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Study of the effects of gamma-ray irradiation

on the sterilization and main components of
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HBHNFERLEFM T CRMMEAZ =¥ B Box+ BABEEAT - BB
SR 2 AR b S AL B R B E MR IR TR BN A A E > BlE
A EBBREMAMM > pHEEZRAKIRE LA SFRERHR
S AR s 2 £ TR AL o 9251 R AT AT A BR 4% 42 R Bl BT 78R X Bl 4k o
EATEFERE > BB &% 00 R B orAa e ¥k o s 245 &
B34 4L - 3R 2 g8 4 B AR

B 4E R BATS 0 Rl suhEoNvkibm Atk s B X A MR 52 A AR
ARE > BmEE2 A RBHER 100~10°CFU/g » 24 4~10kGy #| 2 B
HHEBMEHRLETELDRAAR - RAAELDRAR TR SHZ MK
5h o ERGTIR AT 2B A BT AFRER 0 SR AR B AR TR X BE A
ERBEFEZ LAY R BCH MMM RBHE ST RES £
£ oo ¥R BT AR 24 0 8 TLC & HPLC 2 47 & % » 87~
SRIE ARG S ENRAA A ERARGIL - AELERBREHEZFX
AR AL o A P R A RBA SRR AE  BFRAARERN TR
zHBEALEL  BERRELY WwREFPEZ GMP HAE -

RIEREE : T2 - mBLRE - MAY

Nuclear Science and Technology Development Center,

National Tsing Hua University
F. I. Chou

ABSTRACT

The usage of the Chinese medicine is getting more and more popular since our
government has popularized the GMP system and the insurance polices for Chinese

medicine. Recently, Chinese medical prescriptions ( CMP ) has provided a very con-
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venient way for modern people since it not only can provide a quick and exact drug
preparation for pharmacists but also give patients a easy way to take Chinese medicine.
However, since we have the high relative humidity and high temperature in Taiwan,
the components and the excipients in most CMP will provided a favorable growth con-
dition for microbes. Under this condition, the components of CMP will be contamin-
ated and decomposed, so that the safety of the user should be concerned. Thus, we
should provide an efficient and safety control for the quality of CMP.

Liu-Wei-De-Hung-Wan ( LWDHW ) that belongs to "Tonifying formulas" of
traditional CMP is in the top ten popular CMP according to the sale amount. For avo-
iding the contamination and improving the quality, we used gamma-ray irradiation to
sterilize the LWDHW in our study. The irradiation was carried out at the 30,000 Ci co-
balt-60 hot cell of the Isotope Division, Nuclear Science and technology Development
Center, National Tsing Hua University. After gamma-irradiation, samples was spread
on the culture dishes directly or after a series dilution with phosphate buffer. For short
time incubation, we observed the growth of microbes and evaluated the efficiency of
decontamination for the CMP by comparing the microbe number before and after dif-
ferent doses of irradiation. Also we evaluated the radiation resistance of the predomi-
nant microbial strains. Besides the study for microbes, we analyzed the main compon-
ents of the CMP before and after irradiation. We used the TLC and HPLC method to
determine the main components of the LWDHW before and after irradiation.

From our study, we found out that LWDHWs ordered from different manufactu-
res have extreme diversity of the amount and species of microbe. The microbe content-
ing in LWDHW ranged from 10!~103 CFU/g, and the gamma irradiated decontami-
nation dose needed 4~ 10 kGy. After the gamma irradiation and then 2-month storage
under room temperature, these LWDHWSs were incubated on the solid agar plates in
order to observe the growth of microbes. During 7-day observation, no microbe ap-
peared on any agar plate. Besides sterilization, we also did the sensory tests and the
TLC and HPLC analysis of components of the LWDHW and there were no notable dif-

ferences between before and after gamma irradiation. From this result, we conclude
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that the gamma irradiation has high efficiency to sterilize microbe for LWDHWs. The
optimal irradiation condition applied to sterilization of the LWDHW is recommended.
This not only provides a reference system to the industries and government, but also

improve the GMP system of Chinese medicines manuf actures.

