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Determination of vitamin A and vitamin E in human tear by
liquid chromatography-tandem mass spectrometry and
analysis of their relationship with dry eye
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Abstract: Dry eye is characterized as a multifactorial disorder affecting the tear film and ocular
surface, leading to symptoms of discomfort and visual disturbances, with the potential for ocular
surface damage. It is among the most prevalent ocular surface disorders, with an estimated
prevalence ranging from 5.0% to 50.0%, and an overall prevalence between 21.0% and 50.4% in
China. Despite its high global prevalence, the fundamental mechanisms underlying the pathology
of dry eye remain largely unexplored. Vitamins are crucial for maintaining ocular surface ho-
meostasis, with vitamins A and E being physiologically present and essential for cell differ-
entiation, development, and proper function. Deficiencies in these vitamins are frequently
associated with dry eye, and systemic supplementation has been shown to benefit patients with

low vitamin intake. Vitamins A and E may have potential clinical predictive value for the diagnosis
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and treatment of dry eye. In this study, a liquid chromatography-tandem mass spectrometry (LC-
MS/MS) method was developed to simultaneously measure the concentrations of vitamins A and
E in human tears. A Phenomenex Kinetex C18 column was employed for gradient elution at a
flow rate of 0.4 mL/min. The mobile phase A consisted of a 0.1% formic acid aqueous solution,
while mobile phase B comprised a 2 mmol/L. ammonium acetate and 0.1% formic acid methanol
solution. Positive atmospheric pressure chemical ionization in multiple reaction monitoring mode
was utilized for MS/MS detection. The analytical method for vitamin A demonstrated a validated
linear range of 5.00-300.00 ng/mL, with a limit of detection at 2.00 ng/mL. The spiked recoveries
were between 98.3% and 104.7%, and intra- and inter-day precision ranged from 1.2% to 7.0%.
Similarly, the method for vitamin E exhibited a validated linear range of 25.00-1 000.00 ng/mL,
with a limit of detection at 6.00 ng/mL. The spiked recoveries ranged from 97.9% to 105.5%, and
intra- and inter-day precision varied between 3.0% and 5.7%. Tear samples from five patients with
dry eye and nine healthy volunteers were analyzed using this method. In the dry eye group, the
average concentrations of vitamin A and vitamin E were 9.60 (5.13-12.54) ng/mL and 42.00 (31.75-
128.00) ng/mL, respectively. In the healthy group, the average concentrations of vitamin A and
vitamin E were 18.10 (12.46-21.69) ng/mL and 211.00 (181.00-459.75) ng/mL, respectively.
Statistical differences in vitamin A and vitamin E levels between the dry eye group and the
healthy group were identified using the Wilcoxon Mann-Whitney test (P<0.05). This study in-
troduces a straightforward and reliable LC-MS/MS method for the detection of tear VA and VE
levels, while also investigating their association with dry eye. This offers a novel reference for
understanding the potential risk factors associated with dry eye.

Keywords: liquid chromatography-tandem mass spectrometry (LC-MS/MS) ; tears; dry eye;

vitamin A; vitamin E
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MS)'" M % T HPLC,LC-MS/MS H. A W &5 1) 45 5
PR A (B 22 AT LC-MS/MS (1 8F 58 76 12 46 ) ]
HW A 2 AL LT e, ARWF S8 Pl 57 — AP iH b
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1.1 SR ORF 58
1.1.1 BU#E 5K A

SCIEX Triple Quad™ 4500MD & #H (%, 3% - £ Bt
1% AL Analyst 1.6.3 %46 4b B4R #F (36 [F SCIEX
wl) . EiEg P BEE W2 W A 35 E Fisher Scien-
tific A |, 4EA4= 2 A E FRifE i M R A 2R N AR 4k A
E A-d4 4i4EE E-d6(4iJF>99.0%) Il A 5% [F Sigma
A B >99.0%, % Tk i PURELAB j# 4 /K
(B E ELGA 28 A ) il 4% .
1.1.2 HRFEA

