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P& HM {5 % 7 & 41 fn H-2-104 1% & A E4(35,70,140 mg-kg ') , F 4 8 R, FREL L% &
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¥, R HM RATA 4 H2-104 gt B, H & ML B4 4 66.67 ~500 ng-mL ™', WAL B F & % £,
R ENERE EHRE BEE BREUREFRRERAFSGAEDFARANEZE R, HARXRAASL T HM 5, X
Bk C,. 5 AUC,_ 45| 4 (301.78 £67.24) ng-mL ™' #1(234.18 £98.35) ng-mL ™' -h (K& &), (478.65 +
99.74) ng-mL ™' F1(710.03 £208.93) ng-mL "' +h ( &  F),(721.51 £107.52) ng-mL ' F1(819. 61 +310.54)
ng'mL™'-h (F®KE); %4 F H2-104 5, K8k W C,.. 5 AUC,_, 4 5| % (234.84 £102.03) #1 (198.67 =
38.88) ng-mL ™" -h (fK K E ), (298.73 £87.52) ng-mL ™' F1 (676.55 £210.83) ng-mL ™' -h (K E),
(411.81 £123.71) ng-mL ™" F1(1004.86 £426.05) ng-mL "' +h (ZKE) ;L2 Mubiih T, 5k, 3
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[ Abstract] Objectives; HPLC was used to establish the methods for the determination of harmaline ( HM)
and the derivative 9-butyl-1-methyl-N-(2-hydroxy) ethyl-B- carboline-3-formamide (No.: H-2-104) in rat blood
samples in order to evaluate repeated dosing toxicokinetics (TK). Methods: The Wistar rats were randomly divided
into HM low, medium, and high-dose groups and H-2-104 low, medium, and high-dose groups (35, 70, 140
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mg-kg ') with eight rats in each group. Repeated dosing toxicity experiments were conducted to investigate the
toxicokinetic profile of HM and H-2-104 in rats 28 days after the first dose to the end of administration and the
kinetic parameters were calculated. Results: Both HM and derivative H-2-104 could be detected with good linearity
in the range of 66.67 ~500 ng-mL~".
stability of the proposed method were in accordance with the requirements for the determination of biological
oo and AUC, _, in rats were (301.78 £67.24) ng-mL ™", (234.18
98.35) ng- mL ™' (low concentration) ; (478.65 +99.74) ng-mL™", (710.03 +208.93) ng-mL ' ( medium
concentration) ; (721.51 +107.52) ng-mL™", (819.61 +310.54) ng+mL ™' (high concentration). After the
administration of H-2-104, the C,, and AUC, , in rats were (234.84 +102.03) ng-mL "', (198.67 +38.88)
ng-mL™" (low concentration); (298.73 +87.52), (676.55 +210.83) ng+mL ' ( medium concentration ) ;
(411.81 £123.71), (1004.86 +426.05) ng-mL ™' (high concentration). After administration, T

compounds was shorter and both drugs were eliminated within 4 hours. Conclusion: The first and last C_ _ and

max

The specialized properties, accuracy, precision, extraction recovery, and

samples. After the administration of HM, the C

o Of the two
AUC, _, of HM and derivative H-2-104 at each dose increased disproportionately with dose and were positively correlated
with dose, exhibiting nonlinear kinetics. This study provides preliminary elucidation of the in vivo toxicokinetic

behavior of HM and derivative H-2-104 in rats, and the experimental results provide support and reference for their

subsequent studies.
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2 591 T 1) S I A E Ry 200 g - mL ™ X HR L U
F1 200 g~ mL ™" A P bR A TR HRO FE G I S0 R
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#2E 3 d A H WL H AR B (RSD) BN % B
(RE) . 32 nl WL, b Py 4t 18] i 0KS % 2 00 7 off B2
Y558 A e i o3 A 2K

F 2 KRS RS 2% B B n=5
", e it Iz H

. /ng-mL ! Ul /ng- mL ! RSD/% RE/% W /ng- mL ! RSD/% RE/%

HM 100 108.34 +5.33 4.92 8.34 109.54 +4.76 4.35 9.54

200 213.19 +12.87 6.04 6.60 208.54 +10.97 5.26 4.27

400 441.43 £30.66 6.94 10.36 426.68 £32.74 7.67 6.67

H-2-104 100 110.29 +4.39 3.98 10.29 91.44 £5.42 5.93 8.56

200 195.72 £9.01 4.60 2.14 205.22 £12.08 5.89 2.61

400 416.64 +£20.91 5.02 4.16 391.66 +£19.26 4.92 2.08
4 REX[E Y= BEM/%  WE/ng-ml”t MHRf/ng-mL"'  RSD/%
U b o 3 A R B Y R R A R R T 5 il 100 96.78 8. 31 8.59
175 3 AR L iR e (a5 25 48 23 BT, 30 SR AR L 1) e 17 AR 200 205.38 +19.81 9.64
Ao 5340, BUAS M3, RO R A5 E 3 T om A 400 413.92 £36.33 8.78
HM, H-2-104 (0 (% b 3 e SE AR e Vi i, R 4 b7 KPR 100 92.2348.06 873
WA, A4 e TR B, AR U KR /% = A/B X . AT
400 396.13 +21.73 5.39