Key words : Chinese medicinal herbs, gamma-ray sterilization, microorganisms
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Bl NI 2 b 25 GMP 4] B 2 4T AR BARR AT S 2 45
TRMAF MY o BATE N T GMP #4218 40 48R » £ &4ER
R A RENEB EPRGER I AN EEE  BEE DI R B MEAR
SO ER TG T RERARTE R E B 2 HE R R E R o BT 40 4
YRMETIEHBBRAARIGE S TRETEMIMAMESETRABRE
B2 BB PEEB T EAEFGRMWY 10% B EREE - HEHE
B S BRNBE TR ERBTEEMENITE MAEMH R ERE 4R
HAHBET P2 by~ WRBRE > EREAAFEDME - YERT 5 E il
RBAK > AR AREE B R B mBEEIR > b P ERERERAE
2HEAERE PREIBAMFTLEEHRA LM AEMAED G EA AL E
Mo BATRIMEE (YEALRXSSE) CETBARAIEM O @ H
HEH ABRAE HFL - BE MR FEY  wihina - N%kibg
s ABFEER IR IARTERT FCERTEHRE - ALEBRRE
ERZRABABAHEA AT EEREREHRE - BHEHBHANR LG
CHEHBARARRBE—HRAEMITBREGE T RS iaRBRaHdess
a0 R o T AR AR R LK AR R AT LUE RARAF AR R 2B A 2k SR A
BREED . PERRECAROTER - FWEBERZRERER - Hd
BEHAXZEBH  RETTERR LSBT Y ERARAEEM > HT)NHE
mERBAA ~ BAEMTRZHE KRB ERRABLERTZHE
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Wik EF A BB A ZARRE BN ERZBE ~ &k HEA R A
AT R AEMFEMRILBERREA R B PRAMEA YRR R EZIESRE
EHEAGRERNAFREER D BIRAE oy HT > FA A
W BB E R S AR AR A AR A (1) o E R A BB E 2R HE R
ST RA B Eo T A - PRARME S mEK AR R~ R BE
Bk 2 T B A 10KGy » 447 33 & 15kGy ~ 2B % 30 kGy >
BEABTALRHAZHEL TKGy - LR RS EMEILE (FDA) 7 1986
FRBRNIBRBRAER > H P15 BRI AKN S FFH R > o FF
FR B ASRM > TR 30kGy 2 F| F BATRIZCY o [ 8§ FDA 38 A &
BEERHAZIRSAREY  AEFHRR - BATAF S ELERAAE
BEASMABREASL - &4 (iidE %) > REBAFN - R~ 45
PR TS ST BB AR A A 12 o R I F M R
AR A AR S E M Z B R L RATIRS > BHBHEASL AR
BAM IO SR ERGBEA RO E LR -

BRRAREMARERT —BRRLBZIRXGARARALN > &R &%
S SXI0ME/EAT > FEM A O REM A EIRA 102 /g - K
I ERHU R T ARG R B ET I EERA G EE AR E AR
FPREETHEERAFC AAARARZ T - MAEY
Rttt  BIMBERTT 2 RERBTRKM
o HE S EEFE DB P EMEF U ISKGy X 8B4 E Z R E s 0 24 10kGy
B RRA  HERPTREM A RIFeARBAZE (AW E A O0CFU/R)
G o K3t FHEF kT A B A Ao R B AR A X ik BIRB Y
BlERMAMRGEEZHEME  #ARERSH EFEG > RO P &Y
[Py AEN e E > EABEAGER LB BRI - BiE—F
EATBAAMBZERM O EINR - AEFRE 54 RABRHBE L

7

ERERERLY -  MRB/EERBATY B HGREZ T A BRATREA

FT A BHEREAZRBA B EEMLELRIE > HEBRHRATEDE  #R

PR
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HROBHNFERZRFHZRMER Y SRR A R =8 EE
460 B4t # 2 ¥ ifT - BB 28E b 1kGy £ 20kGy (B EF 4
5 kGy/h) > 3 4F %) 2 8 & LA B Bk 25 4% K 8 % B & 2+ (Frick's dos-
imeter ) #47 o H R4 &4% 0.001M FeSO4 » 0.001M NaCl & 4450 22
Az 0.8N ZiEL KRR o B34 A 2 AF A1k 4Rk T (Fe?') Rt
siEET (Fe’™) > 20304 nm st 224 nm & 3@ @ F) 2 38R 0 H48
BTHREMNEZ - LALABEXIH EHREKKR > HEED (1~2
%) o H 232 0.01 M 2 CuSOs hu ABiEE T 4RR& T » B4Rk Ty
BAER R AW TEBFHEEE 10°Gy -

