CHAPTER 1V

RESULTS

1. Microemulsion formulation and phase diagram

The microemulsion systems ch composed of tween 20 or tween 80 as a

surfactant, glycerin, propylene gl ' L} halvsthylene glycol 400 as a cosurfactant,

soybean oil, and water«foz_injection in varGlsatio of surfactant and cosurfactant

d )
were investigated. The oyet ,,.s of each e is shown in Table 6. It could be

seen that tween 20 as#8h g&.\ﬁ\ formulations could not form

microemulsion at all TG 80 as surfactant were able to

form microemulsion. MOrgt A < ‘.,E cerin and polyethylene glycol
400 as cosurfactant®vergffound r the ratio of 1:1.5, 1:1, 1:0.7,
1:0.5 for tween 80:gl¥ce = 80:polyethylene glycol 400
whereas systems with pfopglene 1 f it could not form microemulsion
at any ratio of surfactafit:ggsirfa ” ; c ‘Pseudo-ternary phase diagrams of

microemulsion systems are g_yg;;p 2 T gures 8-9. The shaded area of the

phase diagram Cpes USion existed as fluid, clear,
transparent, and — )
Iy ]
Comparison be?wgn mlcroemulsyay areas for the tween 80:glycerin systems

of dlfferentﬂt § §155bfab B Schfifh e | sfobim] i e 8 revealed that the

largest micro&thulsion area was obt ‘amed from tween 80:glycerin system at the ratio of
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obtamed from tween 80:glycerin system at the ratio of 1:0.5 was 21% w/w. This
amount was decreased to 18% w/w, 17% w/w, and 16% w/w when the ratio of tween
80:glycerin decreased from 1:0.7 to 1:1 and 1:1.5, respectively. For the tween
80:polyethylene glycol 400 systems as shown in Figure 9, the results were similarly to
the tween 80:glycerin systems that the largest microemulsion area was obtained from

tween80:polyethylene glycol 400 at the ratio of 1:0.5 and the area decreased when the
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ratio of tween 80:polyethylene glycol 400 decreased to 1:0.7. The maximum of the
solubilized oil was 12% w/w, which obtained from tween 80:polyethylene glycol 400
at the ratio of 1:0.5. The amount of oil was decreased to 11%w/w when the ratio of
tween 80:polyethylene glycol 400 decreased to 1:0.7. From this study, the results
indicated that when the surfactant:cosurfactant ratio increased the microemulsion area
was increased. Glycerin as cosurfactant could form microemulsion better than
polyethylene glycol 400. Furthermore, the amount of oil was solubilized in tween
80:glycerin system more than tween 80:polyethylene glycol 400 systems.

Microemulsion co w/w of soybean oil were selected
in this study due to low surf tarﬁignation of formulations, tween

80, glycerin, polyeth er for injection and diazepam

\\\\ |

were T, G, P, O \ mber after surfactant and
cosurfactant repres ' u tant while the number after

oil designated the ﬁer the drug represented the
amount of diazepam. ween 80:glycerin at ratio 1:1.5,
which had soybean oi (31°5, 08, whereas this formulation
containing diazepam 5 an e pated W'l G1.5 O8 D5 and T1 G1.5 O8
D10, respectively. The fo - 2d in Table 7. They were in pseudo-

ternary phase diagram o vater for injection, tween 80, and

glycerin for tweeh Sgycern elght tatio ot S as iic ‘ '1 (Figure 8 (A) and (B))
and the system of so¥ 30, and polyethylene glycol

i@ofl :0.7 and 1:0.5 (Figure 9

Wm“ﬂﬁﬂﬁﬂﬂﬂiﬂﬂﬁﬂi
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2.1 Determination of microemulsion type and non-birefringent property

400 for tween 80:po ethylene glycoﬁ()u weight rat

In this study, the dilution test and the dye solubility test were employed.
Table 8 summarizes the results of the tests for microemulsion type and non-

birefringent property of microemulsion with and without diazepam.



Table 6 The formability of microemulsion systems.

46

Ratio of surfactant :

W .
+

*

soybcﬂn oil

4 tween 80

1@l GN Q
' i L] ‘

water for injection

The system could form microemulsion.

L]

Oil | Surfactant | Cosurfactant | Water —— Formability*
(0] T20 G w 1:1.5 =
0] T20 G W 1:1 =
(0] T20 G w 1:0.7 -
(0] T20 G W 1:0.5 =
(0] T20 PG 1:1.5 =
(0] T20 1:1 -
(0] T20 1:0.7 =
(0] T20 1:0.5 -
(0] T20 1:1.5 -
O T20 1:1 }
(0] T20 1:0.7 -
(0] T20 1:0.5 =
0] T 1:1.5 +
0 T 1:1 +
0 T 1:0.7 +
O T 1:0.5 +
(0] T 1:1.5 =
O T 1:1 =
0 T 0.7 -
O T (PG 0.5 .
0 T 15 _
0 T i 1:1 _
Y T m 1:0.7 +
0 -~ N <& Q) lal 2~ +

inid

G & glycerin

m‘ﬂ R RIVEY ﬂﬂoﬂl’%@c&l

= polyethylene glycol 400

The system could not form microemulsion.

The results from weight ratio of surfactants:oil =

9:1 to 1:9 and the

characteristic of microemulsions was fluid, clear and transparent which

confirmed by non-birefringent property and TEM.
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Table 7 Composition of diazepam o/w microemulsions

Amount of
Amount (Yow/w) .
diazepam (g)
System 5 T G p W Conc. Conc.
S mg/ml | 10 mg/ml
8.00 | 29.22 | 43.84 - 18.94 | 4.4389 8.8778
T:G=1:15| 6.00 | 27.60 | 41.40 - 25.00 | 4.4512 8.9023
| 400 3083 | 4624 | - | 1893 | 44338 | 88676
4.4707 8.9413
T:G=1:1 4.4819 8.9638
]800 (BSA3853 (el 1804 | 44711 | 89421
4.6335 9.2670
T:P=1:0.7 4.6590 9.3179
| 200 oS - h0582 3333 | 46464 | 92928
4.6679 9.3358
T:P=1:0.5 4.6895 9.3791
4.6781 9.3563
From the dilution ‘fesf-6n 4 mulsions without diazepam, the
microemulsions became slighih -:z id er was added and mixed for a few
minutes. After ape hour standing at room temperatatesall preparations were still

slightly turbid. ?';:: o

turbid after adding se

phase separatign occurfe@® The r pg I}T‘ﬁ %:owish turbid solution
whereas thﬁou Ej\g Ej:)% lﬂagjn el upper phase. For the
microemulsiom: containing diazepam at concentgation of 5 mg/mj and 10 mg/ml, the

=R AHHIFRLRADREINR . e

the syStem was added with water after shaking for a few minutes the preparation

’C ;' ast all the preparations were

I

bean oil. After standing at roem temperature for one hour

becdme slightly turbid and phase separation did not occur. When the system was
added with soybean oil, the preparations were turbid and phase separation occurred.
Thus, the results indicated that the external phase of all microemulsion preparations

was hydrophilic phase.
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Figure 8 Pseudo-ternary phase diagram of the system of soybean oil (O), water for

injection (W), tween 80 (T), and glycerin (G) at tween 80:glycerin weight
ratio 1:1.5 (A), 1:1 (B), 1:0.7 (C), and 1:0.5 (D). The shaded area

represents the microemulsion.
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(C) T:G=1:0.7
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Figure 8 (Cont.) Pseudo-ternary phase diagram of the system of soybean oil (0),
water for injection (W), tween 80 (T), and glycerin (G) at tween 80: glycerin
weight ratio 1:1.5 (A), 1:1 (B), 1:0.7 (C), and 1:0.5 (D). The shaded area

represents the microemulsion.
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Figure 9 Pseudo —ternary phase diagram of the system of soybean oil (O), water for
injection (W), tween 80 (T), and polyethylene glycol 400 (P) for tween
80 : polyethylene glycol 400 weight ratio 1:0.7 (A) and 1:0.5 (B). The

shaded area represents the microemulsion.
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Table 8 The microemulsion type and non-birefringent property of microemulsion

with and without diazepam.

