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Effect of Banhabakchulchunma-tang on the Hepatic, Splenic and Cardiac Toxicity
induced by Doxorubicin

Hui-Jeung Hwang, Bong-Suk kim, Jung-Han Oh, Hee-Yong Lim, Jung-Han Beak, Chi-Sang Park,
Sang-Chan Kim, Joon-Seok Byun

Department of Intemal Medicine, College of Oriental Medicine, Kyungsan University, Daegu, Korea.
Department of Pediatrics, College of Oriental Medicine, Kyungsan University, Daegu, Korea.
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Object : The effect of Banhabakchulchunma-tang extracts on the hepatic, splenic and cardiac toxicity induced by
Doxorubicin administration(Three injection protocol) were monitored using male ICR mice.

Methods : The changes of body weight, clinical signs, necropsy findings and organ weights of liver, spleen and heart were
observed with blood GOT and GPT levels.

Results :

1. Decrease of body weight and The degrees of anorexia, ataxia and dehydration after Doxorubicin treatment were dose-

dependently inhibited by Banhabakchulchunma-tang extracts.

2. Increase of absolute and relative liver and heart weight observed in Doxorubicin treatment group were dose-dependently
inhibited by Banhabakchulchunma-tang extracts. In addition, the degrees of liver congestion - necrotic spot and the
degrees of heart congestion - enlargement were dose-dependently decreased after Banhabakchulchunma-tang extracts
dosing groups compared to that of doxorubicin treatment group. It is also demonstrated that elevated seram GOT and
GPT levels in doxorubicin treatment group were significantly decreased in Banhabakchulchunma-tang extracts dosing
groups.

3. Decrease of absolute and relative spleen weight observed in doxorubicin treatment group were dose-dependently inhibited
by Banhabakchulchunma-tang extracts. In addition, the degrees of splenic atrophy were significantly and dose-
dependently decreased after Banhabakchulchunma-tang extracts dosing groups compared to that of doxorubicin treatment
group.

Conclusion : the toxicity of doxorubicin treatment(decrease of body weights, clinical signs such as anorexia, ataxia and
dehydration, changes of organ weights of liver, spleen and heart, elevation of serum GOT and GPT levels) was inhibited
and/or prevented by Banhabakchulchunma-tang extracts. According to these results, it is considered that
Banhabakchulchunma-tang has some preventive effect against to doxorubicin induced toxicity.
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Table 1. Composition of Banhabakchulchunma-tang

Y s, et &)
458 Aurantii Nobilis Pericarpium 75
$B Pinelliae Rhizoma 7.5(10.5)*
#IF Hordei Fructus Germinatus 75
=Nin Atractylodis Rhizoma alba 5
ihag Massa Medicata Fermentata 5
HE Astragali Radix 35
NZE Gingseng Radix 35
= Hoelen 35
&t Atractyodis Rhizoma 35
Kk Gastrodiae Rhizoma 35
HE Alimatis Rhizoma 35
R Zingiberis Rhizoma 2
=t Phellodendri Cortex 15
Total 57(60)*

R B 2 F 7522 105202
Bake 57g9) A 60go g FrtHct

7 s, L E MRS 1862
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2. 5%

1) EEpRte] Ws

AEEEL A% AATNor 74), Doxorubicin 5
o (Dox ), Doxorubicin o] & 1 FUzF 500mg
kge FEHILKIRE 28 Fol(Heb AT) 2
Doxorubicin £ % 1 593+ 250mg/kge] +E {7t
Rikis 2% FolZ(Heb B) 59 4702 75
S} THTable 2).

