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AR AR R A B 535 F) Pearson 48 X A7 ikt L MR A B S F oML E, EF SR FTHR
FEBTHEAATHBEMNZALZFRK, DEBEEHS.09% ~34.76% ,FABAFH 2.56% ~4.76% ; F A0 H 569 XO 4]
EEAAEE S TR A YN A 25.60 ~337.96 U - mg™' ;A8 R M AU D B AR R MBS T 5 R AR RN LR FE
HAX(P>0.05), &5 %k, BT s A i ml 7 3k =T A TS5 A0 2000, R A AL 5 R 4 52 e 2 4 B AR ) B R 44
BXAL L Aod SBFHEHRE,

KRR A5 R BB AL A A RS BRI A B s S AR AR ) B
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Development of Anti-gout Biological Potency Determination Method for Phellodendri Chinensis Cortex

Based on Electrochemical Biosensing Technology and Its Application in Quality Evaluation

LI Jingrong'??’, ZHU Yuzhuo'?’, WANG Xueqi'?’, CHENG Zhaoming'*®, ZHANG Chuanjun'>”,
LIU Boshi'*”? , ZHANG Di'?** (1. College of Pharmaceutical Engineering of Traditional Chinese Medicine, Tianjin Univer-
sity of Traditional Chinese Medicine, Tianjin 301617, China; 2. Tianjin Key Laboratory of Intelligent and Green Pharmaceuticals
Jor Traditional Chinese Medicine, Tianjin 301617, China; 3. Haihe Laboratory of Modern Chinese Medicine, Tianjin 301617,
China)

ABSTRACT: OBJECTIVE To determine the xanthine oxidase (XO) inhibitory activity of Phellodendri Chinensis Cortex based on
electrochemical biosensor to establish the evaluation method for anti-gout biological potency and compare the quality combined with chemi-
cal content determination, thus to provide a new model of overall quality assessment of Phellodendri Chinensis Cortex. METHODS The
contents of berberine and phellodendrine in Phellodendri Chinensis Cortex samples were determined by high performance liquid chroma-
tography (HPLC). The anti-gout biological potency was investigated by electrochemical biosensor. And Pearson correlation analysis was
used to calculate the correlation between biological potency and chemical components of Phellodendri Chinensis Cortex. RESULTS The
chemical content of Phellodendri Chinensis Cortex in each batch met the requirements of the Chinese Pharmacopoeia 2020 ; the content of
berberine was 5.09% to 34.76% , and the content of phellodendrine was 2. 56% to 4. 76% . The XO inhibitory activity of Phellodendri
Chinensis Cortex samples varied greatly, and their biological potency ranged from 25. 60 to 337.96 U - mg™'. In addition, Pearson corre-
lation analysis showed that there was no significant correlation between berberine and phellodendrine contents and their anti-gout biological
potency (P >0.05). CONCLUSION The established biological potency evaluation method with electrochemical biosensor can be used
for the quality test of Phellodendri Chinensis Cortex, and the combination of chemical composition and biological potency can reflect the
quality difference among Phellodendri Chinensis Cortex batches more objectively and reasonably.

KEY WORDS: Phellodendri Chinensis Cortex; xanthine oxidase; electrochemical biosensor; anti-gout biological potency; phelloden-

drine; berberine
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@A ( Phellodendri Chinensis Cortex ) “& 2= 75 £}
Tl Y0 8 Rz B4 ( Phellodendron chinense Schneid. ) ff)
BB R, BAT VG VBT T KR ZE R REIT R Z
e b BRI HRSAS RL FRZ5 11 B2
AT SR, B v 2 R 1 RO A/ BEAR,
S/ NBERK LA K I B T 45 0] R S R 0 A PN B e
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Tr] B IV T B TR A LA A ot B TR 9K 32, DT i
FEBUR AR A o 25 8) 2020 4F i
FE AT S /N B DL SR IR N BE BT, AR DT
3.0% , & BT A OR DL B BN B3, AN S A T
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TEFTE T Z 0y 2R A BRI R A, AT
SR AL By A AN A, T T o 2
REPEHIRR S 2020 4 12 7, [ 52 MR
FL Ry 24 T A S T CCHp 24 A A A8 A A
FAARTE S A7) ) , BUNIR BRI LA
2R R A W AN Ty s, FE T A
e, [ s B A A I Ty 2 A B AR 3T, o8
B FRERAR" . BT, AT
A2 HE AR IR AR R S M i L R U vy 4R A 1T
SRR LA BT AT RO T R, BL X0 )
i3 S 8 A, AR A — Tl AL AT XA ) K00
R 75 32 5 ) F 45 & 8 ROWAH 635 ¥ Chigh per-
formance liquid chromatography, HPLC ) X} B # k2%
BAT AT AT, LA S 3% e 24 o R ) 2K 1 43 A
KIK L5 5 U P o

