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Preformulation Study on the Intravenous Lipid Emulsion of Ketorolac Isopropyl Ester
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(1.School of Pharmacy, Nantong University, Nantong 226001, China; 2.Key Laboratory of Drug Targeting and Novel Drug
Delivery Systems of Ministry of Education, West China School of Pharmacy, Sichuan University, Chengdu 610041, China;
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ABSTRACT: OBJECTIVE To conduct preformulation study of ketorolac isopropyl ester which is prodrug of ketorolac.
METHODS Ketorolac isopropyl ester was synthesized. Quantification method using HPLC-UV was established and validated.
Physicochemical properties including solubility, oil/water partition coefficient and degradation kinetics were investigated,
followed by revealing drug stability and drug-excipients compatibility under forced degradation experiments. RESULTS
Ketorolac isopropyl ester was sparingly soluble in water(52.66 pg-mL™") but miscible with oil phase. The LogP value of the
prodrug was 3.95+£0.03. Analytical method of ketorolac isopropyl ester was established with good linearity, high
accuracy(RSD<2%) and high recovery yield(>99.5%). The aqueous stability of ketorolac isopropyl ester was impaired with the
increase of pH value and temperature under specific conditions. Fast degradation was found when placing ketorolac isopropyl
ester into the medium of rat plasma or liver homogenate solution. For example, the degradation rate constant(kobs) of the prodrug
in 50% rat plasma solution or 20% liver homogenate solution was 0.51 min~! and 0.15 min~!, respectively. Ketorolac isopropyl
ester was comparatively stable when presented in the environment with high temperature or high humidity, but it was unstable
under the strong light, which was further proved by the drug-excipients stability studies. CONCLUSION The appropriate
properties of ketorolac isopropyl ester on solubility, partition coefficient, degradation kinetics, chemical stability and
drug-excipients compatibility enabled feasibility on preparation of intravenous lipid emulsion which provide experimental
fundament to develop novel ketorolac injectables.
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KTL: '"H-NMR(400 MHz, CDCl3) 6:
7.82~7.43(m, 5H, Ar-H), 6.84(d, 1H, H-6), 6.15(d,
1H, H-7), 4.60~4.44(m, 2H, NCH,); 4.15~4.10(m,
1H, CH), 2.97~2.79(m, 2H, CH,); "*C-NMR
(100 MHz, CDCls), &: 185.23, 176.81, 141.77,
139.06, 131.54, 128.95, 128.20, 127.31, 125.21,
103.47,47.55,42.38,30.99; IR(KBr): 2 800~3 500,
1720.67, 1613.61, 1572.62, 1446.59, 1418.37,
1273.77, 1217.03, 1045.24, 921.00, 894.05,
719.66, 697.49; HR-MS(m/z): 256.099 1[M + H]",
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Fig.2 Synthetic route of KTL-IS

KTL-IS : 'H-NMR(400 MHz, CDCl;) 6:
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Fig.3 HPLC chromatograms of KTL and KTL-IS
A—KTL solution; B-KTL-IS solution; C—blank emulsion.
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% 1 HPLC Ml & KTL-IS * B8 & %R 0 (L84 5 E (n=3)
Tab. 1 Instrument precision of HPLC method of KTL-IS
standard solution(n=3)

I/ H A o H DK 2 13
pg'mL™ ¥ RSD/% ¥ RSD/%
2.16 2.1340.04 1.87 2.04+0.03 1.70
21.60 21.300.14 0.65 22.00+0.07 0.31
216.00 215.7542.31 1.07 214.87+2.36 1.10

2.2.6 FIFRFAERR B KTL-IS XJ MG %)
BRFRE, Fi& “2.2.27 TN @3 SR &
WCREIGIE, BEMEE SNS3 IR IR AR N
R R, (5 b S/N=10 B 8 7 B0 FEAE by e 1B o
2, RIFRAE B 500 0.05 pug-mL~"
0.10 ug-mL~!,

2.2.7  [FCRAE:  BHC 0.1 mL 25 FHFELA (RS
¥ {10 mL #EH, MAGE# KTL-IS H
P WO W sh fH W B &= 2,16, 21.60 F
216.00 pg-mL~", % “2.2.2" TN (O35 4R
SE, ORI DIESE A SIME T I OR
SERRW], R IPDCRY>99.5%, Z5R LR 2.