Nor #9|A & Doxorubicin ¥ B (KNS £
AA 9 TL W 0 2 salineS T8} o, Dox
TAME LEAMNKIE FAA Y LT %
saline g FY T WHO 2 T3k

2) Doxorubicin®] #:Ei

Doxorubicin(Janvier CERJ, Le Genest-St-isle,
France)& @A| AlghollA ALgE 3 & three injec-
tion protocold| We}, Masse & 9] HPE»0 2 Eo]d}
Aot =, £ E ARE Fo 199 Day-10] o4
104 8 93 5xjo] 2t 2.65mekeS B} FAke)
Hom, g B9l Day 04 Z iR oY) &
A 1040 9A] 2.65mg/kgs B} FAES &
7.95mg/kg®] Doxorubicing Fof 3} th

3) gy R &

FEEPERIEE 108 2356002y Asta] FA)5

00 & 250mg/kgs 13] FAZFO E 3},
AT AR FE AFRAE 47
o §%Y LEOMRYE T2ES A75FAE &
& o] &3t 347 18] F 7T HFFAsI%h
13] Fo} Y Day 0cllA = HY 1843 o] A
AAZ & —:—04 on, FAFE WA AFI 5
< 7122 3o 10mlkge 2 HA8H1Th

4 ﬁﬁji; 9 ERATERS] B

Doxorubicin $ A% A& Day-12 A &la, 45
ATtRiiG S Fo3t7] Alet E8 Day 02 3t5 e
o], upA| % £oj U & Day 622 8t Day -1 4| F-E
Day 67141 wjdo] 134 2 Ao WHsE v
71538t 7} I3He] {2 HASITh

5) Il 2kl X = e
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BB el viX= d3kE "rtsb] st 4B A
RS FE2E 59554 Day 60 1847 A4
A7l § Day 74| A@FES vk 3§, $<14
W3lol frkgel AohFaF X)(absolute liver weight) 2
A5 R|(relative liver weigh) S 2% 391t} Day
79 A Frigel AXshe - HI&(%)S HiE
Al A2 dgenl, teel 242 4
B YATY = s A SR e T

w3 @30 EA4s= GOT 2 GPT $3e] Wah

2 #3317 ¢35k, Rompun®(Xylazine hydrochlo-

l

X 100

4000miz 7t 228 F F9 T oz g
rotary evaporato = 7\3%‘ FEot] Ax2AY FEE ride, HEUF) 02mgkg s 25 FAlst] A AT
< 2 us Zato] 137 9.27g, F 92.7g9] 1, Ketalar®(Ketamine hydrochloride, 3t %3))
= FEES Y 01 ’%1 o] AH&-st Imghkgs 25 FAISH vlAAIZ] &, B74& A
Table 2. Experimental Group

Group ID* No. of animals Pre-treatment Post-treatment

Nor 10 Saline Saline

Dox 10 Doxorubicin 7.95mg/kg Saline

Herb A 10 Doxorubicin 7.95mg/kg Banhabakchulchunma-tang500mg/kg

Herb B 10 Doxorubicin 7.95mg/kg Banhabakchulchunma-tang250mg/kg

* Group ID: Nor; non-treated normal group

Dox; Doxorublcm 7. 95mg/kg dosing group by three injection (i. p.) protocol

HerbB SOOkagof" habakchulch
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P HARRIE 325 ] Doxorubicin® & -§-3-%
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A4 AxtE ++++(71$ A Marked), +++(2

gk, Severe), ++(FS &, Moderated), +(7 &=, a few), +

(730 &h, Rare) 9 -(H2<9HE, not detec)d] 6714 S
5

= F3+ Levene s TestS ©|
2ot 259 FAAE 7AE & FEAY AL

ANOVA ZA o=, F5384d A §-od= Kruskal-
Wallis A 02 3t zpol& FAsk5nh o4
o] ¥7AE 7% Scheffe s Test IE+ Mann-Whitney
A Alske] p-valueZ} 0.05 o] 3}
¥ oS gl on, BAAME = SPSS for
Windows(Release 6.1.2, SPSS Inc., USA)Z A&} c}.

Wilcoxon' s Test&

& R

fBEC| £t

Nor ol XdE Ad A1z Al(Day -1) 40.70+091g
o2 IEE ¥ A A VeSS dA s 2@
(Day 0} Day )& AQ|gt A9 E7F AN
O Fig. 1), Dox oA+ Day 0] 36.29+ 0.71g2.
T #2E T Day 190 5E 351140290
el vl el AE(p<0.05, <0.01) FHart B
7] A2l o, Day 790l 26.01+3.01g0 2

Hgelo] Aol vl wi K94 A=(p<0.01)
27} QI3 ThFig. 2).

