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ABSTRACT

Inhibiting Effecposets of Gungguijohyeoleum on the Development of
Experimentally-induced Endometriosis in the Rats

Byun-Tak Choi, I1-Bock Seo, Dong-Nyung Lee, Hyung-Jun Kim
Dept. of Oriental Gynecology, College of Oriental Medicine, Se-Myung University

Purpose: This study was performed to investigate the inhibiting effects of Gungguijohyeoleum
on the development of experimentally-induced endometriosis in rats.

Methods: Endometriosis was induced in rats by autotransplanting uterine tissue to the
peritoneum and we divided them into three groups: (1) sham-operated group(n=8), (2)
surgically induced endometriosis and untreated control group(n=8), (3) surgically induced
endometriosis and Gungguijohyeoleum treated group(n=8). Gungguijohyeoleum was orally
administrated for 15 days after operation. Then we measured the body weight, the volumes of
endometriotic implants, the weight of uterus and ovary, and investigated the concentrations of
cytokines(MCP-1, TNF-aq, IL-18, IL-6) in peritoneal fluids. Histopathology, immunohistochemistry
for COX-2 and VEGF, and histochemistry for mast cell in transplanted uterine tissue were performed.

Results:

- The volume (mr) of endometriotic implants in Gungguijohyeoleum treated group
(76.4+24.5) was significantly decreased(p<0.05) compared with control group(222.1+109.1).

- The concentration (pg/m¢) of MCP-1 in peritoneal fluids in Gungguijohyeoleum treated group
(1060.8+280.8) was significantly decreased(p<0.05) compared with control group(1412.5+345.7).

- The concentration (pg/m¢) of TNF-a in peritoneal fluids in Gungguijohyeoleum treated group
(827.5+219.9) was significantly decreased(p<0.01) compared with control group(1126.2+139.9).

- The concentration (pg/ml) of IL-1B in peritoneal fluids in Gungguijohyeoleum treated
group(83.4+9.0) was significantly decreased(p<0.01) compared with control group(105.3+17.6).

- The concentration (pg/ml) of IL-6 in peritoneal fluids in Gungguijohyeoleum treated
group(108.9+15.7) was decreased compared with control group(122.8+19.3).

- Histopathologically, proliferation of endometriotic epithelia, infiltration of inflammatory cells
and angiogenesis in transplanted uterine tissue of Gungguijohyeoleum treated group were weakly
observed than those of control group.

— The percentage(%) of positive epithelial layers for COX-2 in Gungguijohyeoleum treated
group(56.8+12.8) was significantly decreased(p<0.01) compared with control group (75.1£16.3).

-The VEGF expression of endometriotic epithelia, neovascular endothelia and stromal cells in
transplanted uterine tissue of Gungguijohyeoleum treated group was weakly observed than that
of control group.

- The numbers of mast cells in transplanted uterine tissue in Gungguijohyeoleum treated
group(35.4+18.4) were significantly decreased(p<0.01) compared with control group (91.0£28.3).

Conclusion: On the basis of these results, we concluded that Gungguijohyeoleum has
inhibiting effects on the development of transplanted uterine tissue. And these effects may be
related with decreased production of MCP-1, TNF-q, IL-13, COX-2, VEGF and mast cells by
administration of Gungguijohyeoleum.

Key Words: Endometriosis, Gungguijohyeoleum, MCP-1, TNF-a, IL-18, COX-2, VEGF,
Mast cell.
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Fig. 1. Cytology of vaginal smear of
rat.
Most of exfoliated cells are nucleated epithelia

(arrows) at proestrus stage. Giemsa's stain,
bar=20 pm.

36



The Journal of Oriental Obstetrics & Gynecology Vol.21 No.3 August 2008

Fig. 2. Surgical procedure of partial
right uterectomy.

Right uterine horn(R) was ligated and taked
out. L:left uterine horn, arrow: uterine body.

Fig. 3. Surgical procedure of auto—
transplantation of uterus.

Fragment (4x4 mm) of ectomized right uterus
(arrow) was transplanted to left abdominal
wall by single tie of catgut suture.
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Table 2. Effects of Gungguijohyeoleum Treatment on the Body Weight of
Rats with Experimentally-induced Endometriosis

Body Weight(g)

Group

0 5 10 15 days

Sham(n=8) 22562 235+4 2529 260+7
Control(n=8) 225%5 234+8 254+11 258+11
Treated(n=8) 220+6 232+10 249+11 257+12

a) : data expressed as MeanzS.D.

