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Abstract: Objective To establish a method for determining the concentration of voriconazole in the ocular tissue of white rabbit in
New Zealand, and to apply it to the study of the distribution of ocular tissue of intravitreal injection of voriconazole. Methods
Determination by high performance liquid chromatography-tandem mass spectrometry. Tolbutamide was used as the internal
standard, the chromatographic column was Waters X-Bridge BEH C,; (50 mm x 2.1 mm, 2.5 um), the mobile phase was gradient
elution with 0.2% formic acid-acetonitrile (A) and 0.2% formic acid-water (B), gradient elution procedure 0—0.30 min, 30% B,
0.30—1.81 min, 30%—90% B, 1.81—2.30 min, 90% B, 2.30—2.31 min, 90%—30% B, 2.31—2.60 min, 30% B, the flow rate
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was 0.5 mL-min™', and 1 uL was injected. The sample size, the column temperature was 30 °C, and the electrospray ion source was
used for positive ion scanning in the multiple reaction monitoring mode. The ion pairs used for quantitative analysis were m/z 350.1
—281.1 (voriconazole), m/z 271.1—155.0 (internal standard). New Zealand white rabbits were randomly divided into five groups
according to body weight and gender, with six rabbits in each group, half male and half male. Under sterile conditions, the eyes of
New Zealand white rabbits were dilated, and the animals were anesthetized by intramuscular injection ketamine 12 mg-kg™' and
xylazine 3 mg-kg™', and voriconazole ophthalmic injection was injected into the vitreous cavity. At 0.5, 1.0, 4.0, 24.0, and 48.0 h, the
rabbits were sacrificed by bleeding after excessive anesthesia. Rabbit ocular tissues (conjunctiva, cornea, aqueous humor, iris, lens,
vitreous, retina, choroid, sclera) were separated under ice bath conditions, and the concentration of voriconazole in each tissue was
determined by established HPLC-MS/MS. Results Voriconazole had a good linear relationship between 0.5—500.0 ngmL™" (R* >
0.98), the lower limit of quantification was 0.5 ngmL™". The intra-batch precision (RSD) and accuracy (RE) were less than 15 %, and the
extraction recoveries of voriconazole in all ocular tissues were greater than 85%. The drug concentration in rabbit ocular tissues was
successfully detected by this method after single dose unilateral administration of voriconazole in New Zealand white rabbits, which
was mainly distributed in the posterior segment of the eye, and the retinal concentration was higher compared to the vitreous and

choroid. Conclusion The method has short analysis time, high accuracy and sensitivity, and can rapidly detect the drug in ocular

tissues, which is suitable for the distribution study of voriconazole in ocular tissues.
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Fig.1 Chromatogram of vitreous (A), retinal (B), choroidal (C), and scleral (D) matrix sample

=3 BRALER.SHRERENERML
Table 3 Matrix effects of each ocular tissue at low and

high concentrations

F4 RIFEMAERRIAANEEAFTES LR
Table 4 Regression equation and linear range of

voriconazole in various tissues of rabbit eyes

JREIRIE/ ARV — I S5 2 K]

i 0
A (ng'mL™" T/% RSDIY%
J3 K 1.500 94.0+6.0 6.4

375.000 99.0+2.0 2.0

il 1.500 92.0+11.0 12.0
375.000 99.0+1.0 1.0

AT B 1.500 89.0+5.0 5.6
375.000 99.0+1.0 1.0

TEEZN 1.500 93.0+8.0 8.6
375.000 97.0+4.0 4.1

B3 EIN 1.500 101.0+4.0 4.0
375.000 101.0£2.0 2.0

ALY f 1.500 96.0+4.0 42
375.000 101.0£1.0 1.0

Jok 2% i 1.500 104.0+6.0 5.8
375.000 104.0£1.0 1.0

L 1.500 99.0+1.0 1.0

375.000 101.0£2.0 2.0

2k

HRZH 28 [BH 77 R’ .
(ng-mL™)

45 ¥Y=0.031 1 X+0.001 30 0.9952 0.500~500.000
FAK  ¥=0.029 9 X+0.001 27 0.998 2 0.500~500.000
fifE Y=0.030 8 X+0.003 50 0.996 0 0.500~500.000
WL ¥=0.030 7 X+0.001 61 0.998 4 0.500~500.000
gk Y= 0.009 31 X+0.000 766 0.996 0 0.500~500.000
PEEEA  ¥Y=0.030 8 X+0.002 64 0.997 2 0.500~500.000
MM ¥=0.030 3 X+0.00248 0.998 4 0.500~500.000
kM ¥=0.029 9 X+0.002 83 0.998 0 0.500~500.000
W ¥=0.030 6 X+0.001 56  0.997 8 0.500~500.000
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R M 5 9K AE 0.500~500.000 ng-mL™ £k 1 % &
R4f,LLOQ ¥4 0.500 ng-mL ™",

3.1.6 b AR AERG B R R s o) B B
AWIPEIT) 3RS L QCHEfh BE 17t
P AR B B AR , G5 SR W3R S Z A mT S HomT
FHIL, AN SR RSD<15 %,RE<< + 14.10%.