Dilution Test Dye solubility test p—
Formulation water oil water oil . .
' dilution dilution soluble dye® | soluble dye® birefringent
T1G1.508 ® o m im +
T1 G1.5 08 D5 o x m im +
T1 G1.508 D10 * ey m im +
T1 G1.506 * ok m im +
T1 G1.5 06 D5 . m im +
T1 G1.5 06 D10 * f m im +
T1 G1.5 04 o im +
T1 G1.504 D5 -_— e d im +
T1 G1.5 04 D10 = - —— im +
T1G1 08 R im -
T1 G1 O8 D5 i im +
TIG10O8DI0 ™ ¢ / \ N im +
T1 G1 06 X -;;: im +
T1 G1 06 D5 ¢ im +
T1 G1 O6 D10 W 4 v~ \ im +
T1 G1 O4 oLy im +
T1 G1 04 D5 | im +
T1 G104 D10 Il __ - im +
T1P0.7 O8 s im +
T1P0.7 O8 D5 f At im +
T1P0.7 08 D10 > m im -
T1 P0.7 06 KA im +
T1P0.706D5 | im +
T1P0.7 O6 D10 : im +
T1P0.7 O4 im +
T1 P0.7 O4 D5 * m im +
T1P0.7 04 D10 im +
T1P0.5 O8 im +
T1 P0.5 O8 uﬂ?wbﬂwg’]flﬁlm +
T1 PO.5 08% +
T1 P0.5 O6 | &am +
B ﬂ“i ﬂm’amzma :
ﬂ : i +
Tl P05 04 ok +
T1.P0.5 O4 D5 * = m im +
T1P0.5 04 D10 g i m im +
* = Tartrazine + = non-birefringent
® = D&C red no.17 m = miscible
* = no separation Im = immiscible

** = separation
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From the dye solubility test on drug free microemulsions, when tartrazine was
added it was easily miscible with the microemulsions. The system exhibited clear,
homogeneous yellow solution. In contrast when the oil soluble dye, D&C red No.17,
was added the dye was not miscible with the microemulsion and the system became
turbid. For the microemulsions containing diazepam at concentration 5 mg/ml and 10
mg/ml, the results from dye solubility test were not different from microemulsions
without diazepam. Therefore, the results from dilution test and dye solubility test

indicated that all preparations were o/w microemulsion.  Furthermore, the

€5 £ ldrug loaded microemulsions
both before and aft 1 ‘_ Q e listed in Table 9. The
microemulsion without fiagepay ;=- c parent and one-phase yellow
solution before autoclaving. A#ter stea eriliZzation, the preparations containing
polyethylene glycol 400 . howed good appearance both the
surfactant:cosurfactant ratio of 1.7 and “-- ere clear, transparent, and
one-phase yello vv——;':ﬁ containing glycerin as

hase actant:cosurfactant ratio of 1:1.5
and 1:1. The uppei@hase was clear, yellow solution and the lower phase was clear
colorless s § ng the sterilization
process in ﬁ;uﬂ mﬂumﬂ?ﬂte recovered to one-
phase mlcroemulsmns hgentlys ﬁfora fewdseconds

AR AiTH1ay

For mlcroemulsxons containing diazepam at the concentrations of 5 mg/ml and
10 'mg/ml, before autoclaving the appearance of microemulsions was clear,

cosurfactant showe

transparent, and one-phase yellow solution although the drug was incorporated.
Phase separation did not occur. Furthermore, the drug precipitation was not shown.
After autoclaving, the results were similar to the microemulsion without diazepam
that the preparations containing polyethylene glycol 400 as cosurfactant showed clear,

transparent, and one-phase yellow solution. Both microemulsions containing two
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levels of drug did not show any drug precipitation. For the preparations containing
glycerin as cosurfactant, phase separation occurred in microemulsions containing
diazepam of both concentrations. The upper phase was clear, yellow solution and the
lower phase was clear, colorless solution. There was no drug precipitation in the
microemulsions. Although phase separation occurred during the sterilization process
in the tween 80:glycerin systems, the preparations recovered to one-phase

microemulsions by gently shaking for a few seconds.

2.3 Refractive index
The refractive 1 parations are shown in Table 10
and Appendix C. n the refractive indices of
o of 1:1.5 were 1.4478, 1.4389,

\
0,'and T1 G1.5 O4, respectively.

\ he
concentration 5 mg/ : ref \« ; \
slightly changed. The SRS Eae8 off 14396 to 1.4490. Low refractive
indices were correspondi ‘r" d f{6ta_Fomnulation T1 G1.5 06 D5 and T1

microemulsion in
and 1.4473 in Fo
The Formulation T iazepam was incorporated at

mdices of all formulations were

G1.5 06 D10. In considera 'c: (UCT ilsion compositions, these formulations
with low refractive indieeS™ Had “fore a wateg in formulation than other

microemulsions it 1 ':r f tween 80:glycerin to 1:1,
results. Formulations T1 G1

1l
06, T1 G1 06 D5 eﬁd T1 G1 06 D10 had the low r@racnve indices and contained

e FT"UETTVT’EJ NINYNG
mdla I(ﬁ‘w'e'ei‘)l é) iﬁﬁ ﬁene dlycol 400 s 'j stém at th Q ﬂ} ﬁ!ﬁwghe ;ﬁ:t:::

drug \sas loaded in microemulsions, the refractive indices were slightly different.
Formulations T1 P0.7 06, T1 P0.7 06 DS, T1 P0.7 06 D10, T1 P0.7 O4, T1 P0.7 O4
D5 and T1 P0.7 O4 D10 which had more amount of water in formulations had low

the refractive 1ndlc

refractive indices of about 1.43. Similar results to tween 80:polyethylene glycol 400

system at the ratio of 1:0.5, the refractive indices of drug-free microemulsion were
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Table 9 The physical appearances of the microemulsions with and without

diazepam both before and after sterilization by autoclaving.

. Macroscopic observation
Formulation " -
Before autoclaving |  after autoclaving
T1 G1.5 08 * ok
T1 G1.5 08 DS * e
T1G1.508 D10 * *%
T1 G1.5 06 * e
T1 G1.5 06 D5 * o
T1 G1.506 D10 * =
T1 G1.5 04 o
T1 G1.504 D5 *E
T1G1.504 D10 i
T1G1 08 i
T1 G1 O8 D5 i
T1 G1 08 D10 * %
T1 G106 ¥
T1 G1 06 D5 oE
T1G1 06 D10 4 & ok
T1 G1 04 o
T1 G1 04 D5 ok
T1G104D10 & F " Lvaiggy i
T1P0.7 08 i *
T1P0.7 O8 D5 *
T1P0.7 08 D10 A
T1P0.7 06 *
T1P0.706 D ;,7 — *
T1P0.706 D102, *
T1P0.7 04 I *
T1P0.7 04 DS ¢ o o *
T1 P0.7 O4DA0y g 1 ~ o a *
T1P0.5O8| Ld [ ilp *
T1 P0.5 O8ID5 * %
R @ *
,,,,, ~mr f Moy Pl
o] AN TFINTE TR B
T1 RO.S * =
T1P0.5 06 D10 * *
T1P0.5 O4 = *
T1 P0.5 04 D5 * *
T1P0.504 D10 i =
* = clear, transparent, one-phase yellow solution
**# = two-phase separation (upper phase-yellow solution, lower phase-clear,

colorless solution) but recovered to one-phase by gently shaking
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Table 10 The pH, viscosity, and refractive index of the investigated microemulsions.

