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Effects of the Gamihyangsayukgunjatang on
Radioprotection and Apoptosis in Small Intestines of Mice

Tae-Eob Lee*, Jin-Sung Kim, Sang-heub Yoon, Beng-ha Ryu, Dong-won Park, Ki-won Ryu

Dept. of Oriental Medicine, Graduate School, Kyung Hee University, Seoul, Korea

The present study was performed in order to evaluate the effects of the gamihyangsayukgunjatang on
radioprotection and apoptosis in small intestines of mice after whole body irradiation. Two hundred forty
mice were divided into 40 groups according to the radiation dose and the gamihyangsayukgunjatang
treatment. The extracts of the herbal medicines were orally administered to each group differently before
and/or after irradiation. The gamihyangsayukgunjatang treated groups were divided into 3 groups. Sample
I was the group treated with the gamihyangsayukgunjatang for 3 days before the radiation, sample II was
the group treated with the gamihyangsayukgunjatang for 3 days after the radiation. Sample III was the
group treated with the gamihyangsayukgunjatang for both 3 days before and after the radiation. To
analyze the crypt survival, the microcolony survival assay was used according to the Withers and Elind’s

method. To analyze the apoptosis, the TUNEL assay was done.

The results obtained are as follows :

{. From the microcolony survival assay, the gamihyangsayukgunjatang treated groups showed the
radioprotective effect with a statistical significance(p<0.05), as compared to the control group.
Comparing the radioprotective effect among the 3 groups, sample III was statistically more
significant than sample I and II (p<0.05). Sample | showed no effect. In accordance with the

research mentioned above, it is suggested that the radioprotective effect of the
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gamihyangsayukgunjatang is more useful for the treatment of the radiation injury rather than the

prevention.

2. The results of the TUNEL assay showed that the apoptotic index in the gamihyangsayukgunjatang

treated group was slightly decreased with no effectiveness, as compared to the control group.

According to the above results, it could be suggested that the gamihyangsayukgunjatang has a

prominent protective effect in mice intestines against the radiation damage. However, the radioprotective

effect does not seem to be related to inhibition of the apoptosis.
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B Y (L) HE@®
A& Ginseng Radix 8.00
(Panax Schinseng Nees)

BRE " Dolichi Semen 8.00
(Dolichos loblab Linne)

HE Astragali Radix 4.00
(Astragalus membranaceus Bunge)

R Dioscoreae Radix 4.00

(Discourser batatas Decaisne)

HE | Glycyrrhizae Radix (Glvcyrrhiza| 4.00
uralensis Fischer et. De Candolle)

EHtF Cyperi Rhizoma 4.00
(Cyperus rotun. dus Linne)
=h;i Atractylis Rhizoma 4.00
(Atractvlis japonica koidzumi)
B Hoelen 4.00
(Poria cocos Wolff)
3] Pinelliae Tuber 4.00

(Pinellia ternata Breitenbach)

R Aurantii nobilis Pericarpium 4.00
(Citrus nobilis Makino)

Amomi Cardamomi Fructus 4.00
(Amonuuan cardamonnun Linne)




JE*h | Machili Cortex (Machilus rimosa| 4.00
Blume var. Thunbergii Nakai)

A Amomi Semen 4.00
(Amomum xanthoides Wallich)
BARE Helenii Radix 2.00
(Saussurea lappa Clarke)
=S8 Amomi Amari Fructus 2.00
(Amomum amarum Lourerio)
B Zingiberis Rhizoma 6.00

(Zingiber officinale Roscoe)

KB | Zizyphi inermis Fructus {Zizyphus| 6.00
jujuba Miller var. intermis Rehd.)

e 76.00
2, 7 &
1) ##ES W/

IR ER B FEH S8 4 &S 5000m! round
flaskol] 'd 3 3000ml9] WK E fnste] HEHH
& MzEsta, 3ReR MBARBET 9 AT HK
& rotary evaporator® HRRIRIET % TR2EBR
Al MREDABEFHL7) 2 95g(RBE -
25%)& Aol B E HEAA