3.7 FEEUEN AR S5 WK 6, 48 B K A T
L 5 A BB R A A0 IO B Tk 4% R B TR 4L 41 B
B[l e R 4T, 352>85%

3.1.8 FawEt SRWET, HAK A BEEA DL
B %) JOR 28 B o P 3 B AR A N E 2> 48 h,
FE=70~-90 °CJift & 2 /1> 57 d, BEFE A L DU 1) 5 7%

x5 BRAAPRIIRERHA HEEBENBZEER

Table 5 Result of accuracy and precision of intra-batch inter-batch in each ocular tissue

L 45 IR 1A k1]
(ng'mL™  JfFREIRE/(ngmL™")  RSD/% RE/% {3 ERE/(ngmL") RSD/%  RE/%
g i 0.500 0.50:£0.02 3.51 0.80 0.51+0.02 0.04 2.65
1.500 1.66+0.06 3.85 10.33 1.60+0.08 0.05 6.50
50.000 54.95+1.06 1.93 9.90 56.65+3.96 0.07 13.30
375.000 397.50+3.54 0.89 6.00 393.50+5.20 0.01 4.93
K 0.500 0.49+0.03 6.82 -2.60 0.49+0.02 0.04 -1.20
1.500 1.59+0.01 0.89 6.00 1.57+0.08 0.05 4.80
50.000 57.00+0.28 0.50 14.00 56.12+2.25 0.04 12.24
375.000 401.00+4.24 1.06 6.93 392.40+15.06 0.04 4.64
i) 0.500 0.49+0.02 3.74 -1.60 0.50:£0.02 0.04 -0.25
1.500 1.43+0.04 2.97 -4.67 1.60+0.17 0.10 6.67
50.000 54.20+0.14 0.26 8.40 54.98+2.85 0.05 9.96
375.000 369.50+10.61 2.87 -1.47 389.00+9.90 0.03 3.73
LIRS 0.500 0.48+0.01 1.91 -3.60 0.49+0.02 0.03 -2.55
1.500 1.58+0.12 7.58 5.67 1.61+0.13 0.08 7.20
50.000 50.75+2.05 4.04 1.50 52.4444.05 0.08 4.88
375.000 406.00+14.14 3.48 8.27 414.20£11.58 0.03 10.45
RN 0.500 0.49+0.07 14.43 -1.00 0.49+0.06 0.12 -1.10
1.500 1.49+0.01 0.47 -0.33 1.46+0.07 0.05 -2.53
50.000 54.30+1.14 2.60 8.60 54.32+1.00 0.02 8.64
375.000 369.00+11.31 3.07 -1.60 369.00+8.00 0.02 -1.60
PeHA A 0.500 0.48+0.03 6.85 -3.00 0.45+0.06 0.13 -9.00
1.500 1.48+0.04 238 -1.00 1.49+0.14 0.09 -0.93
50.000 53.40+1.27 2.38 6.80 52.16+3.25 0.06 4.32
375.000 383.00+5.66 1.48 2.13 384.20+17.63 0.05 2.45
R fi 0.500 0.43+0.03 7.69  -13.60 0.46+0.04 0.08 -8.70
1.500 1.49+0.04 2.36 -0.33 1.37+0.13 0.09 -8.40
50.000 57.05+1.48 2.60 14.10 54.58+3.44 0.06 9.16
375.000 407.50+10.61 2.60 8.67 391.20+12.15 0.03 432
ik £5% i 0.500 0.47+0.03 5.53 -5.40 0.49+0.04 0.09 -2.70
1.500 1.47+0.04 2.40 -1.67 1.55+0.10 0.07 3.47
50.000 55.35+2.76 4.98 10.70 54.26+4.42 0.08 8.52
375.000 402.50+4.95 1.23 433 377.60+40.26 0.11 0.69
TN 0.500 0.49+0.04 8.00 -1.00 0.49+0.03 0.05 -1.95
1.500 1.47+0.00 0.00 2.00 1.44+0.07 0.05 -3.73
50.000 54.10+0.71 131 8.20 54.48+0.52 0.01 8.96
375.000 382.50+17.68 4.62 2.00 389.20436.59 0.09 3.79
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Table 6 Extraction recoveries of each tissue of eye
R 2 b7 . PREHE - o
1.500 ng'mL"' 50.000 ng-mL"™ 375.000 ng-mL™"
Bk PRI EI R /% 96.6=12.0 111.8+3.8 104.3+2.5 96.6+5.0
RSD/% 12.4 3.4 2.4 52
B PR B 22/ % 103.5+11.0 102.8+9.3 100.2+4.8 108.8+3.6
RSD/% 10.6 9.0 4.8 33
BT i PRS2/ % 86.1+8.4 92.0+6.9 95.443.9 102.145.4
RSD/% 9.8 7.5 4.1 53
ERE PRI ET U 4/ % 85.9£11.9 95.9+7.4 105.8+3.9 104.6+4.9
RSD/% 13.9 7.7 3.7 4.7
5 ETN PRI ET U /% 101.0+4.5 97.9+3.2 105.7+2.4 105.6+3.4
RSD/% 45 3.3 23 32
R0 g PRl 22/ % 110.3£5.5 107.242.7 106.3+4.8 101.142.6
RSD/% 5.0 25 45 2.6
ik 4% g PRI 2 /% 113.5+15.1 107.6+3.8 88.0+4.4 105.3+4.5
RSD/% 13.3 3.5 5.0 4.4
TE PRI ET U /% 90.4+4.8 104.8+3.3 97.7+3.2 108.3£3.6
RSD/% 5.3 3.1 33 33