Sham : right partial uterectomy and treated with distilled water

Control : right partial uterectomy and uterine autotransplantation and treated with
distilled water

Treated : right partial uterectomy and uterine autotransplantation and treated with
Gungguijohyeoleum

2. o4 AzxF &+ &7 I, lde Bl XUs o Ao
Uz 2 HXFY BE oA & 2 F2AH AATHFig. 4a, 4b). A A
Aoz AT = e oIt =279 o] o)A AFxAL xR HlEA
o] XAz A o] EHo FAE AU AR A #FE NS M (Fig. 5a), 84
ok iz 8 T 64w B2 FAA % 4 e ¥ Ao A de GEA
Edo] 2 de A9 /Y dExEF £ TEZ, 4de XU FHo dFPo=
2 &3 Ao, 19 e Aol F2 =] AR (Fig. 5b).
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Control
=1S0.

| 15 days after transplantation

Enoe
T

Conlrol

15 days after transplantation

Fig. 4. Gross structure of transplanted
uterine tissue of control group.

(4a) : Presentative case, (4b) : All cases
(formalin fixed) of control group. Note
cystic development of the implanted tissues.

Gungguijohyeoleum Treated 1o

| 15 days after transplantation

b Bl

Gunpgugohyeoleum Trealed

15 days alter transplantalion

Fig. 5. Gross structure of transplanted
uterine tissue of Gungguijohyeoleumn treated
group.

(5a) : Presentative case, (5b) : All cases
(formalin fixed) of control group. Compare
the size of Fig. 4.

3. o] 42222 A H(volume) X9

48 FRYol ZHF ol 4A4FEH
AHe AR 2ol thzzo] vAN fo

{
7 A FaH AT (Table 3).

Table 3. Effects of Gungguijohyeoleum
Treatment on the Volume of Transplantated
Uterine Tissue in Rats with Experimentally
—-induced Endometriosis

Volume of Transplanted
Uterine Tissue(mm?)

Control(n=8) 222.1+109.1¥
Treated(n=8) 76.4+245%

a) . data expressed as Mean*S.D.
Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated : right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

# . Statistically significant compared with
control group##:p<0.01)

Group

2 gzo]
e Abele /st
5 G FFLS AT ST
of misiA freld AA FaERoY A
AT iz ztells Aolzh )il
#5 G FHe ZE T A
b fslen, dd v ¥R AAL
o] AT @tz M FAEA
o} w3he e YAtH(Table 4)

5. Monocyte Chemoattractant Protein-1
(MCP-1) &% Aol

AR TR SAHT FAAHA |
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Table 4. Effects of Gungguijohyeoleum Treatment on the Weight of Uterus
and Ovaries in Rats with Experimentally-induced Endometriosis

Ovary(mg)
Group Left Uterus(mg) Right Loft Noan
Sham(n=8) 163+43% 52£8 48£10 50£8
Control(n=8) 164+20 45+6 4916 47+3
Treated(n=8) 148£19 44+7 45+11 44+7

a) . data expressed as Mean=S.D.

Sham : right partial uterectomy and treated with distilled water
Control : right partial uterectomy and uterine autotransplantation and treated with

distilled water

Treated : right partial uterectomy and uterine autotransplantation and treated with

Gungguijohyeoleum

* @ Statistically significant compared with sham group(::p<0.05)

Table 5. Effects of Gungguijohyeoleum
Treatment on the MCP-1 Values in
Peritoneal Fluids of Rats with
Experimentally-induced Endometriosis

Table 6. Effects of Gungguijohyeoleum
Treatment on the TNF-a Values in
Peritoneal Fluids of Rats with
Experimentally-induced Endometriosis

Group MCP-1(pg/m{) Group TNF-a(pg/ml)
Sham(n=8) 79.2+14.2 Sham(n=8) 79.2+14.2
Control(n=8) 1412.5+345. 75 Control(n=8) 1126.2+139.9s
Treated(n=8) 1060.8+280. 85" Treated(n=8) 827.5+219. Qs

a) . data expressed as MeantS.D.

