of pregnant
uterine cervix comparmg to that of nonpreg-
nant ones.

There was no difference in the activities. of
this-. enzyme: between . connective tissue. of
uterine cervix and myometrium both in‘non-

effect oni.collagenase activity was: also investi- ,
gated and no.influence was observed (Table 1).
(2) : Drug influence on: collagenase: act1v1ty of
the uterine cervix extract. : i
Drug influence on collagenase act1v1ty of the;

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

June 1981 - IN VITRO ESTROGEN EFFECT ON CERVICAL COLLAGENASE 829
“Table. 1.,  Comparison of collagenase activities at various portion of the uterus
Number = Collagenase activity Significant
of AE_m/ 3 hr/mg protem " differences
Cases .mean * SE. from 1) (P)
In nohpregnant'coﬁditlcih "
1)~ ‘Connective tissue of cervix. 13 41.8+17.8
< 2)- "Myometrium .. i ‘ 4 26.2+ 8.1 0.5>P>0.1
;:3)  Connectivetissue of pomo vaginalis 3 67.7+25.9 0.1>P>0.05
In pregnant condition: o )
4) Connective tissue of the cervix ' 8 61.8+19.2 0.05>P>0.02
5) Myometrium
Placenta implanting site - 3 58.2+ 6.6 0.2>P>0.1
Placenta nonimplanting site 3 83.9x28.3 0.01>P>0.001

' 'Table 2::" Druginfliences on collagenase activity = R
of the uterine cervix extract -

iCollagenase activity ' Significant
AE570/3 hr/mg protein-. dlﬂ'crences .
mean * SE " from control P
Nonpregnant cases (n—4) ‘
* control’ : 29.8+14.7 7
estribe . (5%10-5 M) 31.4%16.2 ,
Cestradiol( + ) 877217 )
estriol (1 # ) 26.2+1111 © P>0.5
equilin . ( ). 29.4x10.9., .. .
DHA ( y 28.0+18.5
DHAS '( - » ) 27.1+11.2
_ Pregnant cases (n——6)
control 42.7+13.2
estrone - (5x10-5M) ‘v 48.7%12.1
_estradiol (-~ ) 41.1£18.5. -
estriol (- )" 41.1% 9.2 P P>05
equilini  ( Sy 41.2+ 9.2 :
DHA ( .~ ) . 42.3%12.6
DHAS (- )

4024116

uterine cervix extract was investigated by in-
cubation of initial reaction mixture with E,, Es,
E;, equilin, DHA-S or DHA at final concentra-
tion of 5 x:10~5M for 3 -hours. The following
results were obtained ‘ih‘nﬁnpregnant ‘materials
(n=4); control 29.8 + 14.7, E;'81.4'%+16.2, E,
37.7 = 21.7, E3 26.2 +°11.1, equlhn 29.4 +
10.9, DHA 28.0 * 13.5 and DHA:S '27.1 +
11.2; in pregnant materials (n=6); control 42.7
+18.2, E148.7 £ 12.1, E341.1 £ 13.5, E5 41.1

* 9.2, equilin 41.2 +9.2, DHA 42 3+ 12.6,
and DHA-S 40.2 = 11.6.

There was no’ difference in: ‘collagenase ac-
tivity between the supernatant of uterine cervix
(control) and these' added said drug’ both in
nonpregnant and pregnant conditions (Table

(3) Collagenase activity of the uterine cervix
slice preincubated with drug
After preincubation with said drug at the

~ final concentration of 1 x 10-5M for 1 hour,

.control 42.4 +

the collagenase activity of the supernatant of
the slice of the uterine connective tissue was
measured both in nonpregnant and pregnant
conditions. The following results were obtained
in ‘nonpregnant slices (n=6); control 42.0 =+
7.8, E; 45.9 + 10.3, E; 48.4 £ 6.9, E3465
8.4, equilin 46.6 + 9.1, DHA 43.8 + 10.0 and
DHA-S 46.5 + 9.0, in pregnant slices (n=6);
6.6, E, 51.7 + 11.5, E, 49.7 =+
13.4, E560.9 +18.2, equilin 68.8 + 18.4, DHA
53:5 + 6.7 and DHA-S 54.5 + 8.7.