TR S 2 B Ed 8RS B 5

B9 Bk B N AR 2N "*iﬂlw A FHE-REERL - AN R-RYE
B~ ARG B BRI BB B-REER  BERE-IREE
FAMKL o %ﬁﬁﬁﬁ%ﬁ%iﬁwﬂ”’ﬁh*%ii < TR h IR A 4 LA
F @~ T~k TAERIE - a8 B b BT = R

B—BRARSM AR c B R U ERA T ABR IS g ENER
Fesuii P o M AR SLARAE ANSE-60 B AT - ENIESHRAF T IEEEX B
SHZ2E o BAE UGS 10 sl o {5 B AR LR T AR SBT3
HWBRHB ER - ARSERE R4 TR > TR AT E R4 E
7o BABARS L2 B BT AN Z B -

= BEERHEEEERER

1. “F @ 3% % & plate count agar (PCA ; Difico. Co.) -~ potato dextrose
agar (PDA ; Difico. Co.) 2 ## : B PCA # K 23.5g ~ PDA # K
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39g RN BT 0 D ARG Y o B A AR
ERAEZEAA IL EXHBERAMBYRA  FEBEHFZE
50-60°CoF » A EIANEE 9em 232 Fdm b > Hm4y 10-15mL » 4
e A o
2. 7% RE ¥z & tryptic soy broth (TSB ; Difico. Co.) -~ & plate count
broth (PCB ; Difico. Co.) # 4 : B TSB #yK 30 g» PCB #rk 17
g AAlMANG R AR =BT RAMBEA | L FiRHY
Q’AW%%Aﬁ%ﬁ%¢’&%9Mﬁ@iﬁ%%%@ﬁi’
KA SRR
3. EE s 1k 2 B 0 B 4.54 ¢ KHoPOys 0 5.43 g Na,HPO4 - 2H20 %
BV > BREEANE LL (pHEA 72) - wAmia i
ié]’]’n\%‘iéi}y*:%%fﬁ“ﬂl’ BRI mL o wEKRHBRBE AR E
KA SRR

@\WE%ZE@%E&@%

BARRBEHH R RIERALRIZNY T EMRSAT 7 =

NETHMAEN S ER BT E:

1. & @ PRt 20k (surface plate count) @ 4% 5 BB 4444 B BP A A
B ik > NACTZB 60 54 BENKRES U T5rpm ~ 7C
& 30 psE 0 RS FIMAMBIFNEERT o FiLREH
ﬁ%é*ﬁ%PQ&&PDA@%%LOAm%zﬁm%mwzy
30C R TRA  CHITACARBARES Bk
Bp B 25CRAHFIBE - NE_RBREFBAEARRBRZIE S
5= wWRARY CIBAERBREERZEAKL - BRARBEEHE=Z
T

2 MAMBRGABRRRE R PEGSABEANERI TRIER
AExm BN25CAEMPIeA 1~T X o BB RIS LR
Rfestrsn LR B2 MAEME KK B—RAB 240
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BATZEARBRBR -
B IISERRBSHENREE N 2T ERIE
# B SR AR S 0 B AN B R T FH 0 R LA R ATAR
FIEEHBAZIRSH ZETRY  BABREISENTRTIR - o
BIE L~ 2MEABRE » AL = KT HMAED SRR BR LK
AT HRRBHGZ P RETIMITFRZIMEN S E o Hhob B R ERATING
BAEZ R E S H R -
NS LIRS IR R E BT
1. SA BRI RBAMAEIR . » L RABCER B AT ~ B YRS Z SN AR ~
PRAGFEALTHAL -
2.0k & £t (color meter) B &4k HunterL ~a~b{a (L A8 E -
+aREkaaE - aRE&KEE + bR TREE ~-b ATES
E)  HABHAGTREHSZIINRAE -
T~ NIRMENZ END RIEERD D
Lk s 2 B (extraction) @ 7 BB KGR A R B4 B 2 ¥ &b &
200g > A FER/K (9:1) MERTFAZFER—E » @ERE ER
oo BEARSE T Z RS R EERE X KRR S
SHO839) 5 ug g pht 1 a ok I F BE LUK R A BER 0 B R 4 )
BF > R R o ATk EBUR SO EIT T IR E -
2.8 % Be (partition) s b 3 3 B SAR R R 45 2 RAE 4 20ml > A
Ha =R K BB 2 100 ml o 2L 500 ml 4% 5B SH& B 24 200 ml 2 E
Th ~ CEECES ~ ETEE AR AR BAITRER  H85—fEEB R
4 RESHEERKR > ABRBREGHRBER > ARwE (1) Aw -