pH Viscosity* Refractive
Formulation before after (cps) Index*
autoclaving | autoclaving | (mean+SD) (mean+SD)
T1 G1.5 08 7.06 6.81 813.29+2.86 | 1.4478 +0.0008
T1 G1.5 O8 D5 7.45 7.12 979.07+4.74 | 1.4490 + 0.0002
T1 G1.508 D10 7.14 7.11 1062.03 + 6.30 1.4483 + 0.0006
T1 G1.5 06 7.08 7.09 365.04 +5.84 | 1.4389 +0.0008
T1 G1.5 06 D5 6.96 431.83+1.34 | 1.4396 + 0.0006
T1 G1.506 D10 7. 522.18 + 3.83 1.4397 + 0.0002
T1 G1.5 O4 725.27 +3.32 1.4473 £ 0.0003
T1 G1.504 D5 854.31 £5.31 1.4480 + 0.0002
T1 G1.504 D10 940.33 £ 4.04 1.4468 + 0.0002
T1 G1 08 085.44 +4.19 1.4494 + 0.0008
T1 G1 O8 D5 32+3.68 1.4496 + 0.0002
T1 G1 08 D10 234,68+ 5.56 | 1.4491 £ 0.0003
T1 G106 948.68 + 4.42 1.4385 + 0.0004
T1 G1 06 D5 UO8.88 + 3.66 1.4395 £ 0.0006
T1G106D10 4 £16); " 843+ 6.50 | 1.4398 + 0.0008
T1 Gl O4 1052.66+2.63 | 1.4491 £ 0.0003
T1 G1 04 D5 1145.26 + 6.79 1.4487 + 0.0002
T1G104D10 | fFf 76" 58~ ily0 61.92+4.53 | 1.4490 + 0.0003
T1P0.7 O8 705.55 £ 6.37 1.4493 + 0.0004
T1 P0.7 O8 D5 770.98 + 6.43 1.4479 + 0.0004
T1P0.7 08 D10 848.85 +3.68 1.4486 + 0.0005
T1P0.7 O6 46001 + 4.02 1.4394 + 0.0008

T1P0.7 06 DSk 704 g gy S h14 1 5 95 | 14397+ 0.0009
T1P0.706DIG A 683 352000 + 3.33 | 1.4384 + 0.0004

T1P0.7 04 .| : 4%59 +1.43 | 1.4394 +0.0006
T1 P0.7 04 D5 6.75 5%4.31+4.81 | 1.4384+0.0007
T1P0.704D10 | ¢ 7.24 652.65+4.06 | 1.4396 + 0.0009
T1P0.50 . ﬁw m 43 1.4479 + 0.0002
T1P0.5 oﬂ;u J ’Em E qﬂ 1.4490 + 0.0003
T1 P0.5 08110 7.11 6.74 1142.06 +3.32 | 1.4489 + 0.0003
1 0. 6 4377 +0.0010
i@%ﬁ \a ﬂéﬁ m l] ﬁ%-] ﬁ%i H.4377 +0.0007

Sl 91569+ 4.90 1.4380 + 0.0003

Tl P0.5 04 6.55 6.07 723.75+4.85 | 1.4381 +0.0005
T1 P0.5 O4 D5 6.87 6.52 877.59+3.40 | 1.4378 +0.0003
T1 P0.5 04 D10 7.17 7.08 919.05+ 6.25 | 1.4382 +0.0005

*

= average from three determinations
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in the range 1.4381 to 1.4479. When diazepam was incorporated at concentration of 5
mg/ml and 10 mg/ml, the refractive indices were slightly changed. The low refractive
indices were obtained from Formulations T1 P0.5 O6, T1 P0.5 O6 D5, T1 P0.5 06
D10, T1 P0.5 O4, T1 P0.5 O4 D5, and T1 P0.5 O4 D10, which had more amount of
water than other formulations. From the above investigation, the refractive indices of
microemulsions were decreased when increasing the amount of water in formulation.
When diazepam was incorporated the refractive index of microemulsion was slightly

changed.

2.4 Viscosity

W \_R: d without drug are shown in
Table 10 and in Ap ’ out diazepam, the viscosities
®ratio of 1:1.5 were 813.29,

e of oil from 8 to 6 and 4%

of microemulsions+6t
365.04, and 725.27 ¢
w/w, respectively. but decreasing the ratio of

surfactant:cosurfactant j of imicroemulsions were 1085.44,

948.68, and 1052.66 cps, fflespeetively “@empariSon in surfactant:cosurfactant ratio
A e . .
revealed that the viscosity of 'mucroen :5» as not increased when increasing the
. IR
amount of oil phase as.shoWe 1 Forrmu 1.5,06 and T1 G1 06. At the

equal amount of n:-rf'“""-_'"_—fw—'—} sty of system at the ratio

ow .@ Figure 10.

. ¢ T
400 systems aﬂt Sitatio of¥1:0. c at 1la 1"P0.7 O8 has the highest
viscosity, which was 705.55. The "iscosiiﬁ/decnﬂsed to 460,01 452.59 cps when

decr@abinhihe pERNEE oot oIt ) riebsively D ¥ microcmulsions

at the ?atio of surfactant:cosurfactant 1:0.5, the viscosities of Formulations T1 PO.5

08, T1 P0.5 06, and T1 P0.5 04 were 963.99, 774.28, and 723.75 cps, respectively.

of 1:1 was higher t mt ¢

Thes’e results showed that within the same surfactant:cosurfactant ratio, the viscosity
of microemulsions was increased when the amount of oil phase increased as shown in
Figure 10. At the equal amount of oil in tween 80:polyethylene glycol 400 systems,
the viscosity of system at the tween 80:polyethylene glycol 400 ratio of 1:0.5 was
higher than that at the ratio of 1:0.7.
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A without DZP Owith DZP 5 mg/ml (D5) B with DZP 10 mg/ml (D10)
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Figure 10 The Is \ ith and without diazepam.
‘ £ = :_ . . .
In tween 80:glycerin Systems, theWasc0sity of drug loaded microemulsions at
TR
3 4 i S ” .
the ratio of surfactant:cosurfactant t: 15 incr hen the drug was incorporated as

shown in Figure 1Qi—Fhe-viscosities-oi-Formmuiai ,:-’J 1.5 O8 D5, T1 G1.5 06

D5, and T1 G1.5 O4D5, am atithe concentration of 5 mg/ml

were higher than the formulation without diazepam. urthermore, the viscosities of
Formulation ‘ﬁ i | G1.5 04 D10 which
containing d ﬁlzjco ﬁﬁm ' m(:m'ﬁm the formulation with
lower amount of drug at the equdl amount of ik Simil es were obtained in
micra'nm(’);] atﬁlm ;muw&gmﬂtﬁtﬁf Increasing the
conceraration of drug from 5 mg/ml to 10 mg/ml, the viscosity of microemulsions was

increased.

The viscosities of microemulsions in tween 80:polyethylene glycol 400 system
at the ratio of 1:0.7 increased when the drug was incorporated as seen in Figure 10.

The viscosities of drug-loaded microemulsions at concentration 5 mg/ml in
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Formulations T1 P0.7 O8 D5, T1 P0.7 O6 D5, and T1 P0.7 O4 D5 were higher than
the corresponding formulations without diazepam. Furthermore, the viscosities of
Formulations T1 P0.7 O8 D10, T1 P0.7 O6 D10, and T1 P0.7 O4 D10 which
containing higher drug concentration were higher than the formulation of the lower
drug concentration. The viscosities of tween 80:polyethylene glycol 400 system at
ratio of 1:0.5 in Formulations T1 P0.5 O8 D5, T1 P0.5 O6 D5, and T1 P0.5 O4 D5
~were 1043.35, 834.69, and 877.59 cps, respectively. And the viscosities of
Formulations T1 P0.5 O8 D10, T1 P0.5 O6 D10, and T1 P0.5 O4 D10 were 1142.06,

915.69, and 919.05 cps, respective results were similar to those from the

microemulsions at the raiio of surf ctant 1:0.7 that the viscosities of

\ \ g'in tween 80:glycerin systems

% 001400 systems except Formulation

N
\\

preparations.

The viscosi
were mostly more t

T1 G1.5 O6 that had ywfor microemulsions containing

drug, the viscosities o ] ’ﬂ'f- m§ were mostly more than tween

80:polyethylene glycol 40 J}L excepto \ ations T1 G1.5 O6 D5 and T1 G1.5
Fi o

06 D10 which had viscosity lowerthain o ormulations.

From the y S, t-cotid -be-cone """"""":E“ 1scosity of microemulsions
: A

A

was increased when e d . @addition when the amount of

diazepam increased om 5 mg/ml to 10 mg/ml, the viscosities were markedly

- ) o} (121 1) ﬂmmf’ﬁ‘fﬁf .
80: polyeitﬁlene é ycol 400 ‘Sjysiu l] VI ,_] '-J VI EI l_] a El

V5pm

The pH’s of microemulsions are shown in Table 10 and Figure 11. Before
autoclaving, the pH’s of microemulsions in tween 80:glycerin systems without drug
were varied in the range 6.95 to 7.19. After autoclaving, the pH were decreased in all
preparations to the range 6.77 to 7.09. Formulation T1 G1.5 06 had the highest pH
while the Formulation T1 G1 O4 had the lowest pH. In tween 80:polyethylene glycol
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400 systems, the pH’s of microemulsions before autoclaving were varied in the range
6.55 to 6.91. After steam sterilization, the pH were decreased in all preparations to
the range 6.07 to 6.41. Formulation T1 P0.7 O4 had the highest pH while the
Formulation T1 P0.5 O4 had the lowest pH.

