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WE: BHH RAKRAER &0 R 3P0 282 7 18 408 BT (acetic acid vaginal thermosensitive in situ gel, Acid-TISG)
R RIAE R ST SR A, I ¥ 24 RQRAMAY A E ABIKA ., Acid-TISG £8(12.11 mg-mL™"), EREE
(nonoxynol-9 N-9)# 5 28(5.6 mg'mL™"), MELF3mL B, X 1K, £410d, £H W ALHEE 24 hWKERLN
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=B AL, Acid-TISG éﬂa%ﬂii_&:m , AR IERE ., Aok, N-9 BB LR HAME, BAH LK
M 2m R AR 238 % (P<0.05); = @ Ik A= Acid-TISG 4817 i 4518 % 2 CDASRB etk & ik, N-O % fix 40 1A 38 502 ) A &
LI % 49 CDASRB MaER A A, 5= GBI, Acid-TISG 4169 A8 £6/E PCNA £ k38 %, @A R EFMHZF, N-9
BRAR 40 I 18 45 PCNA PR £ K 4 09l 238 % (P<0.05), H4-hatAark, 4255 24 h it CVL ¥ IL-6 #= TNF-a 4 /E
OB AA Acid-TISG A R & %, N-9 BIZMH ZH FH(P<0.05). 451  Acid-TISG xR % 1A it %&ﬂfa‘:ﬁfﬁuﬁ
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Immuno-inflammatory Toxicity of the Acetic Acid Vaginal Thermosensitive in Situ Gel

LU Zhen', TIAN Fang', WANG Yuzhu', XIA Minjie', SUN Bing'?, HUANG Chao', DING Xuncheng', LI

Weihual, CHEN Hua3*(1.State Key Labs of Family Planning Devices, Shanghai Institute of Planned Parenthood Research,
Shanghai 200032 China; 2.School of Public Health, Fudan University, Shanghai 200032, China; 3.Obstetrics and Gynecology

HLEWB: EfEmRZRTH (13431900801, 1514091200); iy ¥R8E B A M55 50 P A 22 5 5 2R 80051 H (15GWZK0201); H K RBHE#
ERHEAUH AT H (5 AR

EZEEN: W2, &, St Tel: (021)64037013 E-mail: luzhen3451@163.com  “BIE{EE: Wi, %, BIFALEI Tel:
13918350466 E-mail: huachen7@yahoo.com

- 1372 Chin J Mod Appl Pharm, 2016 November, Vol.33 No.11 o [ BAR R 252 2016 4F 11 A58 33 %256 1



Hospital of Fudan University, Shanghai 200011, China)

ABSTRACT: OBJECTIVE To evaluate the immuno-inflammatory toxicity of vaginal mucosa of acetic acid vaginal
thermosensitive in situ gel(Acid-TISG) by using the optimized vaginal irritation model in the rabbits. METHODS Twenty-four
rabbits were divided randomly into the blank gel group, Acid-TISG group (12.11 mg-mL™") and positive nonoxynol-9 (N-9)
group (5.6 mg'mL™"). Gel was administered through vagina to rabbits at 3 mL per day for 10 d. Cervicovaginal lavages (CVLs)
were collected at pre-administration and 24 h after the last administration. The concentrations of interleukin-6 (IL-6) and tumor
necrosis factor-a(TNF-a) in the CVLs were detected. The pathological examination of the vaginal tissues was conducted, and the
vaginal irritation was assessed and scored. The expression of leukocyte common antigen-CD45RB and proliferating cell nuclear
antigen (PCNA) in the vaginal mucosa was detected by the immuno-histochemistry (IHC) assay. RESULTS The vaginal
mucosal epithelium in the rabbits of the Acid-TISG group was intact with no obvious inflammation infiltration, congestion and
edema; while the exfoliation of mucosal epithelium cells and the increase of the inflammatory cells were obviously observed in
N-9 gel group(P<0.05). There was no obvious positive expression of CD45RB cells both in the blank gel group and the
Acid-TISG group, but the positive expression of CD45RB cells increased significantly in the N-9 gel group(P<0.05). The
concentrations of IL-6 and TNF-a in CVLs, were significantly increased in the N-9 gel group(P<0.05) 24 h after administration
while there were no significantly increase in both blank gel group and the Acid-TISG group compared with predose.
CONCLUSION Acid-TISG is unlikely to cause vaginal mucosal irritation in the rabbits. The optimized rabbit vaginal