Body weight(g) in Nor group

Days after dosing

Fig. 1 Changes of body weights in Nor group after dosing
of saline instead of Doxorubicin and Banhaba-
kchulchunma-tang in other groups.

Body weight(g) in Dox group

Days after dosing

Fig. 2 Changes of body weights in Dox group after dosing
of Doxorubicin and saline.
* p<0.01 compared to that of Nor; ** p<0.05 compared to that of Nor
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LEAMKRR0| Doxorubicinoll 231 F#E Hitol olxl= F&

g3 Herb A oA &= Day 158 38.01+1.15g°.

2 @A A¥ A 7)7HE<t Dox ool vF| ¢
A JE(@<0.05, <001 AF F7P7t FEEJH, H
BT frojAdol JAAEA Yol AL £ =2 #
25| A THFig. 3).

Herb B FolAl& Day 2% 35.02+1.55g0. %8 &
Zz|o] Dox T3 frAFSHA Nor ol Hl& 24
E(p<0.05) 7H4a7t 914 59l 21}, Day 63} Day 74| &
34.11+127 @ 31.53+2.29g0 2 #a= o] Dox 2ol
vl3] 94 Ae@E<0.01) S7H7 #HZEHU L, Nor
T o ¥ e A3 F94 Y= <0.05, p<0.01)
727} 915 A9l ckFig 4).

Nor & T RE AATAIM 42 4 7125
ot Al BEEA 23kor), Dox ZoAE Day

Body weight(g) in Dox group

138 2482 (anorexia), +54 X(ataxia) 2 &5
(dehydration)9} Z-& kA 9Jgk(depress) /30l
AR Qo Azko] At wtet S AeiAle
Ao 2 #F= Ati(Table 3-5).

9 4] 81 70| Dox o4& Day 15-E #EH
7] A &g ¥k Herb ATol A& Day 45¢ Z0|s}
A #2951, Herb Bl A& Day 256 ZAu]sHA
#2257 A, a1 AR A BE Al
A Dox #HT} njeksl 2o 2 & 9 ciTable 3).

$£E542E Nor Tl A 487105 825
2] ¢& wH Dox Tol| A& Day 13 H A:g &
= 7] AlZete] 17P°l Aol we 1 =7t A

2 #EFYc) A Herb Aol 4]
4427} Day 458 #2&=7] A&8k3
EH?M LI 7&591 FEAZT

Okﬂ >i

Body weight(g) in Herb B group

Days after dosing

Fig. 3. Changes of body weights in Herb A group after
dosing of Doxorubicin and 500mg/kg Banhabak-
chulchunma-tang.

# p<0.01 compared to that of Dox; # p<0.05 compared to that of Dox

Days after dosing

Fig. 4. Changes of body weights in Herb B group after
dosing of Doxorubicin and 250mg/kg Banhabak-
chulchunma-tang.

* p<0.01 compared to that of Dox; ** p<0.05 compared to that of Dox
# p<0.01 compared to that of Dox; * p<0.05 compared to that of Dox

Table 3. The Severity of Anorexia Detected in this Study after Treatment of Doxorubicin and Banhabakchulchunma-tang

Group ID Nor Dox Herb A Herb B

-1 —_ — — —

0 t _ — _ —

1 — + — —

2 — + — +

Days after dosing 3 — + - +
4 - ++ + +

5 — 4+ + +

6 — +H++ + +

7t — +HH+ + ++

Group ID: = contant of Table 2

Degrees: ++++ (Marked), +++ (Severe), ++ (Moderated), + (A few), £ (Rare) and — (not detect).

