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Abstract
('methanol :0.1% acetic acid) ,ultrasonic temperature , ultrasonic time and ultrasonic power on the extraction rate of gallic acid in Liuwei Di-

(1.Biomedical Analysis Center, Army Medical University , Chongqing Key Labo-

Ultrasound-assisted extraction method was used to extract gallic acid from Liuwei Dihuang Pills, and the effects of solvent ratio

huang Pills were investigated.The optimal technological conditions of gallic acid in Liuwei Dihuang Pills were studied by single factor experi-
ment and orthogonal experiment.The results showed that the optimal process conditions for the ultrasonic-assisted extraction of gallic acid in Li-
uwei Dihuang Pills were as follows ; solvent ratio 2:8, ultrasonic temperature 40 °C , ultrasonic time 30 min and the ultrasonic power 180 W.Gal-
lic acid had a good linear relationship in the range of 1.6-19.2 pg/mL (R*=0.999) ,the average recovery rate was 99.3% ,and the relative
standard deviation (RSD) was 2.5% (n=3).Compared with the impregnation method , the content of gallic acid extracted by ultrasonic assisted

extraction increased by 17.14%~23.62%.
Key words

FS R B U AR 4 BEAER S TR, SR A
W24 (LZRBE AL ARES T 6 BRrb 2y, TR
BT IR A FAE , 103k 2 FLG R AR W T J5EAS B 2%
TEAFITATE CREDRA ) 55 0 BTN ILZR B P A ALRR , H
ATPUE PR A S L AN A R M 3 AT L 5
IR NO F9 A B T I P9 AR s ks

B TR i £ 8A RIREGE sk
LD BT ARROE R BET R oK R
B Rmek L A o RICIRBOL ik R
A AL 5 B 7 2R B R BE s e, X P s AN G 5 K
fifeids WK AT R BT R TR 4%, AR TR Ik
WFFERE P B A8 B 3 3 e 7 R R4y 1 3 Bl 1 R R 2
T3 AEHESEH V i, n BE BGA AR . 2B i o R R
FIE A IR I 5 1 0] L 9] R 75 T R 7 I [ o 75 )
W TR IR B2, LB 53 7S bRt 3L P IR 1R
P B R
1 #R5FEZE
1.1 Y88 Waters e2695 =30 AH (0 3%4Y ( 35 [, Waters 23
) ;KQ-250E B A% (B Ll A A e A B | ) s MSU
HLF AT T (R BE 2 RIS RGA TR A D) .

EETE ZTARATABMARLL ALK LR B (cste2018jcyjAX0009) ; &
ATHFER LSRR A (KI1601115)
EEEN AKRF(1987—), 5, FRA, 8T, ML, AFEiEf R

E ey M AR

KfSHE  2020-11-05

Ultrasonic-assisted extraction method ; Liuwei Dihuang Pills; Gallic acid ; Process optimization ; HPLC

12 3K HEEN @Al (35 Fisher 2AH]) , Hopialih
G344k HAlK R Millipore 47K A ( 3€[E Millipore 23] ) 455
WE TR (C,H05) % B (B2 (B2 A1) B Ak il 2
D) s 7SR AR S (KA AR A B DA PRI 245 AT BRAHD) o
1.3 RlHE

L3.1 X BRI 25 o ABBERRIBGR & FIO0 BR 71 10.0 mg,
BT 25 mL D HIR S AR il 0T 8 25 2205 350, 1%
F| 400 pg/mL (W FRAE, FHAS WG 20 3 AR HE R 0.1
0.3,0.6,0.9.1.2 mL, & T 25 mL £ 5)fH, InvRshAH 2 205,
13ESE N 1.6.4.8.9.6.14.4 19.2 pg/mL 1FRIEZRS,

1.3.2 FEAETRE o MEBIARICRE 1.0 g T 100 mL H.3€
=S A S0 mLORBIAR)  7EIREE 40 °C RS D)%
180 W A5 I A 30 min, IV Sl AH#M L T80 2K 1Y &, #5
57,3 0.45 pum SRR, BIESAE SRR I

1.4 @BELHE  ©i%H N SunFire C,4(4.6 mmx 150 mm,
3.5 wm) G shAH K EE-0.1% ZBRYA W (2:8, V/V) ik Ry
1 mL/min, K035 K20 273 nm, BESESHOE LI & PRI
AMET 4 000,

1.5 BEFKBMELRIE AHZLSMIRE TR
AR B JEAR S Lo(3") IEACIRER (3 1) Fb 22 M % 58
VR LA (O 20.1% TR ) B P TRLRE (B P I () TR 75 o
X B FRREE U 5