fIE4E 5 2 1 4B = B K 2= B & At ot W] B e iR
B2 TR ES . AR IE: (DAERR=18 % .(2)
TR A2 Wb 2 2% b [ - IR & 3 G A
2 Wi (2020 4F)), O HA T W AHSCHE R, IR 2 50%
18 %1 (ocular surface disease index, OSDI)>5 s 1
AR 422 fik =X 7H B 0 24 15 [B] (non-invasive tear break-
up time, NIBUT)<10 s 1§ 7H ¥k 43 W i % ( Schirmer
1456 ) 45 3R (JE MR EE ) <5 mm/5 min; @ B A T HRAH
KAE AR, OSDI=13, 9% 5t 3 Y& £ JH [ e 2L 10 [1] (fluo-
rescein breakup time, FBUT) >5 s H <10 s 1%
NIBUT & 10 ~ 12 s 8¢ Schirmer I i % 45 1 ( JC ik
fi% ) >5 mm/5 min H <10 mm/5 min, % )6 & 4% 4 15
A A 6N 25 M6 2 P M (e 1 05 k=5 50 o HEBR AR
HE: (DB IR S R TR RS
TIE TH I A B o (2) — A H W32 3 T IR iR 97 B3
i H BRI . (3) A RSN s T F AR5 . 5
TEAE 9 44 JC 1 HR AH G A IR A Py sl 9 fit e 5 D
KBS R H AR A, PR H R, %
ERAE S A LR 25 pLHW R BAE —um LA R4
15°F 2 fol 06 2 vh A 1/3 Ab B TE R 2, R A B Al
U W RN, TH VR R R T Ik R T A B A
BHoREZRD 12 uLHW, B T 1.5 mLEP -80 C
UKAR DR AE B 2 A o A BIF 98 R A5 1 A S B K S Y
| [ [ A R = O (g L 7 B 1 B A 1

(TRECKY2021-090) .
1.2 LWHE
1.2.1 AR o 3 AT 9 AT A R TR

DI FR 2 A 9 R TG ) BT SR R R 5.10.20.40
100, 300 ng/mL 4 4 4= 2 A il 25,50, 100,200,
400.1 000 ng/mL W 4EE R E WG R ERTR . 484
A MYEAZR E PR ] B G R 2 5 A Wk B R
500 ng/mL [ NARTE &I . A5 ME WO AR TR &
B2 T EP &, -80 CHAAT .

1.2.2 HARH &

P TH W AR AS s 7 V25 R P A TR 0 B i
RSP BRI 435I 10 L AR iE 7 R
HBEAES T 1.5 mLEP &9 A 5 pL WARTR &)
B2 IRHENR 1 min, ITA 100 uL 4R TR 174
B, R EPR % 10 min, 4 800 r/min 2.0 10 min, WA
80 pL FIHW AR T, A 20 pL ZHE AT % R
JEHE T 5 min,4 800 r/min B5.0> 5 min, B4 g
WCE T HERE /NN AR T, L TR
1.2.3 &t &

% 1 Phenomenex Kinetex C18 & i 4 (30
mmx2.1 mm, 2.6 um) . A AN 0.1% H iz /K
VW WA B NS 2 mmol/L ZFERE# Y 0.1% H R
FE AT . LA 0.4 mL/min A9 370 5 86 B 16 0, A6 B 4
T : 0~0.40 min, 50%B; 0.40 ~ 0.80 min, 50%B ~
92%B; 0.80 ~ 1.90 min, 92%B ~ 99%B; 1.90 ~ 3.10
min, 99%B; 3.10 ~ 3.11 min, 99%B ~ 50%B; 3.11 ~
4.00 min, 50%B. A1 40.0 C, kL 20 wL.

1.2.4  Jig &1

KA A2 BB 7R, 1E 3 F 0 (APCT)
B IR FE 500 °C, W5 %5 R, 379 kPa, KA R 138
kPa, filf 8 < 42 kPa, >k ] 2 W A6 I 491 i i =X, &%
H s A G W AN bR 1 B3 S 8 LR 1.
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Table 1 MS parameters of the target compounds

Compound .Precursor .Product DP/ EP/ CE/ CXP/
ion (m/z) ion (m/z) \% \Y eV \Y
Vitamin A 269.1 119.1° 50 10 45 6
(VA) 93.1 50 10 45 6
VA-d4 273.2 94.1 50 10 38 6
Vitamin E 4312 165.2° 100 10 77 6
(VE) 1370 100 10 77 6
VE-d6 437.1 171.4 100 10 27 6