In tween 80:glycerin systems, the pH’s of drug-loaded microemulsions at the
concentration 5 mg/ml before autoclaving were mostly higher than those without

drug, except Formulations T1 G1.5 06 D5 and T1 G1 O4 D5 which pH were

were increased in all prepagaf s 1S AmSC14 to 7.26 when compared to those
ulsmns containing two levels of

s Similar results were obtained

from tween 80:polye orporatlng diazepam into the
systems increased

drug concentrations

’s of all preparations were

decreased.

The pH was sta significan : cased (p<0.05, tested by two tailed

paired-sample T test) aftegfauto }C g ) Figure 11. And the preparations
containing diazepam show Gar—x oh “than the drug-free microemulsions.
Furthermore, the pH of.# mostly higher than the tween

80:polyethylene g "ﬁ,’_i‘._':fft_; vstems

Iy

2.6 Particle siz¢ and shape

ﬂuEJ’JT’IEJVI‘iWEJ’]ﬂ‘i

Walidation of comp?enzed program

AN 258 49103)

erized program was per%lrmed on three groups of

particles. Each group composed of 50 particles. The results are listed in Table 11
which shows no statistical significant difference between the measurement by
computerized program and precalibrated vernier on the particle diameter tested by 2
tailed paired-sample T test (p>0.05). The statistical evaluation is shown in Appendix

F. Consequently, accurately particle diameter could be obtained from this program.
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Figure 11 Comparison of the pH of microemulsions both before and after autoclaving.
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The particle sizes of the microemulsions determined by TEM are listed in
Table 12. Figures 12 to 75 show the TEM photomicrographs and particle size
distribution of each formulation both before and after autoclaving. The mean particle

diameter of each preparation was compared in Figures 76 and 77.

Tween 80:glycerin system at the ratio of 1:1.5

The TEM photomicrographs of microemulsions without diazepam and particle

size distribution of formulatl i 80:glycerin system at the ratio of 1:1.5
before autoclaving are showas ”’V 6, 17, 20, and 21, respectively. The
: ""*“,. THGI. ﬁlﬁ O6 were spherical particles
Ol Lorft 1rregular shape. Furthermore,
ons T1 G1.508 and T1 G1.5
O4 while particle siZ€ disfripldoR ¢ & - .5 06 was narrow than that

shape of particles in Fe

whereas particle shap€

wide particle size d

of Formulations T1 G5 ©8and est particle size was obtained

from Formulation T1 &1.5 e mean particle diameter was
increased in all formulationgas'sk '\. The TEM photomicrographs of
these formulations are shown i | 22 and particle size distribution is
shown in Figures 15, 19, and' ations produced spherical particles with
wide particle size distrib

When diaze 1ameter of Formulations T1
G1.5 04 D5 and TI‘EUS 04 D10 was 84.65 and 83.31 nm after autoclaving. Similar

formulation i ﬁ >&s1zes as shown in Figure
76. But st @‘u‘ﬂ’al iﬂa ﬂﬂal sigrificant difference in mean
particle diameter of these formulafions ste test). The TEM
photal %’I}m n“;m %‘f‘gmﬁiﬁl 5 04 D5 and

Tl Gl 04 D10 are illustrated in Figures 24 to 27. They exhibited spherical particles

in both formulations. Wide particle size distribution was obtained in Formulation T1

G1.5 O4 DS whereas Formulation T1 G1.5 04 D10 had narrow size distribution.
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Figure 12 The TE lation T1 G1.5 O8 before

l-_- r d ,'\
autoclayigie n froft P ’ r\‘: t to 33.33 nm).
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& 15.00
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Particle size (nm)

Figure 13 Particle size distribution of Formulation T1 G1.5 O8 before autoclaving.
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Table 11 Comparison of the particle diameter obtained by a computerized program

and precalibrated equipment.

Particle size Particle size Particle size Particle size
(mm¥*) (mm¥*) (mm¥*) (mm¥*)

a b a b a b a b
297 | 299 2.45 2.41 2.96 2.99 2.54 2.52
3.38 3.41 2.87 2.80 3.98 4.01 2.77 2.74
2.41 2.45 3.85 3.90 2.45 2.44 3.48 3.50
2.95 2.99 3.01 2.95 2.97 2.99 4.01 3.96
3.48 3.50 3.49 3.50 3.11 3.07 3.64 3.60
4.01 3.97 2.78 A7 3.25 3.33 3.13 3.10
3.18 3.04 1.97. 33 3.48 2.41 2.47
2.96 3.01 ) 2.66 4.44 4.51
2.96 2.96 2 2.50 1.96 1.99
2.97 2.99 . 4. 2.00 4.12 4.10
4.12 4.11 %7 2.48 2.99 3.00
2.99 3.01 O 2.44 2.84 2.81
3.98 4.02 3 4.10 2.34 2.33
2.55 2.53 - .99 3.46 3.44
2.97 3.02 3.52 2.18 2.12
3.07 3.02 ' 133 2.94 3.18 3.24
2.67 2.67 38 : 3.01 2.96 3.01
3.58 3.54 {0 a3, 4.08 1.97 1.98
3.50 3.55 . 0 3. 3.34 2.47 2.50
2.95 2.99 F 3. .02 3.00 4.41 4.47
3.91 3.87 0= .05 2.07 2.11 2.10
2.08 2.03 3.0 249 4 2.75 2.57 2.52
2.28 2.24™ 99 2.67 2.66
3.90 3.8% 361 1 350 1 2z 6 3.03 3.00
2.67 2.61 .02 2.56 2.53
3.12 3.10 2.7 , 47 2.51 3.01 3.00
3.56 3.50 223 2.18 2.97 2.99 1.98 2.01
4.08 04 |7 569 0Z 5 o B3ul 1.97 1.99
2.17 . 3,14 ) 5041 228 2.25
348 | "&s 359" 54 3.9 403 | 222 2.25
3.33 3.27 411 | #.08 348 3.52 |05 2.01

. 3 3 3.00

2. | 22 . 21 2710 T8 3.10
3.1 3.06 3.25 3.22 3.33 3.25 3.25 3.21
3.06 3.04 4.08 4.01 4.44 4.43 3.59 3.53
3.57 3.52 2.45 2.50 4.17 4.12 2.44 2.42
3.48 3.50 2.87 2.96 3.86 3.79 - -
4.09 4.03 3.11 3.11 3.10 3.14 2 -

a = The results obtained from computerized program.

b = The results obtained from precalibrated equipment (digital vernier).

