o g -1 958 %)
THE JOURNAL OF ORIENTAL OBSTETRICS & GYNECOLOGY
VOL.22 NO.3 : 001-024 (2009)

fiihfmeize) Aoz s AAY FEMNEYE
o)) vl i)
MSOHStD St DTSt B0l B e
0T, 0ISE, AL, ABE

|ABSTRACT]|

Effects of Bojungikgi-Tang on the Development of Experimentally—-induced
Endometriosis in the Rats

Jeong-Gu Lee, Dong-Nyung Lee, II-Bock Seo, Hyung-Jun Kim
Dept. of Oriental Gynecology, College of Oriental Medicine, Se-Myung University

Purpose: This study was performed to investigate the effects of Bojungikgi-Tang 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 the rats into three groups: (1) sham-operated group
(n=8), (2) surgically induced endometriosis and untreated control group(n=8), (3)
surgically induced endometriosis and Bojungikgi—-Tang treated group. Bojungikgi—-Tang
was orally administrated for 15 days after operation. Then we measured the body
weight, the volume of endometriotic implants, the weight of uterus and ovary, and
analysed the concentration of cytokines(MCP-1, TNF-a, IL-183, IL-6) in peritoneal
fluids. Histopathology, immunohistochemistry for COX-2 and VEGF, and histochemistry
for mast cell in transplanted uterine tissue were also performed.

Results:

1. The volume(mn) of endometriotic implants in Bojungikgi—Tang treated group(129+39)
was significantly decreased(p<0.05) compared with control group(222+109).

2. The concentration(pg/m¢) of MCP-1 in peritoneal fluids in Bojungikgi—-Tang treated
group(1012+248) was significantly decreased(p<0.05) compared with control group(1413+346).

3. The concentration(pg/m¢) of TNF-a in peritoneal fluids in Bojungikgi-Tang treated
group(887+196) was significantly decreased(p<0.05) compared with control group(1126+140).

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

5. The percentage of positive epithelial layers for COX-2 in Bojungikgi—Tang treated
group(56£17) was significantly decreased(p<0.05) compared with control group(75£16).

6. The VEGF expression of endometriotic epithelia, neovascular endothelia and stromal
cells in transplanted uterine tissue of Bojungikgi—Tang treated group were weakly observed
than those of control group.

Conclusion: On the basis of these results, we concluded that Bojungikgi-Tang has
inhibiting effects on the development of transplanted uterine tissue. And these effects
may be related with decreased production of MCP-1, TNF-a, and decreased expression
of COX-2 and VEGEF infiltration by administration of Bojungikgi—Tang.
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Table 1. Prescription of Bojungikgi—
Tang per Pack

Name of Pharmacognostic = Weight
Herbs Name (g)
OO Astragali Radix 6
N Ginseng Radix 4

Atractylodis
Ho Macrocephalae 4
Rhizoma

H  #  Glycyrrhizae Radix 4
B Angelicae Gigantis 9
Radix

B K Citri Pericarpium 2
I i Cimicifugae Rhizoma 1.25
EL| Bupleuri Radix 1.25
Total 24.5
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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 um.
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Fig. 2. Surgical procedure of partial
right uterectomy.

Right uterine horn(R) was ligated and taken
out.

Fig. 3. Surgical procell. #kF 2 Jj¥k
dure of auto-trans plantation 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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Linked ImmunoSorbent Assay(ELISA) kit
(Endogen, Rat MCP-1, USA)2 =#3}
ek e 9 9e 1A%, biotinylated
antibody reagenti= 1A%}, streptavidin—
HRP solution 303+ ®Hg-A]7]131, TMB
substrate solutiong 30i7F ¥HgA]A 2
AWAIZ1 % stop solution &2 WSS XA
Ztt. ELISA #57] (Molecular Devices,
E10514, USA)E 450 nmolA I ==
=759},

SeHA 2] MCP-1 %98 (1500, 750, 375,
187, 94, 47, 24, 0 pg/m)IA ZAHE &
BT 258 o3 22 4-parameter W
2ol Frefxlom, AAY FHEE ©
W 2le] Agste] MCP-19] s
sh3l T},

MCP-1 3% =
(A-D)/(1+(F34%=/C) "B)) + D
(A:40.03, B:1.695, C:43.069, D:244444.7)
2) Tumor Necrosis Factor-a(TNF-a)
F 53