FES G T 2D 5 % (=70~-90 °C) il (= 37 38 56D
PEI T ARFEPE AR E
3.2 RSSO

T LC-MS/MS i g il AR 37 B W 3 35 0 o) 2%
J&5 0 h\24 h )5 B L, W43 1) 0 B 9 BB 35 7 b 8
JRE KL R £15.0% Z N, H RSD /T 3.0%, 45 R

LA 8, FF 545 2 7 2K
3.3 BWIBEEESHA RMHVER ST

TH5LAR ST R WA 25 R 25 24 1 23 A o B
GER IR 9, 45 G HRFR 73 L 23 Aer i 2 24590 , 55 HEEHR %
IRARB Tt . Bt # ot Mz Y <
(] 731 Jo B P T 2 35 22 7 (P>0.05), fEHR Ja B

RT REHEREEMERER
Table 7 Results of stability examination of quality control samples
. i B E 48 h ~70~-90 °CJA & 57 d 5 R LA A
o AR B/ ——— — N N
AR ZH 21 . A5 5 Bk MIUESIriN =72 A5 B
(ng'mL™") RSD/% RSD/% RSD/%
(ng'mL™) (ng'mL™) (ng'mL™")

K 1.500 1.533+0.103 6.7 1.632+0.049 3.0 — —
375.000 373.500+12.740 34 384.167+19.292 5.0 — —

LREEN 1.500 1.430+0.149 10.4 1.383+0.071 5.1 — —
375.000 355.000+19.970 5.6 352.667+14.569 4.1 — —

I 1.500 1.573+0.103 6.5 1.592+0.103 6.5 1.568+0.118 7.5
375.000 417.000+18.011 43 428.750+16.741 3.9 408.000+17.181 4.2

NI 1.500 1.555+0.037 2.4 1.597+0.081 5.1 1.5124+0.099 6.5
375.000 392.333+11.219 2.9 422.833+19.477 4.6 403.167+7.111 1.8

x8 FEHREFSWER
Table 8 Formulation analysis results of injection
i (7] /h n A5 = E/ (ng-mL™) RSD/% HEf /% TR B0 52 O 22/ %
0 1 140.0+24.5 2.1 114.0 14.0
24 949.0+26.3 2.8 94.9 =5.1
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ROFEZARWIBEIE N TFHAIREE L pgmL ' FRE
B EARERNAYREREER
Table 9 Results of drug concentrations in ocular tissues of
New Zealand white rabbits at different times after

intravitreal injection of voriconazole 1 pg-mL™"

. I IHAARAR 3T R fRATFEW/ (ng-g™)
/(ng-mL™) A PR B Jhk 2% s
0.5 11.73+3.05 19.55+3.55 11.60+3.98
(n=5) (n=6) (n=6)
1.0 10.70+7.44 18.15+8.47 14.2449.87
(n=6) (n=6) (n=6)
4.0 BQL BQL BQL
24.0 BQL BQL BQL
48.0 BQL BQL BQL

