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The assay of alkyl-4-hydroxybenzoate and benzodiazepine drugs

I UV-Spectrophotometry

This method was used to determine the aqueous solubility of model
substances. They were carried out at the maximum wavelength of 256 and 254 nm for
alkyl-4-hydroxybenzoate and benzodiazepine drugs (diazepam and clonazepam),
respectively. The calibration curve was constructed by plotting the absorbance against
concentrations. The concentration of compoﬁyd/s in aqueous medium was attained
from their equations of the calibration curve. The' cahbratlon curves of methyl-, ethyl-
, propyl- and butylparaben are'shown in Ap’pendlx Part I, Figure 1A-4A, respectively.
— “were 1() 9998, 0.9999, 1.0000 and 0.9998 for
lparaben, rgspectlvely In Figures 13A and 14A show

The correlation coefficient
methyl-, ethyl-, propyl- and

am -and lorazepam which gave the correlation
'y
coefficient of 0.9998 and 0.9999. res: ec‘f‘vel" It seemed to be that a very good linear

the calibration curve o

correlation between their concentrations and absorbance was observed.
i o J- ¥
i 'i

omatography &Q;LC)

-a----,

IT  High Performance Liquid

— —

In this study, HIELC techmque was usea to detegmlne the oil solubility,

partition coefficient, contjnt of compound containing submlchn emulsion preparation
and amount of compound= in the fractional phases. It also used for determining the
aqueous solubility of alprazolam and clonazepam. This r;lethod was performed to
elute four compounds, methiyl, ethyl-} propyl=-and butylparaben from the C8 reversed
phase column (Symimetry® Waters) at the wavelength of 256 nm. For benzodiazepine
drugs analysisgthe/€ 18 reversedsphase caluhin (Phenomigfiex™) Wag petformed at the
wavelength of 254 nm."A solution of methanol and water in a ratio of 60: 40 was used
as a mobile phase for methylparaben and propylparaben analysis while a ratio of 65-
35 was used for ethylparaben and butylparaben analysis. In Figure 5A-8A showed a
chromatogram of methyl-, ethyl-, propyl- and butylparaben and its corresponding
internal standard, respectively. The retention time of methyl-, ethyl-, propyl- and
butylparaben were around 2.38, 2.60, 4.70 and 5.22, respectively. From the data
obtained, it was found that the retention time depended on the lipophilicity. The
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higher lipophilicity, the longer retention time was observed. So that butylparaben was
a higher lipophilic than propyl-, ethyl- and methylparaben. For the analysis of
benzodiazepine drugs, a solution of methanol and water in a ratio of 70: 30 was used
as a mobile phase. Figures 15A-18A show chromatograms of alprazolam,
clonazepam, diazepam and lorazepam with their corresponding internal standards and
their retention time values were approximately 5.30, 4.45, 6.50 and 4.80, respectively.
This was indicated that the selected mobile phase and also wavelength were
appropriate for the analysis of alkyl-4-hydroxybenzoate and benzodiazepine drugs
due to a good resolution. The creation of o’é}t f;atlon curve, the stock solution of
standard solution was diluted with its mobile phase;td obtain the final concentrations
ranging from 1-10 pg/ml and then these Wrere injected in the volume of 20 pl using
auto-sampling apparatus thrf’(-);gh € HPL:C instrument. The peak area ratio of the
investigated compounds and/h/:espondlng internal standards were plotted against
their concentrations and t 'fpeLatiQn ‘coefficient was acquired. The sample

concentration was obtained fr ¢ '_quﬁtiorgof.the calibration curve.

o )
& .|"4
J‘- ¢

The HPLC proced ed for quaﬁty assessment should meet proper

standards of accuracy and reli 1llty It reqmrésfthat testing procedure should be

validated before used. Typical analytr;:al paramgters that should be considered in the

validation study were testgd as below: ~

o ,J"_
1. System suitability

ol

( wa.

!

Systemsuitability tests'are based on the concept that the equipment,
electronics, analytical operations and samples to be analyzed constitute an integral

system that-eanmbe evalrated as'such.
e Tailing factor

The Tailing factor is specified to measure peak symmetry and
its value increases as tailing becomes more pronounced. Tables 1A-4A presented the
tailing factor of alkyl-4-hydroxybenzoate compounds while those of benzodiazepine
drugs are shown in Tables 18A-21A. From the data obtained, the tailing factor were
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less than 2.0 for all compounds. This indicated that peak symmetry was acceptable

and hence precision became reliable.
e Resolution

Resolution is defined to measure the closely eluting compound
are resolved from each other in order to establish the general resolving power of the
system. The requirement of resolution was more than 2.0 (The United States
Pharmacopeial Convention 2000). The data lof‘ /lftio}ution of methyl-, ethyl-, propyl-
and butylparaben were 9.40, 10.46, 6.28 and” 9.98 respectively while those of
alprazolam, clonazepam, diazepam and lo‘r’azepam were 3.30, 5.78, 4.23 and 4.25,

f-’ . -
respectively. Therefore, tlw;:/?p-tMﬁng onditions were suitable for quantitative
)

analysis of alkyl-4-hydroxyb compou ds and benzodiazepine drugs since they

were clearly resolved from their'c nding internal standards.

1ty expresses‘ﬂ%’nrecfsnon under the same operating

- a a al

condition over a short interval of tlm—It 1S det?mlmed by 6 repeating injections of a
homogeneous sample unc;lker normal analytlcal Jc(;-ndd;{lon an<jfexpressed as the % CV
and the recommended vgue should be Iess than 2.0. ﬁETQS,BA and 22A show the
repeatability of alkyl-4-h):droxybenzoate and benzodlazgplne drugs, respectively.

These found that %CV of all compounds were less than 2.0 and indicated that the

operating conditiens’| were® précised ‘for quantitative = dnalysis of alkyl-4-

hydroxybenzoate and benzodiazepine drugs.
2. Accuracy

Since the amount of model compounds/drugs in submicron emulsion
or oil phase could not be directly assayed by HPLC method. This due to the
interference of oil phase which its retention time was closed to that of the compound
of interest e.g. methylparaben and hence reduces the accuracy of the analysis.

Therefore, a sample preparation procedure was needed prior to HPLC analysis. Many
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studies for extracting such a compound from emulsion including liquid-liquid
extractions have been reported (Fitzpatrick, Summa et al. 1975). However, they are
time-consuming and expensive. These methods not only require several sample-
handling steps but also present the following problems e.g. phase emulsion formation,
evaporation of large solvent volumes to concentrate prior to analysis and disposal of
toxic and flammable solvents. Recent study, Pongcharoenkiat and co-workers (2003)
used solid phase extraction cartridge to separate methylparaben from other
components of an oil in water emulsion. This technique was simple, rapid, precise and
accurate, required a small volume of solvent and 1o drying process. Thus, this method

” « a3 :
was applied in referred work to-improve the extraciion process providing the higher

recovery. ":
-

The principle of solid pha.%e extraction (SPE) is similar to that of
reversed phase chromato b whlch a rion—polar stationary phase retains the non-
polar compounds 1nclu € c,ompoun of interesting and allows the polar
compounds to pass throug terference; is then removed from the cartridge by

the washing solvent which is el‘utmg powp"r Finally, the compound of interesting

)

';ai

i
is eluted with a strong eluting p;iwer so'lvent =
I "y

)
— —
— —

"s l_,__

In this stucly the 3 ml Extrasepﬂ(‘ carmdge weys used as the sorbent and

methanol was used as tl}? eluting solvent. First, the cartnd\gg must be activated by
solving the alkyl chains ofsorbent with methanol and then equ111brated with distilled
water. The sample was loaded into the cartridge and allowed to pass through the
cartridge by gravity flow. In this step, the ¢onpound of intetesting was retained on the
sorbent as well as the interferences. To remove the unwanted compounds, a washing
solution, hexane;was added into.theeartridge; The eluting:pewer-of washing solution
is weaker than that' of'the 'eluent ‘in"“order 'to minimally ‘wash the compound of
interesting off the cartridge. Finally, the eluent, methanol, was passed through the
cartridge to extract the compound of interesting. The eluate was then diluted with
mobile phase and injected into HPLC apparatus. Tables 6A-7A (for alkyl-4-
hydroxybenzoate) and Tables 23A-24A (for benzodiazepine drugs) were shown the
percentage of extraction recovery of model drugs from oil phase and submicron

emulsion base, respectively. The recovery extraction from both systems were more



142

than 90%, impliedly that the investigated extraction procedure was effective in

separatingthe model drugs from other components of an o/w submicron emulsion.
3. Precision

The precision of an analytical procedure expresses the closeness of
agreement (degree of scatter) between a series of measurements obtained from
multiple sampling of the same homogeneous sample under the operating conditions.
The precision of an analytical method is uquﬂ)/}(pressed as coefficient of variation
in series of measurements. The acceptable veilue‘ff-_t_trfficient of variation was less
than 2.0. As shown in ﬁbﬁe 9A-19A and-Table 26A-29A for alkyl-4-
hydroxybenzoate and benzodiazépi
)a{; than : 0. This revealed that the method used

e d gs, respectivély, % CV values of all
compounds precision tests werc

were precise for quantitative ; in the studied concentration range of alkyl-4-

hydroxybenzoate and be iagZeping driig. 1" 4
gy - o :&f o
Yl -J'I{
: . Iy .-'_r.;; “
4. Linearity 3 3

”— TSy
The linearity is determined b?_?«:ﬁlculating a regression line by the
o A ’:- .—H.."I...'_

method of least squares Olf test results versus é’iiél?te concel}trations. Figure 9A-12A

. - ——7/ ,
show that the relatlonsEW_' ween peak area ratios ﬁ@}entmﬂons of methyl-,

ethyl-, propyl-, and butylf);q'raben were linear with cocfficient of determination (R?
value of 0.9999, 0.9999, 3.9999 and 0.9998, respectivelyﬂ.f From Figures 19A-22A,
these values of alprazolain| Clonazepam,/diazepam and | Iorazepam were 0.9999,
0.9998, 0.9998 and; 0.9999, respectively. The results indicated that the HPLC
technique wasacceptable for-quantitative analysis of alkyls4-hydrexybenzoate and

benzodiazepine'drug solutions in studied range.



Absorbance

143

ConcentratiO(l:l;lf nlll;)ethylp’“‘ben Absorbance
i 0
A 0.413
s 0.626
” 0.826
” 1.045

1.4
1.2
l 4
0.8 |
0.6 ’
0.4 1 - ~ " y=0.1051x - 0.0049
‘) 1 R’ =0.9998
‘a v ,
1 AUYINENINYING
o e 7 L - v/
5 WA QL Y sVl et &
9
-0.2

Concentration of methylparaben (pg/ml)

Figure 1A Standard curve of methylparaben
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Table 1A Tailing factor and aben and propylparaben.

Detector A

(256nm)
Name Retention Asymmetry  Asymmetry

Time (10%)

methyl 2.454 1.41 1.31
paraben
propyl 4.923 1.29 1.20
paraben (A
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Retention Time

e AN W
Table 2A Tailing factor and g€solution faetc ethylparaben and butylparaben.

Detector A
(256nm)

Name Retention Asymmetry ~ Asymmetry
Time (10%)
ethyl 2.538 1.43 1.35
paraben
butyl 5.159 1.41 1.30
paraben n

5
_.j
¢
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Retention Tim:
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Table 3A Tailing factor and paraben and methylparaben.
Detector A
(256nm) '
Name Retention Asymmetry  Asymmetry
Time (10%)
methyl 2.390 1.41 1.37
paraben .- —— E,-‘I
propyl 4. 70 : 1.36 1.36
paraben 1l i
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Table 4A Tailing factor and araben and ethylparaben.
Detector A
(256nm)
Name Retention ( Asymmetry  Asymmetry

Time (10%)

ethyl
paraben

butyl
paraben

2.541 1957962 ! 1.62 1.49

1.54 1.40

AUEINENINYINS
ARIAIATAUIM TN



Table SA The repeatability of peak areas of alkyl-4-hydroxybenzoate.
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Peak area ratio
Set No
Methylparaben | Ethylparaben | Propylparaben Butylparaben
1 0.9952 0.9510 0.6286 0.6430
2 0.9935 0.9512 0.6292 0.6373
3 0.9944 0.950 0.6288 0.6398
4 0.9989 0.6267 0.6400
5 0.9937 .6301 0.6451
6 0.9953 .9550 0.6300 0.6389
Average 0.995 89 0.6407
SD 0.0020 0 )12 0.0029
%CV 0.1 950 0.4469
% (2
8
Bz
v
4 :{ F" .E;k f—f,r

y

iy
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Table 6A The recovery of alkyl-4-hydroxybenzoate from soybean oil using solid

phase extraction (Extrasep™).
%Recovery
Drug
R] R2 Mean SD %CV
Methylparaben 101. 101.62 0.13 0.13
Ethylparaben 1 ‘1‘)6. 05.9 0.88 0.83
Propylparaben ~ 96. 4 0.54 0.56
Butylparaben 10112 0.26 1.22 1.22
Table 7A The recovery of -hydroxybenzoats d emulsion using solid phase
extraction (Extras ‘5“ é;‘l 4 \‘\
FITEH '
s\
,,".':'?fff Recovery
P fltneld (- 128
Drig | el "
L [
7 R ‘ SD %CV
0 y
Methylparaben '1'13.86 113.79 113.8 0.049 0.04
- - o
Ethylparabe 1 11{ g 1ﬂﬁ 947 ‘j;{.zo 3.05
Propylparaben 08.30 106.51 | 107.40 1.26 1.17
Butyl 7 e =T 6 1.59
‘s -2 ;
N AP AR T RIN B




Table 8A The comparison of %recovery of paraben in various phases between submicron emulsion bases and submicron emulsion containing

Arlasolve DMI.

Drug Oil phase | _ "“-r"'"mueous phase Mesophase

1 2 [ MeantSD | 1 D\ L[ | MeantSD | 1 2 | MeantSD
Methyl | 100.54 | 93.28 | 96.91+5.14 | 101.86 4 b 03\.51 109086 | 103.682024 | 98.58 99.75 | 99.17+0.82
paraben | 95.65 | 99.88 |97.7742.99 | 96.30 1(){8{ 103.00 | 103.34+0.48 | 101.39 | 101.42 | 101.4020.02
Ethyl | 101.11 | 98.85 | 99.98+1.60 | 92.54 10%)\1(&.15 101.77+0.53 | 99.48 | 97.31 | 98.40+1.53
paraben | 97.14 | 94.87 | 96.00+1.60 | 103.42 21 | 99.68 | 99.44£033 | 94.53 | 9638 | 95.45+131
Propyl | 93.61 | 90.17 | 91.89+2.43 | 108.65 : ’ %9.88 103.61+5.28 | 106.09 | 104.31 | 105.201.26
paraben | 96.02 | 94.18 [ 95.10+1.30 | 103.20 | 100.56 191 §&1 37,{, 103.24 | 100.86+3.37 | 103.12 | 103.34 | 103.2320.15
Butyl | 90.68 | 96.26 | 93.47+3.95 | 104.66 {334.90 104.7850.1 17| 10 10740 | 104.1854.56 | 99.84 | 10234 | 101.0921.77
paraben | 9832 | 98.41 | 98.3610.06 | 100.17 | %40.43 | 100.300.18 0.68 | 101.11£0.60 | 101.94 | 101.53 | 101.73+0.29

) 4
Ive DMI“»

*% recovery of submicron emulsion containg Arlﬁa

ummmwmm

AR ANNIUNNRIINYIAE
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Table 9A The precision of methylparaben (MP).
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MP Calculated concentration from calibration curve (pg/ml)
concentration
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | Average | SD %CV
(ng/ml)
1.1 1.1094 | 1.1090 | 1.1084 | 1.1059 | 1.1146 | 1.1089 | 1.1094 | 0.0028 | 0.2557
4.4 43300 | 4.3230 | 4.3267 | 4.3461 | 4.3239 | 4.3308 | 4.3301 | 0.0084 | 0.1950
8.8 9.0133 | 8.9834 | 8.9933 | 9.0040 | 8.9908 | 8.9880 | 8.9955 | 0.0111 | 0.1235
f
Table 10A The precision of ethylparaben (EP) "F/ 7,
EP Calculated concentratiofifrom calibration curve (ug/ml)
concentration - - —
No. 1 | No.2#"No.3. N¢.4 No. 5 |No.6 | Average | SD | %CV
(ng/ml) ﬂ? |
1.08 1.0602 | 1.056 0580.(71.0387 | 1.0567 | 1.0594 | 1.0583 | 0.0015 | 0.1390
e
4.32 4.3338 4.33?ﬁ‘3ﬁ§# 4.3585'(14.3329 [4.3518 | 4.3404 | 0.0117 | 0.2702
8.64 8.7421 | 8.7224 ﬁf?, 8;683:’3{_-8.6856 8.7209 | 8.7123 | 0.0222 | 0.2554
: ..:"{
. dddi £y 4
Table 11A The precision of pro@ben (PP) )
P % ol
PP Calcuﬁtegiﬁpncenuat{@;gom calibration curve (pug/ml)
concentration — ——F-. o
No.1 | No.2 {«No:3 | No.4 | No.5 Ng.6 | Average | SD | %CV
1.0 0.9556 0.-'9629 0.9546 | 0.9538 | 0.9537 0§556 0.9544 | 0.0011 | 0.1130
4.0 3.9051 | 3.9083 | 3.9061 | 3.8932 | 3.9144 | 3.9133 | 3.9067 | 0.0076 | 0.1954
8.0 8.0210 | 8.018T (+8.0263 | 8.07597.8.0848 | 8.0118 | 8.0396 | 0.0320 | 0.3979
Table 12A The precision of butylparaben (BP)
BP Calculated concentration from calibration ¢urve (ug/ml)
concentration :
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | Average| SD %CV
(ng/ml)
1.0 0.9895 | 0.9922 | 0.9911 | 0.9887 | 0.9950 | 0.9921 | 0.9914 | 0.0022 | 0.2259
4.0 3.9769 | 3.9420 | 3.9571 | 3.9585 | 3.9894 | 3.9518 | 3.9626 | 0.0174 | 0.4389
8.0 7.9971 | 8.0043 | 8.0103 | 8.0294 | 7.9656 | 7.9051 | 7.9853 | 0.0445 | 0.5568
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Table 13A The linearity of methylparaben

Methylparaben Peak area ratio
concentration
Set No.1 | SetNo.2 | SetNo.3 | Average SD %CV
(ng/ml)
0 0 0 0 0 0 0
0.55 0.1096 0.1129 0.1141 0.1122 0.0023 2.0621
2.20 0.4406 0.4609 4535 0.4517 0.0102 2.2652
4.40 0.9059 0.9 0.9127 0.0091 0.9998
8.80 1.8540 1. 351 0.0164 0.8945
11.0 2.3182 (32 69 0.0057 0.2453
258
2.5 ; -
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i ot
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Peak area ratio
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Figure 9A The calibration curve of methylparaben




Table 14A The linearity of ethylparaben
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Ethylparaben Peak area ratio
concentration
Set No.1 | SetNo.2 | Set No.3 | Average SD %CV
(ng/ml)
0 0 0 0 0 0 0
1.08 0.2302 0.2280 |[. 0.2244 0.2275 0.0030 1.2978
2.16 0.4589 0.4 170/ 0.4555 0.0032 0.6959
5 x\NH‘/
4.32 0.9389 0.9« ‘ 04 r™ ( 443 0.0048 0.5040
6.48 1.4371 -va. 8514270 | 0.0094 | 0.6568
8.64 1.9078 | 1702841 T*‘\'\ 91 0.0105 | 0.5480
Jﬁ/Am \\1'&\
25 — ~
% (= L4
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2 e
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Figure 10A The calibration curve of ethylparaben



Table 15A The linearity of propylparaben
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Propylparaben Peak area ratio
concentration
Set No.1 | SetNo.2 | Set No.3 | Average SD %CV
(ng/ml)
0 0 0 0 0 0 0
1 0.1560 0.1577 1500 0.1546 0.0040 2.5915
2 0.3358 0.3 _ 0.3317 0.0074 2.2475
6 0.9506 0.9 9655 0.0133 1.3765
8 1.2846 .29. 0 0.0055 0.4301
10 1.6018 0.0069 0.4324
1.8 ; = —y
% f’
1.6 7 : & !:
e -~
14 A
; i "-.I‘
1.2 1 i P;J_.}:*"
2 y
g8 1
: ’ y
0.8 - m
E
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0.4 y =0:607x + 0.0011 g
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Figure 11A The calibration curve of propylparaben




Table 16A The linearity of butylparaben
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Butylparaben Peak area ratio
concentration
Set No.1 | Set No.2 | Set No.3 | Average SD %CV
(ng/ml)

0 0 0 0 0 0 0
1.0 0.1559 0.1512 0.1510 0.1527 0.0028 1.8137
2.0 0.3229 0.3135 01 0.3188 0.0048 1.5110
6.0 0.9616 0. 0.9613 0.0010 0.1004
8.0 1.3154 1.30 3070 0.0084 0.6398
10.0 1.6444 658 70 0.0102 0.6216
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Figure 12A The calibration curve of butylparaben




Table 17A The analytical method validation parameter of HPLC for alkyl-4-hydroxybenzoate.

