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Preparation and quality evaluation of levocarnitine
thermosensitive in situ gel
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CHEN Gong-sen, NI Jian", QU Chang-hai”

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China)

Abstract: In this paper, a new type of preparation for treatment of initial dry eye disease, thermosensitive
in situ gel, was prepared using levocarnitine as a model drug. Poloxamer 407 and poloxamer 188 were used as
the gel matrix, and sodium hyaluronate and sodium carboxymethylcellulose were used as bioadhesive materials.
Gelation temperature was determined by a rotor method and the prescription was optimized by central composite
design-response surface methodology. The pH value, viscosity value and gelation temperature of the optimal
prescription were measured. The release of the drug in vitro was examined by dialysis membrane permeation, and
retention time of the thermosensitive in situ gel preparation on the rabbit's ocular surface was observed by a slit
lamp microscope. The results showed that the dosage of the poloxamer 407 and poloxamer 188 were 20.81% and
3.46%, respectively, and sodium hyaluronate was 0.02%, sodium carboxymethyl cellulose was 0.10% of the optimal
formulation of levocarnitine thermosensitive in situ gel. The pH value was 6.90 + 0.06 at room temperature and the
viscosity value started to rise sharply at 27 °C of the optimal formulation. The gelation temperature of the optimal
preparation before and after dilution by simulated tear fluid were (26.37 + 0.06) °C and (33.57 + 0.21) °C, respec-
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tively. In the first 240 min, in vitro release rate per unit area of levocarnitine thermosensitive in situ gel was lower
than that of solution (P<0.05), and after 600 min, the cumulative release rate of levocarnitine thermosensitive
in situ gel could reach more than 80%. The retention time of the thermosensitive in situ gel preparation on rabbit's
ocular surface reached about 25 min, at least 5 times as much as that of the solution. The animal experiment was
conducted following the National Institutes of Health Guidelines for the use of experimental animals, and approved
by the Ethics Committee of the Experimental Animal Center of Beijing University of Chinese Medicine. The
levocarnitine thermosensitive in situ gel showed good characteristics and sustained release property and significantly
improved the retention time of the drug on the rabbit's ocular surface.
Key words: levocarnitine; in situ gel; dry eye disease; hyperosmosis; ocular surface retention
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Figure 1 Gelation temperature of different concentration of poloxamer solution (n = 3, X = s). A: Poloxamer 407 (P407) solution; B: P407

and poloxamer 188 (P188) mixed solution
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Table 1  Factors and levels of the central composite design. X;:
Concentration of P407; X,: Concentration of P188; X,: One-sixth
of the concentration of sodium hyaluronate (HA-Na) add sodium
carboxymethylcellulose (CMC-Na)

132 FHEWE

Xof S g JREAT Z o E AR, WA TR AT

T, = 6.03+3.86X,+4.63X,+133.03X;-0.10X,X,~

9.88X,X4+6.84X,X,~0.15X,2-0.22X,2+74.15X,?

(R2=10.980 2, CV = 3.35%, P<0.000 1)

T, = 137.67-5.20X,~11.78X,+408.77X,+0.63X, X~

21.99X,X:~1.41X,X,

(R2=0.981 9, CV = 2.26%, P<0.000 1)

H bR 7 R R, B AL A AR B (R?) 48 R4, U
G AR EEN, vORHZ RN T, & T84T
T o
1.3.3 EESEZAHITASMAL

183 Design-Expert 3 4, % F 5 2 55 fm B 05 0 P
132 (0 B RSB TR 0 B AT 20 M AR FE AR o) R
MUK E - Fe bR LA B AR, T F- AR A 77 VS L.
JIT A3 31 (1 A0 Ak DX 5k DL 1] 2 39 0 [X 3

Level
Factor -1.682 -1 0 1 1.682
X /% 16.00 17.22 19.00 20.78 22.00
X, /% 0 1.62 4.00 6.38 8.00
X, /% 0 0.02 0.05 0.08 0.10

