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BHEE ' RRGRT REREE RR R OWEREE AC BUY {72
R R T2 25 M R AT S P L% AR 610045)
(DU I8 5 REBFF FCE B R )11 TR AR 610101)

T B CCo-y I LA IR KR TR T B A RE I o SR “Co-y S5 2 AS [ W HSc 7 B A IR A B RBLZ5 1 oK
Ll e HEAT 5 R S A4 S B R A 3 (HPLC) F 0 s A UL BE ALK SR P B Pl B 4% STl 4n
Sh—BUETIN IR, JF B R RE R WG & . SREY: GRIE N 10 kGy I, 45 HEEE 15 AR S IR
ARG, PR A FENEE 14 & 2 A 3 (p<0.01); HPLC FRGUETE RS R 1% /KISt 4 3% (07
) BR A A 400 8 P ELAR T S 35 22 3 (p>0.05) s UTZLAM—EPE PP A A vl DU 3th X 73 55 R AR IR it WAL
FIE N5 KGy I, 4 BEBEAEOT FRE S O E M SRR BB 85 R427R, 10 kGy “Co-y 5 e BUK T XT
HERL AR — RE R, SRR IR AT WO G AN 5 kGy .
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ABSTRACT The aim of this study was to investigate the effect of “Co-y irradiation sterilization on the quality of

Fructus forsythiae. The medicinal powder of Fructus forsythiae was used at different doses. Ingredient
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concentration, high performance liquid chromatography (HPLC) finger print and antibacterial activity of water
extract against Staphylococcus aureus were used before and after irradiation for comparison. A near-infrared
spectrum (NIR) consistency model of Fructus forsythiae was established by near-infrared spectroscopic methodology
and the optimum dose of “Co-vy irradiation was investigated. The results showed that there was very significant
difference (p<0.01) in the contents of the two compounds (forsythiaside A and forsythiaside 1) compared to
unirradiated samples. The similarity of HPLC fingerprints was decreased. The water extract's effectiveness against
Staphylococcus aureus before and after irradiation in each sample showed no significant difference (p>0.05). The
NIR consistency evaluation model was established to determine the irradiated samples. The microbial populations
could be reduced to a lower degree at 5 kGy absorbed dose irradiation. “Co-y irradiation sterilization would affect
the quality of Fructus forsythiae at 10 kGy dose. It is recommended that the irradiation sterilization dose not exceed
5 kGy.

KEYWORDS  Fructus forsythiae, °Co-v ray, Radiation sterilization, Finger print, Antibacterial activity, Near

infrared spectrum
CLC TL99

IE M (Fructus forsythiae) 79 K JB L 1E ¥ 1% 31
Forsythia suspensa (Thunb.) Vahl. [/J & 25 527,
RN A R R A R R 1A
BRI S Oy . AR B R, A
THEPVIREE . MBS SRR Z9E AR I
W 5 2 M A S Gy, BE A 2 K RUEY
B, XA P 2R T R E R IR ) R R 2
— U, R AR AR R b T v e e T
Hz—, DIk, BRARJE0REZG M 5 18 & 2 2 dh A R
Ak A H bR . “Co-y ST 265 MH AR LA K
PR E R T AL, AT AE IR T AT SR A
JIZ N R T e 2R A e 2 o) R R R AR B Ji
K 2 i I B P HRE R R AT (P 2R R K
TR BORFE G R UOTRLE T 2 B oK s AT H
YRS 10 kGy. Hil, Cf X THEKE5E
H 2 Ry R AE AR A AR SR S AR, AR TR
FEFT SR BT A, 2 A Aok o i B R R B
R DAORAIE DA 2248 bR 3 A i o T T i 2
B, A ORI, G SR B I “Co-y B £&
Ao U AL P S 3 R ot i S0P B 5 0k TR S A EE AR
ARE T B, HAT ROy e R R T A NI RS B 1Y
R EFIC. Rt Co-y P Lehm I 0
UL BT ISR, ASCRAME 2ROy PR
P RGO LLANGREHEAT T 0 b, B AE AT S
LR R O T 2R A B A B R AR AR

