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Determination of 13 janus kinase inhibitors in anti-alopecia
cosmetics by ultra-high performance liquid chromatography-
tandem triple quadrupole composite linear ion trap
mass spectrometry
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(Henan Institute for Drug and Medical Device Inspection (Henan Vaccine Issuance Center), Zhengzhou 450018, China)

Abstract: According to the Safety and Technical Specification for Cosmetics (2015), the addition
of chemical drugs to cosmetics is strictly prohibited. Anti-alopecia cosmetics are often found to
contain illegal additions of prohibited drugs such as minoxidil, finasteride and other substances. Ultra-
high performance liquid chromatography-tandem triple quadrupole-linear ion trap mass spectrometry
(UHPLC-Q-TRAP/MS) has become a powerful technology for the simultaneous detection of illegal
ingredients in cosmetics due to its advantages of rapid analysis, high sensitivity, high throughput
and high selectivity. An ultra-high performance liquid chromatography-multiple reaction monitoring-
information dependent acquisition-enhanced production scanning (UHPLC-MRM-IDA-EPI) method
was developed to determine 13 JAK inhibitors in anti-alopecia cosmetics, including baricitinib,

tofacitinib, ritlecitinib, peficitinib, abrocitinib, upadacitinib, ivarmacitinib, fedratinib, filgotinib,
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ruxolitinib, momelotinib, pacritinib and bozitinib. The influence of extraction solvents was in-
vestigated. Approximately 0.2 g of the sample was weighed and placed in a 50 mL graduated
centrifuge tube with a cap. Then, 2 mL of 0.1% (v/v) aqueous formic acid and 10 mL of acetonitrile
were added, followed by vortexing for 1 min. Subsequently, the mixture was sonicated in an ul-
trasonic bath for 15 min. Added 0.5 g of sodium chloride, and the mixture was centrifuged at 8 000
r/min for 8 min at 5 °C. The supernatant was transferred to another 50 mL graduated centrifuge tube
with a cap. The residue was added with 10 mL of acetonitrile and the extraction procedure was
repeated. After high-speed centrifugation, the supernatant was combined. The combined supernatant
was added with 0.2 g of sodium chloride, and the mixture was frozen at —20 °C for 1 h. It was
centrifuged at 8 000 r/min for 5 min at 5 °C. The acetonitrile layer was collected and filtered through
a 0.22 pm organic filter membrane. The initial filtrate was discarded, and the subsequent filtrate
was collected as the sample solution. A C,,column was used for chromatographic separation,
enabling the successful separation of the analytes within 10 min. The mobile phase consisted of 0.1%
(v/v) aqueous formic acid and acetonitrile, with gradient elution applied to optimize separation
efficiency. The flow rate was set at 0.3 mL/min, and the column temperature was maintained at 40 C
to ensure consistent performance. A fixed injection volume of 2 pwL was used to guarantee repro-
ducibility and accuracy in the analysis. This configuration enabled the rapid and reliable separation
of the target compounds. For the analysis of the 13 kinds of JAK inhibitors, an ESI source operating
in positive ion mode was used with MRM-IDA-EPI detection. Quantification was performed by the
external standard method using matrix-matched standard solutions. Good separation of the 13 JAK
inhibitors was achieved under the optimized chromatographic conditions. Calibration curves were
constructed by plotting the peak area of quantitative ions against the compound mass concentration.
These curves exhibited excellent linearity within the investigated concentration range, with 7 all
exceeding 0.996. The limits of detection (LODs) and limits of quantification (LOQs) of the 13 JAK
inhibitors were 1.5-1.7 ng/g and 9.2-10.9 ng/g. To validate accuracy and precision, two cosmetic
matrices (water-soluble and cream) were tested at three levels: LOQ, 2XLOQ and 10XLOQ. Re-
coveries of the 13 JAK inhibitors ranged from 94.7% to 102.2% for the water-soluble matrix and from
92.4% to 99.2% for the cream matrix, with relative standard deviations (RSDs) <8.8%. This method
is characterized by high efficiency, rapidity, accuracy, sensitivity and simplicity, making it a
powerful tool for rapid risk screening and simultaneous quantitative analysis of JAK inhibitors in
anti-alopecia cosmetics.