N

P

~
—
7
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b 4 W EE /K BUR
VR i
¢j]u7k§_§.%§$§ 100ml
VR E e ER 4 &

(A) BBk

&
o

K&

[ l
(B) ¢ELES & KB
ETEER4 R
l l
(C) ETER (D) X/

B (1) ~ SR RSB AT 3R A2 B

3. TLC pArda st Baet ¥ Ak b P R 2 B4
(DA B b k48 B4 2 ook utfsb 2 A (ETkRE) ~B (T
B ) ~C(ETER) D (KE) FBik (%A A
Bo~C2~D2) » Bl A B B ERAESNEEE R £ (Silica gel 60
F2s4,0.25mm, Merck ) - 4§ TLC B E 7 45-60 B8 44 B + & 47 10 kGy
BT ST o Batgr Ll TLC J§ R LR sFE ERER S (4%
ZHA-B~C-D) XRFEHOFRRABHEE (HIRAH AL
Bi~Ci D) HbZ & FERBR > GHFEIH °
Q) EL A 7Sk Hum P 3542 AR, % paeonol (F+ & &y ) -~ ursolicacid ( f& %
B) A5M o Euk TLC B h o sk (H) ~ LELE
(E) ~=—& ¥k (D) ~ F8 (M) FREFF LB ZIEH A
G RB c BB 10% HaSOs"ERZm# B 1% FeCls K&
ﬁ%ﬁ;ﬁ%%AWEé’%%$@ﬁ¢%W%EﬁzTU:E
PN EMRAE ARG RA FER - B4R FRAR FERE
PR 4 845 b Faﬁf&@%‘ﬁﬁi?\- °
4. BB 4 AT ~ 14 5ok E AUk b P loganin ~ paeoniflorin 42 R &
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7 A R BB A LR SHA Z Nk b AR st 0 ] AT = EAREGR 0 B —
FRobER S SLAT AT o B ERMGUAS0Y X FEERNERYRBETRE
%o BREH% 2 EEGR 80 g BEw Sminc BERAE FARTEEAE 100
ml > Bl R4 0.22 pm JEREIE S 0 BRI 10ul JEN & RURAR B AT
¥ (HPLC) F #4740 ¥ o a4 © BT 47 B AE B ey K 8 w48 5
18 ##x (reversed phase C18 column: 4.6x250 mm ; particle size Sum ) - %
SRk KA 238 nm o £EAEA 0.1 % H;POJACN £& 0.45um &8
JEAE 0 MAiR 1.0 ml/ min AT A o BASsukibE L2 4542 sy loganin
paconiflorin &¢az & B 60ug/ml A2 & 5L > 3 AE P2 I RTAEE -

S it R

—  PEMIIFRIRSTIRE

B 7 P PR S RBOE X Nk b L A ER KRR AR R -R4E
B~ BRAE-RAE R~ B B-REEL AR MR BERE-R4E
P BFEMEEBAET - T~ m T ok~ TAERE > AT TR
M