2 KTL-IS £ = | 5Ll & 89 An B B R (n=3)
Tab. 2 Recovery rate of KTL-IS in blank emulsion(n=3)

PRISE /ug-mL! SENE/ug-mL! IR /% RSD/%
2.16 2.15+0.03 99.54 1.39
21.60 21.52+0.46 99.63 2.14
216.00 215.42+1.86 99.73 0.86

2.3 W RN E

HHC 1 mL ¥ PBS Z i (pH 5.8. pH 6.8 Fll
pH 7.4). 7K. KEIH . HBEH W —FEa A,
hnAGE & KTL-IS, B T 37 °CHIEK IR a8 Hh 4k
P 24 h, IREVAIE OIS E W, 438 M
B, $& “2.2.27 TR S AR E , id5 0
Tl . KTL-IS (7 il BE 0 45 R WL 3,
%3 KTL % KTL-IS & A & Wi 47 2 (n=3)

Tab. 3 Solubility of KTL and KTL-IS in different media
(n=3)

A il
KTL/mmol-L~! KTL-IS/umol-L~!
7K 0.5240.03 52.66+2.48
PBS Z& MK (pH 5.8) 11.11£0.37 36.48+3.17
PBS ZZ i (pH 6.8) 71.60+1.01 33.66+0.69
PBS Z& i (pH 7.4) 123.61+1.18 29.83+1.17
K2 6.01x0.12 HY
g =R 16.04+0.27 s
LG 7.74+0.37 HY
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FEAR

2.6 s 1%

2.6.1 I REGFSNJ1%% ¥4 Sprague Dawley KFf
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H, 7E 60 CRUEMHRINAR TE 10 d, T4 S,

10 RAEERE AN, FEREFEL 1 mg #E4h, H
1 mL P it I o 280 BV B 5 132 AL HPLC Il
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Fig. 5 Enzymatic kinetics of KTL-IS in 50% rat blank plasma solution(a) and 20% liver homogenate solution(b)(n=3)

Concentration of KTL-IS in blank control group (m); the concentration of KTL in experimental group (A ); the concentration of KTL-IS in experimental

group (e).
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R4 KTL-IS £ 7 B ik B A o 5% A0 BT 47 o 81 — R OR BL
B BB FH(n=3)

Tab. 4 First-order enzymatic rate constants and half lives of
KTL-IS in rat plasma and rat liver homogenate(n=3)

i Kqps/min™! T'/2/min
20%K BRI 3% 0.28:0.04 2.45+0.37
50%K FLIiL 2% 0.51:£0.09 1.40+£0.29
80% K BRI 0.63+0.12 1.10£0.23

10%K BRUF 5T 0.1240.02 5.82+0.10
20% K BUFAIH 0.15+0.01 4.77+0.13
40% K RIF5I3K 0.17+0.08 4.08+0.23

2.7.2 =R FRERZY 20 mg KTL-IS F/hGedf
o, IR R TR MR KNOs IR (FEXHEE 92.5%)
2 A TR B EHCE 10 d, T8 5, 10 KK%
DE WRHT S PP 22 5, AL 1 mg, 5
FH 1T mL B PR A I 8 2830 BOMR = 1 A HPLC Y
5E KTL-IS &, J15 0d iRRMmAH LA, eSS
W35, IRIGSE LN KTL-IS 7EE B A 0 T @i
SE, HICH R E,