2) Wl =x®

A 6ulel 2 IR st MR, HRi
o2 yreH, & A3 #ES flEsd
BRI MEEHAETED7) L 10mgkg
o] BHiS WK st 18 20 1260
MRz i fORALAT HERAE [
B £EAWKE AORAIAT

3) HsE By

R B HHAT MRS 9Co &R M4
% By B S FIESd KE%E 1.1 Gy/ming

25 Byedd £820,8,10,12, 14,16 &
18 GyE F oo, HREAE MRS B

54 gkgith
4) WHE e

(7 AR £HE O BRI

RS stk BatE what group 1(0
Gy), I8 Gy), I(10Gy), N(12Gy), V(14 Gy), NI
(16 Gy), VI(18 Gy)Z B43IA L, group RS} &
BRI A7 ontel & BLE ST Group A
9] & RBRES RSN BFHA7 28 £
3A] k& HEELIT control Bf), HETHE BE
Al 3B MIRBEHAEFHAZ| LS RIET B
(LLT sample [ %), B4R BA 1% 38 IikF
BHABFHAI 28 2 FHOLT sample [
B, S BE AIkE 24 30M&eaM M
KREDAETHY 7 28 REF BULLT sample
I#Hoz o] BE3tATh(Table ).

Table I. Experimental Grouping for Crypt Cell
Regeneration Analasys

Group Radiation No. of animals
dose(Gy) | Control | Sample I'|Sample II [Sample II

[ 0 6 6 6 6

I 8 6 6 6 6

I 10 6 6 6 6

i 12 6 6 6 6

¥ 14 6 6 6 6

i 16 6 6 6 6

Vi 18 b 6 6 6
Totat . 4 42 4 4

Control : The group treated with normal saline.

Sample I : The group treated with
gamihyangsayukgunjatang for 3 days
before radiation.

Sample II: The group treated with
gamihyangsayukgunjatang for 3 days
after radiation.

Sample I1I: The group treated with
gamihyangsayukgunjatang for both 3
days before and after radiation.

— 4 —



(2) Apoptosis(TUNEL assay) BEE

Apoptosis Fiffl| ZtRE RS B3ty BE
B B By Ee) wet group 1(0 Gy), 1
(8 Gy). (10 Gy), V(12 Gy), V(14 Gy), V(16
Gy)2 E43tA 29, group RS & EEEE0L
ot 43 6utel & BCE S . Grouwp A9 & B
BRES IREDAEFBAI2E RESA
%< HREQIT control ), AR BE A1 3
Bz RS % 1B/ & 480 MREDAE
FiHA7) 28 BT BsampleF) 2 2 V0]
BBy 3 g cH(Table ).

Table II. Experimental Grouping for Apoptosis

Radiation No. of animals
Group
dose(Gy) Control Sample
l 0 6 6
-1 g - 6 6
I 10 6 6
V) (VAR 6 6
v 14 6 6
Vi 16 6 6
Total 36 36

Control : The group treated with normal saline.

Sample : The group treated with
gamihyangsayukgunjatang for 3 days
before radiation and ! day after radition.
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(2) Apoptosis(TUNEL assay) 4&#F

HUS#R BE % 18] 43S B A B8
TS fElstdth et rEel 2K @
2L A2 &gtol=d apoptosis HE N E
(BMS Co, U.S.A)E FIH3I TUNEL assayE
&k

TUNEL assay®] #& {52 apoptosis EHF
7t DNAY) S 42719 ¥& SFEY
DNA 4 Hif8 == £ 2F&9 single strand
break (nick)2 Zf4 A7) =6 DNA strand break
< 43 & terminal deoxynucleotidyl
transferase (TdT)& templateo] sl rassl
FRLZ o] 3 BIFE BEFTI £ F5
in situ _Eoll A #gFol TEESI=S JEMEE free
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TUNEL (TdT mediated dUTP nick end labeling)
olztz &0, DNA EAB#ZE FIAE ISNT(n
situ nick translation)ol] K8} apoptosis #ifgel #
% labeling intensity7} EobA BRE} 2
nucleotide’} HiESHE K Rl MEde
£2:-8 7HA 3 9o, el apoptosisol A
#3}= DNA strand break & Bi2HS 2 KRBT
© 24 apoptosis$} HFF(necrosis)e] B4ro] H]
4e8tA =) 3 cytostatic druge| v KRS kel
¥ primary DNA strand break?] B4 W]
BB,

