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Study on Metabolic Stability of Novel Insulin Sensitizer ZG02 in Rat Liver Microsomes

CHEN Rui"*, ZHANG Li*, CAI Jin’, ZHU Gaofeng" *, TANG Lei"*, HUANG lJing’ (1. Guizhou Provincial
Engineering Technology Research Center for Chemical Drug R&D, Guiyang 550004, China; 2. School of
Pharmacy, Guizhou Medical University, Guiyang 550004, China)

ABSTRACT OBJECTIVE: To establish a method for the concentration determination of novel insulin sensitizer ZG02 in liver
microsomes of rats, and to study its metabolism stability in vitro. METHODS: ZGO02 was respectively dissolved in phase |

incubation system of rat liver microsomes initiated by NADPH, in phase Il incubation system initiated by UDPGA and in
two-phase incubation system initiated by NADPH and UDPGA. After incubated in 37 °C water bath for 0, 5, 10, 15, 20, 30, 45
min, the reaction was terminated. Using indometacin as internal standard, UPLC-MS/MS method was used to determine the
concentration of ZG02. The determination was performed on Waters BEH C,s column with mobile phase consisted of water (0.01%
formic acid) -acetonitrile (0.01% formic acid) (35:65, V/V) at the flow rate of 0.4 mL/min. The column temperature was 35 °C,
and the sample size was 2 pL. The ion source was electrospray ion source and negative ion scanning carried out with multiple
reaction monitoring mode. The ion pairs used for quantitative analysis were m/z 458.115 9—323.073 0 (ZG02) and m/z 356.069 0—
312.080 4 (internal standard) , respectively. The residual percentage and enzyme kinetic parameters of ZG02, contribution rates of
metabolic enzymes in different incubation systems were calculated with the concentration of ZG02 incubated for 0 min as reference.
RESULTS: The linear range of ZG02 was 1-400 pg/L; the limits of quantitation and detection were 1 pg/L and 0.25 png/L. RSDs of
inter-day and intra-day were all lower than 10% , accuracies were 87.26%-94.58% . The extraction method and the matrix effect didn’t
affect the determination of the tested substance. At 45 min of incubation, the residual percentages of ZG02 were (73.33 £ 1.53) %
in phase I incubation system, (50.63 + 3.42)% in phase Il incubation system and (45.81 + 2.56)% in two-phase incubation
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metabolism stability study in rat liver microsomes incubation system. The metabolism stability of ZG02 is moderate in phase [ and

phase II incubation systems, but poor in two-phase incubation system. The main metabolic reaction may be phase Il metabolic

enzyme mediated glucuronization.
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8] J5i %1% (UPLC-QTOF-MS) , it /5 MassLynx V4.1 Jfiji%
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W52 — 81 (G-6-P-Na,, #it2-: 116B039) . 4] 25 1 -6- i 4 e
U5 (G-6-P-DH,, 1t 5-: 20160725 Ak iz A i — A2 1
FRTEIR — 5 (NADP-Na., #it5: 718B0225) ¥4I A It ;R
3 E R A BRZS \] s UDPGA (€ [# Sigma-Aldrich 28w
fit5 : SLBT1945) 5 1, 4- By g (¥ A= MR A PR
23], S STOMBI31074) 5 P H A & (il %2 K Toronto
Research Chemicals 23 #] , 5 : 8-JIN-165-1; Ifi FH fif &
LA, PR R B A RR ) s R
| LYo kel EALEE AP ER N SR N A b4l
TKRZERIK
2 HEEHER
2.1 BREHEHE
2.1.1 TR A NARIE I RS B PR ZGO2 X JE L
i, FH R I A 5 o 2%, T o 8 5 £ VR B R 20 mg/L 1Y)
ZGO2 IV 48 Y 5 [ B il T et v 2R 10 mg/L A AR 4
W IR E T 4 CUKAE T ORAE, 2 o I AT, B
ZGO2 It 4% Vi FH 38 it Y A BRI, T DA R &k 2% v il
(PBS,pH 7.4, F R B2 a Wi, AR
Hp ) P i AN 191 B AR 45 T HE A
PRI R R 100 pg/L I AR
2.1.2 NADPHAHEEA R AW HKIKIUNADP-Na, 200
mg . G-6-P-Na, 200 mg . 5 b8k 133 mg, F/K A I 25
% 10 mL, T —20 CHRAF. B : MR K BUFF 15 R A 44
mg.G-6-P-DH 1 000 U, F/K i i JF & 45 % 25 mL, F
—20 CH-AF . I FIHT, BLA B AR 5: 1R, 15
W o 1 mmol/L (#2527 4 NADPH 1) ) NADPH %
TV
2.1.3 UDPGA il FE2%# I UDPGA i fit , IIfi ]
B KB 2 25, B il Bk B 24 5 mmol/L () UDPGA
AT
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2.2 HSMNBEEERMEL