‘There was no increase of collagenase activity
in the slices of nonpregnant cervix preincu-
bated ‘with said drugs: On the contrary, a
marked (0.02>P) or significant (0.05>P>0.02)
increase’ of the ‘collagenase activity was ob-
tained ‘in the slices of prégnant uterine cervix
preincubated with equilin, E;, DHA-S or DHA
comparing to'that of control group. However,
these increase was not observed by E; or E,
(Table 3):-

- There was no difference on collagenase ac-
tivity of the slices treated with the said drugs
between control and trypsin treated materials
both in:nonpregnant and pregnant condmons
(4) :Elastase activity of the uterine cervix

Elastase activity was' also calculated on cer-

‘vical tissue both in nonpregnant ‘or pregnant

(89-42 weeks gestation) conditions. Elastase ac-
tivities (4E4i0 per 20 min per mg protein of
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Table 3. Collagenase activities'of the uterine cervical’
slices preincubated with drug

L

Collagenase activity : Slgmﬁcant

AEs70/3 hr/mg protem "7 differences
mean + SE "“from control (P) *’

Nonpregnant cases (n=6):

control 42.0+ 7.8. P .

estrone (1x10-%M) . ) 45.9+10.3 P>0.5

estradiol( ) 48.4% 6.9 "0.5>P>0.1

estriol (0 ) 46.5% 8.4 T 0.5>P>0.1

equilin (- ) 46.6% 9.1 0.5>P>0.1

DHA (..~ ) - 43.8+10.0° ¢ .« P>0.5

DHA-S ( . ) 46.5+ 9.0 0.5>P>0.1
Pregnant cases (n=6):

control S 42.4% 6.6

estrone (1x1075M).- . 51.7x11.5 - 0.5>P>0.1

estradiol ( -+ ) 49.7x13.4 -0.5>P>0.1

estriol - ) 60.9+13.2 0.02>P>0.01
CLequilin (v ). .68.8£18.4 . . 0:02>P>0.01.

"DHA ()’ 58.5+ 6.7 70.05>P>0.02

DHA-S ( » i)t

Y B4 5a8 0 I0.055P>0.02

supernatant ﬂuld) were obtamed 2 1 0 7
(n=3).and 2.5 + 1.4 (n=3)in »nonpr,egnant an'd
pregnant materials, respectively: There was-no
difference in elastase ae;tivity of the uterinécer-
vix:between nonpregnant and pregnant: condi-
tions. Trypsin effect on.this enzyme was also:in-
vestigated«;and noinfluence was observed. . i =
_ Dlscussmn ‘ o
In the rlpe uterine cervix, three to: four folds
increase of collagenolytlc enzyme. activity than
those .in the. nonpregnant. cervix. was reported
‘by Hirakawa® (1978).. Our. investigation was in:
agreement with, his observatlon except for.the
increasing rate of .activity of the enzyme. We
think this difference may be depend upon the
difference of the synthetic. substrate used.in
each investigation. On.the other hand,’a slight
increase: of. prolyl. hydroxylase: activityin -the
uterine cervix.immediately after. delivery: was
reported by Yamamoto et al.!?) (1980). Since,
the increasing rate of the collagenolytic enzyme
activity was-more: markedly: than: that-of prolyl
hydroxylase key enzyme of collagen biosynthe:=
,,,,,, e ripe cervix, it-was:suggested that the
mechamsm 6f so-called .collagen-dissociation;
involves mainly decompesition or degradation
of collagen fibers and in.addition to:the colla-
gen new-formation; . :
- The stimulating effects of free estrogens, CE

AGTA OBST:GYNAEC JPN Vol. 33} No. 6
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- or DHA-S"on the ripening of the uterine cervix

or animals have been reported by many investi-

h -gators (e.g. Puck and Hiibner!), 1956; Puck et

al.1?, 1957; Overbeek and Visserl®, 1958;
Boglin®, 1959; Kushima et al.”), 1961; Saito et
al.13), 1979; Saito et:al.}919), 1981; Sekiba et
al.16), 1972; Chimura et al:%);+1978; Kobayashi
et al:®), “1977)." The-detailed - méchanism of
ripening by these drugs, however
been explained sufﬁc1ently v