& EE A& Terminal deoxynucleotidyl
transferase from calf thymus 50 #l1E label
solution 450 plol} 4} & mixtureE BRI 37
Tl M 16 RS AT TUNEL mixture
K& %% PBSol 104/ 2[@ #&#kst TUNEL-
PODE £% 50 v EAT #% 37 TAA 305
M KM A7)3 PBSE 33 p#estm POD
substrate S 100 pl¥ &2 KA AT PBSE 3
3] kst DAB substrateS 2-35 A1 st
YIS B Kol Jehtd PBSe 37 K
B kA7) 3 nt SR e B B R 1%
4004 KR LEEHGES A BEc
At} Apoptosis index # § vl & Fi 500
Aol MHE Mol Fis ol meantSEML
2 &Rk

6) ¥t BE

% BoA AE H£HFFEL Oneway ANOVA
Test® FIHFA R,
ANOVA test$} Post Hoc TestZ F|A3lsich

apoptosis= Oneway

I. gk #&
1, NN BT AL &F B8

MR BES LA A growp [ M e
& B Zie) BESR @t v
R BAE 2% growpl ~VI& 25 F
Eigo) #ES U chp<0.000~p<0.035). =
SHig BstEd e & Mo AEEE #FE
& 29, group [ ol N & & B 227 U
3, group [ A& sample [[ Bo] HEMUE
ERS B 1(p<0.05), groupl ~VIdAM =
sample | Bt} sample [ Bto) HEMUE ZRE
YetRen, §3) group V ~ VI A = sample [l
Bto] sample [ Bto) i3] HEES ZRE R4Y
TH(p<0.05).

Table III. Regeneration Jejunal Crypts per
Circumference

Group | Radiation Crypts per Circumference(meantS.0.)

dose(Gy} | Control | Sample [ | Sample | | Sample ] | pvalue
0 (1039+8411064£68)1055474) 1046475) 90
§  [1053483] 983458 (10751731 07 445] 035
10| 83.619.1|960£102] 954154 10111134 000
35.6+11.3{4724102) 761468 | 726+10.2| 005
4| 198423 21437 | 46432 | 334298 000
16 | 55+20 | 80413 | 1004221 122430 000
18 | 07406 [ t3xLl | 14209 | 2272091 000

S o= o~ =2 i e —
=

HEHRE ) B'indtel wet £F= e
U SHE B, Bose MSe RE
oM vzt oy & BE I &Y He
FES 227} dAcHp<0.05, Fig. 1).

oz 4% /e 8ES Poisson A5 @
2 21 2A9= #instd £7F fhigs 92
4= oled), sample | 9 &% #4R-2 control
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Fig. 2. Comparison of cell survival according to
each treatment group
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Fig. 3. Comparison of cell survival between
control and sample 1
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Fig. 4. Comparison of cell survival between
control and sample II.

(group I, DM = BRI = ZRE Holn &
kot 10 Gy LA ko) fist#s tEsieroup T ~VD)
dre BRIs ZRE 2 Hp<0.05, Fig. 4).
Sample [ B8] &% MRS L€ KE BH
(group [ ~VIol A control Eo 3] Histigo
2 FEY £RE BYh(p<0.05 Fig. 5).
Sample [ #3} sample [| 22 H#EstH (2 Gy



LUF o) SR E Bieowp | ~NAM & F &
Mol ERgle ERE BolA gskou, 14 Gy
LI B Higgroup V ~TDAM & #at
ez Eme RS B oHp<0.05, Fig. 6).
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2, M R

BER BH % 384 BREHET A
disorganization} #iff kol BES AUt
%o BiEe 12 6yd REMAE £ F Hd
& ERE HolA #tov 52 REL= 7t
HA #BEY BENd 2R FEAA Y
GA IREWABETFE S RATY BollMe &
F7h il 23 B 2 #REd e K
i #HERAN = BE7F B2 THRUYY FiE
2 ¥ tkFig. 7, 8, 9).