7

' Days of dosing of Banhabakchulch tang after overnight fasted
* Days of termination after overnight fasted
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oM Day 2% An| @ 2FA27t #aH o} AL

o met 1 H =t —0—7}5421 U, Dox 7 Wl BE
A ZFe ol A] | oket 71 0 2 #EE] Q] cHTable 4).

g5 23 Al *‘Q—t‘ﬁ 2 S5z} FABH
Nor ZollAe A AY717HEer #EHA g v,
Dox o4& Day 1536 v =2 FEE7] A
Agte] Alzko] Audte] wet 1 Frh A Al
A Ao FEEY oY, Heb ATolA = vl gk
g Z4o] Day 6~7°] s #EEgoH,
Herb BiZol| A & Day 25-¢ 7n| gt g4 Z4to] #z
so| Ha a1 F=rt Z7tE Qo Dox RO B
E A7t A mlekel 2o 2 #EkE Q) vH(Table 5).

3. fHig skl o|x|= &
1) fTig <&l nlAl= 2

Nor oA o] Ao 9 Al ik 5% 22 1.89
+0.11g7} 5.11+024%3 #2¥ WA, Dox 9 &

o 2 A 3 2zt 3.29+0.54g3 13.27+
2.35%% W= o] Nor o Hl3 %94 d&
(p<0.01) Z717F B At A S HE RIS
500mg/keS Foig Herb ATolM e Al & 7
Wl Z2o] 242 1.88+0.32g 2 5.09+0.68%2 &
a5 o] Dox 7ol H&) F94 Us(p<0.01) AA7}
Q1P en, Nor 3= & & 93 Aol & 1}
ERA] 2¥okth. Eg Herb Bl A e A 2 Ah
WPl =oFo] Zhzb 229+0.54g7 829+1.15%% &
#rg)o] Dox o] ]3] £-94 2 E(P<0.01, <0.05) 7+
&b A E ey, Nor 7ol ¥laiX e ox3] 9
A AEP<0.05) 717+ QA B AHFig. 5.6).

2) I HERT RSl #1E

Nor Zoll M L& AP FENA HTE o]da
< Vel A ggko), Dox 9 AF B AS
Bl E A8 A 28 A (congestionyo] Als}
(+++) QA AR oH, A AV TEA AARA

bl
U
A

Table 4. The Severity of Ataxia Detected in this Study after Treatment of Doxorubicin and Banhabakchulchunma-tang

Group ID Nor Dox Herb A Herb B
-1 — — — —
0? _ _ —
1 — + - -
2 - ++ — +
Days after dosing 3 — 4+ — +
4 — +++ * +
5 — +++ + ++
6 — ++++ + ++
7 — St + +

Group ID: = contant of Table 2

Table 5. The Severity of Dehydration Detected in this Study after Treatment of Doxorubicin and Banhabakchulchunma-tang

Group ID Nor Dox Herb A Herb B
1 _ — —
0? —_ _ —
1 — * —
2 — + — =+
Days after dosing 3 — + — *
4 — ++ +
5 — At — +
6 - -+ + +
7t — A+ + ++

Group ID: = contant of Table 2

Degrees: ++++ (Marked), +++ (Severe), ++ (Moderated), + (A few), = (Rare) and — (not detect).

* Days of dosing of Banhabakchulchunma-tang after overnight fasted
¥ Days of termination after overnight fasted
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FEAMKRSO| Doxorubicindll ol FBE Hiko| ojx|= &

Absolute liver weight (g)

**ap

orb B

Fig. 5. The changes of absolute liver weights after treatment
of Doxorubicin and Banhabakchulchunma-tang.
* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor
#p<0.01 compared to that of Dox; # p<0.05 compared to that of
Dox

Table 6. The Degrees of Congestion and Necrotic Spot in
the Liver after Treatment of Doxorubicin and
Banhabakchulchunma-tang

Group ID Congestion of liver  Necrotic spot in liver
Nor — —
Dox +++ +4++
Herb A + +
Herb B + +

Group ID: = contant of Table 2

Degrees: +++ (Severe), ++ (Moderated), + (A few), + (Rare) and — (not
detect)

(necrotic spot) GA] Th= T2 (+++)E At} 3 Herb
ATM e Are L) 83 AL AR =YL
™, Herb BT M & AE+)9 283} 7a}aut o3
% o] Dox ol Kt} 7he] P azo] vlwa ZAn
A AFHJD £F 9EA 94 A HA
(Table 6).