-The correlation coefficient (r%)

Parameter Limited of acceptability
Methyl paraben Butyl paraben
1. System suitability
- Tailing factor 1.31 1.40 <
- Resolution factor - 9.40 9.98 >)
- Repeatability of peak area 0.20 0.45 o8
(%CV)
. No other peak No other peak No other peak interfere
2. Specificity )
interfere interfere major peak *
3. Accuracy
101.62 (0.13) 100.26 (1.22) 80-110% °
%recovery (SD)
4. Precision (%CV) 0.12-0.26 ' 0.22-0.56 £7"
5. Linearity L —
0.99994 0.9 0.99971 >0.999 °
o

* (The United States Pharmacopeial Convention

® (Jenke 1996)
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Concentration of diazepam (pg/ml) | Absorbance
0 0
1.76 0.226
3.52 0.446
5.28 0.663
7.04 0.877
8.8 1.083

12

0.6

Absorbance

0.4 -

0.2

9
0

e MRNID

Flle

4

M y=o. 1231x +0.0074

d?ﬂﬂﬂﬁﬂﬂqﬂﬁ
;ﬂﬂﬂﬂﬁﬂﬁl

=0.9998

6

concentration of diazepam (pg/ml)

Figure 13A Standard curve of diazepam.
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Concentration of lorazepam (pg/ml) | Absorbance
0 0
2512 0.308
5.024 0.595
7.536 0.878
10.048 1.178
12.56 1.47

1.6
1.4
1.2
1 =
3
£ 05 |
2
G
06 e
\Z ) y=0.1165x +0.0065
1! , ] R*=0.9999
0.4 -
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2] PLHEINENIWNEINTD
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concentration of lorazepanr (1g/ml)

Figure 14A Standard curve of lorazepam.
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Figure 15A The chromatograms of alprazolam standard solution in various concentrations.
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Figure 16A The chromatograms of clonazepam standard solution in various concentrations.
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020 ¢ — —
Retention Time n
0.15 {: :/6“‘
/r \
% 0.10 g
A\
0.05 & \
”/' \
0.00 == \
4.5 5.IO 6.15 7.0
Table 18A Tailing factor and rg m and diazepam
Detector A :
(254nm) o va gl '
Name Retention T ~ Resolution ~ Asymmetry ~ Asymmetry
Time SR N (10%)
alprazolam 5230« 0.00 1.29 1.22
diazepam 6.4 ;; RY ] 1.24 1.19
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0.15 —
Retention Time
0.10
0.05 4 ; / \
\ : \
- / , — Y — S - ]
4.0 4.5 J RN 6.15 7.'0 7:8
Table 19A Tailing factor and rgso and diazepam.
Detector A
(254nm)
Name Retention . Te solution ~ Asymmetry ~ Asymmetry
Time S (10%)
clonazepam 4409 377810 ¢ : 1.28 1.22
diazepam 6.354/ ) 1.23 1.18
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’: Retention Time
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Volts
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4.0 4.'5 7.I0 7.5
Table 20A Tailing factor and fesolution fa . AZe bal m and clonazepam.
Detector A \
(254nm) A
Name Retention Afga ion  Asymmetry  Asymmetry
Time ' (10%)
lorazepam 4.877 1.56 1.40
diazepam | 1.24 1.19

Ei
AULINENINYINg
IR TN NGNS Y



181

0.20 T
|
' Retention Time
0.15
= 0.10
0.05 - |
|
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\
|
0.00 L —_
4.0 4.[5 6.I5 7f0 7.5
Table 21A Tailing factor and resc on facte orazepam z d diazepam.
Detector A PRk
(254nm)
Name Retention =~ " Ases olution  Asymmetry = Asymmetry
Time (10%)
lorazepam 00 ./ 1.55 1.39
diazepam 124 1.18
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Table 22A The repeatability of peak areas of benzodiazepine drugs

182

Peak area ratio

SetNo Alprazolam Clonazepam Diazepam Lorazepam
1 0.5631 0.6134 1.1174 0.5412
2 0.5624 0.6139 1.1188 0.5325
3 0.5638 0.6111 1.1196 0.5416
4 0.5628 A “\\\h‘, v | L1182 0.5521
5 0.5640 S5 %" 1.1182 0.5482
6 0.5633 ﬂ L 11183 0.5443
Average 0.563 2 ///;E,&\\ 1.1184 0.5433
SD 0.0006 /’7/£ z\\\‘\ 0008 0.0067
%CV 1.2379

E

ﬁ’.

:tf.% s

_LTRTIA T

0.1066 I‘[/ 036 ‘\\\\\\ 0.0672
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Table 23A The recovery of benzodiazepine drugs from soybean oil using solid phase

extraction (Extrasep™).
%Recovery
Drug
' ﬁ SD %CV
N / ”
Alprazolam 7o 03. -:’."--- 104.37 0.59 0.56
Clonazepam =+ 1.98 2.14
Diazepam 3.62 3.41
Lorazepam 1.25 1.29
Table 24A The recovery of bénzodiaze from d emulsion using solid phase
extraction (Extrasep™). : \
Drug
SD %CV
N . Qs
Alprazolamﬁ g’O‘ﬂ&J’ [ | 102: 1.06 1.03
Clonazepam'q:l- 104.19 03.2 03. 0.65 0.63
. — "y
Di ‘ ! :
TR Rl LT TH
Loraqu 21 V1033 . 31 [To01a | o0.01




Table 25A The comparison of %recovery of benzodiazepine in various phases between submicron emulsion bases and submicron emulsion

containing Arlasolve DMI.

P
% Re
s
Drug Oil phase Interface L Aqueous phase Mesophase
)
1 2 Mean+SD 1 y— 2 __pMeantSD — 2 Mean+SD 1 2 | MeantSD
Al : 98.98 | 100.63 | 99.80+1.17 | 97.19 | 9 r’9’717+0\03 102.831.100.08 | 101.46+1.94 | 100.59 | 97.60 99.10£2.11
prazolam
93.89 | 94.96 | 94.4240.76 | 95.05 }// }?4+1 11 | 9492 1799 98 97.4543.58 | 94.92 | 97.95 | 96.4442.14
. 80.66 | 81.60 | 81.13+0.66 | 99.01 | 100.4 y74+10_‘4 89.99 119221 | 91.10£1.57 | 100.12 | 99.39 | 99.7620.52
onazepam
80.21 | 80.79 | 80.5040.41 | 96.40 | 9544 / f ?21‘063 93.94 | 97.29 | 95.6242.37 | 94.41 | 90.18 92.3042.99
_ 92.43 | 95.85 | 94.14+2.42 | 94.06 9r6y (95.?:5**_-1.82J 10158 | 97.74 | 99.66+2.72 | 96.12 99.69 | 97.90+2.52
Diazepam : 4 )2 £
96.37 | 96.74 | 96.56+0.26 | 101.78 | 96.89 99-*3&:&3 46’__9?’.32 96.51 | 97.4241.28 | 97.55 | 96.09 | 96.8241.03
. o it g
y 90.98 | 95.48 | 94.73+1.06 | 95.75 | 90.45 93:1£+3 75——9'5 81 | 99.49 | 97.65+2.60 | 91.83 | 97.17 94.50+3.78
orazepam foei
91.85 | 97.22 | 94.5443.80 | 95.66 xl97.74 9670+1 47 '92.70 9811 | 95.4043.82 | 93.05 | 93.69 93.3740.45
. — g
07 X

*% recovery of submicron emulsion containg Arlasolve DM]I
-

Tt

121!
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Table 26A The precision of alprazolam

Alprazolam Calculated concentration from calibration curve (pLg/ml)
concentration
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | Average SD %CV
(ng/ml)
1.136 1.1018 | 1.1061 | 1.1025 | 1.005 | 1.1054 | 1.0822 | 1.0998 | 0.0088 | 0.8045
4.544 4.3553 | 4.3499 | 4.3606 | 4.3536 | 4.3623 | 4.3569 | 4.3564 | 0.0046 | 0.1050
9.088 9.0841 | 9.0907 | 9.0890 | 9.0816 | 9.0883 | 9.0847 | 9.0864 | 0.0034 | 0.0380
P
Table 27A The precision of clonazepam ' ";/
/7.
Clonazepam Calculated concentratiofi irom calibration curve (pg/ml)
concentration — b 4 .
No.1 | No. 2-—1@.3,. No. 4 [ No.54¥No. 6 | Average | SD | %CV
(ng/ml) \
1.04 1.0606 1.05/}4 1,0629 ‘1.,05_82 1.0632 | 1.0605 | 1.0605 | 0.0024 | 0.2283
ry »
4.16 4.0839 | 4.086 W7 “4.1101 | 4.0730 | 4.0923 | 4.0858 | 0.0148 | 0.3620
8.32 8.4157 | 8.4128 &26?1 8‘.4854 { 84794 | 8.4420 | 8.4444 | 0.0297 | 0.3521
y ‘:i .-III{
i [ ekl
Table 28A The precision of diazep NIl y
ik L Y
Diazepam Calcufarlteg’_.—cpncentraji@:n__'@om calibration curve (pg/ml)
concentration % :—- .
No.1 | No.2 |«No:3 | No.4| No.5 No.6 | Average | SD | %CV
(hg/mi) s b £
1.048 1.0259 190»120 1.0236 | 1.0235 | 1.0202 1:9-}1)8 1.0220 | 0.0027 | 0.2655
4.192 4.1218 | 4.1271 | 4.1300 | 4.1248 | 4.1246 | 4.1250 | 4.1255 | 0.0027 | 0.0666
8.384 8.2293 | 8.2513 |8.2411 | 8.23491(.8.2378 | 8.2598 | 8.2424 | 0.0112 | 0.1363
Table 29A The precision of lorazepam
Lorazepam Calculated concentration from calibration ¢uirve (pg/ml)
concentration
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | Average SD %CV
(ng/ml)
1.064 0.9866 | 0.9831 | 0.9791 | 0.9749 | 0.9820 | 0.9844 | 0.9817 | 0.0042 | 0.4237
4.256 4.1858 | 4.1196 | 4.1885 | 4.2689 | 4.2388 | 4.2091 | 4.2018 | 0.0512 | 1.2190
8.512 8.4921 | 8.5022 | 8.5031 | 8.5186 | 8.4894 | 8.4623 | 8.4946 | 0.0189 | 0.2224
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Table 30A The linearity of alprazolam

Alprazolam Peak area ratio
concentration
Set No.1 | SetNo.2 | SetNo.3 | Average SD %CV
(ng/ml)

0 0 0 0 0 0 0
2272 0.2744 0.2850 2811 0.2802 0.0054 1.9166
4.544 05922 | 05 " 0.5887 | 0.0057 | 0.9659
6.816 0.8775 | 0. 853 0.0134 1.5134
9.088 1.1879 " 1748 1796 0.0072 0.6064
11.360 1.4882 48 114856~ ~ 4 0.0015 0.1028
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Concentration of alprazolam (pg/ml)

Figure 19A The calibration curve of alprazolam




Table 31A The linearity of clonazepam
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Clonazepam Peak area ratio
concentration
Set No.1 | SetNo.2 | Set No.3 | Average SD %CV
(ng/ml)

0 0 0 0 0 0 0
2.08 0.2992 0.2975 3130 0.3032 0.0085 2.8036
4.16 0.6254 0.6 0.6234 0.0053 0.8494
6.24 0.9211 0. 284 0.0099 1.0687
832 1.2731 - 2 2658 0.0067 0.5324
10.40 1.5979 g X 1.5803 0.0172 1.0905

4238
1.8 N ‘
-
1.6 - _ -35’-
Bl
1.4 - .;i"ﬁf’f‘-
e
1.2 —
-'f'-:".lf){,} -
L 17 —
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ey Q =0.9998
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-0.2

Concentration of clonazepam (pg/ml)

Figure 20A The calibration curve of clonazepam




Table 32A The linearity of diazepam
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Diazepam Peak area ratio
concentration
Set No.1 | SetNo.2 | Set No.3 | Average SD %CV
(ng/ml)

0 0 0 0 0 0 0
2.096 0.5527 0.57 7 0.5619 0.0102 1.8148
4.192 1.1593 1521 0.0179 1.5558
6.288 1.6904 . 6951 6868 0.0106 0.6298
8.384 2.3002 Y. . 0.0177 0.7775
10.480 2.9154 2 0.0437 1.5243

:d"""[ L/
. 3
e
3-5 a‘!:l ‘
e
3 MT:.
by e
2.5 N g’_._?,-')fjjf}j.—
2 =

Peak area ratio
(9,
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Concentration of diazepam (1g/ml)

Figure 21A The calibration curve of diazepam




Table 33A The linearity of lorazepam
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Lorazepam Peak area ratio
concentration
Set No.1 | Set No.2 | SetNo.3 | Average SD %CV
(ng/ml)

0 0 0 0 0 0 0
2.128 0.2685 0.2742 0.2672 0.2700 0.0037 1.3662
4.256 0.5614 0.5398 52 0.5488 0.0112 2.0461
6.384 0.8165 0.83 0.8213 0.0078 0.9556
8.512 1.1240 1. 1.0 42 0.0147 1.3158
10.640 1.3996 1.392 y 4 0.0088 0.6303
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Figure 22A The calibration curve of lorazepam



Table 34A The analytical method validation parameter of HPLC for benzodiazepine drugs.

Parameter Limited of acceptability
Alprazolam Lorazepam
1. System suitability
- Tailing factor 1.22 1.39 <2
- Resolution factor 3.30 4.25 >0
- Repeatability of peak area 0.11 1.24 <
(%CV)
o No other peak No other peak No other peak interfere
2. Specificity ) )
interfere interfere major peak *
3. Accuracy )
104.37 (0.59) 96.98 (1.25) 80-110%
%recovery (SD)
4. Precision (%CV) 0.03-0.80 0.22-1.21 z3"
5. Linearity 1 b
0.99986 oo . I 0.99988 >0.999

-The correlation coefficient (%)

* (The United States Pharmacopeial Convention 2000) ¢ .

® (Jenke 1996)
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Table 1B The changes in size of paraben submicron emulsions during storage for 7 days at ambient temperature measured by using Photon

Correlation Spectroscopy (PCS). ')
Effective 'mean 'tfiameter (nm) (polydispersity)
Formulation 30% 40% o | \WS0% 60% 70%
o 4":;"
t=0 t=7 t=0 =7 =20 =7 t=0 t=7 t=0 t=7
Methylparaben / /N =="
252.7 4134 2327 2018 -299.5 408.0 281.1 239.6 236.1 307.3
Submicron F ) éﬂ
. (0.074) | (0.075) (0.123) 0.}«{20) (01 ) (0:116) (0.150) | (0.163) | (0.143) | (0.175)
emulsion / |
y
Ethylparaben '
i 303.50 332 323.9 3]2 ap 452 O‘J- 501 476.0 511 455.7 499
Submicron
. (0.107) | (0.096) (0.239) | (0. 159) == (0 258%: (0.189) (0.260) | (0.157) | (0.164) | (0.123)
emulsion =" e
Propylparaben . " .y
315.3 407.6 377.6 4381 4356 Bt | 432.2 462.3 426.0 483.4
Submicron = L
. (0.163) | (0.324) (0.230) [ (0:054) | (0.215) [(0:005)7| (0.169) | (0.205) (0.122) | (0.173)
emulsion 4 e
Butylparaben
) 435.7 498.3 35416 3815 410.7 440.1 434.0 463.3 Could not be
Submicron
; (0.001) | (0.039) | (0,129) |7(0.054) [7(0.103) | (0.083) | (0.137) | (0.135) prepared
emulsion




Table 2B The changes in size of paraben submicron emulsions during storage for 7 days at ambient temperature measured by using laser light

diffraction (Mastersizer 2000). F4
¥ |
D[4,3] mean(am)(span)
Formulation 30% 40%¢/ ’ \ 50% 60% 70%
t=0 t=7 t=0 = =0 =7 t= =7 =0 =7
: 4 Y-y
| Methylparabe -
SRR 260 381 560 / OF F1 7383 4 463 320 270 330 446
Submicron Vi
) (1.847) (1.194) (1.980) 1.887) | 2:031) (1.479) (1.957) (1.791) (1.122) (1.578)
emulsion 'l PYrer Y
Ethylparaben rFy 27N
360 382 2983 5121 . 1624 Sl 12010 841 1113 680 753
Submicron Hae 22
_ (L.715) (1.279) (8.117) (4.102)—F (3.902) | (2.157) 2.197) (2.098) (1.843) (1.361)
emulsion s A ,-
Propylparaben B =%
458 550 553 L7 380 511 779.° ) 482 390 464 400
Submicron =" =
_ (2.179) (2.241) (1.989) (2.298) (1.669) (1.264) (1.555) (2.289) (1.472) (2.425)
emulsion d -
Butylparaben
_ 449 459 361 373 377 408 432 445
Submicron Could not be prepared
N (1.370) (1.513) (1.247) (1.462) (1.281) (1.468) (1.539) (1.541)
emulsion

€61




Fd

Zeta poiential mean +SD
Formulation 30% 40% T~ 50% 60% 70%
t=0 t=7 t=0 L | 50 =L t=0 t=7 t=0 t=7
T \
Methylparaben /r 1
-27.30 -31.50 -27.70 =28.90 -27.61 -29.87 -19.60 -33.10 -47.70 -67.70
Submicron / 4 =
. +1.01 +1.70 iO.?O/ TK10 ++0.49 +1.72 +1.90 +1.80 +1.90 1+2.30
emulsion ‘) ;
Ethylparaben 4V =
-22.51 -29.22 -16.71 | fF-20.56 -14.43: -29.51 -17.43 -32.42 -26.20 -42.60
Submicron 44
. +2.16 +1.05 +1.30 JFO0.535= il’:é@_ +0.87 +0.78 +1.14 +0.46 1+2.20
emulsion rF i "t ha
Propylparaben P 7
-36.83 -38.26 -37.63 -40:55 £37.970 | 42,08, -35.40 -40.21 -37.20 -41.10
Submicron Lo L.
. £1.12 +0.92 +1.6% +1:02 =227 =189 1| +1.71 1+0.84 1+2.18 12.01
emulsion wdi L
Butylparaben : W 1
-30.93 -20.14 -38.89 -20.21 -35.52 -18.55 -33.79 -26.36 Could not be
Submicron
_ +1.30 +2.07 +0.65 +2.68 iY Vi +2.76 1,57 +2.71 prepared
emulsion

Table 3B The changes in zeta potential of paraben submicron emulsions during storage for 7 days at ambient temperature measured by Zetaplus™.
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Table 4B The changes in pH of paraben submicron emulsions during storage for 7 days at ambient temperature.