1 # #
1.1 g

CHI-760E BRI fb=f T ARk ( b IR fe e A
BRZY ) 5 Vanquish Core o 250 RAH 35 A% ( 52 [ 3§
BOCHE R B A R 7)) 5 FW100 5 g 3 0y e 4L
(R HE 48 i 5 A A8 A BR 22 ) ) 5 SHB- LG 260K 5K

ZHEZ R (KRGS & A R A ;5 N-

1300 AUJiEsE 2% AL ( b 2 B3 A R 2 Al )
FDU-2110 BRIV R T AL ( H A< 2R 5t PR AL 25 bl ik =8
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PRI A PR AT o
1.2 A
XO B AR IR 25 4 (b AR W RO R

D) U E W [ g R S g A (B ) AR
2w ] SRR (€ [H Sigma-Aldrich A7) ; R 2
I e oy R Ak AL A B8 0 (PEI@ GO, VL5 5 &
YRR RHE A RA R s e F (Rl CFEAEY
FHEA B2 |] ) 5 R R 2 A Bbs 1 A (FiE 5 E-
0966, 4l i . =98% , tx 88 Ji K6 B 7 1 A BR A
A] ) 3 B R /N BE B bR AE ah ( fit 55 1ST40203 A, 4f
JE:=98% , R /RIEREHIRA ) ;s LW N
gkl A S K G Sl R ALE R TR
BRELE AR B R A T B A
SR B 35 o0 43 BT 4l T/ R (R IR 4 AR,
0=3mm, KELEEZRERRAERAA) .
/@A 2 ik (55 RO30S, 1 Fil KC1, K
HCRERBH R RABRAR) FE AR (50
e, REFSGEERPHE ZRARAF) o
1.3 %

HMIFE IR T 2 AR5, 3 20 Hit, 2000k
H I G AL AN TR =, e R R 2R
2 2 e 2R e YE R IR S AR Y R
Kz B ( Phellodendron chinense Schneid. ) [ T &
B, g1,

R1 OFE T E MR T B F 4R oy & A&
£ &
Tab.1 Informations of Phellodendri Chinensis Cortex samples

from different origins, batches, and processing methods

Number of Processing Sample Sources
samples method amout (in Chinese)
1-6 Raw 6 Sichuan ( P4JI])
7-9 Raw 3 Hunan (55 )
10 -12 Raw 3 Hubei (#1]t)
13-14 Raw 2 Anhui (“Z28#%)
15-16 Raw 2 Yunnan( =7§)
17 =20 Salt-water processed 4 Sichuan ( PYJI])
2 7 &

2.1 =MERYE A

S O A BRI 26 R o 3 S B
THIR-AFR I E T0% LWE(1:100) , B L 11 20,
T50 CHEFALPE SO min, i, 45 U8 B e 7%
FASCH s e A = GG 2 A S AL OF
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WKW E T 60 CRind HERZ2REBIR, K&
BRUR T, AR S A4 B, OF T - 20 C IR A7
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2.2 mAMRF/NERAE R A EN T

2.2.1  ARAEMIEBEIA R R EER IR /N AR
Y i FER R RO AR M S 45 10 mg, 4391 # T 10 mL
s, A IS B NG RO E A, RN
1 mg - mL™" (R S Af 2 B PSR T 20 R
Mk

2.2.2 SR A /N A T R
7 R PR IBCE AT 32 L) 500 mg, fim Ak 1R HT
(1:100) & 25 mL, 4], #7543 30 min, JfF
8000 r - min~' B .0 10 min, W & & W W,
0.45 pwmiAfLIERE ISR, 25 1.

R A o T VR P T 5 < A 3 PR BB A B B
P 100 mg, it A 2 JiE-1A L5340 0. 1% W R K ¥ W
20 mL, ¥4, #8543 30 min, 8 000 r » min ' &
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JEEuE L, 55 H
2.2.3 (AR AE NBERIGE (A A ET L i
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2.3 BUFANERBEAMBER T HFHR
2.3.1 RIKBECH  BERRELSE tpik ( phosphate buffer
solution, PBS ) fit il : 43 5% % B Na, HPO, - 12H, O
3.63 g,KH,PO, 0. 24 ¢, NaCl 8 g,KC1 2 g, ks B E,
HFEE T UL &R, oAl oK E %, 5
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T E 22T 2025 454 H 55 60 B T

