Pharmacy Information Z5#)¥tiH, 2026, 15(3), 164-172 Hans X0
Published Online May 2026 in Hans. https://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2026.153019

SIHAMSERRKAE/) BRI ERE R
ITAFEMR

REHA", TRR, FFe, £ L

Bl VIR S5 N |

L=

Wehs H . 20264F4H6H; FHEM: 20264F5H7H; KA HI: 20264F514H

wm B

T YR RS T R VR B3 - BB B (LC-MS/MS) R ik, HBF R SRS TE vk 5 R 7E /N R
It FEVER . RALEIE. BRI%&M & MBFEART AL, ZBIREA(LR: ZE=1:3, V/V)IRE
H#=%, RFZORBAX XDB-C18 (50 mm x 2.1 mm x 5 pm) 234, PA5 mmol /LB ER4%-0.1% K%
WAREIMEA, 50.1%F BRI ZIEE BN R SIABIEAT R SR SRR BB E = FIR(ES), ERT
Z RN (MRM)E AT . 2532 T SRS PR 1 FR 5 0.01 ng/mL, 7E1~500 ng/mLiE P &ik3e
R RIF(r>0.9986), HXFRAEZE(RSD)N4.45%~7.56% .. EBUERELI30 gifISPFE EH/NR423, Bl
WL A74HMm=6), WEEXEAH, K. . MREEHEAEFRGH, UEREE. RH. GQEEH SR
BT E. 2¥EBAYEE, T24 hW114 KR S IRIERKEUL, 257408 f53#TLC-MS/MSH
W, RELH, PRIZGKE THE/E30min~8hikl#, Z35F586~12h, 24 hj5{UMERE; WEET
REF®MZGIRE, EIREREERERF = mGM: SHEEESERBA M RYOR AR BE. R
ek . AMABRMETERE. #H. TR, TAHRHAEERZEESYEEREY - B EE
FABF AR LS A0 1K

Xiid
B - BECRIE, AW, R, JETEH, ST ¥

Synergistic Metabolism and Behavioral
Study of Clonazepam Combined with
Alcohol in Mice

Jingwei Zhang®, Yanyan Wang#, Zijian Guo, Ye Dong

Department of Criminal Science and Technology, Beijing Police College, Beijing

i (=
FEAEE

SCESI M KA, TR, ST, # SR PSRRI R B R R AT N ERTLD. ZER,
2026, 15(3): 164-172. DOI: 10.12677/pi.2026.153019


https://www.hanspub.org/journal/pi
https://doi.org/10.12677/pi.2026.153019
https://doi.org/10.12677/pi.2026.153019
https://www.hanspub.org/

Received: April 6, 2026; accepted: May 7, 2026; published: May 14, 2026

Abstract

An LC-MS/MS method for the determination of clonazepam in blood was developed, and the syner-
gistic effects of clonazepam combined with alcohol in mice were investigated. Chromatographic and
mass spectrometric conditions, as well as blood sample pretreatment methods, were optimized.
The sample treatment method of acetonitrile precipitated protein (blood:acetonitrile = 1:3, V/V)
was adopted to extract the target substance in blood. The chromatographic column of ZORBAX XDB-
C18 (50 mm x 2.1 mm x 5 pm) was selected. The gradient elution procedure used 5 mmol/L ammo-
nium formate-0.1% as mobile phase A and acetonitrile solution containing 0.1% formic acid as mo-
bile phase B. The mass spectrometer uses ESI, positive ion mode scanning, and mulLtiple reaction mon-
itoring (MRM) mode for analysis. After protein precipitation, the detection limit of clonazepam in
blood was 0.01 ng/mL, and the linear relationship between 1~500 ng/mL of blood samples was good
(r>0.9986), RSD was 4.45%~7.56%. Forty-two SPF-grade Kunming mice weighing approximately 30
g were randomly divided into seven groups (n = 6): a blank control group, low-, medium-, and high-
dose clonazepam monotherapy groups, and high-dose clonazepam combined with baijiu (Chinese lig-
uor), fruit wine, and beer groups, respectively. After intragastric administration, blood samples were
collected from the orbital vein at 11 time points within 24 h and analyzed by LC-MS/MS following pre-
treatment. The results showed that the concentration of clonazepam in the blood of mice peaked in
30 min to 8 hours, and the effect lasted for 6 to 12 hours, and only a small amount of residue existed
in the blood after 24 h. Alcohol significantly elevated blood drug concentrations, with the extent of
elevation increasing with alcohol content. Co-administration of clonazepam and alcohol induced
rapid sedation, lethargy, and loss of responsiveness in mice. The method established in this study
is sensitive, accurate, and specific, providing an experimental basis for forensic toxicological iden-
tification of clonazepam and research on drug-alcohol synergistic interactions.
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AR, ARFfl 2SR SE RG22, R U SR 2 2 R Ll FH 5 22 (R R 36 — R R 2t it
SRS VG PR A H S i 1 oK B 2R, R B TR YTROR A R, X S BRI A 2 PR
VE R PG PEsR Ffs, FLAEFHIRGE . A RBIRTE, 52538l am i R U 78 1 J5 B ()R B 11 A 1A
Wi PUIETE ) oV RATAEREIR s N2 35 N R a0l o I FEANRE[R1Z, & DAAE HA Ui P8 P 25
MfasE. HEr, 6F TSRS 76 Pt 70 32 B AN RIS A o SRS 70 P AR I 77 v, L AN AL 1 SRS 7 1 i
IR FERIRTI 73 o 30 O T SRS PE PR 9 A T 7T, (R 9 A5 TS P8 PR S B R P A
FHRIE A8 [1]-[13]

