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Simultaneous Determination of Three Impurities in Trihexyphenidyl Hydrochloride Tablets by GC-MS

SHI Kang', CHEN Xueyan®, DUAN Junliang’, PAN Fengyun’, WEI Wenzhi* [ 1. School of Pharmacy, Qinghai Minzu
University , Xining , Qinghai 810016, China; 2. Qinghai Provincial Drug Inspection and Testing Institute/ NMPA Key Laboratory for
Quality Control of Traditional Chinese Medicine (Tibetan Medicine)/ Qinghai Provincial Key Laboratory of Modernization of Traditional
Chinese and Tibetan Medicine , Xining , Qinghai 810016, China ;3. Zhongke Puyan (Beijing) Technology , Beijing 100096 , China ]

ABSTRACT: OBJECTIVE To develop a gas chromatography-mass spectrometry (GC-MS) method for the determination of cyclohexane
and potential genotoxic impurities (chlorocyclohexane and 1 -cyclohexyl- 1 -phenylethanol) in trihexyphenidyl hydrochloride tablets.
METHODS The VF-WAXms capillary column (30 mx0.25 mm, 1.00 pum) was used. High-purity helium was used as the carrier
gas at a flow rate of 2.0 mL-min™, with a split ratio of 5: 1 and an injection volume of 2 pL. The mass spectrometer was equipped with
an electron ionization (EI) source and operated in the selected ion monitoring (SIM) mode for detection. RESULTS  The results
showed that chlorocyclohexane, cyclohexanol, and 1-cyclohexyl-1-phenylethanol exhibited good linear relationships in the range of 25—
250 ng-mL™", with detection limits (LOD) of 10.2,10.0 and 9.8 ng-mL™, and quantification limits (LOQ) of 25.4,25.0 and 24.5 ng-mL",
respectively. The average recovery rates (n=6) were 98.93%,102.93% and 99.97% , respectively. CONCLUSION  The established
method has good specificity and high sensitivity, and can serve as a reference for the quality control of trihexyphenidyl hydrochloride
tablets.

KEYWORDS: GC-MS; trihexyphenidyl hydrochloride; chlorocyclohexane; cyclohexanol; 1-cyclohexyl-1-phenylethanol

b 2 78 7 ‘R (benzhexol hydrochloride) 1E H—
i RS HTIA & 2R 259, B AT vh X P 0 R B
L RE 9% A R B E B9 UL 9 B AR B
ARD . HARZE A FR 130 O H-1- 280 -3- (1-WR I
) -l R R ER 4> 72U C,H, NO-HCl, 7EHAL
AW TS, AR 2 %% (chlorocyclohexane ) 3

EETIE 2023 4 B 7 25 s abie it %

EBWII: LR, AT BT & B 5 AT 5 2 e R B AR EHIIT

S 25 S R EAT R, E-mail : 304436784@qq.com

* 282 Pharmacy Today,2026 April, Vol.36 No.4

T % (cyclohexanol ) 5 1-3F & JE-1-2K Z % (1-cyclo-
hexyl-1-phenylethanol) ] BEAE A A 4 0L L S o ]
PRERRE AR = AP AE . XSS B 2 PP AL I C e A
A AR, 5 5k B A R R ORI R JEURE 2 s SR
OB -3 0 BE-1-0K SR HAT IR TE R SE R
RV BE A% 15 4% 5 (E] 4245475 DNA | RV 76 S /K P, m]

BEEE AL AL, TS RAT R ARAE

A H 25772026 4 4 H 45 36 458 411



FEAA) I 0] B0y S50 XIS , DRI o S8 8 19 T 24 22 2
J

UTAESR [ AR 2A i A ML B TCH M7 2545
SN oF 24 My v R DR R P 24 R 0 4 o B 1 I
B ZR B R E 1M 2 2% Jo 5 42 il 1 R B~ SR 1
B (TTC, 1.5 pg-d™) LR $h AR R 71
e A 5 FH 28549, Al 3 3 o 52 2% T e R PR R 2
S AR GEF A 107~ 103 | 5 IS €03 1%
MELASE B RGN F A, 250 Y R AR A
RSB XTI AR TR R G TT ik A A2
o CAMTTEZ 8T T IE0RH 2 B — 2 T AR
ik = Xt ] 77 22 b R A RE A 2% R A [R] 45 20 B 5
o, JUHR G AR BT 1- 38 O - 10K I 0 G T A
A R LA SEAG I 7 i ARaE