E7 A AN TNF-a %2 Enzyme-
Linked ImmunoSorbent Assay(ELISA)
kit(Endogen, USA)Z =433 th T+
2 Hdo A7} biotinylated antibody
reagenti= 1A]7}, streptavidin-HRP solution
2 30%3F ¥k A7), TMB substrate
solutions 307t REEA|A AT &
stop solution®.2 WH&-& “J=|A|7]aL ELISA
=71 (Molecular Devices, E10514, USA)
2 450 nmolA FFES A

SehAl o] TNF-a 3 94(2500, 833, 416,
208, 104, 52, 26, 0 pg/m)o A Z8€ &
FERHE O 2 2 A8 A 2
of Tajxler, AN FHEE o] W
Ao H&3ste] TNF-a &FS 73
At

[ TNF-a &% = (1675 x &%%) - 3]

3) Interleukin-1B(IL-1B) & =74

E7 AF U IL-18 82 Enzyme-—
Linked ImmunoSorbent Assay (ELISA)
kit(Endogen, USA)Z ZA3} ). H9
9 Ao 247k biotinylated antibody
reagent 30%-%}, streptavidin-HRP solution
< 30i7F WHE-A]7]15L, TMB substrate
solutions 3043+ REGA|A A 7]
stop solution®.®& HFES A A A] 7]J—
ELISA ¥=7](Molecular Devices, E10514,
USA)E 450 nme] gl FFEE
=459}

TEHA & IL-18 3£ 94(2500, 1000, 400,
160, 26, 104, 0 pg/ml)oA SAHE F3F
=2 HE ol 4-parameter WA A 9]
TR, FAe] FFEE o] WA
of &3t IL-189] e F-3kalth.
IL-1B st =
((A-D)/(A+(FF=/C) ~ + D
(A:22.394, B:1.511, C.6.148, D:39646.82)

4) Interleukin-6(IL-6) & =4

27 AFHAY IL-6 &FS Enzyme-
Linked ImmunoSorbent Assay (ELISA)
kit(Endogen, USA)®E =43}t T+
2 Ao 9217} biotinylated antibody
reagent= 3047}, streptavidin-HRP solution
2 3083 HbEA]7]a, TMB substrate
solutions 307t REGA]A AT &
stop solution®-= WHe-S AHX|A|7]aL ELISA
#=7] (Molecular Devices, E10514, USA)
2 450 nme] FHFoM FFEE A5}
AT

gAYl IL-1B F=91(2000, 1000,
500, 250, 125, 62, 31, 0 pg/ml)°l A =4
H FHAEENY o5y 22 A3
WA Ae]l Fajxlon, AN FFEE
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= 30%RE A & 12000 54 ¥
monoclonal anti-VEGF (SantaCruz, USA)
S WALl A 2447 WS AIZATE &
S PBSE 33] 424l & biotinylated
anti-mouse antibody % avidin—biotin
peroxidase complex(Vector Laboratories,
USA)E 7} 7} a2 141314 ek A1
% diaminobenzidine(Sigma, USA)S. &
WA A G o w el

12. MIBAE 59 =7
gstelaa FEAAe AR 44T

=
Z4 Z9E Toludine Blue FAHo =z
BIRHA £ 5 E A 8L o] 2 Alg o F
&5 vl E =5 B A58
13. BAAY

549 o Aol digt FAE
SPSS(SPSS 10.1 for Windows, USA)E
o] &3}o] Student’s t-testE A A|&}e] 7

Fssieh.
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Table 2. Effects of Bojungikgi—-Tang
Treatment on the Body Weight of Rats
with Experimentally-induced Endometriosis

Body Weight(g)
0 5 10 15 days

Group

Sham 2245 2346 2515 2595
(n=8) +6.0Y +35 95 7.1
Control 2245 2335 2540 2580

(n=Y¥) 5.1 +83 106 +£11.2
Treated 2228 2315 24984 256.8
(n=8) 56 30 83 7.1

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 Bojungikgi
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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. bar=1 cm

o

Fig. 5. Gross structure of transplanted
uterine tissue of Bojungikgi-Tang treated
group.

(5a) : Presentative case, (5b) : All cases
(formalin fixed) of control group. Compare
the size of Fig. 4b. bar=1 cm

3. o] AFZEA A (volume) Z}o]
Ay TRl AT o] A AT x| ¢

AHe Aol tzel wshA fel

A A AAE AT Table 3).