12 14 16 18

Radiation Dose (Gy)

@

10

Fig. 5. Comparison of cell survival between

control and sample 1II

r—a- Samplell -o— Samplelﬂ

1000

100
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2 10

Fig.6. Comparison of cell survival between

sample II and sample III.

Fig. 7. The regenerating crypts after 12 Gy
irradiation.

Fig. 8. The regenerating crypts after 16 Gy
irradiation.



12 Gy2 BARAD groupNell M 9] =
sample [[ Z:(D)3} sample [ F(C)2 control F(A)
of e} oz FESA BnEAG
(p<0.05).

16 GyZ B51 % groupVl M & AE5Y A
ol ko HEHA ¥u Ut Sample[
BD)IN T R REF 3 )Ee 37
o} #io] HHES O Jod Bas e E
#ige= %A} Sample I #(D)3} sample [ #(C)2
control ZE(A) 3l HiEBYCE HEI ZRE
B TH(p<0.05).

3. Apoptosis 9#¥F

Group | ©] ¥ apoptotic indext 1% kKifo]
%At Apoptosis #iffe] BT MATREC] B
gHoll wheb HpIste Bhndltthrt ERE FiEel
HNE —ZT plateand o] F& Aoz ¢aA
th R FEAME 2P RREHE & +
AR

Contro! E3} sample Z£fEje] oAl group
I~Vel 358 &% control -2 244, 43.8,
55.4, 60.0, 62.2% o] 91 3L sample F-2 23.6, 43.2,
54.0, 56.7, 62.0% 2. control ££o] sample &l
A} ET 5 @ES 2ol gloy 2 groupo

Table IV. Change of Apoptotic Index on
Radiation Dosage

Radiation | Apoptotic index(%)
Group Sample
dose(Gy) | p-value | Control
{ 0 - o<t <l
I 8 244 236 0.745
I 10 438 432 0.785
U 12 55.4 54.0 0.565
v 14 60.0 56.7 0.217
VI 16 622 | 62.0 0.940

A 5 BEREY) #EE ZRE U cH(Table I,
Fig. 9~ 10).

12 Gy HU#% M5 #% TUNEL assayel] {K8)
NEEMRE BET &R £28 MidA
apoptosis®] HEMA FrRU KkEE &
(condensed nucleus), & 24 Z=/i(halo), L
2|1 o 2] {2 fragmented nucleoli® o] Bt}
a8y o3 MY BYLE HolA de
il M= TUNEL g #f& Jeplia 3l
o) FIERYQ #MEE E# O = 3 apoptosis Lt
Be FEESE ¢ ¢ Ak

Control BH(A)E /NS 288 BRALolA B
5ol sle §efs WAEE Ho apoptosis7t EE

Fig. 9. Apoptotic cells after 12 Gy irradiation
(TUNEL assay).
: Arrows indicate apoptotic cells.

8 T
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o 60
WD
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A 10 12 14 18

Radiation Dose (G

Fig. 10. Change of apoptotic index on radiation

dosage.
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EatA dojvta o, sample F(B)S HK
i89) stem cell-& apoptosis7} ¥oj kAl &1 /s
o LRl T BES D AT Sample F(B)
o] control &(A)ell H3] apoptotic index7} WA
Vel HES Bola slov HEaI R
< Ho|A] st}

V. & %

PIRREH ik P RaR ik fIREe
BUHRE xR, off, IR, v, BT T %
£ € F o, Bk REET BERML
o whel EEA S REE T ofY 2 EEME
o ¥ BlEAE SHA Jdebd £ U
1000, iR K BifER S BEDEORE
(G mERED, WEERES, I/MREL %),
HILREREL, Bt %), K BHEEEE G
3, 1B, BE %), EHMSEECE %)% &
BAye 84 el 2R € oRE B4
HEol Yehde Ao 2 BEME & Yo,

25 WA B BAE e BER BIEES B
StEe o} S48k, 3-4 Gyo] BAHRENA
£ B, Brt, EBR F9 GERER] et
1, 3-8 Gyl A & BERSts M0 #igs
o] 3-438 1%l FECEHAl H = EmAEBEEC] B
£50, 10 GydlM & BRE HEY LRk
7} B o] M #E EfRel YeEtde B
g EmERe 2 ok 9a o) ek Bk o
g} 100 Gy LI ES] B ECA & miat Ll
Eik BIES 24-4885H) ol FEL S MMM
TERB-S HkstA gr}pisieem,

Ao Z R EEHGT RiEste s

#. B 2%l (radioprotector)ol] ¥+ B7E7} {E D).