Sham : right partial uterectomy and
treated with distilled water

Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

* . Statistically significant compared with
sham group(+*#;p<0.001)

# . Statistically significant compared with
control group(#p<0.05)

6. Tumor Necrosis Factor-a(TNF-a)
FF Aol

A FEL 43
TNF-a®] g&2 gz
T FTel vl #o4 UA 71
Ko, AR dEzTd vlsiA o
4 Ml F&E A (Table 6).

a) . data expressed as Mean=S.D.

Sham : right partial uterectomy and
treated with distilled water

Control right partial uterectomy and
uterine autotransplantation and treated with
distilled water

Treated right partial uterectomy and
uterine autotransplantation and treated with
Gungguijohyeoleum

* . Statistically significant compared with
sham group(x+:#;p<0.001)

# . Statistically significant compared with
control group(##:;p<0.01)

7. Interleukin-1B(IL-18) &% }o]

AY T FA% EAAHAY
IL-189 &Fe = ¢ AXT EF
w37 HEA FoAd A SUHEA
o, HAE dx2To HlsiA {94
UA FHAE A (Table 7).

8. Interleukin-6(IL-6) & X} o]
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1A TH(Table 8).

Table 7. Effects of Gungguijohyeoleum
Treatment on the IL-1B Values in
Peritoneal Fluids of Rats with
Exerimentally-induced Endometriosis

Group IL-1B(pg/ml)
Sham(n=8) 45.0£5.0

Control(n=8) 105.3£17.6sk:

Treated(n=8) 83.4+9 Qs

a) . data expressed as Mean=S.D.

Sham @ right partial uterectomy and
treated with distilled water

Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

* | Statistically significant compared with
sham group(##3*;p<0.001)

# @ Statistically significant compared with
control group(##p<0.01)

Table 8. Effects of Gungguijohyeoleum
Treatment on the IL-6 Values in
Peritoneal Fluids of Rats with
Experimentally-induced Endometriosis

Group IL-6(pg/mb)
Sham(n=8) 94.2+11.7

Control(n=8) 122.8£19.3#x*
Treated(n=8) 108.9+15.7

a) . data expressed as MeantS.D.

Sham : right partial uterectomy and
treated with distilled water

Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

* . Statistically significant compared with
sham group(##;p<0.01)
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10. COX-2 238 %4

g2 ol ERA A COX-2
SN E HAu GO S 2 3
ol Ahd getdaAE 9 3579
AEZAo A ZF3tA JdE e (Fig. 8),
7130 HEE A E 2 FHEANEY
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oA 9] COX-2
A #EE XY IS FYoA FH
Ao, FANEEe A== v okstAl #

2= A (Fig. 9).

5
¥

1 Y

Fig. 6. Histological structure of transplanted
uterine tissue of control group.

(6a) : Papillary proliferation of endometrial
epithelia(arrows), stromal hyperplasia and
infiltration of connective tissue(arrow heads)
into abdominal muscle layer(m) were prominent.
L : lumen of transplanted uterine tissue.
bar=100 m

(6b) : Higher magnification of Fig. 6a. Note
high cellular proliferation of connective
tissue(s) and infiltration of inflammatory
cells(arrows) and angiogenesis (arrow heads).
m : abdominal muscle layer. bar=50 m

7/a

Y i > %
Fig. 7. Histological structure of transplanted
uterine tissue of treated group.
(7a) : The endometrial epihtelia(arrow) of
transplanted uterine tissue was poorly
developed. Stroma(s) was poorly developed,
and poorly proliferated connective tissue at
the adherent region of abdominal wall(m)
was noticed. L lumen of transplanted
uterine tissue. bar=100 ym
(7b) : Higher magnification of Fig. 7a.
Proliferation of stromal connective tissue(s),
and infiltration of inflammatory cells(arrow
heads) were not prominent. arrow
endometrial epithelia, mm : myometrium, m
. abdominal muscle layer. bar=50 m
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Table 9. Histopathological Lesions of Transplanted Uterine Tissues of Rats with

Experimentally-induced Endometriosis

. Development Necrotic Area Ing.rowmg

Group IdeIiIltlﬁcatlon of Uterine of Uterine Angiogenesis mto.
umber Gland Tissue Abdominal
Muscle Wall

Cl + — + +++

C2 ++ — +++ ++

C3 — - + —

C4 — + + —
Control 5 B B n B

C6 ++ - +++ ++

C7 + — + + —

C8 + — ++ +++

T1 + - ++ +

T2 - ++ + —

T3 - + + +

T4 — + + —
Treated T5 n n n B

T6 — — + —

T7 — — + + ++

T8 + + ++ —

—: No, +: Mild, + +: Moderate, + + +: Severe
Control : right partial uterectomy and uterine autotransplantation and treated with distilled water

Treated
Gungguijohyeoleum

e el = = ‘h‘

Fig. 8. COX-2 immunohistochemistry in
control group.