2 FERE5H

21 BREZRKE AEFIFRIUE —HAE 1.0 g, 22 BIBEIEE



49 % 12 9 BAKXFE RBHBERSAF T ELT BRI LA 191
FILCB (T 0.1% LR ) 7S T EE B 75 o ) 1 P ) 30 #®3 ExiBER
PSR AL T TR R [ s, 4 S 32 2, Table 3 Results of orthogonal experiment
I 23 AL
£1 EXRBERHNAT e MR PR
Teat N B C D Gallic acid
Table 1 Factors and levels of orthogonal experiment est No. content // mg/g
A 1 1 1 1 1 0.852 1
ootz BUBMUME CORMIE  DOEAIE 2 I 2 2 2 1085 3
IKE M thanol : Ultrasonic Ultrasonic Ultrasonic 3 1 3 3 3 1.103 3
Level 0 1607 dnot: temperature time power 4 2 1 2 3 0.891 3
: ".j‘;"' 1 ) min) W) 5 2 2 3 1 0.989 1
ace 6 2 3 1 2 0.928 7
1 2:8 30 10 140 7 3 1 3 2 0.799 4
. 8 3 2 1 3 0.821 5
2 46 40 20 160 9 3 3 2 1 0.856 2
3 6:4 50 30 180 k, 1.014 0.848 0.867 0.899
k, 0.936 0.965 0.944 0.938
£2 MESRBER ks 0.826 0.963 0.964 0.939
A 3 R 0.188 0.117 0.097 0.040
Table 2 Results of single factor experiment
- 7 . AEbR(Y) ZefilbruE 4 SRAG RUE R Y=59 751X+31 715
Factor Level Lofl;ldeliltc//drcnl:/g (R2 =0.999) ,25%2%%/Q§¥E§/&EE 1.6~19.2 }Lg/mL 5
R 01% 2.7 oI o2 RAFIIZRIEC AR (B 1) .
Methanol :0.1% 4.6 0.941 0 161
acetic acid 6:4 0.792 9 @
8:2 0.753 6 =
PR 30 0.795 8 X 1y ¥=59 7514+31 715
Ultrasonic 40 0.925 9 8 R?=0.999
temperature // °C 50 0.873 1 _“: gl
60 0.837 8 g_?
R A 10 0.862 1 o
Ultrasonic 20 0.9159 5 4t
time // min 30 0.896 9 A
40 0.893 4 _ . . _ .
PR IES 120 0.827 2 0 4 8 12 16 20
Ultrasonic 140 0.8519 i i
power /W 160 1.095 0 JRJZ Concentration Il pg/mL
10 L Y Bl SATHRABIRENL

22 EZRE  7EHZR0 R - ARYE L(3Y) IE5K
BB R L (A) GBI E (B) G A IE (C) A
(D) 3K 4 AP X T R P U I S, 25 R L3R 3,
M 3 ATLUE S IR ORI ER R
A>B>C>D, IEASIRIH & AL 5 550 A, B,C, D, , Bl
FILEHI (T EE 2 0.1% L 12 ) 2+ 8 L 7 il & 40 °C B 75 I 1]
30 min BE I 180 W,

2.3 FHEFEE

231 MEOCHR. KA WIBON B VR, 7E IR 273 nm 4k
D 0 T AL LA KT B ot Vi YRR B8 Ry R A s ( X) U T R

Fig.1 Standard curve of gallic acid

232 HEMIRE, HEFRFRICR—HEAE S 1.0 g, 36 5 £y, 4%
“L327 AL BRRE 2 147 O SR 2 R TR
i, G R 0.973 6.1.012 9,0.985 2. 1.038 6,
0.995 7 mg/g,RSD Hy 2.5% , Y% )y v i S PELT

2.3.3  JmARIESCRILS . R 2 PRI 0 Y [A] —HERE
1.0 g, 3453 43, 43 BN 0.2 mg B FRRXS FRAL  $21.3.27 1y
Tr AR A He 147 EaE AR E . B 4 TR IRE T
PR ISR 94.5% ~104.1% , [ETCR A =7, AT FH TSR b B AL
PR TR e I E

F4 ERRRWER(n=3)
Table 4 Results of recovery test (n=3)
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N 7 Gallic acid Added Measured Recovery Average %

o content // mg/ g amount // mg amount // mg rate // % recovery rate // % ¢
1 0.983 4 0.2 1.191 6 104.1 99.3 2.5
2 1.041 0 0.2 1.239 5 99.3
3 1.060 3 0.2 1.249 3 94.5
24 AKHMEBEAFEREFBRIENUE NEKSTLEH A 17.14% ~23.62%,

()] SR M B AU L R 7 AN TR B P A B AR R 3 A
] R PR BCE TR S i 0.938 4~ 1.082 7 mg/g, 51
PRI AR L, o 75l B A2 IO S O B TR B

3 #ig
SR FH R Al B AR RO B BB S R 3 HL P A B TR L 3l

(TF#% 201 ®)



49 % 12 41 GEXRF  HWEAFERAZH R EH - BB RN A R ¥ 201
%2 [ERE FEZEM RSD 2001,16(5) :231-232.
Table 2 Recovery. precision and RSD (6] ZbHs, G 26— S IR ST 1) 260 R B R R A,
2012,14(4) :228-231.
JbRe ElES RSD [7] O’'BRIEN C P.Benzodiazepine use, abuse, and dependence [ J].J Clin
Stam.iard conce- Recovery % Psy chiatry,2005,66(S2) :28-33.
tration // g/ ml. rate /% [8] 535, Frsk, B, e S B ReAR -  BT
1.0 92.5 5.2 K= P HOPEREL T] (1%, 2020,38(7) :791-797.
gg gi g ;; (9] Z=E, XK, s 4 S A RN R SR RS R AR I TR [T ]