* =1 mm that measured from TEM photomicrographs equivalent to 33.33 nm.
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Figure 14 The v ‘ h ulation T1 G1.5 O8 after
autoclaVing . fienpichmetequivalent to 33.33 nm).
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Figure 15 Particle size distribution of Formulation T1 G1.5 OS after autoclaving.
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Figure 17 Particle size distribution of Formulation T1 G1.5 O6 before autoclaving.
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ulation T1 G1.5 06 after

_‘;‘l to 33.33 nm).
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Figure 19 Particle size distribution of Formulation T1 G1.5 O6 after autoclaving.
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Figure 20 The TBM phoinficrograj & Bormulation T1 G1.5 04 before
autoclav n " .;r eq) *.\-: L to 58.82 nm).
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Figure 21 Particle size distribution of Formulation T1 G1.5 O4 before autoclaving.
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Figure 22 The TE mulation T1 G1.5 O4 after

autoclavigg ) f 7 7 equiy to 58.82 nm).
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Figure 23 Particle size distribution of Formulation T1 G1.5 O4 after autoclaving.
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plation T1 G1.5 O4 D5 after
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Figure 25 Particle size distribution of Formulation T1 G1.5 O4 D5 after autoclaving.
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Figure 26 The T u nulation T1 G1.5 O4 D10 after

W,

autoclaifg § itture ‘ ent to 33.33 nm).
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Figure 27 Particle size distribution of Formulation T1 G1.5 O4 D10 after

autoclaving.
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Tween 80:glycerin system at the ratio of 1:1

Figures 28, 32, and 36 illustrated the TEM photomicrographs of drug-free
microemulsions before autoclaving that the shape of particles of all formulations was
spherical. The particle size distribution of these formulations was wide as shown in
Figures 29, 33, and 37. The mean particle diameter was 67.88, 68.09, and 62.51 nm
bin Formulation T1 G1 08, T1 G1 06, and T1 G1 O4, respectively. After autoclaving,
their mean particle diameters were 76,69, 72.54, and 67.16 nm, respectively. It was

found that the mean particle ‘diame of Jall formulations was increased after

autoclaving as shown in Figure otomicrographs revealed spherical
and 38. The particle size of all

_a res 31, 35, and 39.

particles in all formulats

formulations showed Wide g

In drug-loadéd mi€roénfiuSions; : o omicrographs of Formulation
T1 G1 O4 D5 and D | Ovafter autoc -
They were spherical paficl€s 1tﬁ vide; ) \\

of Formulations T1 G1 @4 - D10.was 65.49 and 68.74 nm. The

e shown in Figure 40 to 43.

The mean particle diameter

mean particle diameter of #D5 was smaller than Formulation

: . s
T1 G1 O4 while Formulation=3-G1-04
AT

Figure 76. Howeyer, resulfs Showed' L significant difference in mean

U was slightly increasing as shown in

SV G POTSS: I . W e\ § & E—"—

particle diameter q; eq DY A E" ,

Tween 80: pogethylene glycol 400 system at the ratio of 1:0.7

 FUEANANINGIND .. ..... .
oy @RI iy Tt

45, 48, 49 50, and 53. The largest particle size was obtained from Formulation T1
P0.7 O8. After steam sterilization, the results revealed that particles size were
increbased in all formulations as illustrated in Figure 77. The TEM photomicrographs
of these formulations are shown in Figures 46, 50, and 54. The shape of particle in all

formulations was spherical and particle size distribution was wide as seen in Figures

47,51, and 55.
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Figure 28 The TEM ghafoficrog: Mulation TI G1 O8 before
autoclayihg @ nfin frot pictre cduivalent to 33.33 nm).
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Figure 29 Particle size distribution of Formulation T1 G1 O8 before autoclaving.
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Figure 31 Particle size distribution of Formulation T1 G1 O8 after autoclaving.
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@

pulation T1 G1 06 before
[ to 58.82 nm).

Figure 32 The T#EW

autoclavifig
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Figure 33 Particle size distribution of Formulation T1 G1 O6 before autoclaving.
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Figure 34 The T Formulation T1 G1 06 after

autoclavil v frow pic Julvalent to 58.82 nm).
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Figure 35 Particle size distribution of Formulation T1 G1 O6 after autoclaving.
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Figure 36 The lation T1 Gl O4 before

autocla in ' I.x tto 33.33 nm).

THugAnenswehng

15.00

%Frequency

s saiunAingnat

1.00 10.00 100.00 1000.00

Particle size (nm)

Figure 37 Particle size distribution of Formulation T1 G1 O4 before autoclaving.
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Figure 39 Particle size distribution of Formulation T1 G1 O4 after autoclaving.
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Figure 41 Particle size distribution of Formulation T1 G1 O4 D5 after autoclaving.
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Figure 42 The TE
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Figure 43 Particle size distribution of Formulation T1 G1 O4 D10 after autoclaving.
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When diazepam was added, the mean particle diameter of Formulations T1
P0.7 O4 D5 and T1 P0.7 O4 DI0 after autoclaving was smaller than drug-free
microemulsion at the equal amount of oil as shown in Figure 77. The statistically
evaluation showed statistical significant difference in mean particle diameter (p<0.05
tested by ANOVA test). Figures 56 to 59 exhibit the TEM photomicrographs and
particle size distribution of each formulation. There were spherical particles and

particle size distribution was wide.

Tween 80:polyethyle ‘ tem at the ratio of 1:0.5

Z

Before autoclavi 'EM¥phote graphs of microemulsions without
and«68

; 68 th x\ of Formulation T1 P0.5 O8
0// 1P %\5\\\:\ P1 04 were of both irregular

gEmulaiions 1130508 and T P0.5 06 have wide particle

),
3

drug were shown in cs5060

was spherical whilé"Forg

and spherical shape

size distribution had narrow particle size

0

distribution as illustratéd i puresfo iy fhe particle size of Formulation

ah_a-, !

T1 P0.5 O6 showed theflar, &- ive [ter autoclaving, the results showed

s
increasing of the mean parficle disméter id¥all formulations as seen in Figure 77. The
. . | A .
spherical particle was obtaln ormHations as illustrated in Figure 62, 66, and
. . N1 e . .
70. Particle size distrib T Was -wide ation.T1 P0.5 O8 while narrow

particle size dist V% 511 P0.5 06 and T1 P0.5 04

¢
The &ﬁlﬂz’mj’ ; .01 mations T1 P0.5 04 D5
and T1 Po.m , h¥contain ’ at entration 5 mg/ml and 10

mg/ml, was 46.18 and 53.64 nfi. The meafinparticle g,i]a Ej)f drug-loaded
a ei

micyigork G Shflrdtbdr et m b ik

There Were statistical significant differences in their mean particle diameter (p<0.05,

as seen in Figures 6 ‘.jl. .

d in Figure 77.

tested by ANOVA test). The TEM photomicrographs and particle size distribution of
the formulations illustrated in Figures 72 and 74. The shape of particles in
Formulation T1 G1 O4 D5 was spherical particle while the shape of particles in
Formulation T1 G1 O4 D10 was irregular and particle size distribution was narrow in

both formulations as seen in Figures 72 to 75.
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From the above investigation, the results did not clearly show the effect of the
amount of oil on the particle size. In comparison of the mean particle diameter
between before and after autoclaving exhibited that there was statistically different in
the mean particle diameter tested by 2 tailed paired-sample T test (p<0.05) and
statistical evaluation was showed in Appendix F. After autoclaving, the mean particle
diameter of all preparations was increased. When diazepam was incorporated, it was
found that the mean particle diameter after autoclaving in tween 80:glycerin systems
showed no statistical significant difference (p>0.05) whereas in tween

80:polyethylene glycol 400 s - tistical significant difference (p<0.05)

Comparison be¢

For tween 8@%¢ly; / \\ . S4a . fter autoclaving at the equal
g1 pa 3 ’\\ '-

ant:cosurfactant 1:0.5 were smaller than

" amount of oil, the ions without diazepam at the

i.

than those of 1:1.5 as seen Figure

ratio of surfactant:cosufffag

76. In tween 80:polyet ,‘ mean particle diameter of drug-

free microemulsions at t
those of 1:0.7 as shown 1n is study, the result indicated that the
diameter of particle de ant:cosurfactant weight ratio was

increased.

T )

I
Comparlsmﬂetween surfactant: cosurfactan system

%u H‘g nﬂ m ‘; m ﬂ’m jtween 80:polyethylene

glycol 400 systems both before dhd after autoelaving showed @Hat microemulsions
conta ﬂr}-ay}%ﬂl@m)u %’R %ﬁﬂa‘r.t]cas %Imostly smaller
than m‘lcroemulsmns containing glycerin as cosurfactant. From this investigation, the
result revealed that microemulsions using polyethylene glycol 400 as cosurfactant

produced smaller particle than those using glycerin as cosurfactant.
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Figure 44 The T lation T1 P0.7 O8 before
autoclavigf (#mh frofh i eht to 33.33 nm).
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Figure 45 Particle size distribution of Formulation T1 P0.7 O8 before autoclaving.
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Figure 47 Particle size distribution of Formulation T1 P0.7 OS after autoclaving.
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lation T1 P0.7 O6 before

Figure 48 The TE) ‘ erapft of |\t
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Figure 49 Particle size distribution of Formulation T1 P0.7 O6 before autoclaving.
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Figure 50 The TE ulation T1 P0.7 O6 after

autoclavigl (I8 i1 piCture ¢ to 58.82 nm).
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Figure 51 Particle size distribution of Formulation T1 P0.7 O6 after autoclaving.