R, P AR PG AR I vk 2 A WA €y [14]- (L9 RN S Bk VA [20]-[23],  BRUkZ Ah, A
SAREIETE[24]-[27] Fi B 6iEk[28] YR HTE[29] [30]. Xt &UAH I RE 0 25 W00 0 3 B R AE AR A 4
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FRAE IR 2] [3] [7] [8] [12] [20]« FR¥K[1][9] [20] [27] BA[13][23]. Mb4h, =FFril. JERE R Af4d 5
MAAEWEFL[4] [6] [18] [21]. AT H fhid I /N B 1 ARG PE P, 0T v Hh S 7 e R AR T A T A 52
ZIEYNIE 2 SRS O R IR, SRR /0N SR [R] e TR] 11 AR SRR 78 920 5 Y R U it ot 795 3 B R4 P AT
WHIT, AR BRI (R R  ] DU G o IR 55 T R AT . ik, IR R SiERigft.

2. SEWERSY
2.1 (&5

AR AR 32 B OB B — = 8 DUMAT 5 %43 (TSQ-Endura, 3% [E Thermo Fisher Scientific 2
7]); VORTEX 2 ijiefki%#s(fEE IKA A7) GL-21M EE A 2 0L (L A ACES O 2 A PR A
7)), AL104 Fr#rR-F-(ifit: Mettler Toledo A 7]); RUMA 7 P E V2% KQ-200VDE (B 1L i /= 4 88
BIRAF]); #ids(Brand, 1EEH).

IR FEATFRT], FAY, 88—, BEFE—F, R, THEHL, BEBIETSE,
BLOAE, MEIIRERS, HERER, WAEE, 85, JuERS.

SR S EA EAE PP L BRI A IR A R]) . HEE. O, HER. HRE(Eika, £E
Fisher A 7l), SEEG = H /K M E B RRZE 1K .

2.2. EEHAHEEXEREH

SUIH PEPE KV BUEUE PR PE 2 mg, B 10 mL /KBS 200 pg/mL, HR4E 75 225 7 W B M 50 pg/mL
(AR E) 250 pg/mL (F9FE). L mg/mL (B )+ 5mL, FREL 0.2 mL MEA/NERARPY, SZ5E 53518 10
pug~ 50 pg. 200 pg.

SRS VG PRIV : RS PEPE 2 mg, 20 In NG (2 5 B PR 22 1L ) SRAPE (29 12 P S AT ) |
FI (2 40 FE YT/ ) EC =l R S i P, R 1 mg/mL, 4350 5 mL, FEEL 0.2 mL M/,
KAZ5 N 200 pg.

2.3. HEARFTAIE

2.3.1. M3RHERTIR

B 100 pL MR 5 T 208, FREE A= EN N, SRERIRG ST 2 30s, TR
KQ-200VDE #yE A iEvE#s T Al 80 KHz AR A 30 min, JEE-LHL 12,800 £/ 4 IR 250 8
min J&, BB K P BB I 08 S I N AR A

2.3.2. (UFBHFH

%4 ZORBAX XDB-C18 (50 mm x 2. 1 mm x 5 um); #ii#: 0.3 mL/min; #:3E: 30°C; BEFEAFI:
5puL; WizEhAH A: 5 mmol/L FEREZ-0.1%FER /KA Wizl B: & 0.1%F RN LNEEW: WiE: 0.3
mL/min; MEFEE: 1pLs BEME: BREEGRML, BHEEBEML SR WA 1.