R, ARG T —FfnT [a] A0 R R A
A 3L R REPE IR BT GC-MS 73 M i ik o A5
TEAEORAIE o S 5 v B £ 1k o b b, St —
B2 M7, RERA TR, 5 T AR,
NZLy R B S S AT RIS %

1 UE5KH
1.1 L&

7820A-5977B B4 S A (A 1% - 0T 33k B ) (35 [
Agilent 23 7] ) ; BCA2241-10CN %I, 743 H7 K- (1
Sartorius A A ) o
1.2 KA 5K

LR R AR (Al 1, fit 5 2 230301,
230401, 230402; /b 1, it 5 : 230304 230305,
2212034 1, 415 : 2212017,2212023,2212016;
IV, # 5 £ 2302004 . 2303006 . 2210009 ; 4>k V,
#t5 :202301103,202301101,202212142; 4>l VI,
5 :34221101,34221102,34221103) ; AL O b
XF e (% 1 :99.9% , 4it 5 : 0213-RE-0074, ) M F
R R A R E] ) 5 BR O EE X R (R
99.1% ,31t'5 : 22010688 , 17 B JF A bR HEY) ST 0 ) 5 1-
O HE- 1R XS B (5 10 95.4% , it 5 : AJT-
019-09-A, BenPharmas 2~ w] ) 5 £ B (3 #r 2l , ik
20200707, GHTECH 23 /] ) s /K B4l K .

2 HiEEER

2.1 &R

211 @i% &M A% VE-WAXms & 41 4
FE(30 mx0.25 mm, 1.00 wm) ; A /A7 THEL: 60 “CA#
¥4 min, L1 10 °Comin™ FHE ZE 240 CHFF 18 min; JFEE
A H 25222026 4F 4 H 475 36 555 4 1

FIREE 1240 °C5 30 m s I - 2.0 mLemin™'; 43
W5 1R 2 wLo
21.2 gL B TR T2 (electron im-
pact, E1) 25 U ; B 1R B : 230 °C 5 ¥ 57 42 3R Bif
[8] : 4 min; 422 IR . 240 °C; R B T4
M (selected ion monitoring, SIM) #5228 K i 28 7« &
RIFCBEmsz 678 ) m/z 82(ENE) , HC 1 m/z
82(E ) .m/z STCEME) , 1-AC - 1-K LB m/z
121 G ) om/z 122CEME) .
22 BERHE &

2R OB TR IR A A W A IR
HRRHCEAR IR Ot PR RN 13 2 310K Lt
R B, 25 FH QB 0T o f A R, Tl RE 1 mL
W 28 AR ER O e PR A 1- 3R 2 3- 1 PR LB
1.25 wg FVATR, VE IR AT IR S Af 5. TRA X I8
Fil VA VL < A % R AR TR o T i A R o,
LR RERI A 1 mL 5 0.125 pg FOVE TR, VE IR A%
PR VAT o A6 O T T - B BUBIE 4 (I3 A
(FY TR AR 1 mg) B OE T, MA 1T mL L
B R HE | min, 338, B,
23 FREHRE

BR“2.27 TR 25 (TR AT BE S S kit
ARV TR, MR 2.1 I I Y R AR R A T HERE R
DU 53, 6T 17 g B8 € 3 PRI R LI 1, S5 5R R, 28
FHAFRILE B AR 2 53 i b AR E2 20 I g T4, 3R W
WOTE R R IE R AT
24 HMHRKB

FE 2w HL 2,270 IR A X B A 459 0.2.0.5
1.0.1.5F12.0 mL, 4391 & 10 mL 0, 20 B3 5 25
2208, i A 2 TR 20% .50% . 100% ., 150% .
200% 19 R BN BERRAE T ARV IR . ARG “2.17 300 R £
TGS R 1 3R FR G BE AR v T ARV AT 4
LA U143 1) o e A B () o i) o 6 T AL (A B4 5 4
[l A AS B bR I 2. BT g SR ER 2 be [l )=
TN A=76022.47¢+18.10,r=0.999 9; F1 ) i 1] 4 7
Ll A=31 824.60c-8.68,r=1.000 0; 1-FF & HL-1-4
WM A5 FE Jy A=231 618.74¢+86.51,r=1.000 0,
S5 R Bk 3 A% B 7E oL R VK BE 25~ 250 ngemL!
RHERPE R R AT
2.5 ECRE