(B) ;¥ A WFN B IR &, n M 4l K s B &
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£ 5 @ TR 5 - 1 90 oK WUk ( prussian blue,
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PB LU0 R T MR R . A R A B R
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B3, SERUE, AR 4K vk, = R T4
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30 wmol « L™, 1] 22 s A1 5 A1 1) M B 3 1B 43 51 by
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i R A 22 TR (1 XO AT DU AR YR E RS AR R
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ARG S
2.3.3 kB RS- WA 0O B
(UV-Vis) Xt A2 2 4 S8k I 5 v i 47 05 ik 2
FEEX I o EAEHE 100 WL AN [R] U BE F S N I
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Hil e BE (1Cs, ) o FH T H A w I8 I T 50 XA P 2%
Ml e A 0T BE L A S50 87 DI PR 2S TA Y XO 35 7%
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FL/NBERR | BRI AT ST R T, B
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3.1 wmmMR T IERMENRS RN
3.L1 bRl ARSIk B E
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/INBRE BN ER TR B AT £ 1 2% PR BEAT AR 90 S
@ AR . DARR HE bl T BE AR IC BT AR AR «, X
o7 F) W T BRI AR A oy, AT R PR S . J
TRER/NBERS Y B H HFE A y =0. 480 8x +0. 379 4
(r' =0.999 4); ¥ W ¥ A1 Y 1819 5 7 N
y=0.179 9x - 0. 144 3(r* =0.999 8) . 45 H &
W1, 07 ETE 1 ~ 100 pg - mL™' R B RAF Y
LRMER AR, A] S BRI BE AR K R B R Bl 11
E N AE o

3.1.2 /NEEGABCAAGCE R E B HE IR
AR it 3 5, ) A 5 /0 B 0 80 ol A2 3 o 7
W IR E AT E . SEMELSR I 2,
JITAT BAETRE dty /N BERL 5 B 5 1 3 45 5 (O
[ 24 ) 2020 47 RHE s ELAS B B 4 2
FBL 5 0 22 ek, e N BE A A o Y
5.09% ~34.76% , 1 B M08 1) & = AE 2. 56% ~
4.76% JuE N o 3T 0, A B 58 7 — 28 XF 3 A 69
XO Il A2 9 B0 HEAT 70 BT, 25 5845 BOAA R il 1)
YU A2 B0 T 22 5

R2 BRI EEE(HPLC) B iy & A & AN G HANR Y & 2 %
Tab.2 Contents of berberine and phellodendrine in Phellodendri Chinensis Cortex samples detected by HPLC. %

Number of samples Berberine Phellodendrine Number of samples Berberine Phellodendrine
1 7.49 3.45 11 11.53 3.87
2 8.40 3.14 12 8.80 3.51
3 13.45 4.53 13 11.77 3.86
4 12.95 3.32 14 12. 86 3.96
5 34.76 3.48 15 6. 64 3.33
6 8.04 4.52 16 10. 38 3.97
7 13.30 3.71 17 18.61 3.05
8 10. 64 3.39 18 15. 50 2.97
9 5.09 2.56 19 6. 80 3.96

10 10. 31 3.64 20 6.12 4.76
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A — amperometric responses of biosensor with allopurinol; B — XO activity inhibition curve with allopurinol; C — amperometric responses of biosensor with Phellodendri Chinen-

sis Cortex; D —XO activity inhibition curve with Phellodendri Chinensis Cortex.

B1 &uFamERRNTETARKREANEEREMNRIM, n=5,x%s
Fig.1 Detection of allopurinol and Phellodendri Chinensis Cortex at different concentrations by electrochemical biosensor.
n=5,x*s

3.2.2 JiikerEEE R UV-Vis W SRR K g A
Xof B2 1 XO 0l 375 1 A 00 24 T R e J3E
B 20 ~ 160 wmol - L™ H, W5 s FE I 5] e e P
S IO SZE T IR, 10 71 25 i S e e F) R M T e
O, P ETTFE N y =0.56x —4.655 7,7 =0.998 5,
(1R, B TR 2 P s A L 3 o, WG REAELRAEATG , 41
R W R, LT e gy =78, 62x -92. 148 4,
r=0.997 20 A I 1A AR ki I A A A T R Ay

T E 22T 2025 454 H 55 60 B T

20 wmol « L™" 1C5, 4 90. 66 wmol « L~ X% 5 #1
KBRS 1.2 mg - mLTh, £k MR LA
1.2~2.4mg-mL™" IC,,H1.814 mg - mL™',
H UV-Vis 60 ¥ 55 Fir 1) 8 W Ak 2 A W) 15 I
Ko AT % e, 22 3. MEERTT LU BB
BRI 5 75 B B XO i ) S5 W e N AT
myF aE 5 UV-Vis A LG, Fir #4282 1 1 Ak 2
A A% RS I 7 1 EL A AR A A T B B 1C0 1HL,
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¢ W ARG I B o 2R i, 3R] RE R ol T I A I AT
S S AS T FL A O i R AL T P TR I R A
BRI AR R — 20 B TR R R R RE . 1