irritation model can be used to evaluate the topical toxicity of the candidate vaginal drugs.
KEYWORDS: acetic acid; thermosensitive in situ gel; vaginal mucosa; immuno-inflammatory toxicity; CD45RB; PCNA
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B AT BB R E R S e,
I ¥ 7 J2 TG B e K 7 i RN 98 429 5 Acid TISG
RIS R AR L, BHE R b R 5k AN i
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PAEE, IR B A b R VR, B A 2
e s 2, fERE I R A, KA
P, SR 1. A R 2E Y B T R B v
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IS, N-9 BERATES(6.80 £ 1.48) 8 & &
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%

~ Uil
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R el g b RN
B 1 R A& EZEE A5 E ¥ X (=8, HE, 20X)
A-ZS B2 B-Acid TISG 41; C-N-9 Bt .

Fig. 1 Histopathologic changes of vaginal mucosa of rabbits
(n=8, HE, 20 X)

A-blank gel group; B—Acid-TISG group; C-N-9 gel group.
2.2 PIEZKE CD45SRB #ik
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R1 RRAEEET L E R (n=8)

Tab.1 Results of vaginal mucosa irritation scores (n=8)
I3 3 28 075 4% 3B
o | 4y
ey 1 40 i 3 QilR= N 1 K i
7 B 0.80:£0.84 0.80+0.45 0.60+0.55 0.40+0.55 2.60+1.34%
Acid TISG 4 0.80+0.84 0.60+0.89 1.00+£0.71 0.40+0.55 2.80+0.84%
N-9 #t e 2l 3.00+0.71 2.00+0.71 1.20+0.84 0.60+0.89 6.80+1.48"

e 5 ABREME, "P<0.05; 5 N-9 BEHRHAMEL, 2P<0.05.

Note: Compared with blank gel group, P<0.05; compared with N-9 gel group, 2P<0.05.

Bl 2 X % #E % CD45RB B &k (=8, 40X)

A= B B-Acid TISG 41; C-N-9 #EiR 4 -

Fig.2 The expression of CD45RB on the vaginal mucosa of
rabbits(n=8, 40X)

A-blank gel group; B—Acid-TISG group; C—N-9 gel group.

=2 FARIAEFE CD45SRB %A B+ 7 € 447 (n=8)
Tab. 2 The semi-quantitative analysis of CD45RB on the
vaginal mucosa of rabbits(n=8)

o A CD45RB ik [
25 gt A -
Acid TISG 41 -
N-9 B4 ++

W - MEF NG + MET A 1~5 DFHIEAM: ++ WET
WH 6~25 DEITEANE: +++: BEFNA 26~50 DFITEAAE: ++++:
HRLEF N A7>50 A BA P4 .

Note: —: no positive cells; +: 1-5 positive cells; ++: 6-25 positive cells;
+++: 26—50 positive cells; ++++: >50 positive cells.
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BRI b Bz ARE [ /2 PCNA FRIK [HE
MM REN 2, MtiE IR, 4R 0E 3.
PCNA & [ 32 [0 1H AR A BB % B Gt it 22 o i
BoR, 5EAERAMLE, Acid TISG HE A %t
IS, PHVEXT R () 21K 38 B BT 15 (P<0.05),
R 3.
2.4 CVL H 5REK 7 E

S 2imiMtt, KRGZiE 24 h, TAEK
HAXK % CVL FRAER F IL-6 F1 TNF-a & =T
Bk Acid TISG A% % CVL H 1L-6 75 o

R E B 255 2016 4E 11 H %6 33 555 11 3

BAR, TNF-o ZKF W& THE(P<0.01); N-9 #ER
A% CVL H 2K T IL-6 A1 TNF-0. 1 B39
LI (P<0.01), AR 4~5.

B3 F 4 HEEE PCNA Bk ik(n=8, 40X)

A= R B-Acid TISG #4; C-N-9 B4 .

Fig. 3 The expression of PCNA on the vaginal mucosa of
rabbits(n=8, 40X)

A-blank gel group; B—Acid-TISG group; C—N-9 gel group.