86

® - 2 = -9 o =
. . ) ’ £l . o
@ " ® - y El $ sy
-
) e A B ol
] Py : g
$ b e . * ® ‘
L #
P . 4
s ) y E>
@ ' .-9°
} r .‘ , L
- | e
Figure 52 The T of the E miulation T1 P0.7 O4 before
to 33.33 nm).
35.00
30.00
25.00 |
? 20.00 - i!-
E 15.00Q ‘_f-' U
*SUBAINENT N3
10.00 {4
500 ‘ L] L L L]
qwo 7 1 el .‘-_.l‘ | b)
q 1.00 10.00 100.00 1000.00
Particle size (nm)

Figure 53 Particle size distribution of Formulation T1 P0.7 O4 before autoclaving.
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Figure 54 The TEM g -'__- \ the, ompulation T1 P0.7 O4 after

autoclavigg Nt to 33.33 nm).
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Figure 55 Particle size distribution of Formulation T1 P0.7 O4 after autoclaving.
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Figure 56 The TEM' pido 1 the ati .7 04 DS after
autoclaving (1
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Figure 57 Particle size distribution of Formulation T1 P0.7 O4 D5 after autoclaving,
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Figure 58 The TEM p togtaphl off the Fotmulition T1 P0.7 04 D10 after

autoclaving ( froptpc ivalentto 33.33 nm).
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Figure 59 Particle size distribution of Formulation T1 P0.7 O4 D10 after autoclaving.
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Figure 61 Particle size distribution of Formulation T1 P0.5 O8 before autoclaving.
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Figure 62 The T lation T1 P0.5 O8 after

autoclavafig alentto 58.82 nm).
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Figure 63 Particle size distribution of Formulation T1 P0.5 O8 after autoclaving.



Figure 64 The TE lation T1 P0.5 O6 before
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Figure 65 Particle size distribution of Formulation T1 P0.5 O6 before autoclaving
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nulation T1 P0.5 Q6 after
to 33.33 nm).

Figure 66 The

autoclaving
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Figure 67 Particle size distribution of Formulation T1 P0.5 Q6 after autoclaving.
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Figure 69 Particle size distribution of Formulation T1 P0.5 O4 before autoclaving.
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Figure 70 The TEMF plibtd oraph of \the ulation T1 P0.5 O4 after

autoclavi i 11 Pigt ¢ ‘-l\ 33.33 nm).
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Figure 71 Particle size distribution of Formulation T1 P0.5 O4 after autoclaving.
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Figure 73 Particle size distribution of Formulation T1 P0.5 O4 D5 after autoclaving.
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Figure 75 Particle size distribution of Formulation T1 P0.5 O4 D10 after autoclaving.
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Table 12 Mean particle sizes of the microemulsions before and after autoclaving.

¢ -9
L Thti arhatero fithi 3i6Tis" Wa §ld316 0
AR IR N T NeAR Y

. before and after autoclaving.

Mean particle diameter * (nm)
Formulation before after
- SD SD
autoclaving autoclaving
T1 G1.5 08 90.03 23.01 96.86* 25.87
T1 G1.506 85.78 19.79 88.25* 26.32
T1 G1.5 04 88.31* 21.18
T1 G1.504 D5 84.65 29.15
T1 G1.504 D10 83.31 17.56
T1 G108 76.69%* 22.44
T1 G1 06 72.54%* 23.88
T1 G1 04 67.16* 25.38
T1 G1 04 D5 65.49 18.68
T1 G1 04 D10 68.74 23.07
T1 P0.7 O8 77.83* 22.83
T1 P0.7 O6 67.42% 21.72
T1P0.7 O4 67.14* 27.51
T1 P0.7 04 D5 56.26 21.09
T1P0.704 D10 _ 59.52 17.91
T1 P0.5 C8 j o ——— ASE 59.43% 23.19
TIPO.5S06 = 2 59.52% 15.82
T1 P0.5 O4 il 48.98 10.4 58.13* 17.34
T1P0.5 04D ¢ al A R 146.18 13.92
| T1 P05 oﬁu EJ ran ELYI 5 ﬂ’] ‘553.64 12.98
o
particles.

eter between
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Figure 77 Comparison of the mean particle size of microemulsion in tween
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2.7 In vitro drug diffusion
The diffusion profiles and the percentage of drug diffusion at different time
interval of commercial diazepam injection and diazepam microemulsions illustrated

in Figures 78-87. And raw data are described in Appendix E.

The commercial product, diazepam injection (10 mg/ 2 ml)

The commercial produst,\didz€pam injection (10 mg/ 2 ml) was used to
compare in the drug diffusion stud in Figure 78 and 79, the amount of
drug diffusion from comimereial 1 — 4 hours was rapid. The amount of
g. After the fourth hour, the

amount of drug diffus 4564, \The amoni rug diffusion in 48 hours was

The diffusion prgfile ; diazepain oemulsion of tween 80:glycerin

system at the ratio of 1:1.5 art viinEglres 80 and 81. The results showed that
. A Z I

the drug diffusionsfrom fornulatiohs’ ed.

the drug diffused to receptor
compartment les éf :’,g ons containing diazepam at
the concentration 5 80, Oi;J1 ulation T1 G1.5 O4 D5 has
more amount of drug ‘ghffuswn than Formulatlons T1 G1.5 06 D5 and T1 G1.5 08

SN 0751071 (121 R 1 T
Bh @ Kbt b iRl Y i

d1ffus1on in 48 hours were 1.721, 1.521, and 1.353 mg, respectively. From these
resu_lts, the amount of drug diffusion increased when the amount of oil in formulation
decreased. Furthermore, comparison between microemulsions at the equal amount of

oil showed that the amount of drug diffusion increased when the concentration of

drug in formulation was increased.
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Figure 79 The percentage of drug diffusion from commercial diazepam injection at

different time interval.
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Figure 81 The percentage of drug diffusion from diazepam microemulsions

containing 1:1.5 of tween80:glycerin at different time interval.
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Comparison the diffusion profiles between Formulations T1 G1.5 O8 D5 and
T1 G1.5 O8 D10 in Figure 81 showed that the diffusion profiles were no statistically
significant difference in the diffusion pattern (p>0.05, tested by 2 tailed paired-sample
T test). Similar results were obtained in Formulations T1 G1.5 O6 D5 and T1 G1.5
06 D10, and Formulations T1 G1.5 O4 D5 and T1 G1.5 04 D10 that the diffusion
profiles were no statistically significant difference in the diffusion pattern (p>0.05).
The results of statistical evaluation are shown in Appendix F. These results indicated
the formulations which containing
mg/ml at equal amount of oi I statistically significant difference in the
diffusion pattern (p>0.05) | }

epam at concentration of 5 mg/ml and 10

=

-. atlons T1 G1.5 O8 D5 and T1
\ \ odel as shown in Table 13. In
f L \\\ . -. 1 G1.5 06 D10, the highest
.r. a o model. While the highest

h 4"DI10 was obtained from Weibull

The highest corrglatits /
G1.5 O4 D5 was obtainedl [0y r
Formulations T1 GT.5 @ . 1
correlation coefficig airl
JE.

correlation coefficienof Foxy !\n' G

L r
AS FO

model. From these resilts t e oncluded that the drug diffusion kinetic of

diazepam microemulsiong¥in -;- eringi system at the ratio of 1:1.5 was

Tween 8 l;— E"

0 7]

The diffusion profiles in Figure 82ghowed that Formulation T1 G1 04 D5 had

the highest ﬂ ﬂ Elir’u} %ﬂﬂ@%ﬁﬂrﬂt@s T1 G1 06 D5 to T1

Gl 08 DS, rédpectively. At mghir drug concentratlon of 10 mgml the amount of

fﬁoﬁmﬁj m WO ]vd@l’?! ﬁn{?’atlon T1 G1 06
D10 respectiv he results indicated that the amount of drug

diffpsion increased when the amount of oil in formulation decreased. Furthermore, at

the equal amount of oil, microemulsions containing higher drug concentration had
more amount of drug diffusion than microemulsions containing lower drug

concentration.
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The percentage of drug diffusion from diazepam microemulsions of this
system was illustrated in Figure 83. The diffusion profiles between formulation
containing diazepam at concentration Smg/ml and 10 mg/ml at the equal amount of
oil seemed to be similar. There was no statistically significant difference in their
diffusion pattern (p>0.05, tested by 2 tailed paired-sample T test). These results were
similar to microemulsions in tween 80:glycerin system at the ratio of 1:1.5. The

results of statistical evaluation are shown in Appendix F.