F4 .

2 pH méansSD

Formulation 30% 40% 50% 60% 70%
= =7 =() ?ﬂ ‘«1 t=0 =3 t=0 t=7 t=0 t=7
Methylparaben y L 4
. 5.37 4.84 6.01 /5 Y Jil- 502 5.44 5.87 5.53 5.56 5.40
Submicron /
. +0.01 +0.01 +0.01 ]0 02, ﬁg) 02 +0.01 +0.02 +0.02 +0.01 +0.02
emulsion /
Ethylparaben
. 5.36 5.26 5.54 5.28 ¥ 55}1 S5:14 5.15 5.40 5.23 5.81
Submicron
) +0.01 +0.01 +0.01 f‘+0 ()2 +0 {)f f, +0.01 +0.01 +0.08 +0.02 +0.07
emulsion == =
Propylparaben ot s -
. 5.70 5.20 541 5.06 5.97 548 5.43 5.20 531 5.10
Submicron - <
_ +0.01 +0.01 +0.02 +0.01 .03 +0.01 /| +0.01 +0.01 +0.01 +0.01
emulsion —
Butylparaben - o
_ 5.13 4.87 5.52 5.28 5.90 5.71 5.89 5.55 Could not be
Submicron
) 10.06 10.02 +0.01 +0.01 10.01 10.02 +0.01 10.01 prepared
emulsion
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Table 5B %Recovery content of parabens from various concentration of.

\’ icron emulsions prepared by de novo method.

Concentration Methylparaben E = n Propylparaben Butylparaben
(%) 1 2 Mean+SD 1 Mean+ 2 | MeantSD | 1 2 | MeantSD
30 85.22 | 91.26 | 88.24+4.26 | 74.04 ; 4 7 \ 106.55 | 106.70+0.22 | 102.48 | 101.03 | 101.76+1.03
40 96.85 | 112.99 | 104.92+11.41 | 73.25 74:62+1.94 . - 96.71 | 97.2840.81 | 97.14 | 98.63 | 97.88+1.05
50 80.20 | 83.82 | 82.01+2.56 | 87.54 i $0. \\ 114.86 | 115.29+0.62 | 103.26 | 101.66 | 102.46+1.14
60 114.89 | 112.12 | 113.50£1.96 | 90.80 |/87.02/ "8 53 11347 1 109.64 | 111.56+2.71 | 95.06 | 96.70 | 95.88+1.15
70 106.62 | 106.32 | 106.4740.21 | 112.5 . diéf: 11 40 | 114.28 | 113.34+1.33 - - -

G
AUINENINYINg
ARIANTUNNIINYAY
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Table 6B % Weight loss after separating by ultracentrifugation of m;—;:thylparaben submicron emulsions prepared by de novo emulsification.
I

L8

PC rich Aqueous - Initial
%drug Oil phase Mesophase/ / al Lose
n phase phase : weight of ) % loss MeantSD
saturated weight (g) weight (g) | weigh ﬁz:r%welght.%g) Weight (g) SME (2 weight (g)
1 0.4665 0.1781 5.94 }2?53871% 60807 | 71326 0.1519 2.13
30% 2 0.464 0.2323 %@; 867 7.0074 7.1596 0.1522 2.12 1.98+0.25
3 0.5335 0.2049 5.89 /f/ f§807—f- 1% 7.0132 7.1335 0.1203 1.69
1 0.5466 0.2686 )Q( /031.56 $ . 7.0030 7.1146 0.1116 1.57
40% 2 0.5191 0.2336 5.9261 02733 "‘r 69521 7.0172 0.0651 0.93 1.15+0.36
3 0.5827 0.2439 5.89 0a2766 7 Al 6.9945 | 7.0616 0.0671 0.95
1 0.4526 0.1674 5.8798 F | /1203793 u_él 8701 7.1345 0.2554 3.58
50% 2 0.5403 0.1633 5.9674 1203957 {70667 7.1553 0.0886 1.24 2.05+1.32
3 0.4752 0.1665 60172 0.3851 7.0440 %11 )7.1394 0.0954 1.34
1 0.6166 0.1359 35.73_.4104 0.3995 '6.992—4}*} 7.0861 0.0937 1.32
60% 2 0.6110 0.2146 56537 0.3492 6.8285 I 7.0306 0.2021 2.87 1.74+0.98
3 0.6247 | 01285 |} 580292 04051 1769612, 1.7.0346 | 0.0734 1.04
1 0.6864 0.1268 | | 157906 3|1 103577 619615 7.0392 0.0777 1.10
70% 2 0.5625 0.2050 | 5.8485 0.3537 6.9697 7.0292 0.0595 0.85 0.9610.13
3| 05865 | 04432 | 39021 | [ [0.3236) V| 6.9674 || 17.035% [T 00650 0.92

L6l



Table 7B %Weight loss after separating by ultracentrifugation of ethylparaben submicron emulsions prepared by de novo emulsification.

PC rich Aqueous ] / Initial
vodrug n Silphese phase phase Mesophase// g weight of Fose % loss MeantSD
saturated weight (g) weight (@) | weeighs (,g)m weight .Sg) wetgh'[ (g) SME (g weight (g)

1 0.3210 0.1842 6.% /6 404{ 6.9180“ 7.0031 0.0851 1.22

30% 2 0.4040 0.1280 5.% /o }881}. 6.8255 7.0063 0.1808 2.58 2.1340.79
3 0.5088 0.2059 5?6)/ "4 /?’47_18___4' 6.8233 7.0051 0.1818 2.60
1 0.5382 0.1785 5. '9y /9,315391' i\ 6,92 7.0081 0.0881 1.26

40% 2 0.5586 0.1778 5.7940 0.30617°4 | "6.8365 7.0025 0.1660 2.37 2.00+0.64
3 0.5694 0.2046 57443 | 703213 3 "6.8396 7.0047 0.1651 2.36
1 0.8082 0.1646 5.5267 F'| 4 jfé_lsz }, - 6.8177 7.0081 0.1904 2.72

50% 2 : - - 757 :_;:-:_ - = : 2.10+0.87
3| 0604 | 02299 | 5047 0359 | 6.8968 {77.0009 | 0.1041 1.49
1 0.6127 0.1713 50650 | 03815 6.8305 | 7.0006 0.1701 243

60% 2 0.6461 0.2058 5.7;3;98 0.3136 6.9053 7.0002 0.0949 1.36 2.29+0.86
3 0.7147 0.1820 5.6010 0.2883 6.7860 7.0007 0.2147 3.07
1 0.5022 0.2587 (1 [5:8313 0.3086 6.9008 7:0009 0.1001 1.43

70% 2 0.8291 0.2914 5.4852 0.3085 6.9142 7.0041 0.0869 1.24 1.6740.59
3 0.9003 025350 "1 7913778 0.3050 6.8366 7.0003 0.1637 2.34
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Table 8B

% Weight loss after separating by ultracentrifugation ﬂf‘p[?pll araben submicron emulsions prepared by de novo emulsification.

. S —
Vodrug e Pp(;;ceh 1;&(;_6.801)11%2@;21 w:il;tlijlof Fose % loss MeantSD
saturated weight (g) ) weigh“—;%‘:ghtfg) _mg) SME (@) weight (g)

0.5974 0.2916 3452 69498 7.194 0.2448 3.40

30% 2 0.6582 0.2224 08300, A 69655 7.1702 0.2037 2.84 3.6610.98
3 0.6469 0.2456 1.29_?03;, .\6.,8299 7.1701 0.3402 4.74
0.5744 0.1820 0%4;157:;}% . \9232 | 71823 0.2591 3.61

40% 2 0.5243 0.1753 ;10.;51(1‘70:_.7:4 47 3®1 7.1904 0.1505 2.09 2.71+0.80
3 0.6185 0.0962 0:5512 i 7.0188° | 7.1940 0.1752 2.44
0.1642 0.1840 @65 ""ig‘%.mz 7.0020 0.2188 3.12

50% 2 | 05065 0.1774 = 6359 'x?ﬁm_ .~ 7.0016 0.1223 175 | 2.2840.73
3 0.5126 0.2012 rj 7.0205 0.1389 1.98
0.1161 0.0965 0.2949 : 7.0104 0.1283 1.83

60% 2 0.4933 0.1236 0.1992 | 6:8901 7.0410 0.1509 2.14 2.1540.32
3 0.5618 0.1223 V-3 234 0.1734 2.47
1 0.3001 0.1165 lﬁg’] P11 T q'?ig:] - 7.0225 0.3489 4.97

70% 2 0.6106 %%%ﬂ%yﬁ 0.2293 3.27 3.85+0.97
3 0.8310 0. q6 ; ! 9481 7. 0.2369 3.30
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Table 9B %Weight loss after separating by ultracentrifugation of buthylparaben submicron emulsions prepared by de novo emulsification.
/28
%drug Oil phase PCrich Aqueoui-.__;::o‘plgse ""fﬂ!ﬁl Ir‘ntlal Lose .
e n weight (g) phase phasess== . »-;_—’ - 7 weight of weight (g) % loss Mean+SD
weight (g) | weight (g : : SME (g)
1 0.7183 0.1851 5.69 z_l'"/o‘.' 4 | 70695 | 7.1385 0.0690 0.97
30% 2 0.5448 0.2872 5 l" I - 6.9008 7.0146 0.1138 1.62 2.20+1.60
3 0.6484 0.1871 5. k \5‘.(3091 o 7.0123 0.2814 4.01
1 0.5328 0.2524 5.6 . %}&3 ~ | 7.0061 0.1098 1.57
40% 2 0.5860 0.0560 5.618 & 7.0151 0.2028 2.89 1.77+1.03
3 0.6719 0.0283 5.7340 7.0146 0.0594 0.85
1 0.5094 0.0839 6.0996 1,3503 A 7.1369 0.0937 1.31
50% 2 0.6519 0.0935 57468 0.3601 6.8523 iF;( 7.1373 0.2850 399 | 2.27+1.49
3 0.5200 0.0695 S EJ 7.1360 0.1084 1.52
1 0.5841 0.1163 6.0289 . 0857 U 7.1387 0.0530 0.74
60% 2 0.6366 0.1129 5.9414 .. |  0.3552 7.0461 7.1341 0.0880 123 1.88+1.56
3 0.6120 0.1455 57615 J[70 8 hﬁsm 0.2610 3.66

ARIANTAUUMINGIAY
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Table 10B The analytical amount and recovery after ultracentrifugation of IPethylparaben submicron emulsion prepared by de novo emulsification.

- Amount in | Amount in | Amount in | Amount in A//T tal Initial Theoretical
odrug .
n oil phase | PCrich Ph | aq phase mesophase mﬂmt weight of amount %Recovery | MeantSD
saturated (mg) me) | (mgl (mg>| (mg) .| SME@®) | (mg)
1 0.3850 0.5206 0.92 ﬂ 4643\ 2.2949 7.1326 2.9346 78.20 _—
30% 2 0.3736 0.5064 0.%6/050781 | 2.3388 7.1596 2.9457 79.40 -
3 0.3820 0.4330 0917f i / ?'3885-' 2.1663 7.1335 2.9349 73.81 '
1 0.5717 0.6540 132{ | /0«98675 “ 3.5390 7.1146 3.9232 90.21 553
40% 2 0.5802 0.7904 / 10188 73 oy B-7695 7.0172 3.8695 97.42 g
3 0.6682 0.7958 13353 ;.49501 %;,‘,5,‘3.8494 7.0616 3.8940 98.86
1 0.6338 0.4279 1.7261 ° «;r:6f139 ;__«3'*7018 7.1345 4.8922 75.67 7347
50% 2 0.7380 02868 | 16355 204707 {13330 71553 4.9065 GeLbs 18,60
3 0.6689 0.3588 .\;».;41561 0.9614 39452 13 ;17.1394 4.8956 80.59
1 1.0224 0.5308 2.45_—3;30 1.9035 5.4808 " 7.0861 5.8410 93.99 _—
60% 2 1.0570 0.8872 1.9449 1.7774 5.6665 17 7.0306 5.7952 97.78 i
3 1.0289 0.5930 2,1600 1.8099 5.5918 7.0346 5.7784 96.77
1 1.1628 0.5585 2.1103 18835 5.7150 7.0392 6.7375 84.82
70% 2.1342 0.8944 2.1820 1.9335 7.1440 7.0292 6.7279 106.18 P71
3 1.0801 07210 2.5145 17507 6.0663 7.0324 6.7310 90.12 #1112
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Table 11B The analytical amount and recovery after ultracentrifugation of eihylparaben submicron emulsion prepared by de novo emulsification.

Amountin | Amount in | Amount in Amof'ﬂW tal Initial Theoretical
%drug _ '/ / ,
n oil phase | PC rich Ph @t weight of amount %Recovery | MeantSD
saturated J i
(mg) (mg) ~mg) | SME(®) | (mg)
1 0.3899 0.4566 [ 2.5961.. 7.0031 4.0118 64.71
‘ o 65.40
30% 2 0.5566 0.2656 2.5850 7.0063 4.0136 64.41 58
3 0.5515 0.4689 \2 6918 7.0051 4.0129 67.08 '
1 0.7701 0.6334 3\8404 77,0081 5.2461 73.20
70.36
40% 2 0.8382 0.7418 3.6506, 1 7.0025 5.2419 69.64
+2.57
3 0.6603 0.6575 3.51‘1 | 7.0047 5.2435 68.22
1 1.3882 0.8635 414 7.0081 6.6076 80.84 1798
50% 2 . x e . 3 3 '
’ = - +5.02
3 1.4270 1.0291 1.0 5;?.0009 6.6008 73.73
1 2.1273 1.1391 i.2444 1.6454 7.0006 7.8907 78.02 20
- ,,;_"f\ A .
60% 2 1.9016 1.3578 1.2598 1.4067 5.9259 1 7.0002 7.8902 75.10 560
+2,
3 1.8961 1.1499 1.499644  1.1954 'U§E7|4éoi - ﬁggm 7.8908 72.76
1 1.8062 2.5306 Wﬂ . 4087 | 17.0009 9.2412 80.17 -
70% ) 2.4882 2.3252 1.6572 1.4193 7.8898 7.00119/] 9.2414 85.37 '
Ty W £ S 1 0100 ™ QN D1IM & +2.63
3 24535 189s533] || @lﬁ{ |4 A5854] w 7.5890 || 77.0003" H 9.2404 82.13
b |
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Table 12B The analytical amount and recovery after ultracentrifugation (iflpfopylparaben submicron emulsion prepared by de novo emulsification.

Amountin | Amount in | Amount in | Amount W tal Initial Theoretical
%drug . , / :
P n oil phase | PCrichPh | aq phase "'mssophase ,ﬁpﬁ weight of amount %Recovery | MeantSD
saturate 7 e
(mg) (mg) (m_g_)m__,q /,img)| ~mg) | SME (g) (mg)
1 1.3958 1..7144 1.13 { 54999 [ 7.1942 5.8992 93.23
/%’?6 d\ % - 93.50
30% 2 1.6647 1.4826 1.17 , | 5.605 7.1702 5.8796 95.34
° V7w d\ A £1.73
3 1.6636 1.4307 1.11 023~ \5 4039 7.1701 5.8795 91.91
1 2.0564 1.2595 1332 ,0521 rb 6\7009 7.1823 7.9005 84.82 i
40% 2 1.9178 1.3092 1.2051 9 5714 ‘j‘ 7 bq35_ 7.1904 7.9094 88.55 1'90
) +1.
3 1.8586 0.9577 1.517 24748 A 6. 80\7 o 71940 7.9134 86.04
1 0.6476 2.2605 1.1293 7| /713616 - | 513990 7.0020 9.6628 55.87 137
50% 2 1.5074 2.8391 12429 | 13‘422 14 7.0016 9.6622 71.74 115. 1
3 2.1916 3.1380 14291 1.6223 | &q.ozos 9.6883 86.51 '
| — =
1 0.7550 1.5074 14841 2.7005 - 7.0104 11.6072 55.54 .
4 | ] A
60% 2 1.9296 2.0426 2.7794 1.7356 8.4873 1 7.0410 11.6579 72.80 1B
$12,
3 2.5934 1.8733 1,9256<% 29809  [-793732 0234 11.6287 80.60
o Sidera Vot b oo
1 1.2617 1.1397 7 0 34 117.0225 13.4732 54.54 -
70% 2 2.4921 2.9681 1.5130 3.1776 10.1508 | 7.0168%7 13 4723 75.34 '
=W T V.. T.Y L TaVaX -Tal -1 Eala +20.35
3 4.2684 0:40354" [ (019142 | ﬁﬁ 13,1285 18501 J 13.7849 95.24
—q
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Table 13B The analytical amount and recovery after ultracentrifugation of buthylparaben submicron emulsion prepared by de novo emulsification.

f/ 7.
- Amount in | Amount in | Amount in.| Amount in’ f'i | Initial Theoretical
ru — —
L n oil phase | PCrichPh | aq phase{mesophase | amount weight of amount %Recovery | MeantSD
saturated T/P' . =
(mg) (mg) Elg/r" mg) (mg) SME (g) (mg)
1 2.3684 1.9114 173994 & 2.6644 86842 | 7.1385 12.0131 72.29
zr//‘z? }' 79.91
30% 2 3.2217 2.9580 0.841 / /‘1/7,.097: 4 87309 7.0146 11.8046 73.96
4 = +0.91
3 3.8447 1.7044 1.1845 £, [_.}82‘10 8.5546 7.0123 11.8007 72.49
1 3.9849 1.3612 0.8178 / 3.7323 0] 98963 7.0061 15.7237 62.94 -
40% 2| 49297 | 03590 | 0.6289" | 48120 | 10729 | 70151 | 15.7439 68.15 3'88
A 4" ! 13.
3 5.1078 0.2252 0.7279 # 50421 | 11,1031 7.0146 15.7428 70.53
1 4.6871 0.7513 0.9351 | _-6:0088 17123823 7.1369 19.9833 61.96 o
50% 2 43131 0.6099 171034 " 6.0440 12.07043 (71373 19.9844 60.40 3'99
S i +3.
3 43136 0.8044 L6778 6.7832 13.5790 | .7.1360 19.9808 67.96
1 5.5540 1.4667 1.35}2 6.8468 152497 | 7.1387 23.9554 63.66 -
60% 2 5.3645 1.4178 1.7050 5.2768 13.7640 | 7.1341 23.9400 57.49 4’71
, : nr. +4,
3 5.1213 1.6663 1.0417 8.1615' | | 159909 | | 7.1384 23.9544 66.76

1414




Table 14B Percentage of drug distribution into various phases of submicron emulsion prepared by de novo emulsification.