=3 FRAMEZE PCNA & & R IA 0 £ 2 5 5 (n=8)
Tab. 3 The semi-quantitative analysis of PCNA on the
vaginal mucosa of rabbits(n=8)

g (IR0
2= Bt A
Acid TISG 41
N-9 KR4

RPOLHE L
41393.84%19 157.54

84 120.2+41 910.65
107 819.2429 999.29 58 789.97+18 549.96

341 694.4+91 553.73" 341 490.7+105 631.2"

H: 5 A4, VP<0.05,
Note: Compared with blank gel group, "P<0.05.
100 CO4 24T

o5 | W KRG 2524 h H

9 |
85 |
80 L

25 -
20

IL-6/ugL!

A B C
B4 FA&FEERRKF IL-6 1K IL(n=8)
A-T AR B-Acid TISG 4l; C-N-9 Htiidl; S4ZRIAHLL,
VP<0.05.
Fig. 4 The expression of IL-6 in CVLs of rabbits
A-blank gel group; B—Acid-TISG group; C-N-9 gel group; compared
with before administration, Yp<0.05.
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26 WM 475)E24h
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—_— N
o O

TNF-o/pug L!

[

A B C

5 FAMHERAF TNF-o B &L (n=8)
A-7EABKAL: B-Acid TISG 41: C-N-9 HR4l: HALRIHIL,
P<0.05.

Fig. 5 The expression of TNF-a in CVLs of rabbits(n==8)
A-blank gel group; B—Acid-TISG group; C-N-9 gel group; compared
with before administration, Dp<0.05.

3 g

% B & 5 245 5 i B 3R (Food and Drug
Administration, FDA)HEZE M) RV #5285 A 5 18 4
FH 25 6,45 4 FH Jik 27 25 1 9 18 7% ol A2 4 711) 56 245
T W PR R I5F T 0 B DR F) 22 A R BT RVIT A 7
FR 48 2 S0 B VP 4y, O™ AR FE o R
WA, R TE 4 ANER, ARSI 3 HEE
o BEVE 43 43 ) N S BB 4H.(2.60 £ 1.34) . Acid
TISG £H(2.80+£0.84). N-9 tfiz4H(6.80+1.48), ¥J
FEWGPR AT 3232 (V5 el . {H 2002 4RI PRIt 461
5 K 19 Meta 43 75 SR, 48 FH N-9 B J5 HIV
(IR e 2R B b, A R DR Dl R T 2 M VR
YR F 2 8 RV R R AS 8 Sz e H B 3 e Rz
FORE R (K28 AL A G 72 A B D35 AR 2, i UAS
RE PR AL JE 75 239N HIV/STDs BEgs XU 15 2. |
i, AETETE AN 25 W0 PR AT 78 0P B 4R OC B
FEF 00 RAIE S5 K 245 R0 F /N 8 S E 4 8 S RE
VB F ARV o 2R B E A 251 N A AN
B TE R b R B R e BV, R EERE IV B AT
RN G 95 98 R J S BEAE T 4552 ) 42 A Ya Bl Y o

[ 4h— b5 SR AE L i RVI AR A ()95 2 36 bR
Fefli b, 40T CVL A4 g 48 5E Bl F-(IL-1 beta,
IL-6, IL-8 Al TNF-o)) Ml 40 5% i %5 K 7 (IL-10 1
GM-CSF)ZAE Nbn &4, LI CD45 fll PCNA £
B B0 b R g R A I 1O PR B 3 A
244 %oF 9 308 86 I ) o) P RN G S M. . TNF-a0 A2
W B EA R -, AT gk ORI B B R PR 4H

- 1376 - Chin J Mod Appl Pharm, 2016 November, Vol.33 No.11

MRS5S N R A B B B, (2t ) 9 E SR A (13T
¥, IL-6 J& 3219 PER 7, o e E 4 )
Fk 2 FH JORE I B BURAR AR, A BT RN
IL-6 1 TNF-o FURG I &5 SRAE A [F) 92 56 2 ar il 25 SR
HAT R — s,

KRG RER, SHEARMAL, TR
A Acid TISG A % CVL 1 IL-6 Al TNF-a
SRANAREE, 1 N-9 B A% R iE CVL
RIERF IL-6 & TNF-a & &2 8 & (P<0.01),
R N-9 EHIRIES T XK P F I 250 1) K
A, EAMF BN N-9 BE SR IE B R 5 1)
WA 2R 9ORE [ B, W0 TL-1 (1) 43 WA F1 NF-KB
e, NS E4n e 1~ (IL-1, IL-6 A1 TNF-a)
MG T (IL-8, TL-10 14 W 40 it 48 0 25 1) 2%
FIRE, KA CVL HH ) IL-6 F1 TNF-o ()5 & T+
1, 5 T R I g S S AN HIV 3 S XU 18
AR,