FR BT A1 e L3 o o (A Y T 3R R R i &R
1 mg) EEGLE T, 402,470 R 20% 2 1%
W1 mL 2,275 R R AT B IA TR | mL, 2,470 F
150% & PEV W1 mL, W€ 1 min, 5538, 73 BIVE N

Pharmacy Today,2026 April, Vol.36 No.4  * 283+




x10° x10° x10°
20 A 20 5 B 2.0 c
1.6 1.6 F 1.6}
1.2+ 1.2+ 1.2+
= 0.8} =08t =08t
04} 04 04}
0.0 0.0 0.0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t/min t/min t/min
x10° x10° x10°
4y 4 4
3t 3 3
o2 &5 2 & 2
= ol 3 i
o ! Ll__l__/_l— o L__m—
0r LL_/—l— 0 0
- - -1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t/min t/min t/min
x10* x10* x10*
1.2¢ 121 1271
09t 09} 4 09F
- 0.6F i 0.6 = 0.6
03¢f 03¢ 031
00F - |. /Ll : 00} “*— 1. : 0.0F \._.A_L:_)/J_l—‘
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t/min t/min t/min

TE: AL IV B IR A C A i . IR S CRR T e A SR 2 73 300 5 v R DA R 0 M ) SR 8 Tl 005 T 1-BRE A1

IR B TR
E1 sEEEE

20% .100% . 150% [m] W Z8 95U, W B ) 45 3 0
FE 2.7 R SR A [ R Y 2.2 7 30T it
AR RHEAT 2 AT, T R R g R L
AR BN Ao d AT OB -4 0
F-1-28 P HCR #47E 80.0 ~ 120.0% 2 (8], RSD
BT 5%, A 25 RIFFGE  Siik 7 A5k
HERRIE R AT
26 BAREEER
TEHL“2.47 I R Gk BEARE TAR IR, 238 9
i B AL B | He BB “2.1 7 TR B 1) (i S (b A 7 ok
FEOAT o LAE I B (S/NV) 4390 2k 3 110 SR A 4
XPR T 3 Fh 4% B A IR (LOD) 5 5 5 FR (LOQ) -
SEI R 16 R ROKCF R SLHERE 6 1, 43 AR
e RO RN 1-36 O 2 1- 28 2 BRI T FR RSD (n=
6) 535K 3.5% . 2.3% F1 1.0% ; 4 41 346 T R 43591 g
10.2.10.0.9.8 ng-mL™", & & fR 439l hy 25.4.25.0.,
24.5 ng-mL™", RIHZ A R A RMIZER
-284 -

Pharmacy Today ,2026 April, Vol.36 No.4

F1 3WMRAREWRLERILE

iz g iz AE'A'\ [

o rﬁﬁﬁr wﬁ@% H.—{;;%/ RSD/%
99.0 98.5 97.8

ARAChE 103.1 99.6 97.9 1.8
97.4 99.7 97.4
107.6 102.6 101.8

7NN 107.5 101.9 101.2 2.6
101.7 101.8 100.3
103.5 98.5 97.3

- HE-1-K 104.6 98.5 97.0 33
104.7 98.1 97.5

27 EAMRRE
HL“2.57 T 100% I 7K -0 3 it 7, 4K
HE“207 30 R 38 1 g 558, iE 17 6 WOCFAT I AE &
gER RN 1 FE AR O RO A 1B 21
WS B RSD (n=6) 43 %} 0.9% . 0.6% 5
0.7% , IFF G T BoR  RIA T EE R AT
A H 25242026 4T 4 H 2 36 545 4 10




2.8 IR

Fi“2.57 WU 100% Hnbr Akl i v v i il g vk
1009 BR B fnpm 3 ot 35 V- AT L/ 6 1y, 52,17
TR 25 A 454 N B, ZEAS [R) H R, il s
TR, 45 R B R AR C b R C R 1-3R -1
RO RSD 53904 1.4% . 1.0% .0.6% , 7% W]
AT ARG 25 B R AT
29 REMERE

B“2.57 R 1Y 100% ks (ki s i 5 <2.27
TN VR A B R A TR E RS 5 . X IR T
W) T2 1R T CE 0.3.10.19.26.33 h Ji BURE 5
1009 finpr At a i W 439 1 0.5.13.20.28 h it
FE L A RE S RAE 2.1 TR B SE 0 6438 AT
JERTINAX BT o IS5 SR, X IR AR 33 h Y
SARERC e BRI 1-20 O k- 12K 2 W50 i ALY
RSD(n=6) %314 2.2% .1.3% F12.5%, 100% PR
Ptk it 5 V7R 28 h N ERER O e A O B RN 135
O - 1-8 S B AR BE 1) RSD (n=5) 4391 4 1.5% .
1.4% F1 1.1% , WX IS IRTE R IR A F 33 h N
T M AT, 100% FR B Jnas 3 i i VRUAE =5 0 2%
T 28 h R T R A
2.10 F & A6