I/
‘4’1
" Y%drug distribution' (MeantSD)
%drug > 2
Oil phase PC g - I “Aqueous phase Mesophase
satutared g
MP | EP PP BP | MP | ERs| . PE %P MP | .EP PP BP | MP | EP PP BP
16.80 | 19.01 | 28.62 | 36.37 | 21.44 : 28.94 | 20.77 | 14.51 | 19.96 | 36.96 | 22.57 | 23.85
30% .
’ +0.83 | £3.50 | +2.86 | +8.85 | +1.36 43.26 | £0.21 | £5.23 | £1.90 | £0.75 | +0.44 | +5.98
16.30 | 20.49 | 28.66 | 44.07 | 20.04 26.08 | 22.39 | 6.89 | 27.40 | 35.02 | 32.70 42.66
40%
° 1099 | £2.28 | £1.63 | £3.29 | +1.36 11.81 | £5.58 | £1.24 | +0.44 | +2.00 | +4.65 +4.29
19.21 | 27.65 | 19.96 | 35.12 | 9.94 .26.34 18.63 | 9.68 | 21.38 | 27.35 | 21.31 | 49.52
50%
’ 13.76 | £2.35 | £7.24 | £3.09 | +1.41 £7.02 | £2.03 | £2.45 | £5.45 | +1.14 | +3.38 +0.86
18.56 | 33.22 | 20.70 | 35.81 | 11.98 Jit 22.53 | 25.44 | 9.32 | 32.80 | 23.76 31.38 | 44.76
60% )
’ +0.14 | £1.24 | +8.17 | £3.51 | +3.22 -, 24 1 218 | 4043 | 42 1-2:31? 16.45 | £2.94 | £1.69 | +2.95 | +10.72 46.35
. £
22.67 | 29.41 | 24.74 11.39 2’9&;’/’9 15.94 36.31 | 24.52 | 16.71 29.63 | 19.28 | 45.49
70% - - g 1} . -
’ 16.36 | +4.38 | +7.67 +1.44 | +422 | +3.09 +5.48 | £0.85 | +6.24 +3.02 | £1.48 | +13.24
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Table 15BThe change in size of paraben submicron emulsions (nm) contai?ng Arlasolve DMI during storage for 7 days at ambient temperature

measured by using Photon Correlation Spectroscopy (PCSQ\

Y

e dl%;\ ﬁ, fgﬁolydlspersny)

Formulati 30% 40% P
ormulation () 0 7/ /’ \ R 60%

t=0 t=7 t=0 t=7 =0 t=7

267.8 270.5 267.8 288.9 290.3 288.9 290.3
Emulsion base

(0.088) | (0.099) | (0.088) (0.131) | (0.156) | (0.131) | (0.156)

267.7 273.0 271.3 295.0 302.1 298.1 303.4
Methylparaben

(0.091) | (0.118) | (0.071) (0.103) | (0.117) | (0.147) | (0.143)

_ 262.8 277.9 262.8 -5 248.3 259.1 248.3 259.1

Emulsion base

(0.104) | (0.068) | (0.104) 4. .r-(O 068) | (0.110) | (0.074) | (0.110) | (0.074)

254.7 294.8 2658 | _ﬁ} | 267.8 290.8 280.6 299.7
Ethylparaben

(0.115) | (0.250) | (0.128) %4 (0. (0.042) | (0.127) | (0.073) | (0.118)

264.9 272.7 264.9 . 2727 | 2649 272.7 267.8 270.5
e 0.105) | (0.095) 0.105) 0.095 0.105 0.095 0.105 0.095

(0. . (0.105) _(0.095) | 1050 ] ¢ 95) | 0105 | (0.095) | (0.088) | (0.099)
N 287.6 309.3 2976 |4 (32951 Ejiﬁﬁ Ezr 1] 3306 356.3 3223 370.4

ropylparaben [
O.111) | ©18) | (0109 | (0.123) | (0.116) | ©072) | (. 136) | (0219) | (0.045) | (0.026)
P n 1A TAN SAONDIMm M ﬁ
o WNW TV Te

|
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Table 16B The change in size of paraben submicron emulsions (nm) containing Arlasolve DMI during storage for 7 days at ambient temperature

measured by using laser light diffraction (Mastersizer 20 \\ ' ,//
— {/,4

B
—— o

Formulation 30% 40% 7TIER | 60% 0
() () },,/ \ l\% 0 70%
=0 t=7 t=0 130 \--\ \& t=0 t=7 t=0 t=7
255 265 255 773650 | 403 365 403 365 403
Emulsion base '
(1.486) (1.099) (1.486) (1 (1.567) (1.512) (1.567) (1.512)
285 284 294 296 & | 359 381 373 453
Methylparaben il
(1.597) (1.562) (1.602) (1860 ; (1.682) (1.697) (1.674) (1.785)
' 262 340 262 3P T 260 237 280 237 280
Emulsion base O R <
(1.449) (1.334) (1.449) (1.334‘12,—‘, T (1.449) (1.515) (1.538) (1.515) (1.538)
286 412 286 |1y 440 . 260 381 272 432
Ethylparaben \t-: — ¥
(1.498) (1.582) (1.514) SLA(1.502) | (1.590) (1.653) (1.680) (2.361)
| .
) 271 270 271 _IJ 270 271 270 255 265
Emulsion base
(1.414) (1.396) (1.414) @.396) (1.414) (1.396) (1.486) (1.099)
297 344 3 i “ 353 Pl . 388 444 374 3
Propylparaben ? ! m |—‘§ B

(L615) | (1482) | (L650) | (1333) | (1.756) (1705 | (1420) | (1.474) | (1.409)

AN ANt HA"
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Table 17B The change in zeta potential of paraben submicron emulsions c

temperature measured by Zetaplus™, N \\\

7ta1n1ng Arlasolve DMI during storage for 7 days at ambient

Formulation 30% 70%
t=0 t=7 t=7 t=0 t=7

-22.09 -25.81 -45.94 -47.17 -45.94
Emulsion base

+3.63 +4.07 +14.85 +13.53 +14.85

-32.66 -38.37 -31.43 -23.96 -14.82
Methylparaben

+12.17 +14.82 +6.34 +1.37 +1.60

-50.13 -46.87 -26.28 -47.64 -26.28
Emulsion base

+13.45 +14.99 +2.17 +10.45 +2.17

-19.63 - -15.38 -12.97 -18.39 -14.22
Ethylparaben

+1.64 +4.21 +1.90 +3.62 +2.12

-25.23 -34.71 -34.71 -22.09 -25.81
Emulsion base

+2.64 +5.94 +5.94 +3.63 +4.07

-24.05 -20.01 -14.52 -18.30 -14.07
Propylparaben

+2.12 +3.51 +1.59 +1.45 +2.09
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Table 18B The change in pH of paraben submicron emulsions containing Arlasolve DMI during storage for 7 days at ambient temperature.

Formulation 30% 60% 70%
t=0 =7 =0 't t=0 t=7 t=0 t=7
5.19 5.13 5.19 3 -Li\\. 5.23 305 5.23 5.05
Emulsion base ) 4 _
10.03 +0.03 10.03 .0 “ é@f‘ 10.04 10.06 10.04 10.06
3.51 3.51 3.52 el B sk AN\ 3.52 3.49 3.53 352
Methylparaben e
+0.02 +0.04 +0.01 0402 al 4 .{:i_i-;q}‘_ 10.01 +0.01 1+0.006 10.02
5.82 5.73 5.82 73 [1A582) 5.94 5.88 5.94 5.88
Emulsion base P
+0.05 +0.006 +0.05 +0 6!{_.3-;‘5_‘.:&:07.- +0.006 +0.01 1+0.006 1+0.01 10.006
3.53 3.00 3.53 3'01—'5-";;-‘-‘:'-3{“'?’?* .10 3.52 3.08 3.53 3.11
Ethylparaben 0 : ;
10.006 10.02 10.01 j;_-_k&(n_ +0.  10.03 10.02 10.01 10.02
512 5.05 312 =, 5.05 5.12 205 5.19 5.13
Emulsion base D gﬂ
+0.04 1+0.06 +0.04 +0.06 +0.04 +0.0 +0.04 1+0.06 10.03 10.03
€ &/
3.57 3.56 3. ‘ 3 3.58 3.52 3.58 3.60
Propylparaben EJ i ilﬁj E' | i
R +0.02 1+0.02 iO.%L' +0. m EJ_ .01 10.01 r +0.006 +0.03 +0.006 10.01

RIAINTUNAIINL
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Table 19B %Recovery content of alkyl-4-hydroxybenzoate fron

extemporaneous addition.

Ws concentration of submicron emulsions prepared by

Concentration Methylparaben — Propylparaben
(%) 1 2 Mean+SD / 7 1 2 Meant+SD
30 79.05 | 80.73 | 79.89+1.18 %ﬁé‘?}k\\\\ 90 | 98.02 | 98.36 | 98.19+0.24
40 79.23 | 78.05 | 78.64+0.8 JVI ‘ N\\\ 0.30 | 101.92 | 98.52 | 100.22+2.40
50 85.24 | 83.54 | 84.39+1. "'lﬁ& a\'\\ 61 | 101.07 | 103.67 | 102.37+1.84
60 85.61 | 85.79 | 85.70+0.12 ‘V 2 !, ‘R\ 1.48+2.50 | 102.97 | 102.54 | 102.75+0.31
70 83.28 | 8037 | 81.82:2.05 | 95.97 :_-__ | 97.00+1.46 | 100.68 | 102.51 | 101.59+1.29

o Jﬁy}:‘-ﬂﬁ-"‘ 2 V
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Table 20B % Weight. loss of methylparaben submicron emulsions containing Arlasolve DMI after separating by ultracentrifugation.

. PCrich | Aqueous | A, Initial .
Calrg n ShEe phase phase i )l weight of Losing % loss Mean+SD
(o}
saturated weight (g) ) ) weight (g) | weight(g) weight (g)
weight (g) | weight (g)‘“:;, SME (g)
— . —
1 0.4415 0.1101 5.01842ﬁ"'/ 2759 k 5.8457 5.9916 0.1459 2.44
r.J |
30% 2 0.4472 0.1058 5.0674 1012}'72. ] 5.8376 5.9916 0.1540 257 2.48+0.08
3 0.5621 0.1101 4.9031 )f TN i 5.8473 5.9922 0.1449 2.42
1 0.4608 0.0734 4.9 /Y3,077 i 4+ 5.8049 5.9924 0.1875 3.13
40% . 0.4268 0.0861 5.0023 Af[) 275‘3 ; 5.7905 5.9916 0.2011 3.36 3.41140.31
L -}_ i‘
3 0.4678 0.0570 4.9657 & 0. QZ& 5 768/ 5.9913 0.2246 3.75
1 0.4408 0.0819 5.0158 | ;Q2736 ;_::’.@121 3.9922 0.1801 3.00
50% 2 0.4760 0.1084 49135 | __03270 /(7518249 5.9283 0.1034 174 | 2.87+1.07
3 0.4197 0.0909 4.8701 0.3191 5.6998 | £ .5.9284 0.2286 3.86
\-: — w |
1 0.4678 0.0626 4.9-2‘29 0.3398 5.7981 ;‘-15.9284 0.1303 2.20
60% 2 0.4721 0.0792 4.8688 0.3123 5.7324 |- 5.9284 0.1960 331 2.58+0.63
3 0.4719 0.0631 5.0079¢ 0.3149 5.8578 5.9922 0.1344 2.24
1 - . | £ | d - .
70% 2 0.5573 0.0263 4.7741 0.3412 5.6989 5.9282 0.2293 3.87 3.54+0.46
3 0.5407 0.0265 1/, 4.8195 0.3508 5.3 5.9282 0.1907 3.22
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Table 21B %Weight loss of ethylparaben submicron emulsions containing Arlasolve DMI after separating by ultracentrifugation.
ﬁ‘t? - -

PC rich Aqueous Initial
%drug Oil phase Mesophase4 } ) Losing
_ phase phase weight of ) %loss | MeantSD
saturated weight (g) ) ) ' weight (g)
weight (g) | weight éE SME (g)
0.4596 0.082 4.49J¢.¢ h 5.5282 0.1318 2.38
30% 2 0.4566 0.1461 4.356 N 5.5287 0.1718 3.11 2.7540.36
3 0.3710 0.0778 4.565 5.5289 0.1526 2.76
1 0.4395 0.0831 4.0820 75.5290 0.5034 9.10
40% 2 0.3798 0.1152 4.50 "~ 5.5286 0.0993 1.80 4.86%3.79
3 0.3878 0.1346 4.391 5.5279 0.2028 3.67
1 0.5401 0.0337 4.3544 55293 0.1715 3.10
50% 2 0.4978 0.0338 4.3988 5.5287 0.1460 2.64 2.68+0.40
3 0.5583 0.0332 4,4275 £ 5.5660 0.1288 231
e ——
1 0.3840 0.0766 45046 0.2250 4.04
i (]
60% 2 0.4862 0.1123 4.3446 "~ 5.5665 0.2890 519 4.6210.81
{ 1
3 = : = J . ﬁ.‘ ' ¢ F e = = =
1 0.4137 0.1124 ‘cui % g g ‘51%3‘ I 55'.4‘5%-_" l ig.St%uS 0.1591 2.86
70% 0.4772 0.0869 4.5140 : ’ 5.5662%| 0.1526 2.74 2.9140.19
ol - JaWall. : | ‘ _ |
0.3711 | 0.6972/\ | | ﬂ%ﬂﬁ%ﬂw 15662 |1 0.1739 3.12
4
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Table 22B % Weight loss of propylparaben submicron emulsions co?taining Arlasolve DMI after separating by ultracentrifugation.

I

PC rich Aqueous ] // Initial _
%drug Oil phase Mesophase |/ /;'Pgt;l . Losing
n ' phase phase < - weight of . % loss Mean+SD
saturated weight (g) . ) “weight (g) | weight (g) weight (g)
weight (g) | weight (g) | : SME (g)
s | -
1 0.5139 0.1358 4.7698 A" /,3377 \ 57572 5.9473 0.1901 3.20
30% 2 0.4523 0.1555 4.8429 ))? 02 b 5.8609 5.9474 0.0865 1.45 2.3740.88
3 0.5322 0.1210 4.7841 7 03634 - 5.8007 5.9479 0.1472 2.47
i 0.4664 0.0405 4.9000 .3911% 4 5.7984 5.9476 0.1492 2.51
S
40% o 0.4914 0.0844 4.7999" ,3995 }:—‘; 3.7752 5.9480 0.1728 2890 2.4840.43
3 0.6072 0.1011 4.7380 0 3&05 'ijfﬁ‘5.8268 \ 5.9484 0.1216 2.04
1 0.7174 0.1826 4.6004 02592 | 885% 5.9474 0.1878 3.16
50% 2 0.7313 0.1912 46379 | 02475 | 58079 '5.9471 0.1392 234 | 2.60+0.48
3 0.7060 0.1911 4.@724 0.2812 5.8507 é;IS.9887 0.1380 2.30
1 0.7998 0.2742 4.6436 0.2099 5.9275 " 75.9894 0.0619 1.03
60% 2 0.7387 0.2519 4.6949 0.2017 5.8872 = 5.9886 0.1014 1.69 1.2310.40
3 0.5913 0.2653 4.8907 0.1835 5.9308 5.9884 0.0576 0.96
1 0.7733 0.2254 480313 0.2123 7 5.5463 5.9891 0.4428 1.39
70% 2 0.7257 0.2283 4.7014 0.2066 5.8620 5.9888 0.1268 2.12 4.05£2.90
3 0.5150 0.2479 4.8492 0:2182 5.8303 5.9884 0.1581 2.64

14 ¥4




Table 23B The analytical amount and recovery of methylparaben fromxsv}r?icron emulsion containing Arlasolve DMI after ultracentrifugation.

J
Amount in | Amount in | Amount in | Amount in ﬁ | Initial Theoretical
%drug ) ) ' / .
2 n oil phase | PCrich Ph | aq phase ..Mphass g@v weight of amount %Recovery | MeantSD
saturate | p— ?
(mg) (mg) (mg) ) | (mg)w . SME (g) (mg)

1 0.2748 0.3068 0.777 49 | [\ 2.0444 . 5.9916 2.4951 81.93

30% 2 0.3004 0.3464 0.857 136767 12,0720, }.5,5.9916 2.4951 83.04 82.37
3 0.2921 0.2935 0.781 3_r-_~ ;{' 2\0498 ,5.9922 2.4954 82.14 +0.59
1 0.3605 0.2849 1.1430 5@ ,} ?.i{é‘g 5.9924 3.3117 84.06

40% |2 | 03751 | 03262 | 1.2 9357 283\ 59916 | 33112 84.08 84.05
3 0.4183 0.2430 1.1757 0.9443 ’_1-:@2.7815\ 5.9913 3.3111 84.00 +0.04
1 0.5200 0.2625 1.4887 *1?125 Z: 687 5.9922 4.0937 84.73

50% 2 0.5426 0.3904 12144 | 713471 ~ |'3:4946 [5_:9283 4.0500 86.28 85.23

W
: 03015 1. - ; . ;
3 0.4961 0 2897 4.0501 84.68 +0.91
1 0.7135 0.2380 1.357'6? : 4.8955 85.28
1
60% 2 0.6754 0.2509 1.6378 1.4966 4.0607 | 5.9284 4.8955 82.95 83.01
i

3 0.6362 0.2263 mj 4.9482 80.81 +2.23
1 - = U | - -

70% 2 0.7911 0.126 1.71 4 4 ‘ #) 5.6706 79.30 80.56

AR T b .