1 FES5RG

L1 Y3

WAH i % (HPLC) : Waters2695, 3£ [H

Waters 2~ ) 3 Jig #% 75 ) A% : Rotavapor R-3, i 1
BUCHI; 7E £k {8 B i A8 3 3 21 4h o6 3 A -
MATRIX-F, fi& b BHARAR; BRKXE
BB FER . GHP-9270, L —1EFI A ERA
"l ZINRERCAEY E S AT ZY-3001V,
R AEWBEEEARITEAA:; BT RKF:
AEG220, H A BEAW; mi#EkmEL: FSI-
AOSN6, /NRERE: VbR R : MNT919102, fE [
L it FF: Waters 135 4+ (xBridge C18 5 pm 4.6x
250 mm Colum) .

1.2 fERSIEF

EAF . LS 110821201816, & & 95.1%;
HERMEETFA: 65 111810-202108, 58 96.2%; 4
O % BRE [CMCC(B)26003 145 4 A E A, ¥
B 2 R E B TR SR AL R L it
MUST-18051610, & 98.0%, AR S EEAY)
B BRA PR 4E; B K D IR AR R 77 2% it
5 200224-21, HH b R E R B A PR A A R
fits PUAERKCHIEREL S g FRIRHBR
3 g. WEER A A (KHPO,) 3 g. hn4ifh /K=
1 000 mL; 0.9% JC 18 S AL BN A, ¥ S &
HilJE K & kg . R ZEB IR
B (P ED A RA = $24t.

1.3 %t
R RUAT e /D TR A R 2% e ) T R 2 S
WER A R, 20 EM MY ENE. &

S T 243 e A 36 7F T e v 24 6 i R A 0 P A R
S A E N IEA A &
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2 FIESER

2.1 EF“Co-y HkirERALIE

DHARAERE FURE S B3 5 1, RS
MG 450, RARAEET LW A HE
W, B48120 go 7EDY)1AE BRI O HEAT “Co-y 5
AR, KGRI E R E N 0 kGy CREEHD . 5 kGy-
10 kGy. %@ M5 BT & We bl , Sttt
K11 IBM SPSS Statistics 22.0 & 4F 47 .

22 EAEMKREEIE(HPLO)RYEIE S

221 AR RIERE &
KR BOER A . R A FLERM ST 16

FIE R 2 100 mL AR, & SRS
W€ A R ZI B, B sl & Bak 3 Moy
118.8 ug/mL. 82.0 pg/mL. 88.8 ug/mL VA -
222 HREROH L

28 T 56 38 X 2 U AR ) 1 UK P BRI &
M, S REIEZ 0kGy. 5 kGy. 10 kGy W U7 &
IR BIFE S, DU ERAE AT A R A5 s K
HERRBOERIAE S 1 g B R MR, KA
70% HEE25 mL, %%, HiH AP 30 min, B4,
s 5Pk B 70% HRE AN R IRCR L, RS, IR

HIFC
223 EiEEM
TBIAH N HEE (A)-0.1% F R K IB W (B), BAEE
WMt (0~10 min, 7% A; 10~20 min, 7%~20% A ; 20~
40 min, 20%~40% A ; 40~60 min, 40%~65% A ; 60~
70 min, 65%~90% A ; 70~75 min, 90%~7% A) , i i&
1.0 mL/min, #:E 30 °C. LA 70% HEEAFE N2 (%
7, BEREE 20 uL, T 280 nm K AL E, BI{E
HPLC 58Kl
224 RRRATE A SRS EE ST

AR x0T B P 1 SR A 2 AT vt A 7] A B A 3 32 5o
T OERHEE T A AERAER L AR, R
H

HEGRECER D RS A cfr s, Reig i
B I 25 & B U 5 R BR IERE dh BEAT BB, AT R

EH, &%Co-y FLE10 kGy FEIRACTE f5, FEh 1E
TR 15 2 M 7.35 mg/g BF %2 6.52 mg/g (p<0.01) ,
M AT A R 36.75 mg/g & & 34.48 mg/g
(p<0.01); FE&h2IERMBEH T & EM 731 mg/gfF =
6.34 mg/g (p<0.01), ZEHERTF A &% &M 35.76 mg/g
%22 34.14 mg/g (p<0.01); Ff 5 1 12 &0 5 &
A TE R E %R (p>0.05) . Ui HITE 10 kGy UL
FIEARRAATE T, ST INEMETASER
e i