A A R R RS 2 Nk M AUtk e BB BT m s R A B
25C34 5 RBHBME > B REWwB 1 ~2 Fim o b8 RE SLpetE b2
AMHMBTABRRKER  WEARTERL FA KT S HBOEBAR
miE o BIESMEA R4 CEME AL - k@ FARTEOL S EHR
FE 2 RAEES PIREMZRAERE > 5 TR~ A PCA -~ PDA
EARRAEAZARERERIE L] - KRB R 2L Y48 A BA #A
2R faR]—FF BB Z R AEEMAM ST HBETRE - ok
1 ATow o SN AESh R Z ok AT 2 M B E 4 101~103 CFU/g R >
Hou2 4~10kGy 253 B 2 BATE X ERHEA - B 3 A F Rk LE
0~4~6-10kGy 24 5| Z R & 0 A ZNEER TR E » BUZIRE
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50 MRS EHRN B RALAERD > NF 3 RERXMAYHE - BT
Rttt e BraRA B EXmm ABER > £ 10 kGy B4R IE 2 3%
AAER@CEBAENE K - B 4 ARBR AR R IbT 2k
BRIR IR SO R Z M A A » B 4A R4 6 kKGy B Atk &3
858 BIBHRLZRLRAEERS > E8KkGy BEBKTETEREA °
= EP&?%M AFisalsg
ERTEZECERAMER ERHZF R LRI DA A& R
Mk BSAREMERAB ZHITRY RBZENERTER > o
BIATHRZE I 2BEAFREES AT A RS EL B AER
GtFLed; - B RBETHLOESLBHRIE > C2EAZERITRKR > #
AR 45tk A8 R R GZMAMAE R LABENTFEER L
RAEBRE B1~T REBEBEERTEM ENEHMAEME K -
BRET R opaE 2 VR ER R A
R B) 55 R Fal 6 75wk b AU SNER B 23R AR KO RBR iR 2
RE] A5 B BRAR ] b bR 2 R B R AT R BB AH & etk b b & > &30 B
ERERBMETRAMRAC Y RARER -
ERTERTERAFER ERSHZITF R L ARG E £
31 (color meter) & 4 ob 782 4 BB 4 AT ~ féﬁ%ﬁ?ﬁ;ﬁﬁ CES YD
AL o ARSI REIANEE 3em X B ARG > KD HH lom 4
A hhk @B R L EETOZEE - &"ﬁﬂ&%%3 B > &
—Hm AT S EAZXAE HRwk 2 AT G RBRHEATREZ T
e EREEENEAEER D ONITHR 8 A % HF345 Hunter
L‘wb@%WﬁﬁHzﬁﬁ%%iﬁ B ~ LBtk
AR BAEARE > LA HunterL ~a~b4 3l 4 422~45+163> #1F
¥omz HunterL~a~b 342943 12 A AEARR -
T~ NI E RSB I R o AT S B
24t B AHH R b R SE A LR B A IR — A

7

7
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oot P &R AR BIARME IR B B 48 > Stk oh F S AL
4 3t sm sy > B TLC Beb R R ARMEZER R FH > AR 4 Hik s ‘M&
R Z R E o 3T R By ROAR R ERAE A AT TR ShIEATLERL © B — 3 Al
& LA = 4% BeBE B2 /b &4 loganin ~ paeoniflorin /f 4542 R 5 * £ &~
SR R RBH AT - RIEEE RS E R -
BETERAAE B R SHZ T BAE G Sokib g bk oh AT R 4T

A~ R o AR ERE A A (ia &)
(zEkemsk) ~C(ETER) D (KRE) Wiy - AR EH+
P A on L5 R B4R S 2 EHL &S ZBUR (%5RA~B~C-D)
@& 10kGy Bat R L ERFY (%K A B ~Ci~Di) > RRALR
SHksn 2 ERUREY TLC R 2% A4 10 kGy B4R (4358
A ~By~Co~Dy) o BoA EBRZ FRMEAEE ) B paconol (F+ &
By ) ~ursolic acid (A& R ) EFAAZESLEITILYH - B 5 Aowkib®
M2 BT ERR Y FIAETKRE (H) RTETE (E) X6: 1R
1:1 Beth BB REM2 TLC 4% B A4 TLC R 10%
HoSOs g iR B 2 & 69157 - BlA AU 1Y% FeCLgREE X ER -
¥ 2 “P” A paconol#ZE 3L > B A F A FeCls 2 &5 7T & # 2|6
2h o b B SAETR A A~ A Z L34 A paconol % B &%
2o BAHSEREARER > BAB LA 10% HaSOs kBl E R R,
paconol Fr 23R mEEs - MR E A~B ¥ TLC B3mbar A~ A~ Az
Loz mE (REE) REAERABNEZR  HD AA~ A
HERMAZEMER  BTEABHRABENREFTAZETHRE
BJZ 84 Ak 50

B 6 Akt E A2 PABMR LB UEER ZBURS AR F IR
(D) A¥E (M) 20:1 & 10: 1 Btk B BB ER2 TLC &
o> BAAHRI0Y% HoSO4/m#htt Z&ehH > BAH 1Y% FeCls 2
Gz &R o B “u & ursolic acid 2 & > 2 10% HoSOs puzhtt