#ATE Ol oo, RAA G ME&R B
Sfl= 022 LBy B2 £ WEL Y

2 BoEoPY. (L2 L kFE thiol A
MEA ol& R BHEZ W #4std 8
ol ®RAT HHEE BRI BHE(free
radical) € BrEdt MRS Rigst= fEACl o
T}, dpEARY BMS bacterial LPS, muramyl
dipeptide, Mycobacterium bovis ,%ﬁﬁﬁl bacillus
Calmette-Guerin, glucan %2} £ L&
9 cytokine & & % & #H B #
(immunomodulatory) 8{-& % $E¥(inflammatory)
WHE %ol Jon o]EL &M ¥ REBHES
1 EAIA B #8 BERRE 7R & A
o2 g3 A Y. 0|5 o R B
RER B AAD, o 7Hx19] uiF3 s}
A 2 BWERE kel B BHEL EH
o] HIRs L ot 2PA BEole BL HR
7b #ifo]l ¥ A2 E ¥ BRIAG 2
74X B KIBER A HASH BEE S
BEA 71 H = Bhrel £hEn opss.

3 free radical scavenger\} O FEriye 2
miRE @ A7 AL BE REE Raste
%o HREol RESAAT BRHY FH%E
< BHY & A

I Sel= F4Eh HEESD, S-aminosalycylic
acid¥®h}
misoprostol* loperamide-N-oxide™, sucralfate
glutamine® Z£2] 4y Mk 3 o) A A T B
& ER PR REH BEe 89X 239
c}.

283 RS WES BEE AESR
<t Du 9 IL-11& REsIA /M5 NEY
HiES w2 A st il B|AES BmA7)
BEHRT JUE FES FR T AFH A
EFES FRUA AR 28y IL-
1€ BifEf o] E3ta B FH2 ERK
de] EAEY] ¥ de &l i

BERAN e MARBRES WITEHRE B

indomethacin®® vitamin E and
49)
1]
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8 EFEMC B EfeH S BEA Y L R
HeeS BIEA A BEERE mLAYEe &)
Bt ZHEHA #ETHT A 3R FE BR
€ ¥ol3 Yo

&, B GRS delude RS #A
9| #Eo) BEst BEol RiFH D BBV
KEASHH BFEol FEAst BAER A2 ¥n
BHEE, £REER RREN, SRELES
ERRT KR EHo 2 S, BER
BG, RRENE 48 KB Bg B
BEREAR FE € T 3tk BE@EREdE &
SRIE, S, (WEAR, IRER, HE BOK F2
meRet, £REkEde EHE 18 BN
%, B RiER, BIR F& hoerel, RiEH
fiigkel & 158, MITHE, BF%, BIE FC |
B, 54 %< ke, REnEkde HE,

g BES ENE A2 %2 HAEYR -

%qﬁ)_

FRIREy E8o ket |ASPIT KIEHEER
< BES BRAT Bkl FAEE £8
R %o Bed £RNAY. 877 HER
B4, MRAIRYE FEER, MASREE, BE, ¥
WK EAE el ER wEMmE e 08, &M
&, K% %3 MERiste #, WRE %
< fIFst] AHE BRE AFATZ #53
I ik Be #hgo] Eita BBHR E
ol mEEE, £RER FRERML fENE,
HHITES BEE BEE BHESUG = B
Pe Bl WM, DEKEEER, S, B8, O
mEkRA %ol fEfkel RIEERES A
T, 9% BN, amBkERd %9 kel
B KT F9 F< T2 EASHoH,
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