2.2.1 HNADPHEshH) [ M EIRR  BOCRIFRUR
s, I PBS B R 0.5 g/L, G A “2.1.17 W | 4
i BE ) ZGO2 It £ RO 5, fiff ZGO2 Y e & Jo i Mk N
100 pg/L. ¥ FREWE T 37 CKIEH#HE 5 min 7,
T “2.1.27 101 N NADPH 4 i 1% 7 30 pL DA 8l 520 o
MR SRR 200 uL, A ML R & AN 5% .
2.2.2 [ UDPGA J3sh iy A F IR R BOK BT
RS 5, FH PBS # BE & 0.5 g/L, I AT H R E
[0.025 g/L (e g ie 5, T A1), IR AT, T kit i
B 15 min; B J5 A0 A 1, 4-F N R (5 mmol/L) A AL (5
mmol/L) DL K “2.1.17 5 F 285 B ZGO02 I £% i
fif ZGO2 Wy H & i W R 100 pg/Lo K5 IR IRCE T
37 COKWH R E 5 min i, A “2.1.3" 51~ UDPGA %
A 30 uL LUR SN o %K R BAREUA 200 L, A
ML) e NS 5% .

2.2.3  H NADPH F1 UDPGA Tt 4 & 20 (4 3 AH 0% & 14k
7 BOR R RIS &, F PBS T B2 0.5 g/L, A
PR % (0.025 g/L) IRA), TUKIE IR 15 min; 5
A1, 4- B g (5 mmol/L) &AL EE (5 mmol/L) L fz
“OL17 I S BRI ZGO2 IV 45 W 3 &, ff ZGO2 118 %
LTRVRE N 100 pg/L. ¥ FRAERE T 37 CKis
8 5 min 5, A “2.1.27 Wi NADPH #f iff 175 & 1
“2.1.3" 51 F UDPGA S E#A W 30 uL LR sh s o 14k
FRBIN 200 pL, A HLE RIS B AL 5% -
2.24 KSR (R 9% & KR fh AL B B 22,17
“2227 Q223 WMTFARIMEERALE R, BT
37 CoKH L Ay TE R 0.5.10.15.20.,30 .45 min i}
T T AR 100 pg/L (1) 2 7 400 nL 28 1k 2B, iR
HER T30 s )5, T4 CF LA 16 000xg 5.0 10 min; B I
HR VAR AT, 5k i BER %, DL 16 000xg 2.0
10 min; B b 34 W0 B 74T UPLC-MS/MS 4347 , %484
HF A 550 5 K 2 b 2Go2 B R R IE . B H IR R
SEATERAE 3R