R EREREE SRS EEIKRYN SR OBEREFENNEEER

Table 1 Content of each constituent and the diameter of the inhibition zone for Staphylococcus aureus of the water
extract of Fructus forsythiae before and after irradiation
Ik W A7) HERET T HERIRE T A R HERUK I (0.33 mg/L) I B EL4% / mm
Lot number / kGy /(mg-g™) /(mg-g™) / (mg-g™) Diameter of inhibition zone for water
Absorbed dose Forsythiaside I Forsythiaside A Forsythin extract of Fructus forsythiae (0.33 mg/L)
1 0 7.35 36.75 3.60 15.07
5 7.33 36.82 3.65 15.11
10 6.52" 34.48” 3.63 14.99
2 0 7.31 35.76 3.67 15.10
7.33 36.25 3.64 15.06
10 6.34" 34.14" 3.064 14.95

T 2 R S B0 5 U DN e R T3 s 40 P LA 4 I B T MR s * R 5 AR AR U P22 R R 2 (p<0.01D

Note: Contents data are value of 5 repeated measurements; The data are value of 4 diameter of the zone of inhibition;** indicates that

the difference between irradiation and not irradiation is extremely significant (p<0.01).

2.2.5 EMEERRATG A8 S g AR AR AT

K FH <« 2 83 e S0 A AL VR AN R G
(2012 4ERD” . TABREE DAL, &
il 22 0 kGy. 5 kGy A1 10 kGy W U 771 & % 18 1)
HPLC 3% B Cedf g O F AN, 8 2 R,
PEFEI ] 55 4 0.1 34T Mark WS UCHE, A2 B4 3R 4r

SMEE D, B A 1AM LA . AU/
FrR I, FE& 14 10 kGy PR USR] 4% IR S 5 AR 48
FERE S A EL, ARALEE 4 0.923; FE4h 248 10 kGy T
AL R RS 5 AR R R SR A L, ARABLUEE 24 0.936
(F2). UBLHH“Co-y 2k 10 kGy MR IS &4 s
e o EE R T .
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Bl 1 “Co-y i LA RIS i HE A 3 32 78 1) HPLC 458 S0 3
Fig.1 HPLC fingerprint chromatograms of Fructus forsythiae irradiated by different doses of “Co-y ray

R 2 “Co-y A IR B IR AL B M HPLC
RSB AR
Table 2 HPLC fingerprint chromatograms similarity
of Fructus forsythiae irradiated by different
doses of “Co-y ray

i1k U5 H/ kGy Absorbed dose

Lot number 0 5 10

1 1.000 0.999 0.923
2 1.000 0.999 0.936

23 MEAEMTENERES
2.3.1 EMAKRDF &

HU§2.2 (9 2 #IEFE &, 20 il U 2 0 kGy.
5kGy. 10 kGy % 8 AbBE R FE 5 1) 26 /K 3R Y. LA
BAER: FRELS0 g 2= =i, hn500 mL 4lifkiK,
1230 min J5 R, AW G H K484 30 min,
YA, B4 EREIE W, 3 000 r/min 2.0 5 min, YX
AR BIEW, TR R 1 g/mL, RIS,

232 HERHAE

TG B 458 A B 4 €0 ] ) BK TR b A T PR I i
AN 2R 100 mL JRES K SRR R 5edr, T 33 °C
B 24 h, sHGREZH 107 CFU/ML) .