100% 71 25 R L35 3 404 I Bk

R3O OREAMARIBUA ARG R n=5

R5 H2-104 fiErFERBELEER n=5

i W /ng-mL ™! P MRS % RSD/%
HM 100 97.62 £1.94 1.98
200 98.67 £3.32 3.36
400 101.18 =3.05 3.01
104 100 100.44 £4.34 4.32
200 99.25 £7.08 7.13
400 104.46 +1.89 1.81
5 REMH

A b iR 3 A TR B AR D, B A A
TR MCE 8 h, -20 CHE A3 U, -80 CHRIKIRAT

30d AR EME . SR I 4 MR S, Al k0 HM Al H-

2-104 FAIK R LR 3 AN o R TR Y S R i A 5 6
LRI 3 FhSAE R IAS 9 RSD {H Y <10% ,Fa i Pk
R4f o

REM/ % WE/ng-mL! Bl /ng-mL ! RSD/%
= iR 100 107.43 £8.25 7.68
200 210.10 £10.71 5.10
400 416.22 +31.24 7.51
S5 VR Tl 100 92.04 +7.28 7.91
200 212.62 £12.29 5.78
400 385.77 £31.92 8.27
KA 100 102.72 £8.03 7.82
200 196.21 +15.65 7.98
400 403.16 £26.51 6.58

Fz 4 HM M IKFE SRR E M n=5
FaEM/%  WePE/ng-mL™! 4 E/ng-mL ™! RSD/%
iR 100 108.54 £7.88 7.26

200 215.39 £12.21 5.67
400 385.92 +17.18 4.45

6 XRENEKRFINZFE

K Hl WinNonlin % 051145 £ & & L3 h ¥ 2
B AERME 3 Kk 6 £ T Fm. KEHEKREKRK
By JE, Kb R R4l HM gk g i R] 35 290k
5 min, [F]RFAE 4 b AT LT BR . H-2-104 35 W4 IR [A] %
A2, TG AR PR E AL S min, &
AN 1S5 ming AR KL 255, & AL ik i
[i) HF AN [) 2 B2 4 R (IR BE 20 29 R 5 min, ) 5
LN 15 min G5 H HH LN 30 min, 75 4 h AT L
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HRGY
900 600
—o- HM (35 mg-kg™) -o-104 (35 mg-kg™")
750 = HM (70 mg-kg") 500 =104 (70 mg-kg")
- 600 —— HM (140 mg-kg™) - 400 —+—104 (140 mg-kg™")
] ]
o> 450 & 300
£ £
O 300 O 200
150 100
0 = L . " 0
0 4 8 12 16 20 24
t/h
KRG T
1800 750
1600 —®- HM (35 mg-kg™) -o- 104 (35 mg-kg™")
1 400 -# HM (70 mg-kg™) 600 -# 104 (70 mg-kg™")
& 1200 —— HM (140 mg-kg™") O —— 104 (140 mg-kg™)
2 450
C =)
£ ]
O 300
150
! 3l 0 L ! &
0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/h t/h
B3 KE&SDHEXSGSMRREGZ) 5 HM,H-2-104 1 C-t 14k (n =8)
Fo6 REMEEERAKRKRS T HM J5 1 EEHERI 2= S 5 n=8
35 mg-kg ! 70 mg-kg ! 140 mg-kg !
5K mg- kg mg:* kg g Kg
ER/ FKIK Wik KK ik FKIK
t,,/h 1.320.77 1.46 +0.78 1.87 +1.02 2.76 +1.21 2.27+1.42 3.05+1.36
T../h 0.08 +0.00 0.08 +0.00 0.08 +0.01 0.08 +0.01 0.08 £0.01 0.07 £0.02
€ /g mL ™! 301.78 +67.24 582.65 +125.76* 478.65 +99.74 685.83 £367.94*  721.51 £107.52 1 400.63 =257.39"
CL/L-kg™'-h~! 0.07 £0.04 0.07 £0.02 0.08 +0.04 0.08 £0.07 0.10 +0.04 0.10 £0.07
AUC,_/ng-mL~"-h~! 243.18 +98.35 606.60 =214.52*  710.03 +208.93 1 150.06 +632.93"  819.61 £310.54 1 686.71 +562.54"
AUC,_, /ng-mL~"-h~'  377.17£125.92  750.31 £246.62" 739.55+£278.93 1 193.59 £570.03" 1043.94 £482.01 2 076.39 +642.03"