2.3 UPLC-MS/MS Fik¥%®R

2.3.1 kS S & kA Waters BEH Cis (50
mmx2.1 mm, 1.7 pm) ; f£374% : Waters VanGuard BEH Cs
(5 mm»2.1 mm, 1.7 um) ; W 3AH: K (% 0.01% HR)-4
JiF (45 0.01% H iR ) (35:65, V/V) ; Ji 3 : 0.4 mL/min; #
Uik 235 °Cs FFEEE : 2 pL; RAEWT[H] : 3 min, 25T : HOME
T IR (ESD) 5 DA Z2 g W il (MRM) #4767 2 7
A BN 1.5 KV #EFLHLE : 30 V3 B IR
100 °C 3 BRI £ 300 °C 5 HEFL UM - 50 L/ i
FV L < 600 L/ 479483 Fil - m/z 50~1 000 ; — 2% filf 4
AE & : 16.5 eV F T & & 20 b1 19 25 X5 20 51 R mi/z
458.115 9—323.073 0(ZG02) .m/z 356.069 0—312.080 4
(HFR) . ZGO2 FINAR I — ik LI 2.
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2.3.3 bR 2R il g BT PR A SR AR D FR 1) 2%
2.1 ZGO2 WA VGE £, 43 FH PBS i Rl
JF MR 24 10.20,50,200,500,1 0002 000.4 000 pg/L
() ZR G0 R VS R o S % B R 3R 1% It VS R A%
T, INEE2.2.37 I 48 H R 1 K U o A4 T A
IEEIAZR (200 pL ), FC % ZGO2 R 439 1.2,
5.20.50,100,200,400 pg/L ¥ R 5 FE LR, 15 42.2.47
TR 7 2 he, Fil 2.3 R (iS5 i 2 Fok
FEOHT SRR, DAREINA 55 N bR e i AR AR ()
AR SRR (o, pg/L) B AR R , SR FH AL
B/ N (R R B 1) BEATER PRI . 5 VR
il 5 b AT BT W B2 430 R 1,0.5.,0.25 pg/L AE b i
W, 258w B (R MR EE R 100 1) FRRe fERAG I B (£
FER3:1) . 455, mIE R R y=0.097 2¢+0.002 7 (=
0.999 2) , ZGO2 A6 I JoT Fi vie £ A Ak Y 16 A 1~400 pg/L,
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R NHA 1 pg/L, eI A 0.25 pg/Lo

2.3.4 AEERE SN ERE  #U2.3.37 30 kL
ZGO2 % . R (2,100,200 pg/L) Al A i
&5y H 2247 W N W E 2 hin , R AT, B 5 H
PR 5 B8 5 2 3 d, 45 H BRSO Sl o i
W5 B R R B A T LA, AR . A5 R L &
J P RE S H P L H ] RSD #/0F 10% , E 3
87.26% ~94.58% ,TEWF 1.

=1 BEE EHERBEHREER

Tab 1 Results of accuracy, precision and stability

tests
Ak, i, eI % Rt (n=3)
pel HARSD(=5) RERSDG=15)  (=3) K%  RSD,%
) 431 661 0486+323  8665+633 73
100 539 728 8887£479 95214379 398
200 35 9.89 9113£828  8565£508 593

2.3.5 RIS KIE OV 5 #2337 U7
RECH ZGO2 A%  Hh R B R (2,100,200 pg/L) Y 5
FERER A 500 F5 2.2 47 WU 508 2 hin , RS AT
PR ORI TR AR (A4,) . BL“2.2.37 T F WA & 1A R 0&
L2247 HIREE 2 h 5, A ZGO2 X Bl S i
WA i, o A 2 o i MR B T S T g, RHERE AT, A
IR TR (A.) o DA HH ) %o 07 o V4K B 1) ZG02
FEdh, H 42,2470 F MR 2 h)g , dERE BT, A5 €035
AU TAT AR (As) o BN BTHnR BE A THRAE 5 Uk o 4R DI
H=4,/4:x100% , FE RN = A/4:x100% o 255 AIK
HR R TR A R ST AR R S PR AR ) BT AR A3 )
(82.86 + 3.23)% . (88.87 + 4.79)% . (81.13 + 8.28) % .
(87.28 +6.29) % ,RSD 43 51| 7 4.01% .5.39% .10.21%
7.16% (n=>5) ; & Jit &% Wi 43 il Ay (84.22 + 3.58) %
(88.72 +5.22)% . (93.56 + 4.28) % . (93.81 + 5.06) % ,
RSD %3514 4.25% .5.88% .4.57% .5.39% (n=5) , ]
PRI AL RN 5N 255200 ZGO2 Ji s v B il o2 o
2.3.6 FaEMRE  F2.3.37 3 F Oy kR 2Go2 ik
IR (2,100,200 pg/L) B FRESRE S A& 54y, 4%
“2247WUNEE 2 hE , A HALE R TR 12 hifa
FE P (LS00 o e 5 F O o ot R 8 190 UL R [ i %
TR ) o BEH A TR i RIICE ) RSD 27N F 10%
(n=5), R HLAEFE T HUE 12 hiaE , FEWE L.
24 ZGO2EIMRISHTRE AR