233 EBHEEEK

HO O A P 2E 1A e RE 97241 20 mL, il
HETEAN 90 mm [F LR EFRIL, i 2 76 ~F ML)
PR, frdtlE, (FIREBNE: AIPER
FoE R PRI LG &, InFARRL 5 Al 22 50 °C
e, T IO T A 6 A KB B,
WIEL) N 10° CFU/mL, #2515, HEEBIRE »

il ) R 2 B P ML AR N S mL, i 2 245
fi¥ LECUED, BEKFEHAH, &H.
e 500 A B FEORE S (R KA, P G A 7K A R
EMIRBE A, SIREZ IR R 0.8, KHE
Wevk, BOWRES T, FAEMCE % DL IR 3
SIICE 6 AN AR T XSG BT . BRAERS, 4
MRAR BN & Foh oA BE I 2 B, FH DI TR P B 5 78
i, B36°CHiFE16h. HUH, FUFbs R &)
 E EAT, 28 PSS vk DUE B RN E, JREE
SR 3R, HUA [R5 4 EL R 1) 40 e Bl LA 3
B, DAMRFZAMAARR, 4056 B B2 KN AR
WA EH TR 15 25458 K SE P ik FE A0 5 014 ]
BB R AT,
234 EXWEHFEMNZ

A 20 0¢ Rl 4, 0k HOE B )R B2 g
TsE VHERE S, BOBRE2 H, SR AHAR 3 H
A PR G — R BE KR (1 R R AR IR AR
F2 JORFE—AEREAE D, 553 AR EM %
BRI IRIERIKERY), M§233BHMRR
BB T R AR AN &
235 BHERER

Xof 3 R A i BP9 PEE ZK H 1 PEl
BT, PLRIE (O B, JE B B %K
INCDY NP ALK, AT S, HEIRBCRE
LITRER: D=0.988C+11.049(R>=0.99), 7 H]Y4i%
FK SR EUYDIK FEAE 0.17~0.51 g/mL Iy, $REVIHR &
e N R R R, W2,

010403-4



WS R 5 T2 %I 2025,43:010403

23.6 EMREEHENELER

FR B 00 RIRIG 45 I, 78 2 L (1 An v il 2k
TN, 1%$£0.26 g/mL F10.33 g/mL PN, R
FH & RV AT BU R TS PRI 5 (B 2(0)) s LRI AE AR

0.26 (0 kGy)

0.21 (0 kGy) 0.33 (0 kGy)

0.41 (0 kGy)

\ 0.17 (0 kGy)

0.51 (0 kGy)

N

IR R, 5 R A7) o o R A 3 5 o HRURE f /K
PEHNR PB EAR 1) 2 S (B REAS e/ 36D o 45 R 3R
W) TE 38 2 25 57 (p>0.05) (& 1), it W 4 I8 %) i 54
(1% 4 T €258 287 BR TR A BT P G S 3 S T

0.33 (10 kGy)

0.33 (10 kGy) 33 (0K

0.26 (10 kGy)

0.26 (0 kGy)

0.26 (10 kGy)

B2 KSR <5 B €0 2 TR TR K070 R P = Ca) ZKARDVR P 5 4V B ELAR MK R R
(BDIKIE N 0.26 g/mL F10.33 g/mL K ERT, & AT 5 40115 Bl B A2 0 B3 22 57 (p>0.05)
Fig.2 Antibacterial activity against Staphylococcus aureus of water extract of Fructus forsythiae: (a) the concentration of the
extract shows a good linear relationship with the diameter of the inhibition zone; (b) there is no significant difference in the diameter
of the inhibition zone before and after irradiation at concentrations of 0.26 g/mL and 0.33 g/mL (p > 0.05)

24 SESN—BHETFNBREY

Ha kg R RE

HOZEFLFE 5 20 46, SR A OPUS 8 A, 4370 %
£ 0 kGy. 5 kGy Hl1 10 kGy “Co-y 5 £k %5 FE AL 5Ol
. WEARKEZ IR, aPFE S em’!, WG
12 000~4 000 cm™' s KA FOGIE LRI HHE
WS T LR, SKRECEIE .