HWARRGZEM L ,a:P <0.05,b:P <0.01

£7 KEMEEERMRKREAT H2-104 5y EEBNRE H2E2 %K n=8
S 35 mg-kg ! 70 mg-kg ! 140 mg-kg !
HiK FRN HK FRN HK Kk
t,,,/h 1.98 £1.24 2.27 £1.36 2.02 £0.46 1.94+1.01 1.93+£0.98 1.90 +1.22
T ../h 0.08 £0.00 0.08 £0.00 0.08 £0.03 0.25 £0.08 0.25+0.09 0.50 +0.12
C,./ng-mL™! 234.84 £102.03  300.75 +89.86 298.73 +87.52 427.83 £109.66° 411.81 £123.71 538.30 +158.92*
Cl/L-kg="+h~! 0.05+0.03 0.06 £0.03 0.07 +0.01 0.09 +£0.02 0.08 £0.03 0.12+0.08
AUC,_ /ng-mL~'-h~' 198.67 +38.88 615.11 £176.57"  676.55 +210.83 1 343.82 +482.04" 1004.86 £426.05 1 485.15 +620.91"
AUC,_, /ng-mL~'-h~! 219.75 +67.77 905.89 £239.08"  731.96 £237.93 1 372.44 £653.04" 1273.60 £547.83 1 670.06 +744.23"
MRT, . /h 0.98 +0.46 3.38 £1.22° 3.20 +0.47 3.30+1.01 2.63 +0.67 2.78 £1.02

HWARRGZEM L ,a:P <0.05,b:P <0.01

REERSGT HM 5 AR P mA RS 2541 C,,
Jo AUC,_ BHZ L3 B2 1:1.58:2.39,1:2.92:3.37,
RKRGZ) 28 dJ AR P RS2 SR

<4

T H-2-104 J5 AL . SRl A
BRI 1:1.27:1.75,1: 3.
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%2528 d 5 AR B RS A 2 NS Y
BIA1:1.42:1.79,1:2.18: 2. 4132 M4 W46 H) i
HE KWK C,, K AUC,_ 2 1 3 iy a3, J R
H-2-104 %A T C,, , AUC, 3% & 3am i 2,
U] HM . H-2-104 e WK N A7 7E

15 B

25 A PEVEAL T i B ARE 12EEY, EEOG
TERJE 25 1E @ A R AR AR s 2k i
UM R 2 Y RE
R AL (8] AR R R

ASE G Sy T X HM J A AR ) H-2-104 /Y
HPLC 43 #1 7k o %5 B B B 0 L R & JF
SRR AST 2R B bl 11| S N S R N L B 3 9
fitE ¥y H-2-104 354X 2) Jy 22 0 58, BT D 45 2R ] &g,
AHEFE R IL, HM IR 45 25 FIAR IR 45 25 )5, W Wi 3 i
M, BEAE S min P 5E B, 3X 5 Guan 251
PESD KB R HM #4030 T 7 i 58 45 2R — 5,
3 ANV B P R WIOR IR 45 25 B0 1 K 45 2 AN TR A
HbSE K, FL PR B A YR e ) R S AR R X L, 2
S (P<0.05), M 4y, v] 68 A7 AE AR Fn
BN, BV A ) A B ORI B AR AR R i
R A SIS R UESE HM 2L AT — 3 i A 28
T BAN HM KR4S 25 A, TF 45 41K R
WY R (C,,,AUC, ) BEH (P <0.05) & &
5 B R 3, B on HM 76 {770 & (35 mg-kg ™)
B K RAR AR AE & Bk ) . H-2-104 7 45 2 IR
W2 Ia Wit e o T AIG P R R AR 15 min (Y
52 ML, e AR A A 6 B JE] ZE 30 min 22 A5, HHER T
HM W12, 3 Al mddm bk il T & £ 5%
(P>0.05), $& /8 H-2-104 N7 7 AR 35 16 F0 500 .
XFEG 3 AN AL R IR AR R BRI 1 B #E (C.,
AUC, ), BREREHAEHE R SRR C,,, LW 2% R
(P>0.05)4h, s mFI &4 C,,. ,AUC, A B &
Z5 (P <0.05) , /R 2 A 0% 50 % 0 A7 4= 9 H-2-104
WeE T T 70 mg- kg™ B, 7 K RUMAR P & 7 76 25 AL
P HA MR EN KRB OMEA TR o=
3ANVREE 1 HM J i /B4 H-2-104 J5, AUC,_,, C,,,
49 5 390 AN B A Hb 2 o, 5500 B O A G

WS AR L5 S8 R G S e T HM K A2 )
H-2-104 75K R N 19 54030 J1 47 O, 200 25 2R
R JE SeAR s AR AL RS Sy .