Fic“2.2. 47 WUF 7 A TR AMC R Y, SR
W B 7% ¢ ZGO2 AR IE O . LASE O min
ZGO2 ¥ Ji IR S A 2 B HA s R] 5 i B IR 5 2
A TR 2 W 4% A 43 H, >R GraphPad Prism 7.0
22 ZG02 1 3 R & (R R W i 25 42 & 43 -1
[, L 4, AR, ZG02 78 T M E AR
HARIA RS, 1T e P AR & R 2R R e e

W5 45 ) () ) 25 00 4% 43 HE I B SR X EROG iR
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Fig 4 Residual percentage-time curves of ZG02 in li-
ver microsomes of rats in different incubation
systems
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R T PR BL) VIFBOR PRI (mg) ™3 F oy =CLa 1/
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Tab 2 Enzyme kinetic parameters of ZG02 in liver
microsomes of rats in different incubation sys-

tems
[iESeli A ZGO2FA T4 (45 minfi), % f2,min CL, }LL/(mg * min)
Bl 1333£153 678 2060
;i 5063342 30.26 4580
[ 4581256 2557 5420

H 26 2 0] UL, & 45 min B, 7 NADPH 2 311 1 4
I H KR M UDPGA Ji shi T MIF & 1R &+, 2G02 7
AR (7333 +1.53) % . (50.63 +3.42) % , £,
439924 67.28 .30.26 min, & B HAE AR & 1R R AR
RS E M A, HAE AP AOfCI RS e A T M 225 4
NADPH #1 UDPGA 845 Ji3 20 i W AH I & 1A &= v, 2G02
(3R 43 43 o (45.81 + 2.56) % , 11K 25.57 min, 271
FLAE WA 5 1R 2 i A R e P 22

BAN, FAER I Mras R Bs, CYP G T ARACIEEE) |
UGT g ( 11 ARACISEE ) () F {85514 38.01% .84.50% , J&i
FH FAESE K, 318 ZG02 75K BUITF RO A b B 435 s
IV AT LA UGT B 1) A A M R A 45 6 S ol 32
3 Tt

SRR R E PERF S AR L, 25 AR s MR RS e 1k
W oI HEBR R N 1% 2 T A0 R 2 (Canii g g iR IR %
25 BIRER A Bh T E I 25 W A TR AE , B
BT FRE R RE IS TR A AL R AIK ELsk
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Z i R REIN ik 259, I el ke & 0 e
O (HIE 2 R AR E T Y 2 4
HRTE CYP A S0 T AR E, Xt UGT B S0 1T
AHAR A S g A1 SRk, ARF5E 43 3 LA NADPH
fEshi 1 HIFE A ZR . UDPGA B shid THIIS B IAZR . —
AL [EE S P ARIE E R R AT, 15 B UPLC-MS/MS
PG E T TR ZE ARG ZGO2 (R A RS e
3.1 NHEBEERMET

2 1E B0 5 A5 3 B SR AT 35 40 Ry SOk A4 /N2
6, UGT Rilf 19 55 24 57 o5 9l B P 2 v PRI 20 L
RN RIRA, -l A ks g (15 min) >k
ST RS FTHL”, ARSI RORE (A i UGT i
3.2 UPLC-MS/MS iEHI &4 %