B RS2 BRI, R RORE R R SRR
5 G 2 20 B P TR SR AR DY), HE RS 2 5
IF [FF 38 286 58 2 hE S B 1) AR &Y. CD45SRB &
BRIATE T 4. B 4HH0F0 A% 400, P E %
M) G AR L, FEAR PN 7 A R S 1 o 3 B2 T R
FEEMER . CD45SRB #ik b Je g B IR
N-9 AR BHIE R AL CD45RB & HH MR IE
YT B IH 2 A S A B 41 R Acid TISG 436 % .

PCNA B A Z M A% Dhae, 1640 s 5 e
it i, 2 590 DNA &M 25, Ha
BRI TR AN 4R I IR 2 i AR,
IRAT PRGBS AL NS, PONA A 2Rk
TR G F A, bR gn A a1,
PHPE R A 40 B v g AR R . 5 Bl A
AHLE, N-9 EERR A r LU S K R BHIER T PCNA
AR IE M THE(P<0.05), 1M Acid TISG 4%k
PCNA EHRELHE T &. X5/HE L&
(VKo/EGE7) 4t A A WL S8 2] () VKo/EE, A M 1
RAEZMH—FHPY, PCNA £ 1 M1l
T, VBERSTFREE, —Ls 540
1. DNA &fil. DNA &5 M T /FET 155
TRL K, PCNA A5 T-HISSEE P21 45
SHRE S, H P21, ARG 40 A RS i@ T
G1 HAEEHT s BN S 1P, 5] & B 3 2 s 4 e 42 3L

R E AR 24524 2016 4E 11 H 55 33 H5 11 )



ALY R K7 T AR R AR T AR TP, (R kB
TE B 1 4RE e P

AHFFAEL S RV A (1955 BEUPAN $8 An 5
it b, ¥R T RVI BB PR T 05, R a2 1Em
7 CVL 1 IL-6 F1 TNF-a # 7% [R5 LA b BH 1 2 i
CD45RB #l PCNA HH Rl fabr. 4588
TNTEAHRMA SN 5K ECso 1 70 £5 564 T N-9 &R
MY Acid TISG ZH % 55 G b s BE 453495 1 o %8 %8
SiE SN A B EANE, BE TR N-9 N PE M2
Wi &AL RV AR, YPAN AR JE IE A 25006 K
B 8 5 5 0 928 98 R S

REFERENCES

[1] ECKSTEIN P, JACKSON M C, MILLMAN N, et al

Comparison of vaginal tolerance tests of spermicidal
preparations in rabbits and monkeys [J]. J Reprod Fertil, 1969,
20(1): 85-93.

[2] DONCEL G F, CHANDRA N, FICHOROVA R N. Preclinical
assessment of the proinflammatory potential of microbicide
candidates [J]. J Acquir Immune Defic Syndr, 2004, 37(Suppl
3): S174-S180.

[3] JINY, XUF, WANG X W, et al. Suggestions for unifying the
expermental methods of vaginal stimulation test in drug safety
evaluation [J]. Chin J New Drugs(H' El#rZj ¢ &), 2013,
22(12): 1383-1384.

[4] ZHI R N, TIAN F, WANG Y Z, et al. Vaginal irrtation of
acetic thermosensitive in situ gel in mini-pigs [J]. Chin J New
Drugs(*F B H#i £ 24%), 2014, 23(23): 2798-2802

[5] LARD-WHITEFORD S L, MATECKA D, O'REAR J J, et al.
Recommendations for the nonclinical development of topical

microbicides for prevention of HIV transmission: an update [J].

J Acquir Immune Defic Syndr, 2004, 36(1): 541-552.
[6] WILKINSON D, THOLANDI M, RAMIEE G,
Nonoxynol-9 spermicide for prevention of vaginally acquired

et al

HIV and other sexually transmitted infections: systematic
review and meta-analysis of randomised controlled trials
including more than 5 000 women [J]. Lancet Infect Dis, 2002,
2(10): 613-617.

[7] OBIERO J, MWETHERA P G, HUSSEY G D, et al. Vaginal
microbicides for reducing the risk of sexual acquisition of HIV
infection in women: systematic review and meta-analysis [J].
BMC Infect Dis, 2012, 12(1): 289.