6N G AL 18 AL 4% 2,27 T 7 A |
il 25 A3 5 0 BRSPS YA, P 2.1 I g A
HERENSE o Fe AR AW T RO T30 45 A o o i, 285
T IS HUAE S ARG H A4y AR IR O b BRI
- - 1R O,

3 itig

AHIF 5T T I J O v & AR, 8 Rk A
g ER R R R B AR O b R OB
1-FAC -1 2R ORI |, (H R BB RAIR, N REAT
RO o R AR 815 - BT i 26 FH SO R AR R A
AT DL A ISR o iR 43 BN L T VE-WAXms
SH-Ritx-624 25 A [ 48,38 A 19 HY 15 00, VF-WA Xms
R EAR , B R P VF-WAXms (35 H: A A ARHFST
M EERE . LIEME etk W% MR R T

4 H 257420264 4 H 55 36 458 41

L e P 25 BT A S AR A A L 359396 2 20 A 7 1 Y
Ko I RIIHIT I8 SLAE L AN, AT L
H 28T 2% T B O I DA i P 2 o SRR B e
AR O 312K SRR R A Y U IR SE T A7
T AR E MR L BR kAo 25 b AR
FEHESL I GC-MS LKL £5 B 2RI 28 A v A9 S AR R
CUBE IR OB 1-30 O 3k - 108 STl 3h R Rl 2%
F g R s MR e 2%

£ 3Lk

(1] P55, 2malt, 2=, 6 P BRET A5 06 & SR AR 20 I 4 2R
iR NI AR X 2 BT RE RS2 [T ). 250, 2023,
32(23):118-122.

(2] FIZE . Eh R 3R IG5 ML D R VA Y7 A 4 200 19 7280 B kg H:
TR B 58 R 2 D RE Y s [ ). ob [ S T BE 24,2022, 17(9)
141-143.

(3] M43 R I v 22 1R P IR S AR A RORICR [,
HaE PR 2%k, 2024,46(3) :49-52.

[4] £, REAE AL G R ZGR I Yr R R e [) ], o [ B
25Tl 243k, 2022,53(5) : 728-734.

[5] &, S, A, 55 RIS e A RN 22 4 KU PPAR [T ].
INAR AT, 2025,54(16) : 147-149.

(6] VAL HUKAR . 254 rb 5 R T P2 B I SR ms A RIF 5 [0 . o Tl
257%3k,2019,28(23) : 2840-2846.

[ 7] International Conference on Harmonization. Assessment and control
of DNA reactive (mutagenic ) impurities in pharmaceuticals to limit
potential carcinogenic risk [ EB/OL].(2020-03-23) [2024-06-01].
https://www.Ema. Europa. eu/en/documents/scientific - guideline/
internationalconference-harmonisation-technical -requirements-reg-
istration pharmaceuticals-human-use_en-0.pdf.

[8] 5k5%, R4, Sk M . 25 W BIF S i e DX ik 2 o g 42 o SRt 5
EIRFERE] ] hEBEZ T4 ,2018,49(9) :1203-1220.

(9] B A RS R, 5k , 55 . KL IR B 2% BT 43 A7 77 i R i Ak 2R
HORMATTEHREL) ] 259170 i, 2018, 38(10) : 1668-1676.
[10] DUZLes, Bevb T3, fLBLRN , 45 . SURE 6Bk G Fh R s 2% rh il

TEREH T[T ) AR T,2020,47(18) : 160-161.

[11] #7530, FLELAN , skf-T . AOM A Fh R R T R O
Zei ()] LA AL T, 2022,51(2) : 109-111.

[12] B 7, sk g8, B3 —HF , 55 .GC-MS IR i h R R 1 3R J5URL 25 vh
AR AN ke [T R 2GR R 2240, 2022, 53
(1):79-85.

(HScHé F 31 :2026-01-08 5 7E£¢ th ik A 191 :2026-03-10)

Pharmacy Today,2026 April, Vol.36 No.4  * 285+



