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Formulation Design and Evaluation of Ketorolac Tromethamine Hydrogel
for Transdermal Delivery System
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ABSTRACT-Ketorolac tromethamine(KT) is a nonsteroidal agent with potent analgesic and moderate anti-inflammatory
activity. The lipid-water partition coefficient of KT was evaluated and KT gel was formulated as a gel containing different
pH, different concentrations of polymer (poloxamer 407, carbopol 941), propylene glycol, ethanol and various enhancers.
The resulting KT gels were evaluated with respect to their viscosity, in vitro drug permeation rate through hairless mouse
skin and stability. In n-octanol and chloroform, the lipid-water partition coefficient of KT was the highest at pH 4 phosphate
buffer. The apparent viscosity of KT gel increased with an increase in gel pH, polymer and enhancer concentration. But the
apparent viscosity of KT gel decreased with an increase in ethanol concentration. The permeation rate of KT through hairless
mouse skin from gels different pH was maximum at pH 4 which is close to KT pK, 3.54. The permeation rate decreased
with an increase in polymer, propylene glycol concentration. But the permeation rate increased with an increase in ethanol.
The increase of drug concentration from 1 to 3% induced linear increase in permeation rate. The best enhancer was the com-
bination of Labrasol®, Transcutol®, oleic acid and -menthol. In the accelerated stability test(25, 40 and 50°C), pH 5 gel was
most stable and pH 4 gel was most unstable for 90 days.

Key words—Ketorolac tromethamine(KT), Hydrogel, Poloxamer 407, Carbopol 941, Transdermal delivery system,
Enhancer
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Table I-Formulation of KT gels containing different concentrations of polymer, propylene glycol, ethanol and KT

Formulation(w/w%)

Ingredients A B C D Al A2 A3 A4 A5 A6
Poloxamer 407 10 10 15 15 10 10 10 10 10 10
Carbopol 941 0.5 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Propylene glycol 5 5 5 5 7.5 10 5 5 5 5
EtOH 30 30 30 30 30 30 20 40 30 30
Enhancers® 35 35 3.5 35 35 3.5 3.5 3.5 3.5 3.5
KT 2 2 2 2 2 2 2 2 1 3
Water g.st0 100 qsto100 qsto 100 g.sto100 gsto100 qg.sto100 qsto100 q.sto100 g.sto100 g.sto 100

*mixture of 1% Labrasol®, 1% Transcutol®, 1% oleic acid
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Add enhancers in EtOH with
stirring at room temperature

-

Add PG with stirring

]

Add KT and water with stirring

-

Add carbopol 941 with stirring

Add poloxamer 407

Cool at 0 ~ 4 T (24hr)

[

Heat at room temperature

[

Make gellation

Scheme I-Preparation of KT gel.
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Table II-Partition coefficient of KT
pH of water phase
4 5 6 7.4
n-octanol 9.32 441 1.23 0.23
Chloroform 7.97 324 0.80 0.22

Table HI-Apparent viscosities of different pH and various gels
at constant shear rate 76.8 sec™'(25°C, Mean +S.D., n=3)

Formulation Viscosity (cps)
3.5% ) 1925 £11
4.0 1920 £13
4.5 2463 £ 14
5.0 3323+23
6.0 2678 £ 15

A 896 +5
A-1 63213
A-2 9103
A-3 1351 £11
A-4 3363
A-5 947 5
A-6 701 £5

B 4284 +13

C 1779 £8

D 4697 £ 8

*pH of gel

o B A3, A B A4) FA3] Zastgch gwke
B AZ olFe IEAR] HHEL FHd7)7t Q7] W)
B2 PJolAt pHE T F40] HY Fxe slE2E
717t s oleg WuER A Fege] Tt Byt
ofzl o &7ke] Wb o At prt WA= HEr)
7tk Aolth B F3 F2AR 22¢0 Labrasol®,
Transcutol®, &4 2 [(AES) w27} 2713 we =
7¥tou kel EEETY A5, A, B A9 T2
22 FEEY A, A1 2 A)E 2 9L ux)x
223kCH(Table III).
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Figure 1-Permeation profiles through excised hairless mouse skins
from 1 and 2% KT gels with different pH at 37°C (Mean+S.D.,
n=3). (a) 1%, (b) 2%, Key : -@- pH 3.5, -O- pH 4 -¥- pH 4.5
-V-,pH 5 -l - pH 6.