AT AERT IS TP 25 T K-HBE K- K
(ST HIR)-F I KGR - KGR - EE (&
HR) K HR -6 (5 W R ) S5 s A 2 4 2G02
FERAMHTARE I, S5 ER, S PIK (5 0.01% FER)-4
E (27 0.019% W R ) (35:65, V/V) RS A4 T BRI,
ZGO2 F bR 1) (i I 6 T 1) KL AT, FLAS 52 PN IR 90 o
G , TR) At 4o A Bsf T 2, A0 e 2 e 0 HLAE M o 1 4y
v stk &

3.3 WEGRRTHYREKXENTHE

JEC AT ik i S — b i FH R 0 245 4 AR il o g <
SR L, AR B R RERIE ZGO02 At
FEY, HCR TR B2 0 VA 1% A0 & B AR S s
o AT REMEHERR R G0IR 25 T4 LAERR AN ZGO2 i
PRI, AR AL 7 T 6 Hh X 09 5 1R 2R rp 1 25 9 o
HEE(25.100.,1 000 pg/L) 47T T Atk S5 L P, 4
ZGO2 4 JFHE ¥ B M 100 pg/L B, W 75 ) 360 4 245 ) o it
WP I A B RS, H 2= 20% W25 8E R, i
AR I IFE TR 2 h 2G02 1 R MR
3.4  ZGO02 7E K FRBFRIRLE BRI AE S 47

AWFFELES R, 7E NADPH JE 2hi) 1 M &R R .
UDPGA Jii 8l 9 T1AH I 5 1A 2R L 3% L W) 3l 190 79 4 i
BIRZ T, ZG02 1Y 1., 43 1) K 67.28.30.26 . 25.57 min,
CLiw 209114 20.60,45.80 ,54.20 pL/(mg-min) ., X$ER7E
3P E AR P, 2G02 IR B Pk v o T 41> TTAH
> Wil . CYP & UGT i (1) F {843 % 4 38.01% .
84.50% o X HE7N ZG02 1E K FUHF RO 44 i g A8 Bz nv
FIRELL UGT B/ 5 A A A R AL 25 5 s R

2g TR AF5E #EA7 ) UPLC-MS/MS ik fafi
B RS, AT R BUHFCRAARIE & 7k & b ZGo2 i
SRR A R AR AR RS e P AT o B R R
I ZG02 1 NADPH Hl UDPGA BX 4 Ji 5 i B A
EE AR R A RS PR 22 , FLARI O AT BELL UGT
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Optimization of Extraction Technology of Danzhi Xiaoyao Powder by Box-Behnken Design Response
Surface Methodology Combined with Genetic Algorithm and Direct Search Methods

SU Benzheng, JIANG Bo, CUI Ning, YU Zongyuan (Shandong Research Academy of Traditional Chinese
Medicine, Jinan 250014, China)

ABSTRACT OBJECTIVE: To optimize the extraction technology of Danzhi xiaoyao powder. METHODS: The medicinal powder
in the formula of Danzhi xiaoyao powder was extracted by using the heating reflux method. Box-Behnken Design (BBD) response
surface methodology (RSM) was adopted for trial design with ethanol volume fraction, extraction time and ratio of water to
material (¥/m) as factors by using comprehensive scores of geniposide, paeoniflorin and paeconol as evaluation indexes. After
mathematical model and objective function were obtained, genetic algorithm and direct search method were used to obtain the
optimum ranges and value of extraction process parameters. RESULTS: The optimal extraction technology of three indexes in
Danzhi xiaoyao powder included 60.8% ethanol, extraction time of 3.1 h, water-material ratio of 15.72:1 (mL/g). There was no
statistical significance in the difference of comprehensive scores by BBD RSM alone or combined with genetic algorithm and direct
search method (P>0.05). CONCLUSIONS: The technology can be used for the extraction of index from Danzhi xiaoyao powder.
BBD-RSM combined with genetic algorithm and direct search method has certain superiority in optimizing the extraction process of
TCM.

KEYWORDS Danzhi xiaoyao powder; Box-Behnken Design; Response surface methodology; Genetic algorithm; Direct search
method; Extraction technology
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