Table 1. Elution conditions

=1 EmREH

i} 1] min WANHH A N B
0.5 90.0% 10.0%
2.00 60.0% 40.0%
4.00 20.0% 80.0%
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6.00 0.0% 100.0%
8.00 0.0% 100.0%

2.3.3. Rt

BFUR: RESS B FUR(ESDs B BT S 2R IEI(MRM); BB R
3500 V; ZFALERIE 7. 45 psi; FHRAURSE: 300°C; FHEESAE: 5 L/min; BSINHARE 58S E:
250°C, 11 L/min; SEVE. ERE ORISR R . Rl A R A1 WE 2.

Table 2. MS/MS parameters of clonazepam
% 2. [EHTFE MSIMS B3

ERARY)| E BT E T B Frag (V) filf 4 it 2 eV
315.8/269.9 25
f= ks NN
SRS VEPE 315.8/269.9 315.8/213.9 125 P

2.4. HMmEESNE

SEOG S5 SPE R BRI/, METE, 1A 28~329, iR 22°C £2°C, 12 h Y¢lE/ BEGEIAMESE,

KELK/NR 42 R, phTH, A6 X, Hh—dEhsad, =4H/NRa3ESK. . &=
Pk 0.2 mL, EP 50 ug/mL () 250 pg/mL (FFFE) 1 mg/mL (iR BE)BEAT 9206, 3 =293 i
PG SRR TG R LY P ) P e AR P SRS P PRV R . R A KN4 24 JE 10 min. 30 min. 60 min. 90 min.
120 min. 180 min. 240 min. 360 min. 240 min. 720 min. 1440 min IM#£%) 0.15mL.
3. BR511i
3.1 ERERSTHEEHMK

VR EAERNEE: ST RIERIE N CIEDT0E 5 AL 45 A RO0AR Bl - 53 5 20 P RS
RATPERTE, SRR, OE A LLIRABERNEAVIERIR . 4GREW, LRI EArH
JRSUNAR T W S B FR &, ST H AR IS A SR B .
3.2. BiEEHH

ST A X LUK - 2BE. /K - BFEE. RSP ERK - O K P IREIFIRK - BRI
LM R, FRACEE YRR, 45 R R A i 254 o0 B RO i i Il B 584N ) Ji 1 5
B, R AR AT B VRP1E 5 0 etk
33, FEMBIEEE, RREMEE

Sy IEHIRE N 1. 2. 5. 10, 20, 50. 100. 200. 500 ng/mL fE KIS IFRUEREA, LB briid
BURHAERR, WREENREALFRZ T bR AE T 2. 19 2N PEPER A FE N y = 71.816x + 8.5531, ZRVEAHR

ZH 274 0.9986.
DL H bR (o4 1k L (S/N) > 3 B e 6 H BR (LOD) 4 0.01 ng/mL, LA M EL(S/N) > 10 e H AR E
=R (LOQ)H 0.5 ng/mL.

MR A ARy 1. 104 100 ng/mL (RS, ~PATHIME 3 MEARZEATRN, THEAXS bRk
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2 RSD 7314 7.56%. 4.45%71 3.38%.
34. WS CEBRIERER

3.4.1. {TA%M
IR 2.4 PATSEIERAE, IPWENRAAT N, WA 3.

Table 3. Behavioral changes of mice along with administration time

3. NRATAREEARE R T AT

gz WA BERIRR) ?f;ﬁ;ﬁﬂ) e
10min  RR WE#H: 67% AN 65% IHANIIREE NI, MR
1%%%‘-4? 30min  RRE%EZE: 100%, WEAHI 10~30 min iEEHHIGI%: 02% AR, SEAEibiEE)
(i 6h RRARMKE, #FEEMTA] > 360 min RN RIFRE
12h RR 524K HENEIR: 15%  FETIKE IEH
10min  RR /H%kZ: 33% TEEHIER: 45%  VEBIET, RAME
1mg/mL 3 1 p RR %% 100% MR, 85% MENFSE, ISz
MOt on RROMKE A 0%  ENTE
12h RR e 4k E WEEHIR: 10%  HEARE LW
30min  RR¥HKZF: 50% TEENMEIZR: 50%  VEBIIENE, ]
LmgmL 3l 15h  RRH%A: 100% R 78% WA, WEEEL
Bl ™ en  RROcHI EENHIBIR, 25%  JRERH R sl I A
12h RR 524K EEHEIZE, 5%  EAKEIER
30min  RRHEZE: 17% TEENAMEIR: 35%  RAICRE, VEBNIE I
1 mg/mL 4 2h RR 7K 50% AN 60% FAZEE, EEhRD
EPECK) 6 RR AW E TEENINHIZE: 20%  FEATRE
12h RR B4 E WM 5%  EAIEE
30min  RR{HEZR: 0% ESIIHIR: 25% VR EEE
EW  6h RR 1% TWEHIHIZ: 10%  FEARE
12h RR IEH oA FEAIER
HE  30min RRWEEE: 0% EEIIHIR: 15% TR B
M 30min RREKE: 0% EHIHIR: 10% STEAALEEER
EH & RRIEH T WANIEH, RN R

“BHIESOM(RR): 30s WABERIIEIC I 2% THEL R ORI, RREENTE). V& sl % .