Key words: anti-alopecia cosmetics; ultra-high performance liquid chromatography-triple quad-
rupole composite linear ion trap mass spectrometry (UHPLC-Q-TRAP/MS) ; janus kinase (JAK)
inhibitors; illegally added
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Table 1 CAS numbers, M , molecular formulas, lot numbers, purities and log K, of the 13 janus kinase (JAK) inhibitors
No. Compound Chinese name CAS No. M, Molecular formula Lot number Purity/% log KU;
1 tofacitinib FLEER 477600-75-2 312.37 C,H,,N,O LR230627-04 99.90 1.83
2 ritlecitinib Gk g 1792180-81-4  285.34 C,,H,N,0 TD230118-04 99.92 1.38
3 peficitinib AR 944118-01-8 326.39 C,H,,N,0, BF230425-13 99.57 1.55
4 abrocitinib B A7 5 e 1622902-68-4 323.41 Cc, H,N,0,8 DB231227-13 99.92 1.94
5 baricitinib e e 1187594-09-7 371.42 C,H,,N,0,8 PL230609-17 99.55 -0.58
6 upadacitinib L e 1310726-60-3 380.37 C,H,/,F,NO BD230918-17 99.51 2.71
7 ivarmacitinib e 1445987-21-2 414.48 C,H,,N,0,8 RT230430-12 98.20 4.01
8 fedratinib JEisE e 936091-26-8 524.68 C,,H,,N,O,S TE230524-07 98.41 4.54
9 filgotinib EXEe 1206161-97-8 425.50 C, H,;N,0,S BE231207-19 98.90 2.01
10 ruxolitinib BRER 941678-49-5 306.37 CH, N, ML220916-02 99.93 2.09
11 momelotinib DAL 1056634-68-4 414.46 C,;H,,NO, BR230807-11 98.22 2.38
12 pacritinib v e 937272-79-2  472.58 C,,H,,N,0, CR231104-02 99.70 3.68
13 bozitinib A 5 25 Je 1440964-89-5 424.38 C,H,sF,Ng SD231018-28 98.20 3.81

* EPI Suite™ Version 4.11 estimation.
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Fig.1 Chemical structural formulas of the 13 JAK inhibitors
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Table 2 Retention times and MRM MS parameters of the
13 JAK inhibitors

t/ Parent Daughter
No. Compound R’ ion ions CEs/eV
min
(m/z) (m/z)
tofacitinib 1.66 313.2 149.17, 173.2 39, 50
ritlecitinib 1.84 286.2 215.17, 98.1 35, 34

160.1°, 310.2 52, 44
149.17, 134.1 34, 48
251.17, 186.1 37, 45
256.1°, 213.1 38, 55
160.1°, 310.2 23, 50
469.3°,97.9 39, 39
291.2°, 223.1 38, 55
131.0°, 159.2 46, 51
369.1°, 286.2 37, 60
316.2°,95.9 43,75
405.2°, 206.1 29, 62

1

2

3 peficitinib 1.95 327.2
4 abrocitinib 2.24 324.1
5 baricitinib 3.72 372.1
6 upadacitinib ~ 4.04 381.2
7 ivarmacitinib ~ 4.15 327.2
8 fedratinib 4.45 525.3
9 filgotinib 4.87 426.2
10 ruxolitinib 5.34 307.1
11 momelotinib ~ 5.99 415.2
12 pacritinib 6.19 473.3
13 bozitinib 6.30 425.1

CE: collision energy; * quantitative ion.
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Fig. 2 Effect of different extraction solvents on the recoveries of the 13 JAK inhibitors in cream cosmetics

Compounds 1-13 were the same as those in Table 1.
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Fig.3 MRM chromatograms of the 13 JAK inhibitors
Peaks 1-13 were the same as those in Table 1.