Formulations T1 G1 Q8 \ 08 D10, and T1 G1 06 D5 had the

highest correlation coefficient when (rediea G’ Weibull model as shown in Table
. | — 4

13. While Formulatiom =06 D10, T 94°D5, and T1 G1 O4 D10 had the

highest correlation coeffics \\\- cube root model. From these results

indicated that the . 51ons in T80:Gly system at the

ratio of 1:1 was fitt b del an '- bull model.

Tween 80:pol ‘ . em at the ratio of 1:0.7

Figures 84 and 8 profiles of diazepam microemulsion

in this system. The amount of+ all fermulations was less than 20% in

48 hours. The emulsigns containing lower drug
concentration as kijﬂ fHieJamount of drug diffusion
decreased from For@lation T7O4PS50 | orm@tion T1 P0.7 O6 D5 and T1
P0.7 O8 D5, respectiyely. The amoung, of drug diffusion in 48 hours of these

e DR AYEIGR G corin

drug concentf@tion, the results were similar to the lower drug concentratlon that the

MR PN 101 ki
decre n Fornulati to T1 D10.” The amount of drug

dlffpsmn in 48 hours of these formulations was 1.893, 1.532, and 1.333 mg,
respectively. The results indicated that the amount of drug diffusion increased when
decreasing the amount of oil in formulation. Furthermore, microemulsions which
containing higher drug concentration had higher amount of drug diffusion than lower

drug concentration at the equal amount of oil.
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Comparison the diffusion profiles between drug loaded microemulsions both
concentrations of drug at the equal amount of oil in Figure 85, indicated that there
were no statistically significant difference in the diffusion pattern (p>0.05, tested by 2
tailed paired-sample T test). The results of statistical evaluation are shown in
Appendix F. The highest correlation coefficient was obtained from Weibull model as
exhibited in Table 13. From the results, it could be concluded that the drug diffusion
kinetic of microemulsions in tween 80:polyethylene glycol 400 system at the ratio of
1:0.7 followed Weibull model.

Tween 80:polyet at the ratio of 1:0.5

Figures 86 an ‘ 16 ision : ; les of microemulsions in tween
80:polyethylene glyc _' f \\\ re 86 revealed that the diffusion
06, '?\,}\\ ' 08 D5, respectively. Similar
¥ %\ \ ug concentration. The amount of

m the above investigation, the results

'*\ h _\ est amount of drug diffusion
followed by Form :
results were obtaine

iigher than Formulation T1 P0.5

indicated that the amount

=

increased when the amount of oil in
formulation decréaged Ormulations that containing

i ﬁ f drug diffusion increased

ation mc@ased.
Conﬁ"% E; %ﬁ% §Wﬁ’]}ﬂr§m the equal amount of

oil in Figure 87, revealed that the formulatlons contalmng diaze am at concentration

AT M e e -

coefficient of Formulations T1 P0.5 O8 D5, T1 P0.5 06 DS, and T1 P0.5 06 D10 was

higher and lower 1;-7;‘

when the concentratgl of diazepam

obtained from Weibull model as shown in Table 13. Whereas the highest correlation
coefficient of Formulations T1 P0.5 O8 D10, T1 P0.5 O4 D5, and T1 P0.5 O4 D10
was obtained from cube root model. These results indicated that the drug diffusion
kinetic of microemulsions in this system followed cube root model and Weibull

model.
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Table 13 The coefficient of determination of microemulsions in various drug

diffusion kinetics calculated from total drug diffusion data.

Zero ) . Cube Power
) Higuchi . Weibull
Formulation order root expression

model model model model model
T1 G1.5 08 D5 09948 | 09455 | 09992 | 09994 | 0.9991
T1 G1.5 08 D10 0.9988 | 09404 | 09994 | 09991 | 09993
T1 G1.5 06 D5 0.9988. 09995 | 0.9937 | 0.9940
T1 G1.5 06 D10 0.9 0.9995 | 0.9980 | 0.9986
T1 G1.5 04 D5 9 9994 | 0.9997 | 0.9996
T1 G1.5 04 D10 947 72 | 09968 | 09977
T1 G1 08 D5 . ) 0.9996 | 0.9998
T1 G1 08 D10 a9 0.9997 | 0.9998
T1 G1 06 D5 A 0.9997 0.9998
T1 G1 06 D10 . 98 | 09990 | 09995
T1 G1 04 D5 0 ) 4 | 09949 | 0.9963
T1 G1 04 D10 ok e 994 | 0.9954 | 09968
T1P0.7 08 D5 0856241 f’: 9976 | 0.9988 | 0.9993
T1P0.7 08 D10 9 Sk 9866 | 09930 | 0.9942
T1 P0.7 06 D5 L% 9881 | 0.9955 | 0.9966
T1 P0.7 06 D1 0.9945 | 0.9956
T1P0.7 04 D5 0.9926 | 0.9944
T1 P0.7 04 D10 0.9 . o.9ﬁ 0.9980 | 0.9987
TIP0O.5SO8DS  |¢09966 | 0.949L | 09977 | 09971 | 09980
T1P0.50 1u 6}?} mlw gﬁrﬂ 50.9965 0.9974
T1P0.5 oﬁs 0.99 09497 | 09970 | 09974 | 09981
T1 RO. 1 9 10,9278 - @ 83 1 | ﬁﬁ 0.9987
n NN oo EVIIEINAD | oo
T1 P05 04 D10 09964 | 09488 | 09982 | 09958 | 0.9972
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The drug diffusion kinetic of microemulsions in tween 80:glycerin systems
and tween 80:polyethylene glycol 400 systems followed cube root model and Weibull
model. The diffusion rate of each formulation from cube root model showed in Table
14. The results revealed that formulations containing oil 8 % w/w had slow diffusion
rate. The diffusion rate increased when the oil concentration decreased to 6% w/w

and 4% w/w, respectively.

Table 14 The diffusion rate of microemulsions from cube root model.

Formulation DI mulation Diffusli/gn _l;ate

. (mg "hr")
T1 G1.5 08 D5 8 D5 472%107
T1 G1.5 08 D10 3 D10 4.65%10°
T1 G1.5 06 D5 y D5 5.20*%10”
T1 G1.5 06 D10 10 5.40*%107
T1 G1.5 04 D5 = 5 6.74*10”
T1 G1.5 04 D10 10 6.46%10
TIGIO8D5 = & - 5 5.27*10°
T1G1 08 D10 / AL 8 D10 5.28*10”
T1 G1 06 D5 Q710822504 | TR D5 5.89%10”
T1 G106 D10 SPLELpR ) 506 D10 6.34*10~
T1 G1 04 D5 o* WA= 1 4 D5 6.83%10
T1 G1 04 D10 =3 04 D10 7.16%107

- .y.if
2.8 Stabili :

The physicy ‘glgf:arance, pH :Ed refractive index of microemulsion
preparations ili i I : res 88 to 103 exhibit
the TEM p@]ﬁﬂgﬂﬂmm il:bta\?: microemulsion after
stability testing. The me ﬁj iz t in microemulsion
prepati ﬁﬁ ﬁ“ﬁ lﬂﬁiﬁ!ﬁﬁﬁﬁ 4 to 106. All
prepargtions were observed under accelerated conditions at 4°C for 48 hours and 45°
C f(;r 48 hours for 6 cycles.