LA B 4K a3 ER R

N 100%, FEARIFE: WEshHIR (%) = (HIREE R — AZ5AEE )/ IRIEE x 100%.

H R/ NRAT AR I AL B R . WRIITE R MR, RIREE AR
3.4.2. SHAMNENRERBRIBIER
20 2.4 SEIGERAE, b 11 AN A) AR A AR FL IR A BEAT R I, W05 S 7L e ok P2 B B ] 7 /)
AN, LA 1.
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Figure 1. Metabolism of clonazepam in mouse blood at different concentrations
E 1. AEIRE /R & S SR R ER

 EEATLAE Y, NI AR PSR AR 30 min~8 h WAL TR RAS, 8 h JE IR T 4l
W, 24 h FEEZGR R ET AR . ATA, 2GR 30 min~8 /NI IAUE, FF AT RESE 6~12 /NI . ARYE
SCHRIRGE, FUETOEEEA N B CYP3AL B JFARH Ny 7-2 LG PEHE, A f = EE s A =4
[31]-[36]. ZPEEnTHi| CYP3A4 W&k, FEARARMEAZR,  FLAMI AR BE £ Bk B T s i 3 5 [37] [38]

3.4.3. EEXNEHEAFIHANI
TR 2.4 SEIGERME, KISy 4 . SR ZH . P TG 2 ) 0 T AR S A4 R R SR LN ] S S0 S

e, W 2,

150000 - BF
- T H

i [8] /time

Figure 2. Effect of ethanol on the metabolism of clonazepam

2. BRI RAHT R BRI

BT BT A R, B b SR PE P I 259 B2 AR 10 min JE T 4R TR, 4E 1h 2] 1h 30 min
IR IR K, VEAEAE 6 h /o7, fE 6 h 2 8 h (NI (R BIREIR RO, 7£ 24 h iy, MZGIRIEHGEN 0. 1E
B MHE A, AR TSRS PE P AR > SR PE A R > S T M AR > S T KA
s F AT ARG SUR U PE AR R VR, RS T LA CYP3AA, I A, Muf 259 %
THi . EARRRZ, £ 10 min 2 1 h (R (E B, SO PGP KA TR 024 38 e T =Ml I ) i
FHEWT S DA AT e S PE AR ) T- RSSOk . RNIHESE 325k GC-ECD ¥t fR &
TP P S HAR Y 7- 2 R T PE, ARSI A B 20 [ A AR (i - A3 0BT A D € v
SR PG PE X FLAXE 4, Robertson 25 [39]78MRAE 1 Xt 34 I8 — 2 E 225 W i 73 M 45 R —— 25 AU
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1 28%, TiACEHI H I 100%. ATULE L, GURTE PR s, BE A 2R R, 7-
S EURTE P LR RO LR, (BT W SRR S 26 TR X AR T R B, W03
TGRS 5 GURY PP =40 2 18 (R 1 PR I U P e B R I 38, 7 R 8 kB AR o B U
1 FE T %

4, Z5ig

SR PE 55 RS £E /D SRR A AA AR R 8 P R AE, ELAR P o B R RG VR P T i T3 o, 3 AR BILAE I
LGIRFETT R 5 A AT N B P T T o OB PO 4 24 75 B AR A A R S TR AR O, RS T W S e
BESA PP AR AR RS, ST L 2GR FEVEAE R AE AR PN 1] U PP RORIE, 47254 10 min
BIVRT H BB S ) PR AT ) OS2, A T S LR AR OCR . 2024 24 h 5 IR 25 W05k B AR,
MEUARL o PRILE, PRV SR PG PER AR, RS FORGEE WA, JFVELRTE B S R SR
I, RS e R A R AR IR

B B

S R AN Zh ) S i P RS Cos i AR BEZE L 2 (1B BE S . IACUC-AMSS-20230201-02)
EemB

BERIH = SURS PG PEAE /S BRI AR & 5 2l IR RIATE 76(2023 R 2EAE T E 02).
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