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Pharmacokinetic study of Kaixin Powder in rats with Alzheimer’s disease
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Abstract: Objective To characterize the pharmacokinetic behavior of the analytes of Kaixin Powder (JF/(>#{) in Alzheimer’s disease
(AD) rats induced by oligomeric B amyloid protein 1-42 (APi42), and establish and verify an ultra-high performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) method for simultaneous determination of components of Kaixin Powder
in rat plasma. Methods Rats model of AD was established by bilateral hippocampal injection of oligomeric Api-42. Kaixin Powder
was administered by single ig, blood was collected at different time points, and plasma concentrations of ingredients were determined.
DAS 2.0 software was used to fit non-compartmental models to calculate pharmacokinetic parameters. Results The established
UPLC-MS/MS method in terms of precision, accuracy, extraction recovery, matrix effect and stability and other methodological
investigation results all met the determination requirements of biological sample analysis. The results of Morris water maze test
confirmed that AD rats model was successfully constructed (P < 0.05). After administration of Kaixin Powder, pharmacokinetic
parameters of analytes with similar structure were similar, such as a-asarone and B-asarone belonging to isomers, dehydrotumulosic
acid and dehydrotrametenolic acid belonging to lanosta-7,9(11)-diene type triterpenes, poricoic acid A and poricoic acid B belonging
to 3,4-seco-lanostan-7,9(11)- diene type triterpenes. fmax and 712 of a-asarone and B-asarone were short which showed a rapid absorption

and elimination. fmax of poricoic acid A and poricoic acid B were short but #12 of them were long, suggesting a rapid absorption and
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slow elimination; fmax and #12 of dehydrotumulosic acid and dehydrotrametenolic acid were long, so the absorption and elimination

rates of these compounds were slow. Moreover, dehydrotumulosic acid played a double-peak phenomenon and MRT of it was long.

This might be caused by the enterohepatic circulation, and time of dehydrotumulosic acid in vivo could be prolonged. Conclusion

The in vivo pharmacokinetic process of the analytes of Kaixin Powder in AD rats is revealed, which can provide reference for clarifying

the in vivo process of Kaixin Powder and its subsequent research and development.

Key words: Kaixin Powder; Alzheimer’s disease; pharmacokinetics; UPLC-MS/MS; oligomeric AP1-42; a-asarone; [3-asarone; poricoic

acid A; poricoic acid B; dehydrotumulosic acid; dehydrotrametenolic acid
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Fig. 1 Chemical structures of analytes in Kaixin Powder
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Table 1 Mass spectrum conditions of analytes of Kaixin Powder and internal standard
EY ESI #5 = F(mlz) F BT (mlz) LRV fili i g & /eV

o-41 2 g + 209.2 194.1 80 21.0
B2 ¢ i + 209.1 194.1 80 21.0
ENERESIN + 386.0 122.0 145 37.2
LELEER - 483.5 483.5 -220 —45.8
AZHIIR - 4533 4533 -220 -46.7
IREHIR A - 497.5 4232 -190 -40.8
REHR B - 483.4 465.1 200 -33.5
it - 607.3 4273 -200 -413
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Fig. 2 Results of Morris water maze test
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Fig. 3 Representative MRM chromatograms of analytes of Kaixin Power in blank plasma (A), blank plasma plus reference

substance (B) and plasma sample after administration (C)
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322 MR LLOQ KA UPLC-MS/MS kil E
AD FEAL R RS AR ORI A 43 1 LLOQ Jehs
HEMZE R PERE G, W3R 2 Fiow, &R 1EAE
R J A FEE i Bl PN S R TR 1k

323 KEEEAMESE Wk 3 PR, SO HH
PR 5 5 RN H (DRSS P ITE £ 15% AN, H I HEf
SR H AR B AAE + 15% LN, FFEEDR,

324 faEtt REMEERGRNE 4. FiRME
24h, —80 CIR-LE 7d, —80 C/E VR 3 KL FE

a2 25 AT A K
325 PEHUAIWCR AL AN, B R AR R A O
JRA MR W S, &R PR EURICR Y 86.36% ~
97.47%, RSD fH A 1.45%~6.60%, HJ5i%N A
80.50%~100.23%, RSD {4 0.95%~6.88%, HIFF
HER,
33 mFLNER