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

Volume of Transplanted

Group Uterine Tissue(mm)
Control(n=8) 222+109Y
Treated(n=8) 129+39°

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 Bojungikgi
-Tang

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

4 AF L B2 FFY Aol

425 A FFe SAT, dET o
AAE el 2ol ek

A5 v F2L RE 2 70 §9
q Qe Aok gRo, $3 va o
i B FFEe AR Tl ST v
A Y QA FRAQOL, AT
3} EEIelE feld Qe Aol ¢

21 tH(Table 4).

5. MCP-1 39| o]

A Fude 43 HAHAY
MCP-19] &g tixa 2 HAT+ B2
T ol vlsiA el d A ST
Rom, AR vzt HsA fo
A A A AT (Table 5).
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Table 4. Effects of Bojungikgi-Tang
Treatment on the Weight of Left Uterus
and Ovaries in Rats with Experimentally
—-induced Endometriosis

Grou Left Ovary(mg)
P Uterus(mg) Right Left Mean

Sham 1 ea, 139 5248 48410 50+8
(n=8)
Control 161100 45:6 49+6 47+3
(n=8)
reed 163026 4266+ d5ed 4355

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 Bojungikgi
-Tang

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

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

Group MCP-1(pg/ml)
Sham(n=8) 79+14
Control(n=8) 1413£346%x*
Treated(n=8) 10124248 "

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 Bojungikgi
-Tang

* . Statistically significant compared with sham
group(s* @ p<0.001)

# @ Statistically significant compared with
control group# : p<0.05)

6. TNF-a 39 z}o]

49 Fndel ZET HAH

2
N

s
<7t

14 5

¢

TNF-a9] e = 3 =
el wslA feld 9l
Aom, HALS dixtel H
4 A FH2E A (Table 6).
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Table 6. Effects of Bojungikgi—-Tang
Treatment on the TNF-a Values in Peritoneal
Fluids of Rats with Experimentally-
induced Endometriosis

Group TNF-a (pg/mb)
Sham(n=8) 79114
Control(n=8) 1126+140% s
Treated(n=8) 887196 "

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 Bojungikgi
-Tang

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

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

7. IL-18 k9] 3}o]
AE g do =A3 Bl
L-1B9] o2 dhxa 3 AR

*é of wsid o4 A 7t

ARtz HsiA A

P lod ol d2 fIitH(Table 7).
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8. IL-6 ¥&<] o]

A Rl SAF HAAH A
IL-69] FFe dhzxo]l Aol ws
A el 2l l S7hE S en,

A (Table 8).
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Table 7. Effects of Bojungikgi-Tang
Treatment on the IL-13 Values in Peritoneal
Fluids of Rats with Experimentally-
induced Endometriosis

Group IL-1B (pg/mb)
Sham(n=8) 45%5
Control(n=8) 105183
Treated(n=8) 6L 25% 3k

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 Bojungikgi
-Tang

% . Statistically significant compared with
sham group(+** : p<0.001)

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

Group IL-6 (pg/mb)
Sham(n=8) 94+12
Control(n=8) 123419
Treated(n=8) 101+29

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 Bojungikgi
-Tang

* 1 Statistically significant compared with sham
group(** : p<0.01)

9. ¥E&ATA &4
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oFst vbH A3 9] &4 (extracellular matrix)
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Fig. 6. Histological structure of transplanted
uterine tissue of control group.

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

(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 um
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Fig. 7. Histological structure of transplanted
uterine tissue of treated group.

(7a) : The endometrial epithelia(arrow) of
transplanted uterine tissue were 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 um

(7b) : Higher magnification of Fig. 7a. Proliferation
of stromal connective tissue(s), and infiltration
of inflammatory cells(arrow heads) were not
prominent. m : abdominal muscle layer. L :
lumen of transplanted uterine tissue. bar=50 ym

Table 9. Histopathological Lesions of Transplanted Uterine Tissues of Rats with

Experimentally-induced Endometriosis

Identification

Development Necrotic Area

Ingrowing into

Group Number of Uterine of Uterine  Angiogenesis  Abdominal
Gland Tissue Muscle Wall
Cl + — + +++
C2 ++ — +++ ++
C3 — — + -
C4 — + + —
Control c5 B -~ " B
C6 ++ - +++ ++
C7 + — ++ —
C8 + — ++ +++
T1 - + + —
T2 + - + +
T3 + + + —
T4 - + + -
Treated T5 - n n n
6 - ++ + —
T7 - ++ +++ +++
T8 — — + —

—: No, +: Mild, ++: Moderate, + + +: Severe

Control : right partial uterectomy and uterine autotransplantation and treated with distilled water
Treated : right partial uterectomy and uterine autotransplantation and treated with Bojungikgi—Tang
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Fig. 8. COX-2 immunohistochemistry in
control group.