Strong positive reaction of COX-2 was
expressed in cytoplasms of transplanted
endometrial epithelia(arrows) and desquamated
epithelia(arrow heads). ABC immunchistochemical
stain, bar=30 um

right partial uterectomy and uterine autotransplantation and treated with

< ool g Y .r"_ ‘. d
Fig. 9. COX-2 immunohistochemistry in
treated group.

Activties and incidence of positive reaction
of COX-2 in cytoplasms of transplanted
endometrial epithelia(arrow) were decreased.
Compare with Fig. 8.

L : lumen of transplanted uterine tissue.
ABC immunohistochemical stain, bar=30 um
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11. COX-2 Z&d " & z}9)

o] 2] g zA ] et EF A
o] COX-2 A ¥kE HI &2 A XA|To]
zatol HlsA fod A FAEHU
tH(Table 10).

Table 10. Effects of Gungguijohyeoleum
Treatment on the Percentage of Positive
Epithelial Layer for COX-2 in
Transplanted Uterine Tissue in Rats
with Experimentally-induced Endometriosis

Positive Epithelial Layer

Group for COX-2(%)
Control @

(n=8) 75.1+16.3
Treated 4

(n=8) 56.8+12.8

a) . data expressed as MeanzS.D.
Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated @ right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

# © Statistically significant compared
with control group(#p<0.05)

12. VEGF %3 %44
2o o] AAEZA A VEGE %
SO HutAdu A E, FEAAE 2 ¥

L

i
£
=

DA Lol A ERIE AT HE oAl
Xo e AIMEZ n2A FANS
o] Yehd Ao| oyt AFIME Ao
Atolo AaH o g FFsk Fdutgo] &
g A tH(Fig. 10a). FEAMEANNE A
oMz == o HHEd ISAHE
Al A et FAuNEgo] FRlE A (Fig.

100). ARzl Ae) VEGF F4uhg-2 o
zZld BIEY T FAY 2ANA
gasglon Fwse PEE vos

A B JAH(Fig. 11a & Fig. 11b).

PN AR
Fig. 10. VEGF 1mmunohlstochemlstry in
control group.
(10a) : Strong positive reaction of VEGF
was expressed in cytoplasms of transplanted
endometrial epithelia(arrows) and capillary
endothelia(arrow heads).
L : lumen of transplanted uterine tissue.
ABC immunohistochemical stain, bar=30 m
(10b) : Strong positive reaction of VEGF
was expressed in cytoplasms of infiltrated
inflammatory  cells(arrow  heads). ABC
immunohistochemical stain, bar=30 um

Fig. 11. VEGF immunohistochemistry in
treated group.

(11a) : Positive reaction of VEGF was
expressed in cytoplasms of transplanted
endometrial epithelia(arrows), but the intensity
of reaction was weak.

L : lumen of transplanted uterine tissue.
ABC immunohistochemical stain, bar=30 um
(11b) : Positive reaction of VEGF was
expressed in cytoplasms of infiltrated
inflammatory cells(arrow heads), but the
intensity of reaction was weak. ABC
immunohistochemical stain, bar=30 um
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13. VEGF 28 A=< Ao

@ Ao Z oA HEE
B VEGF &dwr-&9 H =& Table
119 g ofstith A XS o H
A AT AE, HEAE 2 F
AR M EAA O] FARESo] weFsHA
HEE A

14. A E F29] Ao

gz 2 HATY o]AAT R A
A HITAEE AAgdEte] 71d 9 24 e]
gto] AgzAoN F2 BEEJKFig.
12 & Fig. 13). o]¥AgzHo] A&d H|
R S AR Tl dzgel el