K ST UPLC-MS/MS 775, #ll AD 1
RK BR &5 25T Co U R 2 ZE A TR IR 8] 2 1 1f 25
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Table 2 Calibration curves and LLOQ of analytes of Kaixin Powder

WEW LR LR VU /(ng mL™") LLOQ/(ng'mL™")
o212 Fik y=8.383X10#x+5.130 X107 0.998 3 2.0~500.0 2.0
B-4H = g y=5.768 X 104 x—2.469 X 1072 0.9959 1.0~1 000.0 1.0
FELER y=1.925X10"*x+2.563 X107 0.995 7 2.0~500.0 2.0
FAZEHTIR y=1.250X 1075 x+4.300X 10~ 0.999 6 10.0~500.0 10.0
TREHR A y=9.476X105x—1.191X10™* 0.997 1 2.0~500.0 2.0
REH% B y=1.250X10"5x+1.410X107* 0.996 8 2.0~500.0 2.0
*x3 LMD HIEZEEFERE (X£s,n=6)
Table 3 Accuracy and precision of analytes of Kaixin Powder (X £ s, n =6)
I _ HWH H il
e R e ML e g mL ) YewE% WY Selngml ) MY W%
o202 ik 2.0 2.11%0.08 105.58 3.85 2.06+0.02 103.09 1.17
5.0 5.06+0.12 101.30 2.44 5.1340.04 102.58 0.72
50.0 52.10%2.60 104.20 4.99 52.25+1.96 104.50 3.75
400.0 400.92+12.03 100.23 3.00 411.56+18.68 102.89 4.54
B~ ¢ Tk 1.0 1.00£0.07 100.17 727 1.0140.02 101.39 2.23
2.0 1.94+0.14 96.92 7.12 1.99+0.06 99.92 3.18
50.0 51.13%1.14 102.26 222 50.96+0.64 101.91 1.25
800.0 775.60+26.14 96.95 3.37 771.924+28.02 96.49 3.63
FELER 2.0 2.0740.10 103.33 4.95 2.0440.03 101.75 1.60
5.0 5.03£0.08 100.63 1.50 5.032£0.03 100.58 0.55
50.0 51.32+1.62 102.63 3.16 53.71+£2.73 107.42 5.08
400.0 389.56+6.58 97.39 1.69 389.68+12.47 97.42 3.20
AL 10.0 10.46+0.61 104.62 5.84 10.44+0.42 104.39 4.02
20.0 20.47+0.73 102.34 3.57 20.44+0.08 102.21 0.39
100.0 103.95+1.37 103.95 1.32 10421+1.32 104.21 127
400.0 407.16+7.25 101.79 1.78 398.52+7.69 99.63 1.93
KL A 2.0 2.0640.08 103.25 4.07 2.0940.04 104.53 1.72
5.0 5.26+0.27 105.10 5.13 5.16%0.19 103.27 3.68
50.0 51.424+1.90 102.84 3.70 54.22+2.67 108.44 4.93
400.0 414.00+11.84 103.50 2.86 395.92+21.58 98.98 5.45
TREHTE B 2.0 2.0440.12 101.83 6.04 2224021 111.19 9.27
5.0 5.06+£0.16 101.20 3.22 5.14£0.10 102.72 1.98
50.0 51.67+1.66 103.34 3.22 53.60+1.70 107.20 3.18
400.0 396.72+10.90 99.18 2.77 385.00+16.79 96.25 4.36
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Fz4 FOHFENRIBIREMNE (Xts,n=6)
Table 4 Stability of analytes of Kaixin Powder (X £ s, n=6)
o FHIRJKE 24 h —80 Ciff7d SRR 3 K
ey TERE T S SR,
(ng'mL™") C o HERR /YRS % o TR RE /% R /% o TR RS/ R /%
(ng'mL™") (ng'mL™) (ng'mL™)