B, 356 % 3 3 e 7 A v R T D HLE SR e
BB P SRR B B TR T T R L
N E W F B FAENERE T RIEWASTFEF
(2 FE LR (RS EHE 45, B MRM JRE S 8. 45
AU A, PEAT T S 80 SO | 45 S & I Bl A
FR S R, 3 40 2 9 MIRML 8 33 06 15 5 i) 7 {0
LA TR . MRM i A% (R0 8 I L 45 0%
RGBS AR 255 ik EPT BT 458 1 55
T B B S8, e A E EPL RS S 80P
Tilf 5 R F2t Al J5E BE AL

P bR S B 13 Bl JAK 00460 30 09 b v 5 T
VEV W, A d EPT 3 % (LI 4) o A H &8 RIRH
PERE B KRR T 2 BT AR AR 1 EPT 900 R 5 3%
JE AT DR LU XT, A AR 2 8 ey, o M 4 R 0 ME B

JE R kG Al BH P R I 5 B, R TIE A DU 25
RHERS A TE AT E
24 ERHNEER

2 2% A U AE Y OR FH ME =3 Joit I o) s v 5 1
VI 1 ARk e/ R0 T A T O VR it 2 ) AR R x
100% 19 1155 77 ¥k 28 S FL 8N, 5 ME>100% , W] 5&
J5T X A5 W00 4y A AR 1 58 2800 s ME=100% , U 3¢ B & f57
RUNE 5 ) AN A2 A X o DU 40 2 BB ) mT LA 220 5
ME<100% , W Ay K& 57 X 15 0 ) A7 75 40 1 %00 . ME
55 100% 22 [] 14 26 i 8 K, 3 WY 6 J52 %o 1= 00 90 £ 7
F18) 255 JBT 200 o 7 P

S BT R CE DL B I Akt i KO
Jo RS R LIS HE TG 13 Bl JAK A0 i) 390 4G 0 ) 3 Jo
RN o &5 SR I K I 3 R P & R ) ME (B R
87%~103%, ¥ 78 FL 25 &L it 45 1 48 19 ME {8
83%~94%, 19 i 3L Jit X 13 B JAK 410 4l 770 A5 0 34 A7
TE /b f AN [ 7 B 178 55 I3 400 T 20 0, B A b K ok R
JEXE 13 e Asg 0 Ak A 0 S5 A Ty R A S 50 AL
B RE AL IS EL T 52 55, 3 5 HE 5T AR A A Y
FPR A 56 S T /D 3 05 ), PRIE 20 AT 2
THOA 25 5L 0 HE B I SR 25 1 0 0 YRR e s oA
VS VB TEC ) G 2R 90 A RT3 S5 DG 0 A o T AR TR R,
TR i
25 AEEER
251 LZEREBHR. EER

TR 5 s YR it A 25 YA, 3 i) ] A s A 5 Jo R B



+ 1106 -

@ i %43 %
6 6
6 149.04 8 £ 159.01 b 57 159.96 30984 ¢
o 9] 173.04 5 4] S 4] 27.01
= 4 = S
£ £ 3] £33 177.00
g 8,1 979 3,
g 24 g = 116.88
97.92133.92 1 11sos 17304 2 1 ’
14 . i g 2 ]
] hl | 312.96 0 i L % ‘3 l 0 bl ) 15 11 }
0 i bl ey . 100 150 200 250 300 100 150 200 250 300 350
100 150 200 250 300 mlz m/
miz 10 £
d] 84 250.92 ¢ 9 255.96 f
2 149.04 7 8 213.00
5 s 6] 5 7
3 1339 3 54 186.00 ERE
R Z 4 g2 42 185.04
£ 173.04 £ 37 g 37
S 2 159.00| 210.00 24
: 32388 1 371.88 1 iR 380.88
0 A i A il L |l T T - 0 : et i l‘ . Lo ; ) Ty 0 T et T T T T
100 150 200 250 300 350 100 140 200 250 500 350 100 150 200 250 300 350 40
mlz mlz mlz
7
149.04 g h 1 290.88 i
3 6 22296 29088 35784
% . 5 468.84 % o]
= =) = 27
B2 3 52488 B 4
= 258.00 g 397.92 g 351
g 109.92 g 8 249.96
g1 & 14 g 24
N 316.92 1 407.88
326.64 98.04 1 pdd bl
0 Tttt T T T T T 0 S MEBE ) S WAS SNSRI 1 4 ‘ : ) ‘ : :
100 150 200 250 300 350 400 50.100 150 200 250,300 350 400 450 500 550 100 150 200 250 300 350 400
4
G 355.92 k g | 315.96 1
5 186.00 34 369.00 1
° ° %
o r= 1 S 6
S S 342.00 =
E‘ E» 2+ E‘ i
@ @ @«
i 159.00 i 4
g! g 287.04 414.84 57 472.92
& 131.04 g 14 k=
L- 134.04 24 331.92
197.88 306.96 1 ; 1 95.88
0 N . [ : - 0 u‘h‘..‘n“ Lop 4” ; ‘“, RS § P .
100 150m/z 200 250 300 100 150 200 25’22300 350 400 450 100 150 200 2/50 300 350 400 450
miz
4
°
S
>
- 2 et
&
8
K|