RSS2 I 0 A2
R,
25 SERRREBII T A9 R T M
PSRBT . ), U 25 AR A
1,200 AR AT 7 4SRRI 05
BN 20.7 g/, RS J7o5 RE RS HET S K 7 B 14
FARE
3 @i

PARFER ISP RTAEICH AR L i 53 A0
LA PP 1L, 454 UPLC-MS/MS HOAR, 237 7K
P DA B SME 75 5 SRRSO
B SE USRI T LA 0 S TS (050
R T4 B T B £ B A o1 B A D
5. CESBRRER KRTIE, VO vt 0 7 6 2K
b PP T
B3k

(1] AP, T, XU, GG e TR AR e BRI 2 e
SR AT 2RO T ] -hEER AR, 2018,20( 11) : 1692-
1694.

[2] WOODCOCK B G,KOSTEV K,SHIN J Y.Benzodiazepine prescribing in
the elderly in Germany and Korea: A comparison of two observational stud-
ies[J].Int J Clin Pharmacol Ther,2017,55(6) ;480-482.

[3] 2RI, IR, Hf.2008 ~ 2010 4SSkt i T 1] 75125
9T, 2001,26(6) :471-473.

(4] Fark, 25, T8, S K0 PTG TR R i 2 B T A S
[J].PEIk29%,2016,31(4) :386-388.

[5] Z=0UR, B RS, TR 2R B iRZ M SRt R [ ) ] PEE 2522 s,

Bl ,2014,35(5) :251-256.

[10] SIHs, AA1)7, MRPH , 5. o SRR T 4R [ T ] il AR, 2007 , 34
(5):21-25.

[11] Efgstte, THE, XU, % & FIRREESIZe e Epr e e e L) ] p Il s
H5FRE,2013,3(2) :24-28.

[12] KE C L,LIU Q,LI L,et al.Residual levels and risk assessment of eugenol
and its isomers in fish from China markets[ J].Aquaculture ,2018,484.338
—342.

[13] F=rde, FURL D UT, . LIS T /K™ SPGB 2 FE PG Rl e B
VAT ] A= b o B 524, 2020(3) :31-35,67.

[ 14] VERRPE, 2500, P18, SSRGS T E a4 FioR 502k
BAFTIEREE ()] 53Hr b #,2005,33(7) :951-954.

[15] 230, RS, IMLE , 5. ASE-GC/ MS el iy DL
RS2 ) ] R AR S5, 2014,29(5) :451-454.

[16] FHR, TRERN, SKIRA SARE R - TSI AR Rt 8 Frvede
HIREEES251 T ] RS #41%,2009,30( 5) :282-286.

[17] BOTREL B M C,ABREU D C P,SACZK A A et al.Residual determina-
tion of anesthetic menthol in fishes by SDME/GC-MS[ J].Food Chem,
2017,229.:674-679.

[ 18] 44, MY &, Bz, S5 HPLC ke lirh i 2 S R it R A BRI
Y 10 PRS2 T ] PEab 2o 2019,34(2)  181-185.

[ 19] ZB, Joht, T AR I - iR G R RN U Al
PERE DRI O N AR =R BRI AR IR A ] R R e 25
#2,2016,36(10) :825-829.

[20] FRTFEY, BRI SEE , 45 QUECKERS H2HY— =0 €4 1 - HR B
TR U E fa P 5 FRRREE A e B B [ ] bR g8 (b2 5y
i) ,2018,54( 12) ;1405—1409.

[21] {5 &, B, Bk 58 , 5. UPLC-MS/MS [FJIUTEZK ek 4 Fh ] 2
PSRRI FIEREA S ) ] iy 4%,2018,39(4) :451-458.

[22] Hkf&5h HPLC-MS e 55 A HR M PE LS 5 FhEE FIZG I el &
[J] 22l Rl ,2016,44(25) :71-75.

[23] /S, B8 55, 2205, 5. QUEChERs — 8 ey st A (2 1% A I 1 bt 7
Aehth 73 FEREEEINL) ] B, 2013,34(16) :214-220.

[24] FRAGE, 4PIE, o , . o BBl REE - i e a1 — A B R
WEEEF 4 FRASNRIEZERT]. &R, 2018,39(16) :295-
300.

G G S S S S S S S G G GG G G S S S O S S S S GGG S G G S S S S S S S SO S Wy

(L% 191 W)
RS AKMEADEIETRSE
Table 5 Gallic acid content in Liuwei Dihuang Pills  mg/g

o) ST B AR I FEaTiE il IEPR
7 Ultrasonic assisted Impregnation
No. .
extraction method method
J7% 1 Manufacturer 1 1.082 7 0.924 2
J7 % 2 Manufacturer 2 0.993 6 0.803 8
J 7% 3 Manufacturer 3 0.938 4 0.773 5
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