2,42  EMEE MG SN — B IR

20 L I% FFE A 2L 3R A3 60 7K 5 46 6 0k (K 3D,

24.1

ATUVE Y, RIS RE IR A DL X o fE“ENT
AR A 17 S T e O A TR B R B, B
ZH 6 R HUR IR (5 kGy 10 kGy) #F: & 1 &1
BEEOVM O .. ES BN, EHFHLE N
TS, PN T, B ERRE A
3.9, XM EATIRAE, Z5RBoR, Prdar
P 2R 0% A et DX AR R o R 8 S A
VWA 5T v 5 A A B R o T UG i Sl
LLAN—BEPP O AR R HEAT DX (1B 4)

1.2+ —— 0kGy
—— 5kGy
—— 10kGy
1.0+
3
§0.8F
e}
o
8
<
0.6
0.4

0.2

11 000

10 000 9000
Wavenumber / cm-

8 000 7000 6000 5000 4000

3 RS IE LA B ORI 24 0O

Fig.3 Near-infrared spectrogram of Fructus forsythiae samples (color online)
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Fig.4 Near-infrared consistecy evaluation model of Fructus forsythiae samples

25 ERAIENMEDSES N
¥ &7 B

25 i 1K 56 3k A AR ) AR AR v ) 2 I A
i, 1% 821 IR AT A . oAl I A
0kGy. 5 kGy f1 10 kGy WG 5 I FE &, %
B (P 2580 (2020 48 RO DY FB3E I 1108 1 251K
Fr B A D PR A VT R A R R S B (Total
aerobic microbial count, TAMC). %5 F# I BT

2.5.1

% (Total combined yeasts and molds count,
TYMC) FififH 255 = B (Bile-tolerant Gram-
negative bacteria, BGNB) . & aj#% (H[E 24 4)
BOR AT I IE AV RS DL E i B A A T .
252 “Co-y H & B &3 A 40 i B¥oh
BT CPEZGH) (2020 55D PO 56 A e

FAHT 75 B & R M BUR A IR AR, S
M (ZEE 25 80) USP-NF2023 “HJETCH & F= Mg &
AT I HCE VIR EE AR AL A A8 AT A K Ak
B ” FrUEREATIENTY . B 1 g 350 pE i
TAMC N AN 15 # 3 10° CFU, TYMC B A 1548 i
10* CFU, BGNB M A 10° CFU. M3 AT LL
i, R 2HORIGHE R, R AL B
i B T A 250 DA T R =2 9 e A AN B 34
it USP-NF2023 i %€ FR{E - £ 5 kGy WIS 71 & 48 18
WELE, FREDMAENBEYEEREN; &
10 kKGy WS A S I S, 8 B T A ) B 1)
%4100 CFU/g AN . R BH, 4 Co-y S Z M)
HAIES kGy i, B a] ik 2] USP-NF2023 P AE 5 bR 1)
BR bR

R3  “Co-y FHEA FIRMGHI R AR R A EN AR AEY) 51 B AR

Table 3 Effects of different doses of “’Co-y irradiation on the microorganism of Fructus forsythiae

A R / kGy AR AR A / (CFU-g™)
Lot number Absorbed dose Microbial limit testing
TAMC TYMC BGNB
1 0 3.8x10’ 1.6x10° 10°<N<10°
5 1500 340 <100
10 <100 <100 <100
2 0 6.2x10° 8.5x10* 10°<N<10°
5 5400 250 <100
10 <100 <100 <100
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3 i

oo MO S ML 2 Ay B RS e L — SR IE
X AN MF 2507 SE UV LG (3 BF 8 T “Co-y B 28
10 kGy W YSe 771 B 0] BF 358 (1 sz e, 0 e 45 SRR
LR 2 B 3 R AR HR R D 0.97%. JE AR
HPLC J7EIRE T “Co-y 5 £ i K T T 32 A 0%
B WIS, S5 SRR T, WU & O 10 kGy
BT A RS EE T B &2 5 AW AL 22
S E (p<0.05), T RMEMEF S ELLE E R
(p>0.05). AHFFKIL, “Co-y 5Lk 10 kGy M ULH
EARIRACEE, WS HO% M b R AR
188 5 PR %(p<0.01), HPLC $540 Bt ALl
B G vE O ) BR T — SO R R T 5] AR
WAE N 2 RS 1 B bR AR AN NIE
TR K IR0 4 B €78 A BR A A B IS 1R
B 00 30 4 €0 R 4 BR B 1 AE K B A BT i
AN e R SEHCD TG R AR LA [
o ASFEAEE] D AR R E 2 R, KA T &AL
BT 4 v €0 ) BR R ) S N BIR BV . A
FUHG G 20 2 IR B IR TR R, R K R
FIERT R 73 7 [ A 3 77 5w P T 7 5507 A 4100 1R B ok
D5 % HEAT 5 2 B K S M s AR Ak . R R B
FEREE, R T KSR B 0B Bl AR A e
KARJEH, MR E AT Jy b B e AT 5 4 B 7
PEARA IR S i BRT S AR, R s i R
TIPS 4 B A A ER B LB TR TR B35 2 R
it B K A 1A 41 BT S 2 ) SR /) o