-
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TR FERG G > Mo RFeClh Al R R « BETLC ¥ 4
maZ A E (R B) REEE > 7T R LB LB R EBUR T AT &4 &
P AEFEIR % B P triterpenoid &4 (4w ursolicacid) 8% % - st
e &4k HoSOs *H iR Ao #hth 2K 4 &, - MAEM) B BF (sterol) Al A
BéE 0 ARy ZRARERERE - LR EREEB B~ B2 R
BB 3L AR A A0 0 BRATAT ~ Rtk s A48 BJR B4 B 34 7T & ursolic acid
Z R BRI B RBH R E SR T LI s o &R
TR B L3y EBUR A 4t TLC & B4 o4 HoSO4 5 7R ~ ecia ez
RAFAEAE o

B 7 ANk gL SR ETEERE AR T (D)
MFEE (M) 5.1 &1 : 1 BLbas AR KA A&z TLC B 3%
B A ZA10% HoSO4m#hit 2 &Y N > TR S22 B4
MU 1Y% FeClh 22 4% > BRI RES AWM EY BHBZ T - B
2% TLC ¥ & mp 2 E > T LIETER EBUR T A& mait L
- A F I BFEE ] LRESARME > B 10% HoSO4 8 R 1% Ao
W B EERRGT  REERSHZE SRR - HELCCo s
Coz BB EEITE T RAEM o4 BrasdRBa Ry
Bk ML E LAY Z R A o

Bl 8 AoNwkib w2 KRR ERBRSHA=RF I (D) 1 F B
(M) x5 1 A1 1 BRSARMBIAERM2Z TLC &% B A
AL 10% HoSOs g o) it 2 &y BH > TRARI S BA A
1% FeCh g% ZeaxB% > MR LEXZRABIEE - BE
TLC ¥ & Mo 248 ¥ B > T LK EBIR P R4 ma it TLC %
Gob mIEFE R (2B B AFHED DDy 2 BB Y
w8 <] R H Atk

B ok ¥ AR 2 B S &R N TLC A 4 i k¥
MR AR S48 F B/ KR ER (B % ey EaEg ) 144 HPLC #47
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BEHAT ~ BARSDZ R A o B 9 & loganin ~ paeoniflorin % 45 4%
AT 0 LNk R G R AT A 48 10 kKGy B 4H& 2 i 4 41k -
OA A Nk g 2 3542 & loganin ~ paeoniflorin (60pg/ml) =
HPLC B > H3E %85/ (retentiontime) 23] 24 20.9 & 24.6 5-4% o
OB & KRBT Nokibm L& FEEK (/15 VIV) BB /T 6 %
B2 BB B 9C B kb AUtk b 48 10 kGy #2844 B8 43 4% 7] 4 A
T BF 3 AR P AT 09 IR G AT B o PAR E] R AT AR T LLEE 9A
B~ C 4 BRI &g st BT ETE > 78 F 6y B B3y T
{878 2] loganin ~ paeoniflorin X &4 & 37, o b K %3 4 IR 44 1 R 4¢
BARSLERG R Z B (B 9B A C) » BT BB RSBZ andh
EOAREEY - HMHPLCE X YRR XMy Bk Akt EMmE
FXRE  BRWwEIAT o RERBH B AL X N kibE ALK log-
anin 34455 5 5] A 0.62+0.02 & 0.59+0.02 mg/g ; paeoniflorin 4 &
51 2 1.28+0.06 #2 0.25+0.04mg/g - H364E m 5 & ¥ HPLC B 3L %
BT s BAH R ARSI R RARYE -

23 @

A ERR A NFIMZ A kT HEREEIMAEMSES
102~10°CFU/g » ARl SLH 2 M Aa R A M S EHABER > 28
4~10kGy 24t B 412 B T E X 2R AR o T T AT AT M F B4
2k M AhE e (A&7 102 CFU/E) > R S meE % R0 IRIE b T
0 R BB P2 Ao 0 BB L@ S Reioh £ E > AR
DEREBEEMAENTE - AN KRR E R BRBES T ARG 9
B RRELEFFWE > MERSRE A AHEORETRESE R
Hz A gd > BT 2l b % Bl BT R @ B A xR TGF
uy ik e
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RE-RRRTERBERLE > BN RAFE T FRAR T B AN
HB 0 ZHHEARARERE BT RAUARELLY - B AR AN P B
LHBEENEERAA PRAMAME R RUBRITHARIS > BF U
AL BEMBERIRBRE  RALEMAEME RNEHRBARATFEREFRR K
2P RS ET > HAEBRARRBNBRAEHLAS - MRS LB
mPZAEMAE R BETREMANIN T E A RRARSZEERZARD
EMANGEHRRAETERA R SANAAFHAAY LA %RE
PP RARLABR TR ARG BA  sLEF B BEMETRE - ik A B Q%
BALAEZMAEMBERBG > TAFIMEN T REZBRRE > 25
FE0L o MomAEMHE T ERMEFNNER > eBFALARN P EAS
b BRBHFRE AR o LR P E RN A SR E R
2R A RERRZME o W R M AR T R R
BHEHBBRIZREGNIEEA L FREARRBBRT LT HZ - ik
B RS GAE O 2R YRR A ERET RIMED TR &K
KA B AT o Bk H LRI AR AT B SZ MAE M S E R
b Ey o