273 JEMIAEE  FRHE) 20 mg KTL-IS F/VBEdk
W, 7EFRJE(4 500+£500)1x FJjCE 10 d, T4 5, 10
KMEEHETANI, FEEIBEL) 1 mg, HAHAH 1 mL
FH 0 A 0 B 08 EOVR B J5 T A HPLC e
KTL-IS i, 15 0d BURESAH LB . 05 45 5% I
%5, RIGLEEEY] KTL-IS fEOGEM R &+
R,

F£ S5 KTL-IS W E £ & M (n=3)
Tab. S Stability test of KTL-IS(n=3)

HE KHd S /%
. 5 RE ORI 99.30+0.89
i 10 Ve e (R 98.94+1.88
- 5 IR IR A 99.61+0.04
Bt
e 10 Ve B (AR 99.62+0.88
5 BRURTIE/RTITLN 83.97+2.12

[P

10 R URTIEINTITLN 79.47+1.82

RT FEHAEZERR TR A EHEEEM0))

ZEIRE, KTL-IS 76 S S s 4 FRE,
INAE SR R T RS PRI
2.8 JRGEHA R

X R R ISR, 25 550 He il
125, XFHER/NRE, F25 5HE Eh
20 : 1. #3% 6 Mg FraE KTL-IS M—& mE 4k
WANRA, 4 9I T ER60 °C) | FiE[RH (92.5+5)%)] .
(4 500£500)1x A& FEEE, F5 S, 10 KJFH
FEI R S AR AR B 258 Bk, A HPLC i@
KTL-IS Wi, 5 0d ARSI EbE, THERIs 2y

AR

6 KTL-IS RH A A AR &
Tab. 6 Ratio of KTL-IS and excipients in compatibility test

s Aib Ty 4 KTL-IS/mg ffi#l/mg

Pl  KTL-IS 5 0

P2 KTL-IS+KEiH 5 25

P3  KTL-IS+KSil+iE 5 25, 0.25
KTL-IS+K & i+ 5+

P4 tﬂ{m B e 5 25, 025, 0.25
T
KTL-I1S+K & il+ifg+

P5 . j( \(EE F’?HE‘ 5 25, 0.25, 0.25, 0.25
TG H- - RN

R RS T A RS KTL-IS AR
U, AR SRR E R, MEmERMAT,
KTL-IS M i R, HARRFSR IR KTL-IS
(IR, S5AHREERCE 10 d 5, KTLAIS &
AR AR R 30%, 25K 7,
3 g

FRAMARRSETE, EEAMEEKRAERHE
T A AE AL B, KTL-T /R —Fheg
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Tab.7 Remained contents of prodrug in drug-excipients compatibility test(n=3)

IR LT %

T 60 C HE(92.545)% SEIE (4 500+£500)1x
5d 10d 5d 10d 5d 10d
Pl 99.30+0.89 98.94:1.88 99.61+0.04 99.62+0.88 83.97+2.12 79.47+1.82
P2 99.38+0.59 98.101.72 99.05+1.08 101.98+0.94 47.18+1.31 31.21£2.61
P3 98.730.54 97.84x1.34 99.14+1.78 98.51+2.43 45.20+3.28 30.19+1.67
P4 98.89+1.35 97.40+2.30 102.47£2.15 101.22+2.68 42.47+1.89 31.61+2.34
P5 98.37+2.07 98.23+1.14 100.17+1.02 99.63+2.00 42.27+1.15 31.34£3.07
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HAEMAR TR, BEAL KTL BREZREEXS G
FLBL AR M T R B AN F M, ARSI 1 ks
KTL 4 g 8 =) KTL-IS BiiiAZ59)(LogP
3.95+0.03), # KM LogP {EA#i45 KTL-IS BEMS 5K
ML FPEE R =R AR L, (LR X
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KTL-IS 7E# ki S LA iR A o i iy s e 121
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P E—BIN B 12 R . KIS 1P 9T
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P, WaHIss LR E AT, SEEL YRR e M
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