o-4H 37 ik 5.0 5.16+£0.01 10320  0.19  5.04+0.05 100.87  0.98 5.10+£0.16 101.93  3.05
50.0 51.92+0.89  103.83 1.71 504442.07 100.87 4.10 49.48+227 9896  4.58
400.0 396.56+10.19  99.14  2.57 3955611622 9889  4.10 370.96+2.56  92.74  0.69
B-4H 3 Tk 2.0 1.9740.21 98.33 1047  2.02+0.08 101.17 4.14 2.02+0.10 100.83  4.89
50.0 5122+1.15 10243 224 51.15+1.87 10231  3.66 51.80+1.32 103.61  2.55
800.0 787.84411.27  98.48 143 749.68+18.14 9371 242 860.80+29.18 107.60  3.39
FALHER 5.0 5.06+0.04  101.27 0.75  5.04+£0.05 100.87  1.02 5.01+0.13 100.13  2.53
50.0 52944098  105.87 1.85 52.00%+1.59 10401 3.05 51.46+138 10293  2.68
400.0 405.76+4.75  101.44 1.17 382.00£9.36 9550 245 402.04+12.10 100.51  3.01
AZEHTIR 200 20.81£035  104.05 1.69 20.184+0.14 10090  0.67 19.76+£0.12 98.78  0.59
100.0 105.66+2.74  105.66  2.59 105304334 10530  3.17  99.794+2.94 9979  2.95
400.0 393.88+3.27 98.47  0.83 395.88+7.32 9897 185 39448+734 9862  1.86
IRZEHR A 5.0 5.12+0.13 10247 252  54440.15 108.80  2.71 531+034 106.13  6.44
50.0 50.10%£224 10020  4.94 52744192 10549  3.64 51.14+3.97 10228  7.77
400.0 401.48+13.53 100.37  3.37 383.00+13.71 9575  3.58 402.04+£12.10 100.51  3.01
IRZHE B 5.0 5.03+0.15 100.60 294  5.15+0.05 103.00  0.89 531+£0.05 10620  1.00
50.0 53.02+1.74  106.03 329 4922+036 9845  0.73  51.36%+3.10 10273 6.03
400.0 389.68+10.17 9742  2.61 381324877 9533 230 388.23+6.13 97.07 1.8

*® 5 TUEAENAS B RIE W ERMERME (X+s,
n=26)

Table 5 Recovery and matrix effect of analytes of Kaixin
Powder (X + s, n=06)

&Y TR/ (ng-mL™") FEHURICR /% 3 BN /%
o1 3 Tk 5.0 95.07+£3.08 93.39+6.35
50.0 88.12+£2.59 84.37+2.88

400.0 86.72+£3.10 80.50+1.27

B~ ¢ Tk 2.0 90.814+2.14 98.011+6.88
50.0 90.86+1.58 87.54+1.91

800.0 89.46+2.35 84.87+2.11

EETHER 5.0 97.474+6.60 100.28+1.24
50.0 94314339 96.95+2.57

400.0 96.83+£1.64 99.69+2.51

AR HTIR 20.0 87.50+2.56 90.41+2.48
100.0 90.85+1.45 80.88+1.27

400.0 97.08+2.56 92.69+0.95

IREHTR A 5.0 86.50+£3.14 91.54+4.17
50.0 90.71+4.07 91.19+4.47

400.0 95.95+5.62 96.65+2.20

IRZEHR B 5.0 86.36+2.11 92.16+6.08
50.0 92.85+4.64 93.93+5.58

400.0 96.29+4.74 98.00+3.99

A 20T DU FE o 2580 580, S5 Rk
6. SRR, a-giF Rk B WER ] (o H53E
W () BN (026+£0.12). (0.54+0.25) h,
B-ZH-FWEI] tmax 165 012 M558 (0.21£0.05),