®3 EA-TR

A, HL AL 2 A WAL TG T T 3 FE AR R 52 o 2 k1 AR
B B i) TP, Bl A T 25 SE PR AR
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Tab.3 Comparison of detection performance of Phellodendri Chinensis Cortex samples between UV-Vis and electrochemical biosensor

Performance UV-Vis Electrochemical biosensor detection
parameter Allopurinol Phellodendri Chinensis Cortex Allopurinol Phellodendri Chinensis Cortex
Limit of detection 20 wmol + L-! 1.2 mg+ mL~! 62.5 nmol + L~! 62.5 ng + mL~!
1Cs9 90. 66 pmol « L1 1.814 mg + mL~! 134.8 nmol - I.~! 109. 1 ng - mL !

T AN A TR 26 R i o 10 A AR R X T
XO AEAL RO I Sz o7 A6 I ¢ B Hh AR DL B F
2 ROV 5 RS AR DR 22 (RSD) 2y 2% , R BIAS
IR BT il & 14 f AL = 2R A5 T B A R I T
STk

T Pk K Pl AL 2 AR R IR B T 4 °C
WEG AR A, 8 X A ] 9 2 3 RS 4 o
IR A B HAGE N o SRR E WAL A
3 d NERFR XS IR R i REAL R RE , SR AB0RE A AR
6% ;1 5 d Z &, RAGUE B FH AR X RWIe %
e 3 d N IARE PRI B

3.3 B GUR R RN E
FETARWITE AL i 1) ri A = A2 TGN 5 32 % 3
FARE Al 4 XO I E PEEA TR, IC, [ 40 LA
2 A IO B S S R A SR/ B G N
1000 U - mg™' o%ﬁﬁi%%{ff‘ﬁ%?ﬂﬁlﬁ POESS RV
R Al XO 00 35 1 1) m] {5 BR =R (FL) K2 A= 9kt
(PT) BEATTHAR . 25 SRR il IO PR A 0N A7 7
WA 22 5, HAWHEIAE 25. 60 ~337.96 U « mg ™' 2 [H],
TR H125.73 U - mg™' (£ 4) o RUTEMIKE S
XHF XO A —E B HIE T, (H A4 dh B TR X
AN B 22 57

R4 RAF RN E BRI B A A R R U R

Tab.4 Anti-gout biological potency of Phellodendri Chinensis Cortex samples detected by electrochemical biosensor

Number of samples ICso/pug + mL ™! r FL/% PT/U + mg~!
1 0. 520 0.384 1.824 30.78
2 0.210 1.051 2.030 84.08
3 0. 134 2.134 2.324 170.79
4 0.721 0.320 1.708 25. 60
5 0.197 0. 852 2.227 68.21
6 0. 083 4.224 2.926 337.96
7 0. 149 1. 863 2.189 149. 10
8 0.331 0.519 1.997 41.53
9 0.132 2.152 2.348 172.17
10 0.122 2.506 2.472 200. 48
11 0.198 1.288 1.992 103. 07
12 0. 090 2.689 2.822 215.13
13 0.123 1.910 2.412 152. 86
14 0. 151 1.424 2.306 113.93
15 0. 240 1. 044 1.817 83. 54
16 0.234 0. 860 1.981 68. 80
17 0.127 1.356 2.581 108. 54
18 0. 149 1.863 2.189 149. 11
19 0. 136 2.055 2.359 164. 40
20 0.251 1.030 1.821 82.42
T PT = AU FL - AR
Note: PT — potency; FL — confidence limit.
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oK SPSS Guit#i i, X AL U S AR dh I DT
A3 55 AR 22 J 03 35 B AT Pearson F1E
I3RTe ATES R ILZE S, P >0. 05, R W BAIRE
AT XA P02 55 7N B e B ) 35 B AN A A
BEERG

RS HMHRNEBRREMRAE S TR E 9 R M A
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Tab.5  Correlation analysis of berberine and phellodendrine
contents with anti-gout biological potency in Phellodendri

Chinensis Cortex samples

Anti-gout
Pearson Berberine Phellodendrine
biological potency

Berberine 1
Phellodendrine -0.124D 1

0. 602
Anti-gout biological potency -0.206" 0.278") 1

0.384 0.235

D ZH IR E A

Note: 1) None of the three were significantly correlated.
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