(1]

(3]
(4]
[5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chinese Journal of New Drugs 2023,32(21)

[ & % x # ]

WRAE, w s, JUA 2D, S5 25 S0 BE % O X A0 AL R Rk 85) 8%
e /N AN I Thl/Th2 40 7 852w (1], o B 5 A 9
AR, 2019, 14(9) : 1038 — 1043, 1049.

el Ly T o AN P = 7 N i S T )
i B VE BT A2 ) DH-004 76 A [7] 4 J5T 7 i1 % 87 7% it B2 L ik oK
o3 T 2 B A S RO [T]. b B BT 2 2%k, 2020, 29
(14): 1660 - 1665.

Bt a5/ RN RID]. B8RS
LN

JEF. REIKGEER N ~9 fi—RERATE Y IR AR
SRS E DI [D]. 20 MK

ZHANG XF, SUN RQ, JIA YF, et al. Synthesis and mecha-
nisms of action of novel harmine derivatives as potential antitumor
agents[ J]. Sci Rep, 2016, 6 33204.

EL-GAMIL DS, AHMED NS, GARY BD, et al. Design of novel
B-carboline derivatives with pendant 5-bromothienyl and their e-
valuation as phosphodiesterase-5 inhibitors [ J |. Arch Pharm
( Weinheim ) , 2013, 346(1) : 23 -33.

FARZIN D, MANSOURI N. Antidepressant-like effect of har-
mane and other beta-carbolines in the mouse forced swim test
[J]. Eur Neuropsychopharmacol, 2006, 16(5) ; 324 -328.
REZAEI M, NASRI S, ROUGHANI M, et al. Peganum harmala
L. extract reduces oxidative stress and improves symptoms in 6-
hydroxydopamine-induced parkinson’s disease in rats[ J]. Iran J
Pharm Res, 2016, 15(1) . 275 -281.

ZENG Y, ZHANG Y, WENG Q, et al. Cytotoxic and insecticid-
al activities of derivatives of harmine, a natural insecticidal com-
ponent isolated from Peganum harmala[ J]. Molecules, 2010, 15
(11): 7775 -=7791.

CAO RH, PENG WL, WANG ZH, et al. Beta-Carboline alka-
loids: biochemical and pharmacological functions[ J]. Curr Med
Chem, 2007, 14(4) : 479 -500.

JRWEE, RHAE, BPA, 5. HPLC-MS/MS 33 QIR B v
TR R K AR 14 A 0 e K BRI 3 2 4K 3 77 24 BF 52
[J]. 2ok, 2021, 41(2) . 253 -262.

BReE, SCuitg, JLH 20, 5. 2T Ussing Chamber £ R PFfir
Iy A5 R e 9 K A A KBRS () i B g MR e ke P LT ). i B
B 22724k, 2021, 41(12); 1192 - 1196.

BELLE DJ, CALLAGHAN JT, GORSKI JC, et al. The effects of
an oral contraceptive containing ethinyloestradiol and norgestrel
on CYP3A activity [ J]. Br J Clin Pharmacol, 2002, 53 (1):
67 -74.

GODFREY KR, ARUNDEL PA, DONG Z, et al. Modelling the
double peak phenomenon in pharmacokinetics[ J]. Comput Meth-
ods Programs Biomed, 2011,104(2) :62 - 69.

M, B, 5, & KT E-8-0-B-D-40 4 B 11 K Bk
MR RS [T]. 2 4Rk, 2022, 47 (15)
4214 -4220.

GUAN Y, LOUIS ED, ZHENG W. Toxicokinetics of tremorogen-
ic natural products, harmane and harmine, in male Sprague-
Dawley rats [ J]. J Toxicol Environ Health A, 2001, 64 (8):
645 - 660.

WRfs, ShInlE, AEmide, 5. RAIKGEEXT PCI2 FIl NCTC1469
YA S TR [ ] e R A A A, 2018,
13(1):59 -63, 67.

U, SCEA, JLA AL, G R AR SEEMATAE Y 1-(2-
S R B9 T He-B-R M p (A Y A0 22 A TP (D], ob I Il R
ZiFaE AR, 2021, 37(19) : 2591 -2595.

LM GE " - B MARRL, A, TLA A, . R AR E
B HCATEY) DH-004 F2 58 0 /N 2 R G tEAE BT[]
2 24k, 2021, 30(8) : 740 - 746.

% 4 | M/ B % B I :2023 -03 -20

2183 Cyj
PEHARG 2023 F55 32 555 21 H ‘