Table 2 Scheme and results of the central composite design (n =3,

X £ s). T,: Gelation temperature of the preparation before diluted

by simulated tear fluid (STF); T,: Gelation temperature of the prep-

aration after diluted by STF; * means didn't gelatinization

Number  X,/%  X,/% X,/% T,/°C T,/°C
1 20.78 1.62 0.08 20.23+0.06 27.43=x0.21
2 1722 1.62 0.08 29.53+0.21 *
3 2200 4.00 0.05 2140x0.26 2857%0.21
4 19.00 400 005 29.40+0.17 38.63+0.23
5 19.00 4.00 0.05 32.33+0.42 *
6 20.78 1.62 0.02 23.23+0.12 40.67 £0.06
7 17.22 638 0.08 39.00+£0.10 30.43+0.25
8 16.00 4.00 0.05 37.87+0.15 *
9 19.00 400 005 31.37+0.15 *
10 20.78 638 0.08 2640+0.17 38.43%0.21
11 1722 162 002 3207+0.15 33.23+0.12
12 19.00 4.00 0.05 31.60+0.20 *
13 19.00 0.00 0.05 22.83+0.15 39.13+0.06
14 19.00 4.00 005 31.17+0.25 *
15 19.00 400 010 30.93+0.21 38.70
16 19.00 400 000 31.43+0.15 3847+x0.15
17 19.00 8.00 0.05 32.00+£0.10 39.93%0.25
18 19.00 4.00 0.05 31.50+£0.20 39.57+0.25
19 20.78 6.38 0.02 29.10+0.20 38.83+0.06
20 1722 6.38 0.02 37.97+0.32 36.63+0.15

Table 3  Prescription verification and deviation (n = 3, X £ 5)

Overlay plot
8.00
T.: 34.00
6.00
- ; a
< 004 o £
Ry 7,:30.00
e
200 e ;
T L%
| —
0.00 : ;
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Xl %

Figure2 The optimization area of matrix prescription (X, =0.05%)

1.3.4 AT RYEIIE

MBI AR AL DX ek, i B 3 S BT AR R M 11 B
4b 7, BIEE T 4b 7 1: PAO7 22.41%.P188 5.37%.HA-Na
0.10%. CMC-Na 0.50%; 3t Jii 4 77 2: P407 20.92%.
P188 3.14%.HA-Na 0.00%.CMC-Na 0.00%; & Jii &b 7
3: P407 20.81%.P188 3.46%.HA-Na 0.02%.CMC-Na
0.10%. JF % 7 ik J7 ¥ & LCTISG, Ml & H T, F1 T,
o FhbMlEs RINFEI. LREYW, T2 kabTi3
() T R T, 22 21 <5.00%, 3R U4 77 72 0 Tl 25 S
U . AbTJ7 2 KA TT 3 REME I L T,>25 °C, T,<34 °CH)%E
AE R, K HA-Na bz CMC-Na BE 7] DA i 24 4 (1) 1R 6
i B I 1E) SC AT BAS 2 DED S BAIT BUR, 4B B e
b 77 3 E N AL T

Prescription Ty — LE —
Predicted value/°C ~ Observed value/°C Deviation/% Predicted value/°C ~ Observed value/°C Deviation/%
1 27.20 27.67 £ 0.06 -1.72 32.75 35.27+£0.15 -7.68
2 26.62 26.47 £ 0.15 0.58 33.39 33.57+£0.12 -0.53
26.56 26.37 +0.06 0.73 33.36 33.57+0.21 -0.62
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ARSI % (1 LCTISG £E 25 °C I Ay Al Jii 50 1) 32 1A
AR, TE 34 °CIN T B T 325 BH 1 2 [ (4 IR B Jie , 735 4 B2
RELPH HIR P 1) 7] 38 B X — B3R
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Figure 3 The viscosity-temperature variation curve of levocarni-

tine thermosensitive in situ gel (LCTISG)
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Table 4 Mathematical model equation fitting of LCS and LCTISG
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Figure 4  Specificity chromatogram of levocarnitine (LC). A:

Reference solution; B: Test solution (LCTISG); C: Negative
sample solution
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Equation LCTISG

LCS

Zero order equation
First order equation
Higuchi equation
Ritger-Peppas equation

F =0.201 5t + 12.81 (R® = 0.954 8)

In(100-F) = -0.004 1t + 4.548 9 (R = 0.996 1)
F = 4.603 7t*2 - 8.326 1 (R? = 0.992 5)

InF = 0.638 2Int + 0.650 2 (R? = 0.997 4)

F =0.179 8t + 27.146 (R® = 0.762 4)
In(100-F) = -0.004t + 4.314 (R? = 0.874 1)
F = 4.606t2 - 5.291 6 (R? = 0.911 3)

InF = 0.549 7Int + 1.362 8 (R? = 0.947 2)
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Figure 5 In vitro release of levocarnitine solution (LCS) and
LCTISGat34°C (n=3,X+5)
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Figure 6 Ocular surface retention of fluorescein sodium solution
and fluorescein sodium thermosensitive in situ gel were captured
under slit lamp microscope (x1) at different time point. A: Sodium
fluorescein solution; B: Sodium fluorescein thermosensitive in situ

gel
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