SN o T o 2 R RS X
FeH s R R SRS O L e — A
ZENE, HE S E LRI SR
FE B bR TR A 22, 4 AR D' 1% 7 12 30 K Sk IR
FEFIP 3548 1) Z A B DR e 22, 13 31— S48
. (Conformity index, CD. HFRFMDEIERN) CI S %
5E ) CLRR BEREAT LU, I ARG 1E 5 228 i
B SR . AR E AR R 2 R
WE 1) CHA RS 10T X o fE MR 5 R AR IR S, i3
A 8 HRRT 5 P R R AR (S AP TR 2 5, HEDUAE IR
gl kR A AR AR T AR

A FEIRDT T “Co-y H M & 5 3% B8R
ARG . T CREZGH) (2020 4250 PUH AR
FH e A8 FH A 75 B TR 26 B AR YD R EE
HCTE 2% ] 24 i o 308 BOA A DGR e LR A B0h ™ b
ff) (EE2Z58) USP-NF2023 E S [B., WFot4s Bk

W, 5 KGy WRHSCH) Bl ol A 40 A7 R P 22 PRV
B o T AR 2588 52 BV R RE AR
A, SEMERBA ER. Bk, f@iltdbe
PR IR R BORE AT R R A, DA E ¥ e K T B
B AP A

LYY VA e R R A S S e 2 ]
59, EHRERE PR RRE L. A oCmRaE™,
A5 L T I R KR AR 2B I T A R 2 T
RESS S & i E FR RS, K & & SR R IE
MG DUk, 2544 v oK o3 5 B i S A 280 o)
R 238 A JE R M R (B AR RE AT o AR FEAL
BT AR MR 5 R EAL Ay RSB
PR E I B AR s 38 T 40 AT o) i R o
17T X9 A TR RLNAS R P ) 92 18 B R A
FEdh, LR IS 250 5 AR e P U TR JT I IL
S HEBA I IEA *Co-y S LA X 4 R ot B ) 5o

4 g

AW TR HPLC 73 Mrids s HUwITE YL i A
T LLAMETE 73 BT i 7 A RS “Co-y BT 2k
5 T R T X R 24 4 24 B8R S . 5 SRR
LIRS B IS 3 10 kGy I, 325 A R RINE # 1
TR TR, BRI AKIR YN 5 T O B BRTE
R0 1 3 A 25 S RO B R R LA 5 AR
s SRR ZL A6 AT LLUBAT X 7 B8 8 5 R 4
AR . R 5 Gy W e e A R
BRIl A ) 7 B B 2R AR K P o 8 A b 7 S0 3
ZIMEAT “Co-y S e a K B I, WG AN
5 kGy-.

fEFTW A E£WBT 7 HPLC., 404 it
%, BELOMEKE, UABXEE; R, B
ERAFTHEERRE; FHF AT AR, £
HAH R B, KRRATHADZH; R
ARG EE; FALATARERBERAE, B
HEH MO EHRBERL XA,

SE R

1 ERHGMAE . e NRICAE 2G4 — 3 2020 47
F[M]. Ab st E R 25 R R, 2020: 177-178.
Chinese Pharmacopoeia Commission. Pharmacopoeia of
the People's Republic of China 2020. One parts[M].
Beijing: China Medical Science Press, 2020: 177-178.

2 g, AW, FMEEE, & R R T SphK1/S1P/
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