3 0.8700 0.0 qs 84 | | 0119038 639 9282Y 1| ~"5.6706 81.82 +1.78
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Table 24B The analytical amount and recovery of ethylparaben from submlj‘,ron emulsion containing Arlasolve DMI after ultracentrifugation.

i Amount in | Amount in | Amount in | Amount in *'F/;Pb 1 Initial Theoretical
odrug . . .
— n oil phase | PCrichPh | aq phaseF mesophasg ot weight of amount %Recovery | MeantSD
(mg) (mg) (Mg) (mg) | (mg) . SME (g) (mg)
1 0.5943 0.2613 0.6393///(5913 \ 3.0832 |, 5.5282 3.1095 99.15
30% 2 0.5211 0.3837 0.6103¢" | ] ﬁ?& 4| 13.0737 "} ,5.5287 3.1098 98.84 98.91
3 0.5588 0.2086 0.739/ / 53 : 73,0707 5.5289 3.1099 98.74 +0.22
1 0.9102 0.2335 0.6985 }(szg ) 4.0295 5.5290 4.2193 95.50
40% 2 0.8465 0.3494 0.7651 [2'.;2947 ft,, 1541658 5.5286 4.2190 98.74 97.53
3 0.8441 0.4240 0.6949 yzégjs £ /4.1486 5.5279 4.2184 98.34 +1.76
1 1.4769 0.1169 0.8679 27319 Eﬁ;}@%' 5.5293 5.2514 98.90
50% 2 1.4022 0.1173 0.8956 42.;—7500. 7572051 5.5287 5.2499 99.14 98.48
3 1.3762 0.1241 oados 2.7478 5 1486::‘;?660 5.2862 97.40 +0.95
1 1.3949 0.4707 1 4138 2.9359 6.2503 | —5.5663 6.2169 100.54
60% 2 1.7048 0.2808 1 4252 2.7312 6.1421 | 55665 6.2171 98.79 99.66
3 - -~ are p 5 i - +1.23
1 1.6185 0.9317 1. 175826 291537 7| ©7.0481 5.5658 7.2349 97.42
70% 2 1.8337 0.726]1 16740 2.8256 7.0594 5.5662 -1 , 7.2354 97.57 97.41
3 | 15330 | 008985 1| | 187551 | 02928704V 7.0857 | 556620 72352 97.24 +0.16
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Table 25B The analytical amount and recovery of propylparaben from subrTcron emulsion containing Arlasolve DMI after ultracentrifugation.

Yedrug Ar.nount in Amo.unt in [ Amount in | Amount in ’r//ﬁtal II:lltlal Theoretical
— n oil phase | PCrich Ph | aq phase ;ﬁn:xesophass unt weight of amount %Recovery | MeantSD
(mg) (mg) (mg) - (mg) | (mg)w . SME (g) (mg)
1 1.0413 0.9190 0.5016/ 0431 4.5081 "y, 5.9473 4.9056 91.90
30% 2 1.2517 0.9839 0.58 jj&l 7 ’! ) 4.9202 | 1.5.9474 4.9057 100.30 95.34
3 1.1224 0.8132 0.652 Z{ ﬁszr "_ 4.6034 5.9479 4.9061 93.83 +4.40
1 1.8174 0.6673 1.3263 f986_§ ,\} “%.7975 5.9476 6.5393 103.95
40% 2 1.9262 0.6358 0.88 / /31_,0,4}L5 ' _.} ,6.4898 5.9480 6.5398 99.24 100.64
3 1.8750 0.6662 1.0152° [ 2.9010"7 73 4573 5.9484 6.5402 98.73 +2.88
1 1.8797 2.2696 0.7963 ‘»2{&98 __5£,§‘855 5.9474 8.2043 88.80
50% 2 2.0511 2.2412 0. 9245 ,__~2:£14 : -J-‘f7'.~5682 {5.9471 8.2039 91.52 92.71
3 2.4110 2.4693 064‘45 2.5061 8.0800 | :‘;j'9387 82613 97.82 +4.62
1 2.6252 3.5925 0. 7§82 1.9830 8.9888 — 5.9894 9.8702 91.07
60% 2 3.0890 3.4563 0. 77178 1.9305 9.2466 | 5.9886 9.8688 93.70 91.77
3 2.4552 3.6539 0.9554 1 18702 8:9347 519884 9.8685 90.54 +1.69
1 3.3042 3.4831 170252 2.4886 "10.3011 5.9891 11.4911 89.64
70% 2 2.8312 3.4302 13337 2.3944 9.9894 5.9888. 11.4906 86.94 90.66
3 3.5810 367105V Th 7322 119700 10.9628 5.9884 11.4898 95.41 +4.33
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Table 26B Percentage of drug distribution into various phases of %‘ 'w Arlasolve DMI submicron emulsions
=V~
— L

- 3 ——
0 istribution ( SD)
Yodrug : : : ' —
Oil phase PC \ eous phase Mesophase
~ satutared AR

MP | EP | PP | BP | MP | EP "BP \W ) PP | BP | MP | EP | PP
14.06 | 18.14 | 2431 1535 | 925 F 1938 17— .§\‘2:1331 12.42 3141 | 51.10 | 43.92

30% . o dp -
"] 2055 | 4116 | 41,17 £123 | 292 gy (4 16 .22 | 11.56 +3.48 | 046 | £1.33
] 13.82 | 21.08 | 28.48 1023 | 8.1 9 r;?;:;i-},,’ 41 48 | 16.30 34.68 | 53.30 | 45.24

40% ¢ T -
| +1.09 | 130 | +1.55 +1.49 | 22224 029 7 0,91 20.82 | +2.97 +0.95 | +0.86 | +1.49
15.00 | 27.37 | 27.65 9.18 | 230 | 303845 7 2| 17.14 | 10.61 3740 | 53.19 | 31.22

50% - = - " -
| 40.53 | +0.93 | +2.04 +1.83 | $0.09 | +065 1 {ledia. £0.39 | +1.88 +2.51 | 0.52 | +0.82

A ,

600 16.54 | 25.04 | 30.03 5.85 324041 3 9.27 3785 | 45.72 | 21.29

%o * A 3 =
+0.60 | +3.84 | +3.05 +0.29 | +2:09 | +1.82 +0:02 | +1.26 +1.39 | £1.77 | +0.
0.6 9 | 4182 ; 12 1.39 | +1.77 | +0.67
18.17 | 23.58 | 31.03 2.35 11.1‘zr¢ 33.90 3821 | 24.28 | 13.03 4127 | 41.00 | 22.03

70% - F-% S -
+0.82 | +2.16 | +2.34 +0.66-{ #1 ﬂﬁmﬁﬂfﬁ 1 94 +0.33 | +0.86 | +3.52
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Table 27B The change in size of alkyl-4-hydroxybenzoate submicron emulsions (nm)
prepared by shaking during storage for 7 days at ambient temperature
measured by using Photon Correlation Spectroscopy (PCS).

Formulation Effective diameter (nm)(polydispersity)
=0 =7
Emulsion base 240.7(0.048) 244.2(0.087)
Methylparaben 310.2(0.071) 359.6(0.104)
Emulsion base ‘\2@2\ W | 244.2(0.087)
Propylparaben \‘353.3(0.@ 393.0(0.069)
Emulsion base : 0.8’6%‘ 235.8(0.045)
Butylparaben | /?}77 ( q\)ﬁ\‘\,‘ 378.1(0.081)
Table 28B The change in si 1ydrc ;
prepared by s

Formulation

YA “u _
Emulsion base | | 209(1.645) | ] 224(1.99)
Methylparaben - 5 296(1.72 1 391(1.316)
Emulsion base 1. o 224(1.949)

Propylparabﬁ% a 4 a . 471(1.55 1 .:;-478(1'526)

Emulsionbase .. | | o F|ﬁ|ié.bo§ H Ej 1T d222(1.948)

Butylparaber? 364(1.555) 428(1.425)
S B ES—N— G . rw_w_' L B 1A S B
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Table 29B The change in zeta potential of alkyl-4-hydroxybenzoate submicron

emulsions prepared by shaking during storage for 7 days at ambient

temperature measured by Zetaplus™.

221

Formulation Zeta Potential+SD
t=0 t=7

Emulsion base -45.53+8.18 -46.57+4.95
Methylparaben -‘li‘w 1. -17.75%1.64
Emulsion base 45, -46.57+4.95
Propylparaben -19.534+2.85
Emulsion base ‘/‘? -46.27+4.41
Butylparaben " /7 -19.15+0.58
Table 30BThe change in pH.of 3 ge 703 e ibmicron emulsions

prepared by shaking ¢

Formulation
oY ‘ 7
Emulsion base = _ ™ 5.39+0.05
Methylparaben D " m 5.3420.04
Emulsion base b 5568003, 5.39£0.05
Propylpara J Y sstEes WEITT ‘js.nio.os
Emulsion b 5.30£0.02 5.11+0.006
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Table 31B % Weight loss after separating by ultracentrifugation of alky

“;\ydroxybenzoate incorporated in submicron emulsions by shaking.

PC rich Aqueo o Initial
Oil phase % sophase —T0tal ) Losing
- n eht (2 phase ph ¥ 2 ) weight of ioht (@) %loss | MeantSD
weight igl ] :E% wei
g . weight (g) | wei (g - | SME (g) .
1 0.5165 0.0946 4. 31 ' \5\& 5.9333 0.0453 0.76
2 0.4805 0.1083 4.9495 ) \ 5.9338 0.0863 1.45 1.3740.58
Methylparaben '
3 0.4787 0.1118 .89 -0.330 1 5.9328 0.1133 1.91
1 04611 0.1532 5 (41233'” 8 5.9336 0.1166 1.96
2 0.5455 0.2134 4.8764 01204 3 5.9343 0.0948 1.60 1.731£0.20
Propylparaben AT -V
3 0.5790 0.2095 4.8488" 750.2003 1 h5.8371 5.9344 0.0973 1.64
— -
1 0.6251 - 4.7944 ,;_;@5?,&* 5.6793 5.9342 0.2549 4.30
Butylparaben 2 0.5759 - ,«1:3_;.9164 0.3154 5.9348 0.1271 2.14 3.44+1.15
3 0.6245 - 968 0.28 _l" 5.9351 0.2309 3.89
v s
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Table 32B The analytical amount and recovery after ultracentrlfugatlo

\“ ” -4-hydroxybenzoate incorporated in submicron emulsion by

shaking.
: Amount in
Amount in Initial Theoretical
%drug PC rich )
oil phase weight of amount | %Recovery | MeantSD
saturated phase
(mg) SME (g) (mg)
(mg) Y
1.5496 0.9725 59333 8.0272 97.81
2 1.5097 0.9478 5.9338 7.8810 97.44 97.70+
Methylparaben
3 1.5050 0.8673 5.9328 7.7238 97.85 0.23
2.8842 2.9434 2,68 5.9336 10.0636 96.69
2 2.2739 2.8264 ’9’3.@755 5.9343 8.0536 94.80 94.98+
Propylparaben ‘
3 2.3108 2.5850 1 ~5.9344 8.1200 93.44 1.63
6.0994 - ﬂ 5.9342 19.4605 76.58
Butylparaben 5.0551 - 5.9348 16.0351 82.97 80.18%
4.6286 - 9351 15.2998 80.97 3.27

ARIANTUNNIINYAY
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Table 33B Percentage of drug distribution into various phases of submicron emulsion by shaking.

. % Drugaistribution (MeantSD)

Drug

Oil phase Aqueous phase Mesophase

B b —
Methylparaben 19.774+0.13 12,0710 o 28.76+0.58 39.4010.42
7NN

Propylparaben 29.96+0.44 //‘ fﬂ@ 9\\\\\ ~ 10.70+1.94 25.56+1.79

Butylparaben 38.76+1.90 Illﬁ ’\N\ 15.76+8.34 45.48+7.25

Iy
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Table 34B Effect of incorporated methods on the @Jwamben into various phases of submicron emulsions.
h ' ;

- ...% Drug distribution (MeantSD)
Method of incorporation - \n
ase o ch phase Aqueous phase Mesophase

De novo emulsification (70% saturated oil solubili 1 11.39+1.44 36.31+5.48 29.63+3.02

Extemporaneous addition (70% saturated oil solubil it ‘ ‘%3510.66 38.2140.17 41.27+0.33

Shaking ¥.07i0.51 28.76+0.58 39.40+0.42

ik ) MR . : . P
Table 35B Effect of incorporated methfizgs on the distribution o ethylpara ernto various phases of submicron emulsions.

G 9]

LI | - " ] - W e W

Vethod of _ D ~— E Drug distribution (MeantSD)
ethod of incorporation
Ll ¢ 0Oil pha&c} PC rich phase Aqueous phase Mesophase
De novo emulsification (70% saturated oil%i ’g 1{ E‘? t@% E 2917 %22 21.52+0.85 19.28+1.48
Extemporaneous addition (70% saturated oil Solubility) 263.58i2.16 N 11.14£1.8 lu 24.28+2.16 41.00+0.86
. d | ’ K 3 = _
Sekie Q WIAANNWU ANUIDNENA
9
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Method of incorporation

hh\he ch phase Aqueous phase Mesophase

De novo emulsification (70% saturated oil solubili _;* 7@;7 \‘ : ‘.:@413.09 16.71+6.24 45.49+13.24
Extemporaneous addition (70% saturated oil solub11 ’ _ L0 J 3 z 133.90+0.40 13.03+2.94 22.0343.52
Shaking 3.78+3.39 10.70+1.94 25.56£1.79

(A

u.ﬁ

Method of incorporation

bezinto various phases of submicron emulsions.

ﬂ Drug distribution (MeantSD)

Oil phase PC rich phase Aqueous phase Mesophase

De novo emulsification (70% saturated oﬂﬁlﬂ P'] ’) tv'] ?BFWW H ’IPF %43 9.32+2.94 44.7616.35
Extemporaneous addition (70% saturated oilisolubility) s . N " N

e mw NANGNQ Y oresass | ssdseras

|
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Table 1C The change in size of benzodiazepine submicron emulsions (

Photon Correlation Spectroscopy (PCS).

N7

Formulation 30%
t=0 t=7 t=0
223.7 2259 218.5
Alprazolam
(0.059) (0.058) (0.103)
219.0 229.9 218.2
Clonazepam
(0.099) (0.060) (0.096)
225.4 233.7 226.9 4. Y154
Diazepam ——
(0.081) (0.112) (0.098) (0.05_3;2;};,49.9
230.2 238.9 229.6 )
Lorazepam —————————
(0.092) (0.08) (0.090)-} (0.165)

w

60% 70%
t=0 t=7 t=0 t=7
213.1 | 2199 | 2083 | 2093
(0.094) | (0.076) | (0.098) | (0.081)
2186 | 2280 | 2213 | 2249
(0.087) | (0.088) | (0.078) | (0.083)
229.5 | 2263 | 2178 | 2183
0.12) | (0.107) | (0.163) | (0.115)
402277 | 2370 | 2243 | 2317
(0.095) | (0.113) | (0.07) | (0.131)

AUEINENINYINg
IR TN INY Y

during storage for 7 days at ambient temperature measured by using

8TC



laser light diffraction (Mastersizer 2000).

Formulation 30% 60% 70%
t=0 =7 t=0 E \ t=0 =7 t=0 =7
163 165 163 1 = 151 153 147 155
Alprazolam .
(1.503) | (1.530) | (1.505) {.508) __g;4 ( (1.436) | (1.450) | (1.414) | (1.446)
158 178 151 Nz 1 160 174 167 173
Clonazepam "g’q; ~ \
(1.498) | (1.586) | (1.445) ) 1438 (1.532) | (1.486) | (1.571) | (1.528) | (1.563)
_ 182 181 175 4718 0 181 185 156 171
Diazepam =
(1.608) | (1.566) | (1.578) | (1.569) | (161 85) | (1.591) | (1.563) | (1.474) | (1.555)
T | — :
172 197 17735 171 174 171 186
Lorazepam
(1.538) | (1.617) | (1.580 (1.559) | (1.537) | (1.550) | (1.587)
il
il

ARIAN TN INAE
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Table 3C The change in zeta potential of benzodiazepine submicron e

ans during storage for 7 days at ambient temperature measured by

Zetaplus™,
,- fm 5P
Formulation 30% 40% Ay/‘\\?&\ 60% 70%
t=0 t=7 t=0 il/j‘ﬁa | N\ t=0 t=7 t=0 t=7
Alprazolam -25.37 -11.26 -37.78 -20.41 -12.58 -13.54 -16.38
+8.42 +6.40 17.84 17.84 +1.57 *1.36 +1.87
Clonazepam -15.98 -21.57 -14.41 -18.32 -20.63 -11.58 -16.99
$3.39 *1.75 1+4.90 12.34 1+4.02 42,20 +1.45
) -15.81 -21.51 -14.09 4 'I_-:i’-l; §22L -15.03 -21.76 -17.36 -24.86
Diazepam 1+2.38 13.70 i1.56‘_“ w:‘:,fi";é 4 1+2.39 13.04 10.96 +1.78
-14.42 -19.86 -15.865 = _=19.96 L 1720 L 2334 -16.86 -18.41 -17.47 -22.13
Lorazepam +1.24 12.46 +2.96 - 12.82 +1.%7 1+2.78 +1.98

ﬂ‘iJEJ'W]EJWiWEﬂﬂ‘i
awwa\mm UANAINYA Y
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Table 4C The change in pH of benzodiazepine submic }mlsions during storage for 7 days at ambient temperature.

Formulation 409
t=0 = t=0
6.04 5.84 6.11
Alprazolam
+0.03 10.05 +0.02
5.77 5.66 5.94
Clonazepam
+0.08 +0.07 +0.03
6.10 4.93 6.26
Diazepam
+0.03 +0.01 +0.04
6.33 5.90 6.33
Lorazepam ‘ -
10.02 10.01 0.0

60%
t=0 =7 t=0 =
5.82 5.50 5.82 5.35
+0.05 +0.03 +0.02 +0.09
6.01 5.73 6.05 5.90
1+0.02 10.01 +0.02 +0.02
6.47 5.68 5.54 4.44
+0.06 10.01 +0.03 10.02
- 6.17 6.01 6.00 5.31
+0.02 10.06 10.02 10.02

AUINENINYINT
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Table 5C %Recovery content of benzodiazepines from various concent ’1

Concentration Alprazolam
(%) 1 2 Mean+SD 1
30 100.50 | 97.00 | 98.75+2.48 | 104.10
40 9226 | 92.58 | 92.42+0.22 | 100.92
50 90.01 | 90.63 | 90.32+0.44 | 104.76 .6
60 94.56 92.52 03.54+1.44 105.23 ["10627
70 94.79 | 93.83 | 94.31+0.68 | 102.98

n of submicron emulsions prepared by de novo method.

Y.