Table IV-Permeation parameters of KT through hairless
mouse skins from gels containing 1% drug and different gel pH

A 2] Permeation Parameters®

pH Ty (hr) K J(ug/em?/hr) D (*10°, cm”/hr)

35 1.34+0.04° 1534005 68.90+7.52  2.24+0.07

4 096+0.03 2.67+0.08 8539+9.43  1.59+0.05

45 1324004 146+0.04 60.76£11.26 2.20+0.06

5 121%0.04 146004 5890+1.82  2.02+0.06
1374008 0.65+0.04 29.57+4.44  228+0.01

*T. : lag time, K: partition coefficient(skin/vehicle), J :
permeation rate, D : diffusion coefficient,  Mean+ S.D

steady-state

KT9] pK,3.54)0 77+e pH 404 2% 7 =& E38
VERIYL 1% KTS AH83H 79 pH7| 35, 4, 45, 5 2
602 F7h5e] wel 3 &2 68.90, 85.39, 60.76,



AoErE A AREY sel=zae) AR R Bt 25

Table V-Permeation parameters of KT through hairless mouse skins from gels containing various components and different
concentrations of ethanol and KT

Permeation Parameters®

Formulations 7 —
Ty (hr) K Js (ug/cm*/hr) D (*10°, cm*/hr)
A 0.95+0.15° 3.4340.28 107.43£10.81 1.58+0.24
B 1.51£0.24 1.5810.36 78.34£11.00 2.53+0.39
C 1.23+0.04 1.48+0.16 60.64 +8.20 2.05%0.06
D 1.29+0.10 1.41£0.21 60.75+5.20 2.16+0.17
A-1 1.104+0.11 2.28+£047 83.58+£19.33 1.83+£0.19
A-2 1.62+0.21 1.50£0.08 80.70£7.26 2.70+£0.35
A-3 1.38+£0.27° 1.50+0.47 66.1419.06 2.30£0.46
A4 0.49£0.27 13.45+5.63 183.98+£8.47 0.81£045
A-5 1.23+0.26 2.98+0.89 58.91+8.75 2.06+0.43
A-6 0.98£0.23 2.88+1.07 132.17£20.12 1.6310.38
°T, : lag time, K: partition coefficient(skin/vehicle), J; : steady-state permeation rate, D : diffusion coefficient *Mean+ S.D
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Figure 2—Permeation profiles through excised hairless mouse skins ime {hr)

from 2% KT gels with different concentrations of polymer at 37°C
(Mean+S.D., n=3). Key : -@- 10% poloxamer 407 and 0.5% car-
bopol 941,-O- 10% poloxamer 407 and 1% carbopol 941, -¥-
15% poloxamer 407 and 0.5% carbopol 941, -\V- 15% poloxamer
407 and 1% carbopol 941.
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Figure 3—Permeation profiles through excised hairless mouse skins
from KT gels with different concentrations of drug at 37°C
(Mean+S.D., n=3). Key : -@- 1%, -O- 2%, -¥ - 3%.
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Figure 4-Permeation profiles through excised hairless mouse skins from 2% KT gels with different concentrations of propylene glycol (a),
ethanol (b), oleic acid (c) and l-menthol (d) at 37°C (MeantS.D., n=3).
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Figure 5-Stability of KT in gel at 25, 40 and 50°C. (a) 25°C, (b) 40°C (c) 50°C. Key
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