(0.6510.24) h, M3 IR 8] 55 -5 B Rk .
FALTEIRI tmax (55 612 EH AR (3.9244.11),
(3.57£1.04) h, MEFHRE tmax 5 612 1H53 5N
(1.25+0.61). (5.43+2.25) h, WHHIIEWER R 5
I . IR HTIR A FIIRZ TR B 1 fina H
23RN (0.28+0.11). (0.24%0.03) h, PiEM np
514 (3.90+1.67). (7.994+2.88) h, I ikl
B ) 58 AL~ 3 K

4 itig
4.1 BirmoiEE

BT TR ZRA S SCRR S5 a0 Hr 29300, R
WFRAEVIE BT OB A S BH Ry (NS R
# Rgiw AZBFH Rby FIAS2F Re). i EMIEHE
BAr G SR D FERERE R 8 (3,6- 7% Tt
FERERE) . A BESRSY Co-ZH 7 AT -4 S k)
RE=WERAE Ry (FEALFRR. TR, K%
W A FIRZSHIR BOVE N2 8 2RI B AR 5y s
BT IFOBUrR NS S R E B EL A, S
MAB 21 Rgiw AS 21 Rbi. ASEH Re. 3,6-
TIF IR R A R 10 SRR TR A
BUK, FULTEMIRFE SR S BCT LLOQ, Ak
WirlEfE . AR FIRA L) a- gl Rk B-4H 2 Tk
TR MR REHR A FIIREHR B
SR 23 AT O B 24 Bl 2R AE
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Fig. 4 Mean plasma concentration-time curves of analytes in AD rats after ig Kaixin Powder (X = s, n =6)
®6 ADEEKR ig FOHMBRMNMINANESE (X+s,n=6)
Table 6 Pharmacokinetic parameters of analytes in AD rats after ig Kaixin Powder (X £ s, n=6)

ZH LA -4 Tk B-4f - Ak FELER AR REHR A KXW B
fmax h 0.26+0.12 0.21£0.05 3.92+4.41 1.25+0.61 0.2840.11 0.2410.03
Cinax ng-mL™! 35.88+5.81 269.001+45.30 120.38+53.68 114.88+37.19 91.56+36.28  117.30£54.65
AUCo~; ng'mL'h 38.52+13.01 329.20+106.13 1373.54%+530.78  640.55+187.42  193.15+59.51  398.54+137.70
AUCo-» ng'mL'*h 39.92+13.19 35417111126 138130153043  795.20+208.57  213.27+49.45  498.05+210.28
t2 h 0.5410.25 0.65+0.24 3.57+1.04 5431225 3.90+1.67 7.991+2.88
MRTo-: h 0.911+0.58 0.771+0.30 8.53+1.01 4.4910.78 3.191+0.86 5.184+0.49
MRTo-« h 0.991+0.57 0.97+0.37 8.671+1.04 7.881+2.49 4.1411.01 10.92+6.04
CLz/F  L-hlkg'! 32.63+18.70 38.87£20.72 1.55+0.49 0.1610.05 0.4610.13 0.251+0.11
Vz/F L-kg! 21.73+7.05 35.00+15.91 8.431+4.65 1.35+0.91 3261221 2211+1.63

42 WNFH RIS HERLIBML

i3 A A AR A R R R, A
FUHEFE T Wi L i ) B T A QAT A I o4 - T
A B4 BEAE IR 2 RN A BE R
ZHTIR S IRZHTIR A FIARZ TR B AR 0708 70T
BEAT RN o ARSI B 1T 7 i AN R T
PRI, AW FCIEREER IR T IR IR A Oy IE R
TEIARRSY, T R R AR AR R
BRI o

T PO FH K- R L 7K - 2 AR SR S0 A B
BRI BV RL, IS B £ H AR A LA I g
JS7 S s AETRENAHTINN 0.1% H BRZK LIS Fc 73 1
A AL, kg L 0.1% HIRKIE A 0.1%
HR R B B B A