-._,_-* Diazepam Lorazepam
L[ 2 [ MeantSD | 1 2 | MeantSD
I % 109.63 | 108.75+1.24 | 101.02 | 101.94 | 101.48£0.65
88 | 103.58 | 104.180.86 | 102.16 | 99.34 | 100.75+2.00
‘ 8546 | 91.22t8.14 | 98.87 | 97.52 | 98.1940.95
3.82 [ 96.96 | 100.39+4.85 | 99.90 | 100.08 | 99.99%0.12
4.41 [ 10649 | 10545+1.47 | 101.03 | 98.84 | 99.9321.55

ﬂﬂﬂ'ﬂﬂﬂﬂﬁ“ﬂmﬂ‘i
ammnm UAIAINYA Y
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Table 6C

%Weight loss after separating by ultracentrifugation of alpr?zolam submicron emulsionss prepared by de novo emulsification.

adrug Ol? e P;:Zh Ajll::so: S__ Me.sophase ’*5/ w::ril:lflf L.osing % loss MeantSD
saturated weight (g) weight (g) | weight @;welght elg) wenght—(—gz SME (@) weight (g)

0.4858 0.3458 6.26 f 1539\ 7.2533 7.3378 0.0845 1.15

30% 2 0.3798 0.3369 6.35 )f/rf/lg ?029-’ 7.2707 7.3384 0.0677 0.92 0.98+0.15
3 0.3544 0.3731 6. 3?’ /79’1735 =N D 7.3374 0.0642 0.87
1 0.4123 0.3687 6.3T57 '} /6513;1 :) “7.2786 7.3369 0.0583 0.79

40% 2 0.4509 0.4395 6.2191 __9.,1,_‘583 ‘j,;f. 7.2778 7.3381 0.0603 0.82 0.760.07
3 0.4529 0.3652 6.3056 01639 A4, 7. 2876 : 7.3375 0.0499 0.68
0.4041 0.3455 6.3548 ﬂ;sf)i:sn "_-:__’f‘2561 7.3764 0.1203 1.63

50% 2 0.5651 0.3484 6.1956 J-‘,-,QI;S64. -_‘T 1722655 7.3771 0.1116 1.51 1.46+0.19
3 0.4124 0.3294 6\.3;’%2 0.1654 7,23%5{ 173769 0.0925 1.25
1 0.4282 0.3784 6.2836 0.1830 7.2732" + 7.3770 0.1038 1.41

60% 2 0.4437 0.3849 6.254|8 0.1757 72591 | 73775 0.1184 1.60 1.41£0.20
3 0.4103 0.3665 6.3549 = ., 0.1560 7:2877 73771 0.0894 1.21
1 0.3617 0.3904 59804 0.1794 6.9119 7.1409 0.2290 3.21

70% 0.3795 0.3861 5.9303 0.2396 6.9355 7.1408 0.2053 2.88 2.26£1.37
04223 | 0344\ | 1611346 1|0 0.4403 | 1 7loots! 127 1409 50493 0.69

EET




Table 7C

%Weight loss after separating by ultracentrifugation of clonazepam submicron emulsionss prepared by de novo emulsification.

B

PC rich Aqueous | / Initial
%drug Oil phase Mesophase' | / otal Losing
n ) phase phase . 4 { weight of ) % loss Mean+SD
saturated weight (g) ) ) i Weight (§) Cight (g) weight (g)
weight (g) | weight (&) — SME (g)

1 0.4335 0.2688 6.038 1628 6.9037 7.0053 0.1016 1.45

30% 2 0.4247 0.2686 6.0119 ) 1}}908}, 6.8960 7.0051 0.1091 1.56 1.5740.12
3 0.4123 0.2592 6.0584 /6}56;5 1 6.8864 7.0053 0.1189 1.70
1 0.4391 03172 5.9 ]1717 ‘( , 6.8927 7.0049 0.1122 1.60

40% 2 0.4515 0.2931 5.957 /O 1571 ﬂ.lu 6.8589 7.0055 0.1466 2.09 1.75+0.30
3 0.4370 0.3022 5.9948 J'| I 0.1618 j 6.8958. | 7.0051 0.1093 1.56
L | ossU | 02718 5995 [ gises 69129 | 70055 | 00926 1.32

50% 2 0.4922 0.3026 39711 (ﬁf28 T 70 7.0054 0.0767 1.09 1.9741.33

& J-i i

3 0.4238 0.2428 59234 0. 1906 ' 6.7806 I' 7.0269 0.2463 3.50
1 0.3815 0.2759 5.9636 0.1961 | G J 7.0266 0.2095 2.98

60% 2 0.4232 0.2705 5.89_8} 0.1789 6.7708 7.0272 0.2564 3.65 2.69+1.13
3 0.4291 0.2827 6.0604 0.1633 6.9255 7.0273 0.1018 1.45
1 0.4094 0.2761 6'.1‘186 10.1451 6.9492 740270 0.0778 1.11

70% 2 0.4182 0.2852 6.0974 0.1420 6.9428 7.0269 0.0841 1.20 1.2410.15
3 0.3532 0.3076 1] 16:4181 0.1544 69283 7.0267 0.0984 1.40
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Table 8C %Weight loss after separating by ultracentrifugation of d1az?pam submicron emulsionss prepared by de novo emulsification.

%drug Oil phase PC rich Aqueous Meso;hgs / 4@1 h_nt]al Losing
saturated " weight (g) w:;::e(g) w::::i;?ﬁght & 7' weight (g) :;gélzgo)f weight (g) 7% loss MeantSD
1 0.4739 0.3581 5.8924 r"j‘gyo | th 7.0006 0.0992 1.42
30% 2 0.4519 0.3714 mﬁ([egg | 6.7768 . 7:0000 0.2233 3.19 1.93+1.09
3 0.5133 0.3581 ; 3 = *"~\6E9171 7.0005 0.0834 1.19
1 0.4171 0.3600 6\9264 7.0008 0.0744 1.06
40% 2 0.4387 0.3265 6689 71, & 95 7.0000 0.0605 0.86 0.9540.10
3| 04254 | 03239 1416 1&6 9339770000 | 0.0661 0.94
1 0.4454 0.3054 6.0406 /| /0.1724 | 619638 7.0463 0.0825 1.17
50% 2 0.3779 0.3348 6.0817 ,,-;’@5;_,-;‘:}4@39 7.0466 0.0627 0.89 1.2740.43
3 0.4323 0.3347 q.‘_dgg 10.1247 69230 5;7.0462 0.1223 1.74
1 0.4619 0.3300 5.%8"}16 0.1222 A ;;‘::-’7.0465 0.2488 3.53
60% 2 0.4357 0.3766 5.9774 0.1818 6.9715 &= 7.0467 0.0752 1.07 1.95+1.37
3 0.4612 03707 | 3.9]631{ & 91597 %’%ﬁ% | 70467 0.0880 1.25
1 0.5976 03607 || 57551 ¢ F(f% 8895 |1 7.0322 0.1427 2.03
70% 2 0.5101 o.iigomﬁ 5423%249. q(gfil 68224 [ 703 I] 0.2095 2.98 2.58+0.49
3 0.5175 0.33691/\[ | &7500] | d@%ﬂw Elliohgi 7 0.1931 2.74
4
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Table 9C %Weight loss after separating by ultracentrifugation of IOﬂZEpam submicron emulsionss prepared by de novo emulsification.

PC rich Aqueous S\ Initial
%drug Oil phase Mesophase’lj// 1 ) Losing
: n phase phase _f"’ﬂbb weight of ) % loss MeantSD
saturated weight (g) . Wweight ) m weight (g)
weight (g) | weight ( E e SME (g)

1 0.4339 0.3586 6.33 -‘ 4\ \ 7.2808%.  7.3745 0.0847 1.15
30% ] 0.4042 0.3211 6.26 71568 7.3743 0.2175 2.95 1.60+1.19

3 0.4403 0.3625 6.392 \ 7.3746 0.0511 0.69

A

1 0.4628 0.3319 6.3054 7.3746 0.0727 0.98
40% 2 0.3563 0.3237 6.43 ) ! 7.3742 0.0532 0.72 0.9410.21

3 0.6529 0.1531 5.914 0. :}4’83 Jfg ,fh6 96¥ 7.0488 0.0799 1.13

1 0.4866 0.2111 5.8890 102325 ~g.mz 7.0489 0.2297 3.26
50% 2 0.5909 0.1750 58599 [ . ,_6#1‘1789 15/:6.8047 7.0482 0.2435 3.45 2.55+1.40

W ,.:: r
3 0.5592 0.1759 &?&21 0.1853 ,—69393@1;17,0481 0.0656 0.93
1 0.7201 0.2783 5.7952 0.1894 ; i 7.0488 0.0658 0.93
[ | i I

60% 2 0.4704 0.2667 6.0646 0.1830 6.9847 17 7.0492 0.0645 0.91 1.26+0.58

3 0.4782 0.2762 9264 , 87 0.1363 1.93

RS RS

1 0.2670 0.2921 64265 { § 1 7.3743 0.1971 2.67

70% 2 0.3692 0. 3394 6.3801 0 3 0.0621 0.84 1.3041.21
ﬁﬁﬂﬂ‘z’;"r‘% I'iRl’ﬁ)V [A/R ¢
3 0.4042 0. 3%7}"1 oM | I dmierzN V1734 3 ~0.0286 0.39
q
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Table 10C The analytical amount and recovery after ultracentrifugation of ?lprazolam submicron emulsion prepared by de novo emulsification.
2 4

Yodrug Amount in Amo‘unt in | Amount in | Amount in WI Ir’litial Theoretical
n oil phase | PC rich Ph | aq phase ,1_,mesopha§;3 aﬂfg‘?mi- weight of amount %Recovery | MeantSD
e m) | (m | g o) | | mer | SMEGR) | (mg)
1 0.0114 0.0335 0.07§§Mfff);?7 0.1391",. 7.3378 0.1602 86.78
30% 2 0.0071 0.0314 0.089 /ﬁ(j’?% —!_ ) 0.1512 " 7.3384 0.1602 94.44 88.66
3 0.0089 0.0347 0.073)/ [Y )186 :P* 0.1357 7.3374 0.1602 84.75 +5.11
1 0.0091 0.0434 | 0.0908 ]cmp 701703 73369 0.1974 86.30
40% 2 0.0092 0.0522 0.08 /Q_io,g? f@i—,q.;l?w 7.3381 0.1974 86.48 87.67
3 0.0087 0.0558 0.0892 Loggas '?;f,_grg.nm 7.3375 0.1974 90.21 +2.21
1 0.0092 0.0880 0.0982 0511 31234661 7.3764 0.2545 96.91
50% 2 0.0088 0.0920 0.0932 5.0475 . 702415 73771 0.2545 94.89 95.55
3 0.0099 0.0839 Oh{l@il,ﬁ 0.0459 | 0.2414::,5'{]’3769 0.2545 94.85 +1.18
1 0.0111 0.1166 0.1235 0.0492 0.3004 |- 7.3770 0.3128 96.04
60% 2 0.0108 0.1068 0.12745 0.0532 02950 |~ 73775 0.3128 94.32 95.83
3 0.0122 0.1145 0.1292, " ~0,0479 0:3038 73771 0.3128 97.14 +1.42
1 0.0110 0.1309 01242 0105357 ' 033196 7.1409 0.3490 91.59
70% 2 0.0131 0.1176 0.1335 0,0696 0,3339 7.1408. 0.3490 95.68 93.94
3 0.0137 0.1270'1| | 1300 0.0585: 0.3300 7.1409 0.3490 94.57 +2.12

LET




Table 11C The analytical amount and recovery after ultracentrifugation of c}onazepam submicron emulsion prepared by de novo emulsification.
| .

%dru‘ Amountin | Amount in | Amount in | Amount in @jgl Initial Theoretical
g . .
abuated n oil phase | PC rich Ph | aq phase j:r_r_lesopha?j 'm@- weight of amount %Recovery | MeantSD
(mg) (mg) (mg) — _(Ln,g) J‘ (mg)._ SME (g) (mg)
1 0.0082 0.0464 0.02260" 4 [914}4 0.0917fs. 7.0053 0.0917 100.00
30% 2 0.0051 0.0438 0.020)2 / ﬁy@s -!‘ ) 0.0792 | 4 7.0051 0.0917 86.40 93.20
3 0.0060 0.0502 0.020)/ }ffsog = 01275 7.0053 0.0917 139.08 +9.62
1 0.0021 0.0638 0.0309 i{oaz_g’ A} “0:1094 T4 7.0049 0.1095 99.96
40% 2 0.0058 0.0699 0.03 __;0_(3§3 5 150,138 7.0055 0.1095 103.90 98.79
3 0.0048 0.0559 0.0318 0.0087 "£/40.1013 7.0051 0.1095 92.52 +5.78
1 0.0063 0.0560 0.0419 *B'-:_O_I-Z‘l ‘”’;f-'_-"%_t;ﬁ621 7.0055 0.1376 84.47
50% 2 0.0070 0.0625 0.0403 00154 . 701252 7.0054 0.1376 90.97 90.16
3 0.0052 0.0693 0,9%2 0.0234 imEzsa== E-,’zj’0269 0.1380 95.03 $5.32
1 0.0038 0.0721 0.0406 0.0200 0.1365 | — 7.0266 0.1730 78.93
60% 2 0.0061 0.0809 0.042411 0.0347 0.1640 |~ 7.0272 0.1730 94.83 85.28
3 0.0046 0.0732 0,0403. 1 ~0.0239 0.1420 7:0273 0.1730 82.08 +8.42
1 0.0038 0.0611 0.0563 00533 " 1| T01746” | T 70270 0.1891 92.30
70% 2 0.0047 0.0797 | 0.0481 00210 [ 01535 [ 7,0269.°1,  0.1891 81.17 83.06
3 0.0058 0.0847 1| 1020405 0.0122: 0.1432 7102671 | 0.1891 75.71 +8.45

8¢C




Table 12C The analytical amount and recovery after ultracentrifugation of Tazepam submicron emulsion prepared by de novo emulsification.

Ysdrug Amount in | Amount in | Amount in | Amount in Wl Ir.11t1al Theoretical
st n oil phase | PC rich Ph aq.phase'_.;_ mesophasi unt weight of amount %Recovery | Meant+SD
(mg) (mg) (mg),ﬂF;; (}g) | (mg)wls. SME (g) (mg)
1 1.0851 1.0750 0.27 2214 2.7552 .. 7.0006 2.9102 94.67
30% 2 L0023 | 09406 | 02751 /['dff'm "] 25788 170000 | 29100 88.62 91.72
3 1.1037 1.0002 0.25y "y /6[1‘01 : 2.6737, |, 7.0005 2.9102 91.87 +3.03
1 1.3894 1.4930 0.327y f4‘46§ ::, 3.6567 | 7.0008 3.8904 93.99
40% 2 1.2918 1.2260 0.3941 [o 4494 ] 1433612 7.0000 3.8900 86.41 89.00
3 1.2023 1.2597 0.4732" l 0.4334 _m 3686 7.0000 3.8900 86.60 +4.32
1 1.9252 1.5172 0.6855 ‘4}62&37 ‘Eﬁfm 7.0463 4.9123 97.14
50% 2 1.3337 1.6282 0.7494 10,8028 | 45141 7.0466 4.9125 91.89 92.82
3 1.6701 1.5851 0,5:224 0.4658 43933 ??462 4.9122 89.44 +3.93
1 2.0593 1.8141 0. 6§-74 0.4286 4.9394 | —7.0465 5.8083 85.04
60% 2 1.8680 2.0590 0. 81‘1’4 0.7704 55087 | 7.0467 5.8085 94.84 90.37
3 2.0338 1.9365 0.6464 A 00:6818 5:2986 7:0467 5.8085 91.22 +4.96
1 3.1794 1.7938 0.5799 0.5574" 7| “6.1104 7.0322 6.7509 90.51
70% D 2.7645 1.6509 0.7732 0.6914 5,8800 7.0319, 6.7506 87.10 88.39
3 3.0658 15859 1 | 1 0.73T6 0:5283 5.9116 " 70321 6.7508 87.57 +1.85
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Table 13C The analytical amount and recovery after ultracentrifugation Qf lfrazepam submicron emulsion prepared by de novo emulsification.

. Amount in | Amount in | Amount in | Amount in /941 Initial Theoretical
Yodrug n oil phase | PCrich Ph | aq phase = Jnesophase weight of amount %Recovery | MeantSD
saturated (mg) mg) | (mg) |\ amp) | (mé)_'.s SME(g) | (mg)
1 0.0099 0.0904 oos;i;/'r 0621 \ 0.2469 L. 7.3745 0.2597 95.09
30% 2 0.0089 0.0788 0.084 / 10?286 -!- 0.2309 {4, 7.3743 0.2597 88.92 90.99
3 0.0084 0.0792 o.o:zz jf 7583 =17 0.2310 7.3746 0.2597 88.96 +3.55
1 0.0104 0.0883 0.1145 / YO4799 90.2922 7.3746 0.3105 94.12
40% 2 0.0089 0.0825 0.12 [)0717 _A i,;Q::2895 7.3742 0.3104 93.24 92.19
3 0.0156 0.0805 0.1081° / 0.0605~ /02648 7.0488 0.2968 89.22 +2.61
1 0.0150 0.0873 0.1175 Wigr - @:3369' 7.0489 0.3763 89.54
50% 2 0.0147 0.0807 0.1250 | 70:1076 703280 7.0482 0.3763 87.16 88.55
3 0.0155 0.0770 0,.13‘35 777777 10,1037 03346+ "1J/0481 0.3763 88.94 +1.24
1 0.0143 0.1940 0. 1127 0.1285 0.4596 | — 7.0488 0.4605 99.80
60% 2 0.0155 0.1817 0. 1234 0.1303 04506 |~ 7.049 0.4605 97.85 96.94
3 0.0157 0.1744 | 0,1312 20:10765 /1 [=-0:4290 7:0487 0.4605 93.17 +3.41
1 0.0112 0.1975 | . 071763 0112227 T Y0507 73743 0.5443 93.17
70% 2 0.0137 0.2074 | 0.1808 0.1267 0,5286 73741, 0.5443 97.11 96.22
3 0.0149 02089/ | 1 0:1976 | | douioai [V 103658 1|1 757480 [T 05424 9838 2.72

ove




Table 14C Percentage of drug distribution into various phas

N

\ei r[/ssbmicron emulsion prepared by de novo emulsification.