Tween 80:glycerin system at the ratio of 1:1.5

The physical appearance of all formulations in this system was separated into

two phases after stability testing under accelerated conditions. The upper phase was
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yellow solution while the lower phase was clear, colorless solution. During stability
testing by storing at 4°C, all formulations were turbid. When storing at 45°C, phase
separation could be seen during the first cycle. Although phase separation occurred
in all formulations, they were able to recover to one-phase microemulsion by gently
shaking. In addition, the pH and refractive index of systems after stability testing was
slightly varied when compared before stability testing as shown in Table 15. The
TEM photomicrographs of Formulations T1 G1.5 O4 D5 and T1 G1.5 04 D10 in
Figures 88 and 90 exhibit that the particles are spherical. Particle size distribution of

The chemic ' eparati y (ndied by examining the content of
re

diazepam after stor. dlofated comt \ \\
in Figure 105. The gon@nyfol dfazépam in

ts from the study are shown
ation T1 G1.5 O8 D10 was
highest decrease in this system.
5, T1 G1.5 O6 D10, and T1 G1.5

@dined more than 98%. While content of

decreased to 95.12%. Tiis Aidat ol 10 \ o
The content of drug in Fog ul } :
04 D5 was also decreased bu SRS

diazepam in Fo ation TT G1:506 Q4 D10 increased. However,
all formulations Ha¥e-the-content-of= mtierange 90% - 110% of labeled

Y
C mﬂ)am injection (USP24/NF19,

:r(;‘x()o(;nt within the aﬁp a1
SN ENNNS
V1o g LURAIND AL uin v

occurred in all formulations in this system as illustrated in Table 15. Similar results
as tween 80:glycerin system at the ratic of 1:1.5, the upper phase was yellow solution
while the lower phase was clear, 'colorless solution. Furthermore, all formulations
were turbid when storing at 4°C. While storing at 45°C, phase separation could be
seen during the first cycle. However, the preparations were able to recover the one-

phase microemulsion by gently shaking. Refractive index and pH of systems after
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stability testing were slightly changed as shown in Table 15. Figures 92 to 95 exhibit
the TEM photomicrographs and particle size distribution of Formulations T1 G1 04
D5 and T1 G1 O4 D10. Spherical particles were obtained from both formulations.
Formulation T1 G1 O4 D5 had wide particle size distribution while Formulation T1
G1 04 D10 had narrow particle size distribution. Furthermore, the particle size of

these formulations was increased after stability testing as revealed in Figure 104.

Figure 105 shows the content of diazepam after storage at accelerated
condition. The content of drug afions T1 G1 O8 DS, T1 G1 06 DS, T1 Gl
06 D10, and T1 G1 04'B10 wa
stability testing. But t
Tl Gl O4 D10 w Ase ’ 94.38%. While content of drug in

Formulations T1 G

len compared to the content before

except the content of Formulation

cased. However, the content of
drug in microemul U\o labeled amount that accepted

in pharmacopoeia

Tween 80:poly ' Lol 4 ) system at the ratio of 1:0.7

t“'""" ;
All formulations 1n t s-Syste: ed clear, transparent, and one-phase
yellow solution at a me of obser Refragtive index and pH of all

formulations was Slghtiy-ehanged-afterstabiiity-testimg </The TEM photomicrographs

of Formulations T1 £0.7 € D10 i Figures 96 and 98 illustrated

spherical particle. "And narrow partlcle size distribution was obtained in both

e 743 120 e LR
ARARIATAUURVINGAN Y, comee

betweam before and after stability testing, the content of diazepam in Formulations T1
P0.7 08 D5, T1 P0.7 06 D5, and T1 P0.7 O4 D5 was slightly decreased. They were
in thé range 99.43 to 101.39%. While the content of drug in Formulations T1 P0.7 O8
D10, T1 P0.7 O6 D10, and T1 P0.7 O4 D10 was increased but they were in the range
99.59 to 102.54%. These results indicated the content of diazepam in all formulations

was in the range that pharmacopoeia acceptable.
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Tween 80:polyethylene glycol 400 system at the ratio of 1:0.5

Similar to tween 80:polyethylene glycol 400 system at the ratio of 1 :0.7, clear,
transparent, and one-phase yellow solution was obtained in all formulations at any
time of observation. In addition, refractive index and pH of all formulations was
slightly changed. The shape of particle of Formulations T1 P0.5 O4 D5 and T1 P0.5
04 D10 was spherical as illustrated in Figures 100 and 102. Particle size distribution
of Formulations T1 P0.5 O4 D5 was narrow while Formulation T1 P0.5 04 D10 had

.5 04 D10 was spherical as shown

ﬁf both formulations was wide as

revealed in Figure

formulations was i

content of diazepam i oft 7 P0.5' 0 \l ) was 95.26%. It was decreased
but this content was clog > contentibefore stability testing. The content of drug
in Formulation T1 P0.5 O I?. "ﬂ 50 eased but it was close to 100%. While
the content in Formulations U, T1 P0.5 O6 D10, T1 P0.5 O4 D5, and
T1 P0.5 04 D10_were.incfeas R the-range 101.43 to 103.48%.
Therefore, all formplations—had-the-¢ 7: € range 90% - 110% labeled

amount. _m
[ ]
Fro ‘TJ, ﬁrjsnt Qﬂi’m ﬂaiaﬁer stability testing
microemuI;% 0 pEL e*bo n 80:glycCerin systems and tween

80:polyethylene glycol 400 systefhs. Althoughphase_s raﬁ( as occurred in
Mt IR RTETE ok 1111 WS

and reﬁractive index of formulations between before and after stability testing was no

statistical significant difference (p>0.05, tested by 2-tailed paired-sample T test).
Howéver, particle size of microemulsions showed statistically significant increased
after stability testing (p>0.05, tested by 2-tailed paired-sample T test). Furthermore,
the content of diazepam remained in the range 90% - 110% that required in

pharmacopoeia.
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Table 15 The physical appearances, pH, and refractive index of microemulsion

preparations after stability testing.

T1G1.504 D10

T1 G1 O8 DS
T1 G1 08 D10
T1 G1 06 D5
T1 G1 06 D10
T1 G1 04 D5
T1 G1 04D10

T1P0.7 O8 D5
T1P0.7 08 D10
T1P0.7 O6 D5
T1P0.7 06 D10
T1P0.7 04 D5
T1P0.704 D10, .
T1P0.5 O8 D5
T1P0.5 08 D10
T1P0.5 06 DS

T1 P0.5 04 B0

T1 P0.5 06 DI "}
T1P0.5 oﬁ El

. Refractive index
Formulation Macrosc(Tp ¢ pH (mean + SD)
observation

T1 G1.5 08 D5 o 7.07 1.4491 £ 0.0001
T1 G1.508 D10 wx 7.14 1.4481 + 0.0005
T1 G1.5 06 D5 1* 6.78 1.4394 + 0.0004
T1G1.506 D10 7.10 1.4394 + 0.0003
T1 G1.504 D5 1.4481 + 0.0003

1.4472 + 0.0003

1.4494 £+ 0.0003
1.4492 + 0.0002
1.4395 £ 0.0002
1.4397 +0.0003
1.4488 + 0.0002
1.4490 £ 0.0002

1.4481 + 0.0004
1.4486 + 0.0003
1.4395 + 0.0004
1.4386 + 0.0003
1.4385 £ 0.0003
1.4395 + 0.0005

wawswgan

699

1.4490 + 0.0004
1.4490 + 0.0002
1.4380 + 0.0002
1.4380 + 0.0003
1.4379 £ 0.0002
1. 4382 +0.0002

-4 Ha an\;mzuauymnm TREE

= two phase separation (upper phase-yellow solution, lower phase-clear,

colorless solution) but recovered to one-phase by gently shaking.
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Figure 89 Particle size distribution of Formulation T1 G1.5 O4 D5 after stability

testing.
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25 |
Figure 90 The TEM phibtghicrogia the Fermulation T1 G1.5 O4 D10 after

stability tg8t1
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Figure 91 Particle size distribution of Formulation T1 G1.5 O4 D10 after stability

testing.
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Figure 92 The ofice lation T1 G1 O4 D5 after

stability (@Stige 1ieMipictute equivalent to 33.33 nm).
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Figure 93 Particle size distribution of Formulation T1 G1 Q4 D5 after stability

testing.
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testing.
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Figure 97 Particle size distribution of Formulation T1 P0.7 O4 D5 after stability

testing.
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testing.
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Figure 100 The lation T1 P0.5 O4 D5 after

stabilityfesting ( alent to 33.33 nm).

%Frequency

10.00 100.00 1000.00

Particle size (nm)
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testing.
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Figure 103 Particle size distribution of Formulation T1 P0.5 04 D10 after stability

testing.
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