Strong positive reactions of COX-2 were
expressed in cytoplasms of transplanted
endometrial epithelia(arrows) and desquamated
epithelia(arrow heads). ABC immunohistochemical
stain, bar=30 ym

Fig. 9. COX-2 immunohistochemistry in
treated group.

Activities and incidence of positive reactions
of COX-2 in cytoplasms of transplanted
endometrial epithelia(arrows) were decreased.
Compare with Fig. 8 L : lumen of transplanted
uterine tissue. ABC immunohistochemical stain,
bar=30 um

11. COX-2 38 H|&9 Aol
o] A A}g 22 o] UM Al S0l A 2]

COX-2 ¥4 whg H&2 AATolA
el HsiA Fo4 A A

tH(Table 10).

Table 10. Effects of Bojungikgi-Tang
Treatment on the Percentage of Positive
Epithelial Layers for COX-2 in Transplanted
uterine Tissue in Rats with Experimentally
-induced Endometriosis

Positive Epithelial

Group Layers for COX-2(%)
Control(n=8) 7516
Treated(n=8) 56+17"

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 Bojungikgi
-Tang

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

12. VEGF 2@ &%

o] ol A Apg 2ol VEGF %
ANk AR IAE, HEAE B2 E
H A A ATt Al
SO = UM ET =2 S
o] Yt Zlo] ofet A E Afolat
ol HAaH o g Fgvkgo] el
HAHFig. 10a). 7HEolH = AfrolAl
¥ e He AEE AFAEAA A
F/gRk-go] gl = Arh(Fig. 10b). A
oA o] VEGF &Awhg2 tl a9
T X Fdd FoolA ey
o}, FAAREE A mokstAl #
A} (Fig. 11a & Fig. 11b).

ol %t

R

Y x2
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Fig. 10. VEGF 1mmunoh15tochem1stry n
control group.

(10a) : Strong positive reactions of VEGEF were
expressed in cytoplasms of transplanted endometrial
epithelia(arrows) and capillary endothelia(arrow
heads). L : lumen of transplanted uterine tissue.
ABC immunohistochemical stain, bar=30 gm
(10b) : Strong positive reactions of VEGF
were expressed in cytoplasms of fibroblast-like
cells and inflammatory cells(arrow heads).
ABC immunohistochemical stain, bar=30 gm

Fig. 11. VEGF immunohistochemistry in
treated group.

(11a) : Positive reactions of VEGF were
expressed in cytoplasms of transplanted
endometrial epithelia(arrows), but the intensity
and distribution of reactive cells were decreased.
L : lumen of transplanted uterine tissue.
ABC immunohistochemical stain, bar=30 um
(11b) : Positive reactions of VEGF were expressed
in cytoplasms of infiltrated inflammatory
cells(arrow heads), but the intensity of reaction
was weak. ABC immunohistochemical stain,
bar=30 m

13. VEGF & B9 o]
gzt 2 ARt Z; deA] TR
2ol VEGF YAUkS-2] AL E Table
119 gokstArt. AA e dizaol H
A AT gy AE, HEAAE 2 F
Tl g Az Ao FAguEgo] W oFsLA
T A

Table 11. Activities of VEGF Expression in Transplanted Uterine Tissues of Rats

with Experimentally-induced Endometriosis

Group Identification Uterine.z Mgcosal . Cells Vascula}”
Number Epithelia in Stroma Endothelia
C1 ++ ++ -
C2 + — ++
C3 ++ ++ +++
C4 + + -
Control c5 i e n
6 +4++ +++ ++
C7 ++ ++ +
C8 +++ ++ ++
T1 ++ — +
T2 ++ + -
T3 + + -
T4 + + ++
Treated T5 n - n
6 — ++ -
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 Bojungikgi—Tang
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(Fig. 12 & Fig. 13). o] zgz2o]
S8 HRHAE 5 A Aol tiERtd

<
T
Hasdoe ol sl

H] &l A]
(Table 12).
R W
P B A
Nl e :
- E —

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 gm

Table 12. Effects of Bojungikgi-Tang
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+28"
Treated(n=8) 66121

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 Bojungikgi—
Tang
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