* Quantitative ion. DP: declustering potential; EP: entrance
potential; CE: collision energy; CXP: collision cell exit
potential.
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FHEESL B ke 5 24 TR B E F 9 24 fd fR
AR HH W AR A VA FI VE ¥ E R Med-
Calc20.0 4 4 B ) . Wilcoxon Mann-Whitney
WA R A B RS 365 43 B 1 HIR 2 R B 41 VA L VE JK
ERAES L P<0.05 RS EER
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BRCR BB B AR TR S A oA Y 1
A HLIR 55 5 2% vh ER T LB & B bR & 9 1 H 25 2K
PR T O R . S B AR T K-
0.1% H 2 /K -0.1% H 12 H B . 0.1% H iR K -7 2
mmol/L Z FRE 1) 0.1% H iz H B¢ 3 Fh it sh A0 X4 B
Pk & B TR RCR s, FH 0.1% H K -5 2
mmoV/L Z R #  0.1% H R H BN s AH B, B A5
Ak & i e R (B ) A e, HOB TR AR B, B AR
0.1% H R /K -7 2 mmol/L Z R E 1Y 0.1% H iR F %
B A o
2.2 FIEEEHMMRK

fic i B H M BE 4 500 ng/mL i H ARk & W1 iR
BARMERE I, % B bR A A W) S AR B B SR AT
Ak B E T T BT AR R AR A
S8, AR XA W AT — g S A,
1 8 BRI A P 0 B S P E O R R AT
G0 1% 4 A AL R 4 AR L R IR LS MR RE T
kTR TR TR RS T
AW 1,
2.3 FERZFWIE
231 EEFREAE

SNSRI A/ NSt R A A S QEI DICT TR
f£ 1.74 min F1 2.49 min 4b W £ 5] #6540 {2 59 (%
W, 45 R VA I VE 19 @ 3% i, B bR 04 T8 o0 4R
B, BAF AT R DL 2 B S 5 i R A 2 0
232 LMHEXR BHRMEER
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Fig.1 Total ion chromatogram of the target compounds
Peak identifications: 1. VA ; 2. VE.

5 VA F1 VE Z 518 & br MEW W, DL &0k 2 R
X, Rpor A 5 P br 0 T R LB Ry Y, R AT 4R M [
IH53 8T o i BER G A ME I R 15 MR LU oA 3 I Y ok
& SRR BR (LOD) o i BEAR HE 7 TR, 551> ok B
SN SE 20 YK, E HEBR (LOQ) N i 2 {5 e Hb =10, M
X A o Ji 22 (RSD ) <20% , I 5 $4 41 5 18 Wk IR 22
<15%., SRR ,5 WL LA R (R K
T 0.999, KWLM LR R 47, VA &ML A 5.00
~300.00 ng/mL, VA £ i FR 2% 2.00 ng/mL. VE %
P 35 Bl R 25.00 ~ 1 000.00 ng/mL, # 5 B 4 6.00
ng/mL,Z5 R LK 2,
233 EREAEEE

g3 0 1] R OTH MBS A R in A 30.00 ng/mL.,
100.00 ng/mL ) VA #5 # % W A1 100.00 ng/mL.
300.00 ng/mL 1) VE 5 1 % W&, & Bl bR A F- 47
Ml 2 5 Oy, AWM 5 AR . I AR A S AR
A VA VE 19 & &, 35 H A5 9 19 [m1I538 S A XF
b M 2%, 45 5 3 W VA bR [l 2 R 98.3% ~
104.7%, VE JiAx M3 97.9% ~ 105.5%.

B E 5 KRR — ANt B A vk
JE KA, B — AW B K- ] — AR A E A E 5 UK
VA H K% B2 AT H 8145 % 2 RSD A 1.2% ~ 7.0%,
VE H RS % B2 F1 H [RDRG % B2 RSD i 3.0% ~ 5.7%,
AR 3.
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Table 2 Liner equations, correlation coefficients (R?), linear ranges, limits of detection (LODs) and limits of quantifica-

tion (LOQs) of the target compounds

Compound Linear equation R Linear range/(ng/mL) LOD/(ng/mL) LOQ/(ng/mL)
VA Y=0.01437X+0.16268 0.9997 5.00-300.00 2.00 5.00
VE Y=0.00381X-0.00306 0.9990 25.00-1000.00 6.00 25.00