We have reported. that DHA'S or CE (which
contains E; . and equllm) <exh1b1ted more
prompt effects in increasing the wet weight of
the cervix than did. free estrogens-in castrated
rats. Judging from the ¢losé” resemblance be-
tween the electronmicroscopic figures of the
DHA-S or CE‘group and" those of the free estro-
gens group; we postulated that the effect of
DHA-S or CE might be due malnly to the ac-
tion of free type estrogens converted from these

“drugs, and additionally, due to some unknown

factors involved in the drugs in the rat.-
Since the concentration of 174- estradlol and

total collagenase activity in the uteritie ¢ervical

tissue of pregnant women were elevated after a
single shot intravenous injection of 200 mg
DHA-S, Mochizuki® (1977) concluded  that
DHA-S converted to’ 17f-estradiol in the pla-

centa was considered to have acceleration effect )

on the collagenase activity of the cervix.

. In.order -to.determine -whether or. not :the
direct:increasing of collagenase; activity.of the
tissue-can be broughtsabout by these drugs in
vitro; the investigation were carried out ‘on-the
supernatant fluid-of the human uterine cervical
slice” prelncubated with: the drug in: nonpreg
nant and. pregnant conditions. . ‘

». There;was no increase of the enzyme act1v1ty
in the slice of nonpregnant cervix, premcubated
with Ej, Ez; Es; equiliny DHA-S or DHA. .

- On the contrary; a;marked or sig ‘1ﬁcant in-
crease of the enzyme activity was observed in
the slices of pregnant, cervix preincubated with
equilin, Es, DHA:-S.or DHA comparing to that
of control .group;

The results strongly suggest that the mecha-
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nism of cervical ripening induced by intra-
venous administration of CEor DHA-S might

involve not only the action of free estrogens

converted from these drugs but also the direct
local action of these drugs to the collagenase
activity.

The mechanism of increasing activity. of the
enzyme after premcubatlon with equllm Ea or
DHA-S remains obscure. S :

The encrease in' production or secretlon of
the enzyme will be con51dered
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. %88 - E,, Conjugated estrogens (CE), DHA-S 73z X1z X 3 @R T HEESLRERFO—IRIC, ThbFEAk X
HFEEBABA~O R ERANEE LT ALELZH LTS BRI CTEEMSSMHP collagenase. ﬁi&ha
CRIETIhBEFIOMEY in vito TRE LUTOBREEB L. o

i) FEBFSA# homogenate: J:z%@h\o collagenase 35 (4Eq;/3hr/mg protem) ualaﬁmn:rt«;&ﬂem o
S CRE (p<0:05) THOR. ABRERRECEE L LE—ARER (CBZ-GPGGPA) ﬁm’:&%h E, E, B,
* equilin; DHA 3 %\ 13 'DHAS % 5>< 10 “M (EFBE) FHIMLCLBBRT: collagenase zﬁﬁrﬁumﬁ (€::
W FLEEM IO
2 EESHE 1x10°M (EARBE) Fin L FEBREA MK slice % Krebs Ringer $BHH (pH 7.3)pyC37
°C, Gomﬁﬁi%i& “stice collagenase R RR CEFERID 5 & ERa L e, JEEED I RRE
.k%ﬁﬂéﬁﬂnﬁkTﬂiﬁiﬁﬁkﬁmfmaot FERG] (n=6) TIINBEE (42.4£13.4) wH~E B (60,97
+13.2), .equilin ¢ (68.8+18.4), DHA Bt (53.66.6) 35 X0t DHA-S B (54.548.7) THE (p<0.05
 ~p<0.02) 0 collagenase EH:EEMNEBOII. E & Emno%fﬁm—%hkmot z
7‘.::20 TEBEREOHA elastase Fikd HbaT B Licst iﬁ?ﬁﬁm#i&ﬁlkﬁﬁmvﬁﬁﬁﬁ 70
fe.
uJ:oBzﬁN; E,, CE, DHAS #580iERTEESIL j@ui\_nb%%ﬂkl%%ﬁiﬁkﬂ*ﬁﬁ colla-
- genase JEM: EAEH (FJ‘?H’F)%) HBIE LTV B0 aaﬁsm ‘
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