"dis31bu +SD)
%drug .E | —
Oil phase PC : l ~ ueous phase Mesophase
satutared - g b O
A C D L; A f 3 LA D L A C D L
6.49 6.68 | 39.84 | 3.84 |23.47 € "Oq": 55.53.(2221 | 11.21 | 3591 | 14.51 |22.67 | 12.42 2525
30% =
’ £1.74 | £2.15 | £1.27 | £1.20 | £2.45 | 48. | £1.4 2\ 15“37 12.41 | £1.46 | £0.99 | £15.03 | £1.36 | +0.11
521 | 393 | 37.37 | 4.18 | 29.15 | 58.2 29 TY5 7\ =:?.2.21 11.58 | 41.23 | 14.85 | 856 | 12.82 | 24.88
40‘y .u:',aJ LY
’ 1028 | £1.73 | £1.47 | £1.51 | £3.19 | +313 '+ 304410504 £2. S—tl.91 12.55 | £2.26 | +1.11 | £3.03 | +0.56 | +2.08
7 3.84 | 499 | 3597 | 453 | 36.18 | 50.3 46&!;4 , 0.19\ 31.18 | 15.42 | 38.12 | 19.81 | 13.51 | 13.58 | 32.84
] "ﬁ'?- ) /
10.26 | £0.91 | +£5.68 | £0.08 | £1.72 | +2.35 iﬁ&__':;il.' T7 | £5.40 | £1.12 | £3.25 | £0.87 | +3.90 | +4.15 | +1.89
- 3.79 | 3.26 | 3799 | 3.41 | 37.57 5i11.22 38 | - 12.63 | 28.20 | 16.73 | 17.54 | 11.84 | 27.33
’ 10.20 | £0.46 | £3.90 | £0.28 | +1.30 ‘E?Q: 11.92 | £2.09 | £1.17 | £3.31 | +2.80 | +2.00
70 3.84 | 3.10 | 5030 | 2.53 | 3822 | 4 T 11.67 | 3529 | 18.43 | 17.57 | 9.94 | 23.91
%
’ 10.35 | £0.93 | £2.85 | +0.29 | +2.87 112.49 +1.93 | £1.42 | £2.15 | £11.54 | +1.58 | +0.22
A = Alprazolam

C = Clonazepam
D = Diazepam

L = Lorazepam
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Table 15C The change in size of benzodiazepine submicron emuﬂo

ambient temperature measured by using Photon COI'}'C

oscopy (PCS).

s (nm) containing Arlasolve DMI during storage for 7 days at

Me dmrjnet

o

ydispersity)

——

Formulation 30% 40% 2 ‘l' 50‘%\’ 60% 70%
t=0 =7 t=0 =0 t=7 =0 =7
Emulsion 270.1 2712 270.1 708 N | 2772 263.9 272.4 266.3 2785
base (0.109) | (0.047) (0.109) 1 (0,047 ﬁog@g.'«\'-..,go.o47) (0.166) 0.079) | (0.095) (0.102)
276.0 275.0 274.0 2726 4 | 6 " 274.8 277.8 269.6 284.9
Alprazolam
(0.065) | (0.123) (0.096) n (0.117) (0.104) (0.074) (0.005)
Emulsion 2833 296.0 283.3 2 y 263.9 272.4 255.0 264.3
base (0.081) | (0.115) (0.081) 1 (0.081 (0.166) | (0.079) (0.096) (0.165)
295.8 2882 305.6 292.6 *3‘5""- 268.2 2773 256.6 268.1
Clonazepam -
(0.054) (0.074) (0.145) (0.098)-:: < 4 (0 105) 0.077) (0.157) (0.113)
Emulsion 268.4 2583 268.4 12583 2583 263.9 272.4
base (0.052) | (0.098) (0.052) L‘{.. (0.098) y (0.098) | (0.166) (0.079)
o 272.0 264.2 2739 |L1267.1 2645 4L 2752 2553 259.9 254.4
l1azepam
; (0.100) | (0.123) (0.086) | (©0.067) | (0.106) al (0.139) | (0.116) 0.173) | (0.123) (0.203)
=y 1L~ AN ALY AL O 1M .
Emulsion 355.4 333.9 289 | Fe2p H? 13339 55.4 333.9 244.7 269.2
base (0.167) | (1.900) (0.166) | (0.079) (0.167) (12(_)0) (0.167), | (1.900) (0.153) (0.124)
375.0 347.0 =4 . ! E]Eﬂl 18371.1 265.1 274.6
Lorazepam q ‘ |; i
(0.125) | (0.176) o [Oa1s 129 219) 0.212 (0.16 (0.185) | (0.048) (0.121)
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Table 16C The change in size of benzodlazepme submicron em;!slo!;s (nm) containing Arlasolve DMI during storage for 7 days at

Mastersmer 2000).

Formulation 30% 40% —-?; - 60% 70%
& -
=0 =7 =0 IO =0 =7 t=0 =7
Emulsion 259 264 259 2%\ 287 295 331 340
base (1.441) | (1.404) | (1.441) 4% ( “(L441), \(-1\.\404) (1.512) | (1465 | (1.822) | (1.871)
eue v - - = i 7. "
275 276 262 27 2 4 301 299 309 321
Alprazolam e (S0 8
(1.502) | (1.493) | (1.423) 456)F " @49 1.473 (1.646) | (1.616) | (1.525) | (1.559)
Emulsion 349 356 349 6f - 434975 18 85 287 295 293 299
base (1359) | (1293) | (1.359) 2 )__i“.fii’ A (1.512) | (1.465) | (1.456) | (1.501)
334 364 339 5 RS- 35g il 35 294 301 310 322
Clonazepam =
(1.670) | (1.486) | (1.479) | (1.41 54541530 L564) | (1.584) | (1.549) | (1.571) | (1.599)
Emulsion 270 245 270} 245 270 1. 270 245 274 260

base (1.550) | (1.618) (1.550)..t_'.'LiL (1.550) | (1.618) | (1.656) | (1.697)

291 281 282 | ) 277 277 L] 305 300 283 279
(L59) | (1.662) | (1.549) | (1,580) | (1518)q) (1.572) | (1.667) | (1.689) | (1639) | (1.612)

Diazepam

Emulsion 522 506 ﬂﬂu EJ 5935 W ﬂ ﬁWﬂ%’z 506 279 265

base (1.807) (1.893) (1.512) (1.465) }l .807) (1.893) (1'807%g (1.893) (1.693) (1.689)

o (;27138) (15;99(;)%, Wfi@ *q(ﬁ; Wsﬁ ’li:l] Hﬁ:@ lH(zl-‘;;) (1?:15% <f99§1>
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Table 17CThe change in zeta potential of benzodiazepine submi‘T? /emulsions containing Arlasolve DMI during storage for 7 days at

ambient temperature measured by Zetaplus™., N\ __

Formulation 30% 60% 70%
=0 =7 =7 t=0 t=7
Emulsion | -24.84 | -25.94 4366 | 2249 | 2614
base +2.71 +1.69 +1.84 207 | +1.76
17.09 | -18.66 1834 | 2537 | 2665
PR, | ey 227 +3.19 +380 | +1.56
Emulsion | -33.14 | -36.86 4366 | -19.02 | -3048
base 73 +1.66 +1.84 +1.64 | +1.42
1828 | 2693 1823 | <1861 | -25.5
Clonazepam | 1 68 +5.83 +1.82 +0.89 | +1.62
Emulsion | -1433 | -14.93 1493 | 1629 | -1491
base +1.86 +1.21 +1.21 2.05 £1.73
(1279 | 1490 | <1102 [T -1522 | <1326 | 2143 | -17.02 | -1893 | 2091 | 333
Diszepam | 529 +4.04 o GF | & 2 12.61 +384 | +4.60

Bl r Ay et e N

Emulsion -25.56 -54.29 -23[1183” A6 V=8 S W [¥ Xig TV 1o ¥W5e -54.29 -13.53 -16.14
base +1.78 +2.10 | +4.79 +1.84 | %41, 1 > T8 b | £2.10 +1.34 +1.74
758 -22.0ﬁmﬁﬁ'ﬁﬁ% ﬁs‘%ﬂ” 2458\ 2557 | 812 | 2077
Lorazepam | 119 221 | 181 +1.46 +0.73 +1.78 2.15 +1.32 £0.33 +1.37
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Table 18C The change in pH of benzodiazepine submicron emul

\\‘

irpcontaining Arlasolve DMI during storage for 7 days at ambient

temperature. LN
Formulation 30% 60% 70%
t=0 t=7 t=0 t=7 t=0 t=7
Emulsion 5.47 5.58 5.43 5.76 5.52 5.45
base +0.03 £0.10 1+0.03 +0.08 +0.01 10.02
3.64 3.59 3.66 3.49 3.53 3.47
Alprazolam
1+0.04 +0.02 +0.01 +0.02 +0.02 +0.05
Emulsion 5.38 5.30 543 5.76 5.34 5.48
base +0.01 +0.02 +0.03 +0.08 +0.02 10.01
341 3.42 3.55 3.46 3.52 3.44
Clonazepam
+0.03 +0.02 +0.01 +0.02 +0.01 £0.02
Emulsion 532 4.66 532 4.66 5.74 5.01
base +0.02 +0.02 +0.02 +0.02 +0.01 10.05
3.53 3.49 3.91 3.50 3.57 3.49 3.58 3.52 3.64 3.56
Diazepam ‘¢ o Ly
10.03 10.04 :wfloq Jmm gmﬁ 01 2 +0.006 10.02 +0.03
Emulsion 5.03 4.89 544137 5997 .0 T - 1503 4.89 5.72 4.93
base +0.03 +0.01 +0.03 +0.08 £i0.03 : £0.03" | +0.01 1+0.006 +0.006
3.59 3.48% B 3 ' I | izl’l 3 ] 3.66 3.48 3.39
Lorazepam q
10.01 +0.03 +0.01 +0.08 10.02 10.04 10.01 10.05 10.01 10.01

9T



Table 19C %Recovery content of benzodiazepines from various concen T,) of submicron emulsions prepared by extemporaneous addition.

Alprazolam nazepam ’ Diazepam Lorazepam
Concentration (%) : - R

1 2 Mean+SD 1 Meant 2 Mean+SD 1 2 MeantSD
30 91.80 | 83.97 | 87.89+5.54 |90 104402 | 101.10.] 96.66 | 98.893.15 | 85.79 | 87.99 86.89+1.55
40 104.47 | 107.69 | 106.08+2.27 | 9 261/ 62712+0.7¢ S 100.55 | 99.99+0.78 | 99.93 | 86.21 | 93.07+9.70
50 95.44 | 86.26 | 90.85+6.49 |93 94.100. \‘%\ 100.58 | 99.34+1.75 | 103.06 | 98.28 | 100.67+3.38
60 87.12 | 83.80 | 85.46+2.34 | 96.1 : "‘%‘e‘;' 231 96.97 [ 101.13 | 99.05+2.94 | 89.90 | 91.18 | 90.54+0.90
70 84.13 | 83.90 | 84.02+0.16 | 95.06 9 [91.9; ).94 | 94.54 | 92.74+2.54 | 92.33 |93.30 | 92.8210.68

AUINENINYINg
ARIANTA NN INAE

LvT



Table 20C

%Weight loss of alprazolam submicron emulsions (:f‘u?mmg Arlasolve DMI after separating by ultracentrifugation.

PC rich Aqueous \7 Initial
%drug Oil phase 1 Memphasey// 1 ) Losing ,
S n sveihtig) phase phase —h."‘., bt @ m ) weight of weightle) % loss MeantSD
weight (g) | weight ( = |‘ = SME (g)
1 0.4999 0.2204 4.958 : [71\ N 9*23\L 6.1343 0.2220 3.62
30% 2 0.4293 0.2224 5.099 \ 593147 | 6.1340 0.2026 3.30 2.74+1.26
3 0.4379 0.2315 5.224 61340 0.0794 1.29
1 0.3426 0.2444 5.1 6.1345 0.1470 2.40
40% 2 0.3379 0.2371 5.20. 6.1350 0.1584 2.58 2.13+0.64
3 0.3363 0.2741 5230 6.1348 0.0857 1.40
1 0.4432 0.2093 4.8914 5.9066 0.1536 2.60
50% 2 0.4268 0.1881 4.9613 154 f_5.9062 0.1754 2.97 3.1140.59
3 0.5391 0.1855 4,?%88 0.1812 | 5‘15 9070 0.2224 3.76
1 0.4835 0.1765 5.008 0.1633 + 5.9072 0.0756 1.28
| | ole I
60% 2 0.5091 0.1848 49293 0.1465 57607 |° 5.9072 0.1465 2.48 2.06+0.67
3 0.4988 0.1776 » . 59073 0.1423 2.41
I DT b
1 0.4084 0.1540 .1494 : 5.9093 0.1016 1.72
]
70% 2 0.5207 0.1737 4.9460 0.1816 5.8220 591 0.0888 1.50 1.61£0.16
ﬁn_n-';*c.:‘ﬂlqmﬂ"‘l"}%l% |
3 - g YNNIl dbld N lrl I ovipg—— )
q
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‘Table 21C %Weight loss of clonazepam submicron emulswns cﬂl}a jnng Arlasolve DMI after separating by ultracentrifugation.

PC rich Aqueous \\| eV/ Initial )
%drug Oil phase %sophas f 1 ) Losing 7
n ) phase phase - weight of ) %0 loss MeantSD
saturated weight (g) _ weight @ m weight (g)
weight (g) > ~ SME (g)
1 0.4054 0.1553 Y . 5.9764 0.1272 2.13
30% 2 0.3769 0.1648 L 5.9761 0.1429 2.39 2.30+0.14
3 0.5185 0.1423 ) 5.9761 0.1417 2.37
1 0.3892 0.1576 5.9767 0.1689 280
40% 2 0.4357 0.1578 5.9765 0.0711 1.19 2.15+0.85
3 0.3943 0.0940 5.9766 0.1461 2.44
1 0.3100 0.2138 5.9787 0.1902 3.18
50% 2 0.3730 0.1825 . 174 15.9780 0.0589 0.98 2.11£1.10
3 0.3905 0.1828 5\,[1’367 0.1579 j215.9783 0.1304 2.18
1 0.3999 0.1663 5.0553 0.1483 .;I"s 9786 0.2088 3.49
Ml — i
60% 2 0.4187 0.1702 5.1249 0.1608 5.8746 T 5.9783 0.1037 1.73 2.3940.96
3 0.4209 0.1801 1168 ,%lﬁ ﬂs.%wo 0.1167 1.95
1 0.1914 0.2376 JE’J ; 2308 6699 |7 59004 0.2395 4.05
70% 3 0.3717 0.2059 5.0447 0.1705 5.79: 1 0.1174 1.99 3.02+1.46
~ oo Odaeraln |
3 - N W Te¥NT 1 dblé o - 41 B :
|
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Table 22C %Weight loss of diazepam submicron emulsions co,nta}ining Arlasolve DMI after separating by ultracentrifugation.

%drug Oil phase o Aqueous Mesophase {{/l’fmal el Losing
n ) phase phase o L e weight of ) % loss MeantSD
saturated weight (g) weight (g) | weight @;ﬂweight (T') welght-(gz SME (@) weight (g)
1 0.4097 0.1706 5.061 ;;ﬁ;GM\ 5.8056 5.9227 0.1171 1.98
30% 2 0.3147 0.2128 5.0%%1&9_2 ' [\ 57737 5.9444 0.1707 2.87 2.78+0.76
3 0.3225 0.2095 s.ooy 1/ /6150@ = 15.7378 5.9455 0.2077 3.49
1 0.3891 0.2184 4.9835 10.‘-18_4},'8 J) 957758 5.9231 0.1473 2.49
40% 2 0.4076 0.2139 5.0042 § F.1722°770, S79719, 1 59441 0.1462 246 | 2.160.55
3 0.3400 0.2107 5.1091° l 01954~ A, 5.8552 5.9456 0.0904 1.52
1 0.3653 0.2035 5.0294 7| 02704 "_g§”3'768!6 5.9231 0.1545 2.61
50% 2 0.3996 0.2230 4.9991 #;o;:i%; 7 57880 59454 0.1574 2.65 2.4510.32
3 0.5065 0.2004 4%99 0.1643 58211 575.9448 0.1237 2.08
1 0.3814 0.2080 5.0319 0.1527 57740 59230 0.1490 2.52
60% 2 0.4255 0.1790 5.0968 0.1807 5.8820 | 5.9446 0.0626 1.05 1.4410.95
3 0.4230 0.2210 5.1004 0.1574 59018 59457 0.0439 0.74
1 0.4809 0.1813 47525 0.1557 5.5704 5.9103 0.3399 5.75
70% 2 0.5047 0.2404 4.8213 0.1570 57234 5.9091 0.1857 3.14 4.44+1.84
3 - - - - - L = =

0S¢




~ Table 23C %Weight loss of lorazepam submicron emulsions contammg Arlasolve DMI after separating by ultracentrifugation.

PC rich Aqueous Initial )
%drug Oil phase Mesophds ﬂtal ) Losing
n _ phase phase weight of _ % loss MeantSD
saturated weight (g) . . Wﬂght (5) weight (g)
weight (g) | weight (g')— SME (g)
#
1 0.5507 0.1200 4.8193 !2}17\ ” 5 THK 5.9628 0.2511 4.21
30% 2 0.4897 0.1009 5.0734 }’ 61! 5.8898 5.9624 0.0726 1.22 2.75£1.50
3 0.4476 0.1693 4.9305 2469 '\\5.7943 5.9632 0.1689 2.83
1 0.4153 0.2866 4.8835 SREE 3{7185 1" 5.9592 0.2407 4.04
40% 2 0.4234 0.2738 4.91 0. 1498 i, 55{1‘&_ 1 5.9591 0.1973 331 3.6310.37
3 0.4892 0.2620 4.8291 0. 1,6-76 J"ﬁ‘s 74795 5.959] 0.2112 3.54
AlJ- =4
1 0.5370 0.1349 4.8607 ;,@5:02_ Ao 9 5.9632 0.1704 2.86
50% 2 0.4860 0.1267 5.0458 -0@6 :mggm 5.9630 0.0739 1.24 2.22+0.86
3 0.6279 0.1607 4.7633 0.2578 5.8097 f;ﬁ.9623 0.1526 2.56
S i
1 0.6135 0.1267 4.944 5.9622 0.0583 0.98
=i T
60% 2 0.5290 0.1235 4.9192 8415 L1 5.9626 0.1211 2.03 1.3240.61
3 0.4356 0.1061 5.0908¢ 0.2688 |4./5.9013 5.9587 0.0574 0.96
~ 0 10] = = ab2T
1 0.5639 0.1850 |7 | 2 | 5.9094 0.2834 4.80
70% 2 0.4108 0.1960 | *5.0008 0.1570 5.7646 590950 | 0.1449 2.45 3.62+1.66
e Py EE T _ W _W.T. ..
[ L L
T - f NI AW - VIT | : :
9
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Table 24C The analytical amount and recovery of alprazolam from submicron emulsion containing Arlasolve DMI after ultracentrifugation.