ALPR MR R AL BRI, 9 PRIUEER A UTVE 5E 42

AHFFTIERE 50 pL M2 NN 150 uL FEE- 2GR
AW LD BATRER AN, Ak, BT SRR
i R B IR, A FUETE E E TS RIE
ER, BIKIRYE, FRIEH 50 uL HEERE, 200
BRI E .
43 AD KREBMENSITFMN

AD s2—FhEL B VEMFEEEVIBIE NN “ 2
B 5 Tau B ABRRIE RIS T YEgss 12
REIERIAR IR AT I, RN BN E 4%, HAl
AR 2 FEAFE AR DURZE UL BEAR AL 241« Tau
WA FACNBLAUE . L i 43133, 3
o AR PURR AU S IR R AL, AR IR 5T
R, JPOEOTE—EREE LisE AD B
(APP/PSI ¥ F:R/NRD 1 AB UTAY, Rk, AHE
FIEFEHET AB VIFIM XK AD KRR AT
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I HATHE AR, KA AP N ERL
R TR AD KRB, nTEE A
PEMER, Rk, AWF7CiE %7 EE T AD K
SRR ST, TR AD ZhWR R A4 S Fe b
Morris 7KK B SEEGEI-323E(T AD KRB PPN
44 FLEERTHANZEIFES

oA SEEEFN B-2 S Bk EOA R o SRk, g
FARAL, PR AR N AR AL, 23S
BRI, 25305 S8R ig O EUS o- 4 R B-
G < B35 AT R USCEE N A P I ELYE B AR, B3 1)
RN AR A 5 SRR IE AR 435, FEARF T,
PEFEIBIEEIR L (Cma) FTHIZR FTHIFN (AUC) fH
(22 SR, AN = B R RO 5 iy R 2=
SRR SCHRARIE PR B ig A B R M ) Ja
o-AHSEBEAN B-ZHFBEIY) tmax 20518 (1.4240.18)
(1.58£0.18) h, 1AM FLH KR ig HOBUE o4
Tk AT B-2H-EBE tmax 737008 (0.26£0.12), (0.21+
0.05) h, IXFE/RIF OB T REAEHE o2 2 Bk RN B-
A <7 TE AL

AL S EHIR I N EEE-7,9(11)-—
WA =, HAhE AR, B R R
GZARMIMA . Zhang ZEPOHEAT T IRE RESLYIIMI B 53
BT, R EOR B RO BRI, T
K LA LSRN IR EIER SR, X5
Xiao 2P AT 1 s A L IR AR Z IR I 245
24 Ji5 BV R AL 1) 45 24 e S BRI IR A 225 SR AR
HEDM X — 25 AT e A2 B T AR08 . At 0 da
ZERR AR P I AR S I R T BR R E IR,
5 SCERRIERSS AT . Sy Ak, OB A R
VAR MR 15.8 £, B2 A LR
LRI Conax [H3ET, 1X— 45 RALRIAZHIIR 7] R
N GRS sy, EAR R

IRZEHE A FUIRE B B Y08 3 4P H-FF
$5-7,9001)- W =15, ig FROEUR, 2 B IR
RN LI FLVE BRI, 5 SO IE R3S .
FOH, X2 P S EAE, (EIREEHTR B 1
Crax 10+ AUC fH. 353 B IS [H] (MRT) {E5 S5
BIETOREHR A, X —55 RIRREHR B vl 5
DRI, MTTER N KIEER .. Aok, &
MRS RERA I OEUS AR IREHTR A
FIRZE R B A WL A K T SOk iE PO 25
TIREEEIEN) 5 % BT IB VRS 8], X R OB
75 AT BEAR AR 2 = i 1R 2 1 40 W AL

Zx FRTR, AHEFUEENL T RIS E Ok BRI
FEOELE B & & UPLC-MS/MS 7%k, 316
ZITIE TN T T O HE AD B K BRAR Y Y
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REHIR A NERZHL B X 6 Fsir Ik N 253h
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