3) €% GOT ¥ GPT $ffiie] #4t

Nor oM & 8% GOT ¥ GPT X7} 4z}
159.124+63.299} 144.38+78.51 [UNZ #ae wha
Dox o4& Nor o H3|l F 3] BF fo4
A A (p<0.01) 7}8be], 247t 738.29+123.113
692.78+162.39 IUNZ #ZEAt) Herb Ao A=
g% GOT ¥ GPT $:X7} 22t 160.55+53.299}
150.27£61.58 IUNZ #E=o] HALEI FALSHA
BRI o, Dox ol Hl3] F94 UEp<0.01)
Aa7t AR H AT 9 Herb BEOAE 401.27+
138.299} 383.55+98.87 IU/1Z &&= o] Dox o
Hla] 24 AEP<0.05, <0.01) 247} A=Y L
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Relative liver weight (%)

Fig. 6 The changes of relative liver weights after treatment
of Doxorubicin and Banhabakchulchunma-tang.
* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor
#p<0.01 compared to that of Dox; # p<0.05 compared to that of
Dox

Serum GOT level (1UN)

1000

800

600

400

200

0

Nor Dox Herb A Herb B

Fig. 7. The changes of the serum GOT levels after
treatment of Doxorubicin and Banhabakchulchunma-
tang.

* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor

#p<0.01 compared to that of Dox; # p<0.05 compared to that of
Dox

Serum GPT level (IUA)
1000

Fig. 8. The changes of the serum GPT levels after treatment
of Doxorubicin and Banhabakchulchunma-tang.
* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor
*p<0.01 compared to that of Dox; # p<0.05 compared to that of
Dox

th, Nor 2ol H]3j o3| F24 $1E(p<0.01, <0.05)
7+ YEhH ATHFig. 7.8).

4. i #itol| n|xl= &
1) fil 5 %ol il 2
Nor oA o] Adi 3 4ol g %2 24 0.11



+0.02g7 0.30+£0.05%= T2 b
o B Y M S9E 27 003+
0.01%% ##ZH o] Nor o vla] #94 &
(p<0.01) 747t FAE S} 3HH Herb Aol A &=
Ao 9 AT Mg el 24b4 0.11+0.01g 2 0.30
+0.04% % #EE o] Dox 7o Hlg] F94 &
(p<0.01) 2717} QA5 oW, Nor 3= ¥ g=
g 2ol E VEhA $3kth 3 Herb Bitol A
= Ad 3 Ad Mg FEe] Zh 0.08+0.01g%
0.18+£0.02%=2 &&= o] Dox T Hl&] 494 &
(p<0.01, <0.05) 5717} Q14 5 o1}, Nor 7o) H)3)
Ae dd3] F9A =<0.05) 2HAa7t A=A
(Fig. 9,10).

2) JelE; R R b

Nor oA & B& A5 Ed A T E o] 4aA
< YEIA g5k o), Dox 2] 7% 4] g (+++) M
B A5 7ol AU ¥R L E ARG F
ZE-2 500mgkg A 13Y7 28l Herb Aol A

A, Dox 9] A
0.01g¥} 0.05+

Table 7. The Degrees of Atrophy of Spleen after Treatment
of Doxorubicin and Banhabakchulchunma-tang

Group ID Degree of splenic atrophy
Nor —
Dox +++

Herb A +

Herb B ++

Group ID: = contant of Table 2

Degrees: +++ (Severe), ++ (Moderated), + (A few), + (Rare) and — (not
detect)

Absolute spleen weight {g)

#
i

Dox Herb A Herb B

Fig. 9. The changes of absolute spleen weights after treat-
ment of Doxorubicin and Banhabakchulchunma-
tang.

* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor

?p<0.01 compared to that of Dox; #
Dox

p<0.05 compared to that of

2

TR %%%% 250mg/kg A 1597t
ot

Herb BRoAE 25209 Bl 92 Ao o
A= 9 21}, Dox i%ﬂﬁiv}% vl ZAulg e

2 AEE A TtH(Table 7).

5. O ol o)X= g
D Ll S5 vlx & ¥
Nor oA e] A 2 o L 58S 242 0.19
+0.01g# 0.50+0.04% 2 #2¥ 6wk, Dox ¢ &
o 2 A L S 42 098+021g3 450+
1.18% % #&F o] Nor o] H3] $94 =
(p<0.01) Z7}7F #AH U gHH Herb ATtolA =
Al 2 A Ll 23] 22 0.23+0.02g 2 0.51
+0.03%3 B2 o] Dox w4 Hl&] §94 Jd&=
(p<0.01) 7427} 1A = 1o, Nor w3 A $F
A7F 94 UA(p<0.05) T A2, Al SR
drE H o2 {2 AtolE YEA st
&t Herb Barol|l A= Av) 2 Al (O F%<] 2
0.63+0.13g9} 327+0.98% = #2= 0] Dox of} ¥
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Relative spleen weight (%)

i

r Dox Herb A

Fig. 10. The changes of relative spleen weights after treat-
ment of Doxorubicin and Banhabakchulchunma -
tang.

* p<0.01 compared to that of Nor; ** p<0.05 compared to that of
Nor

#p<0.01 compared to that of Dox; ## p<0.05 compared to that of
Dox
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V. & %

Doxorubicin2 anthracyclineA] € 2] A2 1960
o JEE % 7 £3 AHEEHE Al d
Fol™, A F4< 5 (breast carcinoma) ¥ 423 7

k(small cell carcinoma) S} %] 2.9 FQ oFEZ A}

Table 8. The Degrees of Congestion and Enlargement in
the Heart after Treatment of Doxorubicin and
Banhabakchulchunma-tang

Group ID Congestion of heart Enlargement of heart
Nor — —
Dox ++ +++
Herb A + +
Herb B + +

Group ID: = contant of Table 2

Degrees: +++ (Severe), ++ (Moderated), + (A few), + (Rare) and — (not
detect)

Absolute heart weight (g)

Fig. 11. The changes of absolute heart weights after
treatment of Doxorubicin and Banhabakchulchunma
~tang.

* p<0.01 compared to that of Nor; ** p<0.05 compared to
that of Nor

# p<0.01 compared to that of Dox; ## p<0.05 compared to
that of Do
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S5, A BE Q4 getao] X3E e JER
g A Joh. 2y Doxorubicing A3 st
£3] Lo (cardiotoxicity) S UEREH o] g
L2 Doxorubicin®] T3] Fofd] 93]
€ TS Tk A A2 &4, iR 9
3 fosE 2 Axe WA ke F8 4
° 2 3= A& A3 78] 31 Doxorubicin ¢ 28
F A717ke] At & gtE = o] Fofl(ventric-
ular dysfunction) 52| A 7FX 2 o] & 4 Qloi
g LB Qo= o, 4 2 M 912,
STt 4 AslF Fo) 5 2 oy F3}go]
B2 Ha glovt ol Hikol B3 Hrke A
ol FARA] &1 A8 AT A U Ao
g Fd B HAZ gl HLH de olFRA
fE Aol

FHEAMRGS 7t <> Agoz
Actelel 23 HHIE TEMERG, IREIEN, 5§
FEARE, HEINL, B OER, TS B RER
BRI o2k 3lo) o el el dFstn deon
EMAE, RbRS] Bt ol MEERES B
of oa HFENERt Jehd SERE, IE MR,
by, W 5o Sl 7} glohss dA) 4 EH
NERME #e Ad4 Raze YA Zda
218, §E, SREE, $AF AT v X e 2o B A
78 9l Sarcoma-180, B16-F0 52 %A TE 9194

Relative heart weight (%)

i

#

© 4 N W & O @

Nor Dox Herb A Herb B

Fig. 12. The changes of relative heart weights after
treatment of Doxorubicin and Banhabakchulchunma
~tang.

* p<0.01 compared to that of Nor; ** p<0.05 compared to
that of Nor

#p<0.01 compared to that of Dox; ## p<0.05 compared to
that of Dox
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