100 150 200 250/ 300 350 400 450 500

m/z

B4 13FJAKIIHFIWEEFEFRAB _RRITE
Fig. 4 Enhanced ion scanning secondary mass spectra of the 13 JAK inhibitors
a. tofacitinib; b. ritlecitinib; c. peficitinib; d. abrocitinib; e. baricitinib; f. upadacitinib; g. ivarmacitinib; h. fedratinib; i. filgotinib; j

ruxolitinib ; k. momelotinib; 1. pacritinib; m. bozitinib.

T 7L 2 3 T i e Akt A S 1 3 I BB T A
AN [R] J5 2 VR 3 ) 2R 4 B J5 DG 50 A o TRV R, F
T4y BTN SE o LA R 0 36 0 DG e A of T VRV WY
Ji B vk B 9 R AR R (r, ng/mL) | BLE BB T 6 A
() W TE AR O A AR (y) , 2 il bR e i 26 . 13 Ff JAK
00 T 500 A T o AS )RR R B A RO R C R
¥IFE 0.996 LA L (W3 3) . DLR G 1 3 Wk H
25 1 2 T 4 IRV A B 2 Mk LE (SYND Ry 3 B X6 N
TN B9 BR (LOD) , 13 A JAK #1131 51
f LOD & 1.5~1.7 ng/g; ¥4 [¥ 5 24 Wi Jmy i A7 1) A e

AN
[=)

i A FE R 59 O P 90 R B R A8 R 7 b i PR
SCHESR 4R 2 A o AU B K SSORE B Y B A
FERER(LOQ), 13 Ff JAK #I# 7] f1) LOQ N 9.2~
10.9 ng/g.
252 EHREHEREE

B WK T P S JB R A R L A R R P K )y I
At AR R 28 AR B 5T, #E 13 Fl JAK 1 i 5R Y
FERBR 2 5 R A 10 %5 R 3 AN KO R it fT
Jns m sl 5, B A IK AT IS 6y, g3 B 4 R
WL 4,



AR S R R SRR (83 - = DO BT A 5 e B T B VA R B K
%5 10 Pt i 13 o s 2 R L AT <6 51 - 1107 -

F3 BMJIJAKMEFERHERPHELEECE RER. EEM  LEEFEMBEXREY
Table 3 Linear ranges, limits of detection (LODs) , limits of quantification (LOQs) , linear equations and correlation
coefficients (r) of the 13 JAK inhibitors in two matrices

Linear range/ LOD/ LOQ/ Water-soluble matrix Cream matrix
Compound
(ng/mL) (ng/g)  (ng/g) Linear equation r Linear equation r
Tofacitinib 1.07-107.4 1.7 10.7 Yy=125766.1x+26790.7 0.9972 y=184568.6x+2225.7 0.9976
Ritlecitinib 1.09-108.9 1.7 10.9 ¥=162599.20+29019.2 0.9981 y=143265.220+16012.2 0.9984
Peficitinib 0.92-91.6 1.5 9.2 Y=67432.920+7472.9 0.9972 y=69871.520+6631.7 0.9961
Abrocitinib 0.99-99.4 1.6 9.9 Y=93843.20+20857.8 0.9983 y=82458.5x-1252.3 0.9988
Baricitinib 1.05-105.1 1.7 10.5 y=176971.20+33005.9 0.9985 y=185443.320+43527.7 0.9976
Upadacitinib 1.00-100.0 1.6 10.0 y=344171.1x+51436.1 0.9971 Yy=315487.20+3825.7 0.9976
Ivarmacitinib 0.99-98.9 1.6 9.9 Y=346899.20+63263.4 0.9982 y=317518.920+35378.2 0.9965
Fedratinib 0.95-95.0 1.5 9.5 y=70861.920+151.5 0.9975 Yy=71454.22-247.8 0.9975
Filgotinib 0.97-97.5 1.6 9.7 y=519839.1x+70499.4 0.9974 Yy=620576.50+9863.3 0.9979
Ruxolitinib 1.00-100.4 1.6 10.0 y=151030.2x+35649.3 0.9966 y=135657.52-12236.7 0.9961
Momelotinib 1.01-100.8 1.6 10.1 y=30662.42x+4279.5 0.9972 Y=35458.20-2212.8 0.9965
Pacritinib 0.99-99.2 1.6 9.9 y=79112.00-1226.8 0.9963 Yy=75568.32x-1053.7 0.9974
Bozitinib 0.94-93.7 1.5 9.4 y=159928.20+19241.3 0.9975 y=158218.50-3322.4 0.9969