BV LLBUR Nk b Ak oh B8 BT @38 A A K B SRR IR B
R A b2 —F K TRAGENRAAT S AwBikER  BY
AARE (B3-4)  MEBAEFRAHBREZMERA% (B 1-
2) o B 10 ¥ AN BEMSER R AR E N R A Z kb E ik
W3 REBETRE 10A YA RZ@RAAMARYE Ky edbthdBhii
BAEALA R MEMARNRNERESLE - A BHELERRIEK KL
JWwE BT REM T AT S AE A% - FIRFEE 4 ki B 4 A4S
BRI RRREHIERERBFZRAZIMAEMME > BY BT~ S A
ERRAMBEARE R - BERMb g RS PRAZ A RHE T
BB EEMN R PIARZNERIEZ R T R AR - L
FE LB BB R REFARHRZT  BABHRUEIRS

S
N

&
v

H
-
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AR AR b A R AL o BE LR M X R ELLL A A R 0 BARFF R
REBIEEMFEE N KRBT U RGBRB I MAEN S ETABREEERE 28
TR T AT IR LR BB R = B R e AR B E o g 0 BB ARG
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BT E - B RE R GHEEMRG S E > Bk TLC & HPLC 4#7
Nk AR T4 10 kGy B 2 a0 B H &R /AKX
o R AT RM IR BIRE  RaRRAFH A o HFR F 24 paeonol ~ ur-
solic acid 78 & TLC 447 tLb ¥ 2 AR % &b - LABCEE 3216444 loganin ~ paeon-
iflorin £ & HP LC 5547 2 354% sx 4 > £ + paeonol ~ loganin ~ paeoniflorin
BHAHMEEARE T ERMER T O RBZ R T T IR RS
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B A~ Nekibm ARG RGP ZEER ~ & 10kGy BB 414 R ~ %
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& — > REBEZ kg L& BB %2 R mEmE (CFUYg) @

T he B4t#lZ (kGy)

Sk 0 2 4 6 8 10
W 1.2x10° 2.5x102  1.7x102 52 6 0
z 6.5x10>  1.9x102 74 16 0 0
7 2.1x102 11 3 0 0 0
T 1.5%102 10 0 0 0 0
& 2.4%102 18 4 1 0 0
o 90 43 25 4 0 0

A= EHRRZ TG

Ko Aok R AR AN  RRGH2EARERE LK %e

B2 A
R4 R 4 B 412
ot BTAFEER] GK CAN- S N1 i LEE REE
(A)

- 0 29.48+1.21 4.33+£0.54 12.10+0.66 28.64+0.14 4.13+0.03 11.74+0.11
2 28.37£0.42 4.35+0.24 11.94+0.27 29.33+0.11 3.85+0.12 11.91+0.03

2\ 0 42.26+£0.17 4.56+0.46 16.31+0.03 41.71£0.16 4.51+0.19 16.11+0.31
2 42.09+0.23 4.31+0.54 16.28+0.11 41.44+0.31 4.46+0.16 15.93+0.28
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H 2~ BUHPLC 447 A5k b3 JUR B AT ~ 142 A A 44 4E

BaESthabzeE (mgg)

1A AR Sk KA R G 10kGy R 4%

I 0.62 0.56

I 0.60 0.60

Loganin 111 0.64 0.60
Ave.? 0.62 0.59

S.D.b 0.02 0.02

1 1.26 1.21

1T 1.24 1.29

Paconiflorin 1 1.34 1.25
Ave. 1.28 1.25

S.D. 0.06 0.04

tAve ko I~ = F48 234918 > bSD. AR kB £
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