Yedrug Amount in | Amount in | Amount in Amountjinf'f f/)‘otal Initial Theoretical
n oil phase | PCrich Ph | aq phase mesophase |4t ount | weight of amount %Recovery | MeantSD
saturated m) | ) | mg=t—mo?| mO SME@ | (mg)
1 0.0047 0.0212 o.osg_,ki .0176k 01020 | 6.1343 0.1430 71.36
30% 2 0.0048 0.0210 0.0587 }y?%54 1101099 | 6.1340 0.1430 76.87 73.02
3 0.0053 0.0219 0.0532 }f 09 |7 0.1013 6.1340 0.1430 70.84 +3.34
1 0.0050 0.0290 0.0802 0313\ 4011455 6.1345 0.1654 87.92
40% 2 0.0058 0.0302 0.0950 ﬁ;qgﬁé 4, 01573 6.1350 0.1655 95.05 90.68
3 0.0056 0.0303 0.0821 4" 6.9393 -;5'19.1473 | 6.1348 0.1654 89.06 +3.83
1 0.0099 0.0389 0.0807 " ,0.0321 [ 01616 | 5.9066 0.1909 84.62
50% 2 0.0103 0.0359 0.0841 9,0?77 fﬁ:}.;ﬁ 5.9062 0.1909 82.74 85.02
3 0.0100 0.0344 0.0929 0.0301 0.1675 |» 15,9070 0.1909 87.72 +2.51
1 0.0167 0.0552 o.u?g; 0.0481 | 0.2685 _-.;5’1.9072 0.2944 91.20
60% 2 0.0140 0.0546 0.1303 0.0435 0.2424 [275.9072 0.2944 82.34 85.66
3 0.0152 0.0511 0.1382 0.0411 0.2457 5.9073 0.2944 83.46 +4.82
1 0.0237 0.0577 02039 [ 1010703 1| 03556 519093 0.3938 90.30
70% 2 0.0211 0.0676 0.1753 0.0751 0.3391 5.9108 0.3940 86.06 88.18
3 - 0 N v [ € i i 2,99
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Table 25C The analytical amount and recovery of clonazepam from submicron emulsion containing Arlasolve DMI afterultracentrifugation.

o Amount in | Amount in | Amount in Amouhtlli;x[‘ f/}otal Initial Theoretical
odrug n oil phase | PCrich Ph | aq phase -ﬁé_gqphase 1 é weight of amount %Recovery | MeantSD
saturated (mg) (mg) ——mg) 9 D SME@ | (me)
1 0 0.0408 0.0468 03 | 012471 59764 0.1422 87.68
30% 2 0 0.0398 0.040 }Wg_! ‘.£Q.1261 L5.9761 0.1422 88.70 91.32
3 0 0.0391 0.0648 ‘ '0.0348 'E,_ﬂ"\q.ms 5.9761 0.1422 97.58 +5.45
1 0 0.0599 0.079( "‘f 0 .iao\égz 59767 0.1912 88.22
40% 2 0 0.0651 0.056 ' 0569 f;':ﬁ (‘)‘;%&1 " 5.9765 0.1912 93.34 90.32
3 0 0.0617 0.0609 ' 0.0484 g;(fn | 5.9766 0.1912 89.40 +2.68
1 0 0.0662 0.0638 9:8649 501195 5.9787 0.2091 93.22
50% 2 0 0.0649 0.0628 J_.;Q,_q@p ;_._-f@zgg;s 5.9780 0.2091 92.60 92.04
3 0 0.0586 0,0689 0.0614 0.1889 | 551,9783 0.2091 90.32 +1.53
1 0 0.1045 0.1024 0.0823 _:.’:-5‘.9786 0.3131 92.34
60% 2 0 0.1033 0.0951 0.0847 | 0.2830 | 5.9783 0.3131 90.40 92.77
3 0 0.1091 g 1I1%4ifr 6%0718 9.0.299 A %9&20 0.3131 95.58 +2.62
1 0 0.0335 33 WIO% 50“8&1 | 150094 0.1520 84.54
70% 2 0 0.0340 - g“'0£433_ 0.0312 0.1084 | S o 01520 71.32 77.93
- AW TANTIR T HIA T It TR — 1 1035
q
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Table 26C The analytical amount and recovery of diazepam from submicron emulsion containing Arlasolve DMI after ultracentrifugation.

Ysdrug Amount in | Amount in | Amountin | Ambunt in"{ L//‘otal Initial Theoretical
I n oil phase | PCrich Ph | aq phase ~|mmesophase @ weight of amount %Recovery | MeantSD
(mg) (mg) (mg)==""(mg) T | “(@E | SME(®) | (mp)
1 0.9615 0.5048 o.sizéx" 03330 k 2.3967 5.9227 2.4865 96.39
30% 2 0.9006 0.6475 0.4869 }?768 1 [V 24119 | 5.9444 2.4956 96.64 95.47
3 0.8144 0.6187 0.5222 ﬂ 56 " 23309 5.9455 2.4961 93.38 +1.81
1 1.2352 0.8604 0.6360 / ?.5,1(16 A&,;3.2423 5.9231 3.4120 95.02
40% 2 1.4313 0.8632 0.6041 0.4999 %K, 33936 5.9441 3.4241 99.25 99.37
3 1.4261 0.9095 0.697946;52.?;2 -2523'5567 | 5.9456 3.4250 103.84 +4.4]
1 1.5929 0.9140 0.7665 A" /0.5664 [ 3.8397 | 5.9231 4.0622 94.52
50% 2 1.5078 1.0587 0.8992 o@ss ,‘f:_q_l_ls 5.9454 4.0775 9838 96.76
3 1.6732 0.9360 0§2é46 0.5165 3.9704__::5{-9448 4.0771 97.38 +2.00
1 2.0276 1.1276 o.&sgg 0.6073 4.7209 | 59230 4.8721 96.90
60% 2 1.8902 1.0129 1.2962 0.6767 4.8761 | 5.9446 4.8898 99.72 98.00
3 2.1007 1.1052 0.9370 0.6199 4.7629 5.9457 4.8907 97.38 +1.51
1 2.5988 0.9392 0.7295 0:5456] || d48132) [1 159103 5.7229 84.10
70% 2 2.4459 1.1214 0.8345 0.5709 4.9728 5.9091 5.7218 86.91 85.51
3 - o) [ | ! 1€ - . +1.98

1474




Table 27C The analytical amount and recovery of lorazepam from su%)ﬁcron emulsion containing Arlasolve DMI after ultracentrifugation.
. .‘

i Amount in | Amount in | Amount in | Amount in a.w://otal Initial Theoretical
r e !
e n oil phase | PCrich Ph | aq phase | ‘mesophase | @ weight of amount %Recovery | MeantSD
saturated S —— ).,.l -
(mg) (mg) (mg) ag = Aé_mE : (8 (mg)
1 0 0.0295 o.owr’ W\ . 0:1902 L 5.9628 0.1984 95.84
30% 2 0 0.0251 0.073 109054 | 0.1888 5.9624 0.1984 95.19 95.95
3 0 0.0319 0.070 0897 —[° L'\Q."wzl 5.9632 0.1984 96.81 +0.81
1 0 0.0715 0.1021 0418 - 40?&1’54 59592 0.2361 91.23
Aol 4 ,
40% 2 0 0.0724 0.09 0.0546 - “8 %21\{3’ " 5.9591 0.2361 95.45 93.23
3 0 0.0674 | 0.0957 0.0566 Jgﬁpzldq Y 5.9591 0.2361 93.03 2.12
I 0 0.0518 | 0.1080 | Wis8 [08136 | 59632 | 03177 98.71
50% 2 0 0.0437 0.1203 | _-0.1512 4 7] 5.9630 0.3177 99.21 98.40
/ F
3 0 0.0474 0,134 0.1483 | 55f9623 0.3177 97.29 +1.00
[
1 0 0.0668 0.1300 0.2273 :T'5i9622 0.4544 93.33
[ | - i
60% 2 0 0.0615 0.1412 0.2236 0.4263 [ 5.9626 0.4544 93.82 93.03
3 0 0.0712 1263 a4 .02 (13 % 9587 0.4544 91.94 +0.98
1 0 0.1006 ) ¢ 1011090 0. 519094 0.4332 89.91
70% 2 0 0.1007 0.1794 0.0879 0.3680 9095 %4 0.4332 84.95 87.43
Mo A QgeYeraN(aln | |
3 - N N I6¥NT] Jb N -ToY|D - 3,51
o]
|

SY4




Table 28C Percentage of drug distribution into various phases of b'?;odiazepines containing Arlasolve DMI submicron emulsions

C = Clonazepam
D = Diazepam

L = Lorazepam

f

qn°

UEANENINEINT
AINTUUNIINYAY

e Yodrug distribdl NfsanSD)
satiitared Oil phase PC W Hueous phase Mesophase
A C D A £ Ag/r\ WEEACTSE D L A C D L
e | B, |7 2047 | 30.8 . 1545 444 '38.76 [ 22.50 | 37.61 | 20.34 | 3141 | 1521 | 47.24
+0.45 +2.59 +1.28 | +1.4 570" 4253, [ 7.44 | $237 | +1.07 | 293 | 15,60 +1.16 | +0.63
P R T 19.87 | 3602 4/ 25.84 | 30 757.09, 138.04 | 19.00 | 44.85 | 19.38 | 25.04 | 15.06 | 2315
+0.19 +2.01 +0.69 | 0. 0661 | Z0BI,+2.92 N+7.89 | +1.06 | +0.73 | +2.47 | +739 | 20.60 | +1.32
o | S0, [0 2246 | 328201 28.59 |45 2410452 88\/33.89 | 2122 | 3643 | 18.46 | 33.28 | 13.79 | 4832
+0.26 +2.46 £1.79 | £0.80 [4156°F+133 81225 | +1.23 | £1.88 | +1.24 | 20.78 | +0.88 | 0.62
e | 60 |, [ 21.30 | 3633 2262 15,74 36.19 | 22.18 | 3134 | 17.53 | 2746 | 13.25 | 5293
+0.24 +2.81 +1.06 ﬁlo;\_n +1.64 | U7{| £3.82 | £1.56 | £0.69 | +3.09 | +0.55 | +0.60
e | OB, [ 18.07 | 2 ﬁ 21.03 | 2638 69 | 1597 | 47.87 [ 20.94 | 3562 | 1141 | 26.16
+0.29 +3.40 $2.53 | £2.75 | 42.15 | $0.99 | 44.15 | £3.06 | £1.15 | £1.67 | +1.60 | £9.65 | 0.10 | +3.00
A = Alprazolam

96¢C




PINE DRUGS

AULINENINYINT
RIAATAUIM TN



258

Table 29C The change in size of benzodiazepine submicron emulsions (nm) prepared
by shaking during storage for 7 days at ambient temperature measured by
using Photon Correlation Spectroscopy (PCS).

Formulation

Effective diameter (nm)(polydispersity)

=0

t=7

Emulsion base

282.5 (0.149)

285.6(0.097)

Alprazolam

269.0(0.122)

Emulsion base

Clonazepam

Emulsion base

Diazepam

285.6(0.097)

296.3(0.284)

250.9(0.204)

284.3(0.118)

Emulsion base ©250.9(0.204)

Lorazepam & 295.6(0.059)

Table 30C The change in siz

by shaking during s rag@r 7 ay

using laser light dlffracﬁe;t_@v:astag 2000).
.na‘_.r—" L f{ o ""'...F;-

ambient temperature measured by

Formulation
q338( 1.526)

Emulsion bas C o 339(1.48
£ HHIN: il
Alprazol L TTT 8351(1.516)

(156

Emulsion basé 339(1481) o~ - 3380.526)
' = S lalanAManNo

c1o'q;W|aW]gm ) | ¢ |1 I3b§(1Ed47)

Emulsion base 298(1.567) 317(2.414)
Diazepam 305( 1.546) 423(1.590)
Emulsion base 298(1.567) 317(2.414)
Lorazepam 304(1.437) 329(1.456)
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Table 31C The change in zeta potential of benzodiazepine submicron emulsions
prepared by shaking during storage for 7 days at ambient temperature
measured by Zetaplus™

Zeta Potential+SD

Formulation = =
Emulsion base -52.98+5.33 -64.85+2.55
Alprazolam 47.‘53&;!):}5 -46.3313.63
Emulsion base -52.981533" ~ -64.854+2.55
Clonazepam -24. 8S+1 — -24.79+1.76
Emulsion base Jk/ 524 sl{g 08 - 7 -21.4242.63
Diazepam | //;1,6 254227 -28.66+1.66
Emulsion base jf / / /5281ﬂ 08 -21.4242.63
Lorazepam / / / 20! 76;@ 99 -32.4143.19

Table 32C The change in pH 0 enzodlazep'; :
shaking during storage foﬁ days @'nblent temperature.

micron emulsions prepared by

Pt -
_{ —
Formulation " j = pI-&S]iJ
il =0 {) t=7

Emulsion base N 5.68+0.04 5.154£0.02
Alprazolam 5.9540.02 5.3840.05
Emulsion base 5.68+0.04 54510.02
Clénazepam | - 5.23+0.07 5.2740.05
Emulsion base 5.3710.03 5.1840.006
Diazepam 5.6240.02 | 5.1840.03
Emulsion base 5.37+0.03 5.1840.006
Lorazepam 5.6240.04 5.65+0.006




Table 33C

\///

%Weight loss after separating by ultracentrifugation of benzodlazepmes incorporated in submicron emulsions by shaking.

PC rich Aqueous* E ™ Initial )
Oil phase — oplyse {——Total ) Losing
4 n ight (¢) phase pha tohile) —"’m weight of ight (¢) % loss Mean+SD
ru; weight ' g . weight
. ke weight (g) | weig \ SME (g) R
LS -
1 0.4385 0.1926 4.74 136 ' 5.6 5.8403 0.1506 2.58 ,
T Il“ %
2 0.4766 0.2159 4.791 242;15#\ 7259 5.8401 0.1142 1.96 1.8+0.87
Alprazolam : A
3 0.5139 0.1609 4,891 §0.22407 V\%\ 5.8409 0.0505 0.86
1 0.3104 0.1930 42709 J oﬂma 2{1%‘ 5.0638 0.0424 0.84
) - = . * ::,-! = A A - - - 0.84+0
Clonazepam =S
3 0.3204 0.1894 43120 :q=f9,95 oo 5.0213 5.0639 0.0426 0.84
1 0.3582 0.2037 4.0792 ‘931522 49033 5.0632 0.1599 3.16
B2 : -
Diazepam 2 0.3060 0.1713 42644 02500 4;{ 5.0638 0.0721 1.42 1.76+1.27
N :
3 0.2421 0.2134 202 0.2440 1 5.0635 0.0348 0.69
- ol B
1 0.4296 0.1218 4.9555 | 5.8100 ) 5.8406 0.0306 0.52
2 0.5143 0.0565 49317~ 03015 5.8040 5.8401 0.0361 0.62 1.34+1.33
Lorazepam ‘ al. 2T
3 0.6034 0.0659 9 W“ [l 158410 0.1677 2.87
* JUMNINENaL
q
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Table 34C The analytical amount and recovery after ultracentrifugation of benzodlazepme incorporated in submicron emulsion by shaking.

. . W,
drug Amount in A;n::lrlthm A::Z::Lsm . Amountin Tofa] ; Initial Theoretical
n oil phase ophase | “amount™| weight of amount %Recovery | MeantSD
sotureted (mg) | P | Phase /;:mgﬁ (M) F'SME@® | (mg)
(mg) ( }/ ¢
1 0.0033 0.8609 128)’ }r" // f7‘108- 3.8558 5.8403 4.0228 95.85
—— 2 0.0198 0.6642 0.963y /{ ZT 0849 " 2.6728 5.8401 2.7065 98.75 97.84+
3 0.0068 0.4301 1.0024 0. 77:27 fj . 22120 5.8409 2.2363 98.91 1.72
1 0.2037 0.3273 0.3201]% 0.3759 __‘,_:L 1.2270 5.0638 1.6255 75.48
Clonazepam ’ i i Ly ’— -:‘:?} - i i i 17
3 0.1503 0.3219 03229 |.20.373L [ L 11682 5.0639 1.4591 80.06 3.24
1 2.4722 2.8876 11228 2.0215 85041 | 5 0632 9.3666 90.79
Diszepa 2 2.7472 2.2650 %%)59 2.1693 8.4784 ‘ds 0638 9.7522 86.94 93.32+
3 2.3220 2.5166 1.6131 2.3426 8.7943 1 5.0635 8.6033 102.22 7.95
1 0.2271 0.9438 1.0040 3.7163 5.8912 5.8406 5.7321 102.77
Fexaam 2 0.2889 0.2636 1.4631 42625 6.2781 5.8401 6.0402 103.94 100.83+
3 0.2480 0.3438 1.2046 4.6155 6.4119 5.8410 6.6954 95.77 4.42

19¢




!
Table 35C Percentage of drug distribution into various phases of st ibmict 'w n by shaking
'x"-.'

;'..'.-

a——, % ﬁ‘: wibution (MeantSD)

g Oil phase 7 / g Au N Aqueous phase Mesophase
Alprazolam 0.38+0.33 // 2 5&5’ “\\\\ 37.45+6.82 39.9614.75
Clonazepam 14.7342.64 Il g\\\\ 26.86+1.09 31.29+0.92

Diazepam 29.29+3.00 VII . 15.61+2.58 25.3341.45
Lorazepam 4.11+0.43 853 19.71£3.23 67.6514.46

ﬂuEI’J‘VIEWIﬁWEJ\’m‘i
QW']%NT]‘?EU NN Y
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Table 36C Effect of incorporated methods on the distribution of alprazolamH into various phases of submicron emulsions.
."Ir
/7
_ _ - % Drug distribution (Mean+SD)
Method of incorporation )
— s Oil phase_ | PC rich phase Aqueous phase Mesophase
De novo emulsification (70% saturated oil solubility) L\ 3.8410.35 38.22+2.87 39.50+0.57 18.43+2.15
Extemporaneous addition (70% saturated oil solubifit y// 1040 18.0742.53 60.96+4.57 20.94+1.60
Shaking / / / [' 170382033, |\, 22214270 37.45+6.82 39.96+4.75
- T
Fy] idd
l"m;j““ #
Table 37C Effect of incorpofated methods on the distribution clopﬁéepan{.@ various phases of submicron emulsions.
TR
) Ao : }_“'-r'“ % Drug distribution (Mean+SD)
Method of incorporation W ,
N Cil phase jPC rich phase | Aqueous phase Mesophase
W o
De novo emulsification (70% saturated oil sotubility) 3.10+0.937 | 48.70+12.40 30.6312.08 17.57+11.54
Extemporaneous addition (70% saturated oil solubility) 0+0 29.4612.75 37.69£3.06 35.6249.65
Shaking 14.734£2.64 7 | 27.11+0.62 26.86+1.09 31.2940.92

£9¢
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Table 38C Effect of incorporated methods on the distribution of diazep‘-:i /nto various phases of submicron emulsions.

~ %“ \ g
—

r/g____- % Drug distribution (Mean+SD)

Method of incorporation e Y
. e, | O | PC rich phase Aqueous phase Mesophase
De novo emulsification (70% saturated oil solubili \ 3042.. 28.09+1.26 11.67+1.93 9.94+1.58
Extemporaneous addition (70% saturated oil sol | _?: 4340 |, 21.032.15 15.9741.15 11.4140.10
Shaking bﬁkh 29.76+3.75 15.6142.58 25.33t£1.45
Table 39C Effect of incorporated methods on the distribution various phases of submicron emulsions.
Haas - ‘
=T v, % Drug distribution (Mean+SD)
Method of incorporation CH ﬁAf/i
”I o — _--_;.:.:;.:——‘53 phase Aqueous phase Mesophase
s -
De novo emulsification (70% saturated oil solﬁurﬁity)ﬁ ir' 8.74+0.60 35.29+1.42 23.91+0.22
Extemporaneous addition (70% saturated oil solﬁ'ﬁility) 0+0 26.824+0.99 47.87+1.67 26.1613.02
_ Q)
‘m?w ‘ "] ?’Fﬁasz 19.71+3.23 67.65+4.46

Shaking qug_f'ngj
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