Y: peak area ratio of analyte to internal standard; X: mass concentration of VA or VE, ng/mL.
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Table 3 Spiked recoveries and precisions of the target compounds at two levels (n=5)
Analyte Background/ Added/ Detected/ Found/ Recovery/% Intra-day Inter-day
(ng/mL) (ng/mL) (ng/mL) (ng/mL) RSD/% RSD/%
VA 14.48 30.00 45.13 30.65 102.2 1.9 7.0
100.00 112.82 98.34 98.3 1.3 3.4
15.80 30.00 47.20 31.40 104.7 2.1 6.9
100.00 115.10 99.30 99.3 1.2 3.5
VE 260.00 100.00 365.50 105.50 105.5 3.0 5.5
300.00 558.30 298.30 99.4 2.9 4.5
290.00 100.00 392.00 102.00 102.0 3.2 5.7
300.00 583.80 293.80 97.9 3.1 4.5

24 AHEMABERLZR

KA 5 B PR I2 W ok 1 IR E A TH bR AR | [A)
BF R B O Bk Ji1) L AT 1 AH DG T A i R R D A TH VR bR
A, FHR4H (dry eye group, DG) Fl i B 41 (healthy
group, HG) B9 B A1 00 CHE ) AR 8% JH W P VA il

47 (87.00 ~ 423.00) ng/mL. T HR41H W VA fil VE
FEART @R, 2746 51T % & X (P<0.05) ,
GERNE S5,

F4 BHREEEER

Table 4 General characteristics of included participants

VE W )5 B L% 4, HG 41 9 4 & B H HW VA, Group ~ Age/year  Sex  VA/(ng/mL) VE/(ng/mL)
VE e B 214 ir e Jr IR MV LY, DG 4 5 4 TR HG-1 32 female 18.06 448.00
T4 ZIHWE VA VE S RIELEMEN, 14 e ! male 2039 200
TR VA VE /0T bR 76 9667 (05 (7 SR
A3 8 B #E ) #5348 A1 Wilcoxon Mann-Whitney £k il HG.S 37 ale 2407 405,00
Ko, ¥z TIREER VAVE & 8RB E & HG-6 41 female 22.44 521.00
PR Ab B b 1 K H W VA LVE & 2 H 47 %0 (g HG-7 4 male 12.34 193.00
3 B E R ) [ Median (P, ~P,s) |38, THRE1H) VA HG-8 39 male 21.45 420.00
Sk 9.60(5.80 ~ 12.54) ng/mL, fi Bt 41 VA 5 it HG-9 4 male 12:30 176.00
% 18.10(12.46 ~ 21.69) ng/mL, T} 4 i VE & & Eg; ;f izz IZZZ zjzz
4 42.00(31.75 ~ 128.00)ng/mL, fit fE 2 VE & &4 DG3 30 female <5.00 25,00
211.00(181.00 ~ 459.75)ng/mL. Ubels 45" i ] i DG-4 43 male 17.84 142.00
A A 1 vk R B OE A TH W VA BSR4k DG-5 31 female 9.60 227.00

16 ng/mL, 5 A& W58 @ B2 VA & 1 K 8 2
¥ . Khaksari %'"'3 il LC-MS/MS & il £ i A iH
Wh VE B9 & & & 14.2 ~ 408.5 ng/mL, {H I oK
X AF 8 A BRECIR S 1A T 4 A

# Wilcoxon Mann-Whitney 7 £ 74 fk F0 46 56
MR 20 RN B 41 VA % 3t 25 {8 P 7 38 (median dif-
ference) &y 7.34 ng/mL, 95% ¥ {5 X |f] (confidence
interval, CI) >} (1.73 ~ 14.48) ng/mL, T HR 21 1 {g
[ VE % it 22 6 A5 169.00 ng/mL, 95% CI

HG : healthy group; DG: dry eye group.

WA 1) T MR TH A= P 5k 0 O B 5 L TH R
OV A 1 T BRAH DG AR R A E A R AR RN
AR 110 1Y Vi e R AT A8 ¢ v N I N T e 8
TR 7 1 BF 9 T HIR 4L RN JE 4 TH W VAL VE
TRAEG I EER BHREARRB/N, M
HE— P KA R AR, 3 — 2P 52 TH
W VA VE AT AR A Sk

x5 THRAMBERABERFVAVESELLE
Table 5 Comparison of contents of VA and VE between DG and HG

Analyte DG"/(ng/mL) HG"/(ng/mL) Median difference "’ (95%CI)/(ng/mL) Z P
VA 9.60 (5.13, 12.54) 18.10 (12.46, 21.69) 7.34 (1.73, 14.48) 2.46 0.014
VE 42.00 (31.75, 128.00)  211.00 (181.00, 459.75) 169.00 (87.00, 423.00) 2.33 0.019

1) Median (P, P.;); 2) Median difference=HG-DG.
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