[8] COSTIN G E, RAABE H A, PRISTON R, et al. Vaginal
irritation models: the current status of available alternative and
in vitro tests [J]. Altern Lab Anim, 2011, 39(4): 317-337.

[91 Z=LAE XThaes e 2B AR RE()). AhE S,
2011, 31(11): 761-765.

[10] D’CRUZ O J, UCKUN F M. Intravaginal toxicity studies of a
gel-microemulsion formulation of spermicidal vanadocenes in
rabbits [J]. Toxicol Appl Pharmacol, 2001, 170(2): 104-112.

R E B 255 2016 4E 11 H %6 33 555 11 3

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

FICHOROVA R N, BAJPAI M, CHANDRA N, et al
Interleukin (IL)-1, IL-6, and IL-8 predict mucosal toxicity of
vaginal microbicidal contraceptives [J]. Biol Reprod, 2004,
71(3): 761-769.

CUMMINS J J, DONCEL G F. Biomarkers of cervicovaginal
inflammation for the assessment of microbicide safety [J]. Sex
Transm Dis, 2009, 36(3 Suppl): S84-S91.

SCOTT M E, WILSON S S, COSENTINO L A, et al.
Interlaboratory reproducibility of female genital tract cytokine
measurements by Luminex: implications for microbicide
safety studies [J]. Cytokine, 2011, 56(2): 430-434.

YANG J, LI L, JIN H, et al. Vaginal gel formulation based on
theaflavin derivatives as a microbicide to prevent HIV sexual
transmission [J]. AIDS Res Hum Retroviruses, 2012, 28(11):
1498-1508.

ZALENSKAYA 1 A, CEROCCHI O G, JOSEPH T, et al.
Increased COX-2 expression in human vaginal epithelial cells
exposed to nonoxynol-9, a vaginal contraceptive microbicide
that failed to protect women from HIV-1 infection [J]. Am J
Reprod Immunol, 2011, 65(6): 569-577.

TRIFONOVA R T, BAJPAI M, PASICZNYK J M, et al.
Biomarkers of leukocyte traffic and activation in the vaginal
mucosa [J]. Biomarkers, 2007, 12(6): 608-622.

MAGA G, HUBSCHER U. Proliferating cell nuclear antigen
(PCNA): a dancer with many partners [J]. J Cell Sci, 2003,
116(Pt 15): 3051-3060.

VASCONCELOS P C, SEITO L N, DI STASI L C, et al.
Epicatechin used in the treatment of intestinal inflamatory
disease: an analysis by experimental models [J]. Evid Based
Complement Alternat Med, 2012: 508902. Doi: 10.1155/2012/
508902.

D’CRUZ O J, SAMUEL P, WAURZYNIAK B, UCKUN, F M.
Development and evaluation of a thermoreversible ovule
formulation  of novel

stampidine, a nonspermicidal

broad-spectrum  anti-human  immunodeficiency  virus
microbicide [J]. Biol Reprod, 2003, 69(6): 1843-1851.
PEPLOW P V, CHATTERIJEE M P. A review of the influence
of growth factors and cytokines in in vitro human keratinocyte
migration [J]. Cytokine, 2013, 62(1): 1-21.

MORROW P W, TUNG H Y, HEMMINGS H J. Rapamycin
causes activation of protein phosphatase-2A1 and nuclear
translocation of PCNA in CD4+ T cells [J]. Biochem Biophys
Res Commun, 2004, 323(2): 645-651.

ZHANG H, XIONG Y, BEACH D. Proliferating cell nuclear
antigen and p21 are components of multiple cell cycle kinase
complexes [J]. Mol Biol Cell, 1993, 4(9): 897-906.

SUBOJ P, BABYKUTTY S, SRINIVAS P, et al. Aloe emodin
induces G2/M cell cycle arrest and apoptosis via activation of
caspase-6 in human colon cancer cells [J]. Pharmacology,
2012, 89(1/2): 91-98.

CHIARA A D, PEDERZOLI-RIBEIL M, BURGEL P R, et al.
Targeting cytosolic proliferating cell nuclear antigen in
Immunol,

neutrophil-dominated Front

2012(3): 311.

inflammation [J].

R 2016-03-16

Chin J Mod Appl Pharm, 2016 November, Vol.33 No.11

<1377