y: peak area; x: mass concentration, ng/mL.

F4 FFEFRF 138 JAK ] F 7 89 B ¥ ZEF1 RSD (n=6)
Table 4 Recoveries and RSDs of the 13 JAK inhibitors in two matrices (n=6)

Spiked Water—so.luble Cream matrix Spiked Water—so.luble Cream matrix
Compound level/ matrix Compound level/ matrix
(ng/g)  Recovery/% RSD/% Recovery/% RSD/% (ng/g)  Recovery/% RSD/% Recovery/% RSD/%
Tofacitinib 10.7 95 5.1 95 5.1 Fedratinib 9.5 94.7 6.4 94.7 8.8
21.5 96.6 4 96.2 5.5 19 101.6 5.1 92.9 7.2
107.4 99.4 5.2 97.9 7.9 95 102.2 4 96.1 8.5
Ritlecitinib 10.9 95.8 5.5 92.6 5.3 Filgotinib 9.7 98.2 5.4 93.2 7.5
21.8 98.2 2.2 95.8 7.1 19.5 97.4 4.2 95.3 6.8
108.9 98.8 34 93.7 7.6 97.5 99.7 3.8 98.7 6.2
Peficitinib 9.2 97.5 3.9 95.8 7.8 Ruxolitinib 10 96 6.3 94.4 8.3
18.3 100 5 98.7 4.7 20.1 98 4.5 99.2 8.3
91.6 99.6 4.2 97.4 6.2 100.4 98.1 5.1 96.1 7.3
Abrocitinib 9.9 96.4 5.3 94.7 7.4 ||Momelotinib 10.1 99.5 2.5 94.6 7.8
19.9 98.9 5 96.8 7.4 20.2 96.7 5.5 95.4 7.1
99.4 98.3 4.7 95.5 8.1 100.8 98.5 4.7 97.9 7.2
Baricitinib 10.5 97.3 5 92.4 6.2 Pacritinib 9.9 94.9 5.1 94.9 7.7
21 97.7 2.9 93.6 5.1 19.8 100.3 4.6 97.4 8.5
105.1 98.7 3.9 93.5 8.3 99.2 95.8 5.2 95.7 6.8
Upadacitinib 10 96.1 5.4 96.1 7.1 Bozitinib 9.4 98.5 3.3 97.7 7.1
20 98.5 5 98.5 6.5 18.7 100.7 3.4 96.8 6
100 97.5 3.7 97.7 7.4 93.7 99 7.5 98.4 4
Ivarmacitinib 9.9 95 3.9 94.2 6.7
19.8 98.7 4.3 97.5 5
98.9 98.2 5.1 97 7.1

M 4TI, 13 Ffr JAK #0041 500 72 A Rl K F e 3 37 4 B 5 i At it T 13 Aol JAK 40 i 550 £ A
IRV W e oA Al i P 2 1R RO 94.7%~102.2%, D7 A HERR AT AR AT T 2R At B R AR
RSD y 2.2%~7.5%; F F5 FL I HE LA dh - F e 2.6 SRERBERE
N 92.4%~99.2%,RSD i 4.0%~8.8%. 45 HRFKH], R BTS2 9 7 1% 56 4B B A 5l Ak w R
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