BQL- 2545t e AR T A R

BQL-drug concentration is below the detection limit
IR I JBE ik MK 2L 3 vl K 00 38 245 ) 4K ST
W, JEL o A 175 L R AL O > B A Jok 4 L L At 2
G PP R RAS I 2 AL
4 THie

ARST REME e 2R AR TR /N 70 1 254, BAT RN
PR BN A% WAL IR A A 1 O E 2 5 AR 73
TR AL A DG B AR R R A A
i 2 18] 2 [ 1A 4 5 1 99% FRY 7K DA K b B i i 2
AT O o R 2 1k » S R AR B ROIR S 25 4 3L
T B g e BN 5T, o A R Bk R T 25 )
FE BT R I OE R S A 2 N T 24
PROL MR e rh B SE AR XY B T . W TEAR
20 IR TR B S 5 25 W AE B AR e A Ik T i
Ja A AE AT B 5 5 % 2 TR B B AR - BT 22 s K AR
A ] ] RS AL AV o 5 i U T AU ) I AR St
1834 2 RS X 22 ok 4 T AR 3R Bk B2 R R ik
2% J5 Oy el ML A P 2T A A 2R, i g A e L
B JE IV 50 , F Fik 2% M55 400 X 5 2 TR) A7 £ IR0 o
Bt b5 (BRB) , B AL W4 i €4 25 | Bz (RPED RTAL 19X 5 1.
B . SR T 250 I3 A 1 L R
4B, T RPE BUAEALE , 5 30245 W) BB 38 42 s 1
Jk % N K2 5 G218 AR 7 RE ME S IR P e L AR X 40 T
JFE /I, LA R A B 9 B 2 I BRB #E K
23 I DRI L Jk 26 6 o o B AR IR B . ST
HF FEH SR B AR B s 7K v WL B AR S e ) 20 A
AHE FCALAE IR J5 BEE B> AT a5, IR AT T #E > K
B, RBOZSS R MBI REA LR 4 5. — =24
BIF FE AT Rk 24 2 A T 56 7K T 1) Tk » T SR 1 T
HH D I P T AR ST R R FL AR DB T A A

R RGE B, 5 RS AR B L A 770 2 255 i 245 ) (1 TR 74

MR o3 A s — 4R 2R AR S BUL A IR AL T

LR BRI AR A I 2 = R B E R —

AL s WU REACR RIS KRBT ) R P, el 2

SRPEE R, 1L R v A 5y R AR 24 ) ) R AT RRE iy

8] R 22 S5 g, 3G I 7 NN BRI R iR &2 . It

S AR R R, H IR A B EUD, Bk 7y

A IEA I o R SLFEMEAE IR P 4 3 A5 15 15 AT

N H G RIR 7 HR B B R G R 255 %, oA

R ML A 53t — DT T
AHE 7T 5L AR L RE ME ) LC-MS/MS € 77 7%

I, 5t 1 o v 1S 4R L U TR A OR B IS (] E AT €

WP S B AL, DR B R I AR . S AR

L R FA) A S G A S R A T, 48 0 T A 7 22 15 T

X-Bridge BEH C18 (Waters) ta i A4, 43 #1401 . 15

W T 0 R B I ) 0 5 R v A R0 B T PN U

PEVI ST P . il AR 4L BRRE R o3 A ) L T L

IS, 25 GEAN [F) A ALV 77 S A R B2 R AR i sl A

RIL0.2% FIR-KIEWS 0.2% TR - LI R

b P e ot i e 7 2 T A B AR R v AE BT B

WAL DL R R TE Bl 2 ik &9, SRR AT

ISP RE . FEARFT AL B AR, BT & H 2

Gy ML RN, Al BUE B AR DU AR

G A B LI DRI S5 B H B A 28T S

FEI SIH LR T 25 (AT R DR SR B, 1T T 3

TR AR G SR L B PR JBOIR 0 J5 5 7 B T 4L 2 TR

(R MBS EL . S I0F 2 TIE R 2 A

GIRERE LR PR B B B A R i3, H R B

% (0.5 ng'mL ™D, A F T IR & 4L 2 iR AR BE 2

VBRI 5 73 B 32 AT I 1A) 46 (2.6 min) , W] ] T PR

5E AT M A DL E AR AR/ (1 ul) , AT R BORE

BEH T RE . MR G IR S 5 e 2 Hom

YRR, TS, %05 T IR

VU 25 P G B3R A I A AR SRR R Y IR A o A

&5 00 -
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