94 A AAE K Table 12).

Table 11. Activities of VEGF Expression in Transplanted Uterine Tissues of
Rats with Experimentally-induced Endometriosis

Group Identification Utering Ml}cosal ' Cells Vascula}”
Number Epithelia in Stroma Endothelia
Cl ++ ++ +
C2 + — ++
C3 ++ ++ +++
C4 + + +
Control c5 n G n
C6 +++ +++ —+
C7 ++ ++ +
c8 +++ ++ ++
T1 + — +
T2 + + +
T3 — + +
T4 + + +
Treated T5 + ++ ++
T6 + — +
T7 + + +
T8 + + ++

—: No, +: Mild, + +: Moderate, + + +: Strong
Control : right partial uterectomy and uterine autotransplantation and treated with

distilled water

Treated : right partial uterectomy and uterine autotransplantation and treated with

Gungguijohyeoleum

: 5T
Fig. 12. Mast cells in transplanted uterine
tissue of control group.
Mast cells(arrows heads) observed abundantly

in adjacent tissue of transplanted uterine
tissue. L; lumen of uterine tissue. arrow :
endometrial epithelia. Toludine blue stain.
bar=30 pm
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Fig. 13. Mast cells in transplanted
uterine tissue of treated group.

A few number of mast cells(arrow heads)
observed in adjacent tissue of transplanted
uterine tissue. Compare with Fig. 12. arrow,
endometrial epithelia,

L ; lumen of uterine tissue. Toludine blue
stain. bar=30 um

Table 12. Effects of Gungguijohyeoleum
Treatment on the Infiltration of Mast
Cells in Transplanted Uterine Tissue of

Rats with  Experimentally—induced
Endometriosis
Group No. of Mast Cells
Control(n=8) 91.0+28.3%)
Treated(n=8) 35.4+18.8™

a) : data expressed as Mean+S.D.

Control right partial uterectomy and
uterine autotransplantation and treated
with distilled water

Treated right partial uterectomy and
uterine autotransplantation and treated
with Gungguijohyeoleum

# @ Statistically significant compared with
control group(###;p<0.001)

o Al 9 2P (endometrial

implantation theroy), 7733 3}AYA
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MCP-1& WA =2, AFEA=E, 9y
T SolA RN, dElAEel o A A

Efﬂ 243tE fEste AR A
o= 24 MCP-1¢ IL-1, TNF-q,
PDGF, interferon-y 59l 93] F=¥t}.
MCP-12 YA EE A=3}le] growth
factor @ o8 £7F 9 cytokineE5S ¥
HISIE 5 st7]% stal, Agls A=
9 F4L FH AFrE IR0, A

WSS Aol MCP-1¢] s:=7t

itE vEste] EolAe Aoz 9l
EMJ%Z"’%), AsLs Ans 93
GnRHZ o328 MCP-1°] 7HA g o]
BuE e,

2 AFA AT MCP-19 &=
zate] Sgdwtel wls] F7tE AS=E
Hol zpFutE wE o] MCP-10] #o]
e FAT F AReH HATo] iz
ol HlE fold A EFov o=
oo SEddmike] MCP-19 4]
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endothelial growth factor(VEGF)E A3
ggtd, westd d@dAAed TEd

dHF R dWdely. VEGF=
AW S22 BFd gAML Fof

A R mE e A A
gHog A=sta viAEd FAES
ST EAN AYER Yol -
BT, g APl BAY 5F
o AMAEE TNFS IL-65 F&
o] VEGFE &Hlste] Agless ¢
3 RS FANAG ™. VEGF=
VEGF-A, -B, -C, -D, PLGF &= oAl
Ao HEE ZHAEA ol FES X
e Aoz FgAxgm Yoo
AeHESS Ad AGSdAA a

y

2 o] FogdRGg En &as)
A #RZH Y Bl VEGF FE%
fxeitg oS S7Hcs A7 &
TH3 PP GnRH agonistE &
A% AFESNAAN HEFAW VEGE &
=7t A3 EAoE Bux dg”.
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COX-2 ¥ VEGF #4] 74, H]
#so] glojA,
BN e WEHNE A4
oA 2 Am FET F 2

iﬂ %—7

S SAsAT =3 o]
Azl WE WAxAHTH AL
COX-2 g VEGF ®Hzx#sstzAl, 1
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