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- ABSTRACT

4 two-step emulsification procedure was adopted to prepare
stable nmultiple emulsion of the K/O/F Iype, An aqueous solution of

the drug and paraffin oil at ratio of 1:] were used to prepare a K/0
type primary emulsion (lst step) using blend of surfactants (HLB
J.8) at 18% concentration, Khile a blend of surfactants (HLF 12.3)
¥as used as Lhe second emulsifying agent for Incorporating the
prepared primary emulsion into the outer aqueous phase (1:1) to
- produce the final emulsion. Drug release frem the prepared syster
vas evaluated 24 hours after preparation and periodically at weekly
Intervals thereafter for four weeks., Nultiple emulsion systens,
each containing either sodium chloride, sorbitol or methylcellulose
were sipilarly prepared and evaluated for drug release thereof.
Jrug release from the prepared systems was found to be greatiy
retarded in comparison with that from the corresponding agqueous
solutions, [The drug release rate fron the prepared systems, with
the exception of those containing nmethylcellulose was slightly

changed to lower values. [he effect was qreater at the second week
testing while, a constant release pattern was found thereafter. [he

presence of methylcellulose lead to a greater lowering In the
release rate,




INTRODUCTION

Papaverine 1is a smooth muscle relaxant alkaloid
The

drug has the analgesic and narcotic properties of mor-
It 1s used as an antispasmodic in a variety

obtained from opium or synthetically prepared.

phineliz.
of conditions affecting the vascular system and the
gastro-intestinal and genito-urimary tractsd. It is

" given by mouth and intravenous or intramuscular injec-
tions for providing postoperative pain relief %, The

drug was also used in the management of chronic brain
syndrome secondary to cerebral arteriosclerosis/. It

is well absorbed after oral administrationd. It is a
weak base with a pka of 6.47, The hydrochloride salt
13 soluble in water and an aqueous solution of this
salt yields peak blood levels within I to 2 hours after
oral administrationl®, The drug biclogical half-life

in hunans is 68-12¢ minutesll 12,

Sustained-release papaverine hydrochloride prod-
ucts are used widely to treat conditions that may be
inproved by relief of spase in certain blood vessels,
These products usually contain 150 or 308 mg of the
drug, and the recommended dosing interval is 8 to 12
hoursd.  Timko and Lordi!3 evaluvated three commercial
sustained-release products of the drug by the in-vitro
release testing., Papaverine hydrochloride was tested
as a model drug in the preparation of sustained-release
forns using new carriers!®. A reasonable correlation
between the in-vivo bioavailability in humans and the
in-vitro dissolution data was reported with some pa-

paverine dosage forms 15,16,
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Interest has recently increased in the pharmaceu-
tical applications of multiple emulsions. It is possi-
ble that such enulsions may be used for oral prolonged
action products or intramuscular depot therapy]7'23.

The inherent physical instability is regarded as one of
the major problems in the application of such systems.

[herefore, the objective of this work is the develop-
nent of a sustained release liquid form of papaverine.

More specifically, is to fornulate the drug in a rulti-
ple phase enulsion and, to follow the physical stabil-

ity of the prepared system by determining the time de-
pendence of the drug release profile.

EXPERIMENTAL

Materials
Papaverine hydrochloride (pharmaceutical qrade ob-
tained from the Nile Co. for Pharmaceuticals and Cheni-

Egypt).
(Pharmaceutical grade). Non ionic surfactants; Span 89,

cal Industries, Cairo, Light paraffin oil
span 85 and Polysorbate 88 (Atlas Chemical Industries,

U.5.14). Methylcellulose and Sorbitol

All other chemicals were of analytical

Kilrington,
(ROTH. FDR).
reagent grade, and were used without further purifica-

tion.

Procedure
Assay Method

tested for standard solution of papaverine hydrochlo-

Beer's law curves were

ride.  The nmaximum wavelength for the drug in the
tested isotonic sodium chloride solution was 318 .
The same maximum wavelength was reported for In-vitro

evaluation of commercial sustained-release products of
the drug13.

This wavelength allowed direct absorbance
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readings under all the tested experimental conditions.
linearity was followed in the concentration ranges
used, The linear reqression anmalysis of absorbance

data revealed the following linear equation :

(=0 182 X -0.814.................. eq. 1
{ + 8,014
= e e eq. 2
§.182

where ¥ : Absorbance & X : Concentration in nq/180 nl.

Preparation of W/O/W Type Multi-

ple Emulsions
A two step emulsification procedure was adupted24

(Chart 1).

Saturated aqueous r O1ly solution of

solution of drug emulsifier (HLB : 3.8)

1.9 part. 5¢0C ! ) parts, 5@80

| st Emulsification Step f Yigorous stirring for
13 minutes

W/0 type emulsion

Degasing

Ind Emulsification Step Aqueous solution of

enulsifier SHLB . 12,3}
6.8 parts. 48°C.

|

[ — shaking for one minute

,ﬁ/O/H type multiple emulsion

Chart [ @ Preparation of K/0/K type Nultiple Emulsion by
A Two-Step Procedures of Emulsifications.
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An aqueous solution of papaverine hydrochloride and
paraffin oil at ratio of 1:2 were used to prepare a /0
type enmulsion (first emulsification step). Surfactant
blend (HLB 3.8) of both span 88 and span 85 was used at
10% concentration. In the second emulsification step.
the prepared primary emulsion was incorporated into the
cuter aqueous phase (l:2) to produce the final W/Q/N

nultiple emulsion. Surfactant blend (HLB 12.3) was
used at 3% concentration. Polysorbate 88 constitutes

the major proportion of the second emulsifying agent.
The prepared emulsion was denoted formulation P. Three

other systems were similarly prepared but one of these

materials; sodium chloride (4.5%), sorbitol (4.5%), and
methylcellulose (8.9%) was added to their outer aqueous

phases. These prepared systems were denoted as
formulations N.§ and K respectively.  The prepared

enulsions were kept at room temperature for 24 hours

before testing.

Partition Coefficient Determina-
tion

The partition coefficient of papaverine hydrochlo-
ride between paraffin oil and isotonic sodium chloride
solution was determined as follows : Different concen-
trations of the drug namely 109,200,308.408 and 508
ng/189 nl were prepared in the saline solution. 58 ml
of each of the mentioned concentrations was added to a
separating funnel. An additional 58 ml of paraffin oil
was added to the funnel content and shaken gently until
equilibrium.  The aqueous phase was separated and

passed through filter paper.  The ultraviolet ab-

sorbance at 318 nm was then measured against a blank




prepared in an analogous manner. Drug Concentration in

the oil phase (C,) was determined using equation (3).

Co =
where C, : Total drug concnetration.
(¢ + Drug concentration in aqueous phase,

Release Studies

Release of papaverine hydrochloride from W/Q/¥
nultiple emulsion systems was investigated by a dialy-
sts method employing cellophane membrane (2.5 em in di-
areter), Emulsion sample (180 =ml) was introduced into
the dialysis tube and dialysed in a 50 m] of isotonic
sodiue chloride solution at 379C, Stirring was ef-
fected mechanically using mechanical shaker at 58 rpm
to ensure proper agitation of both the emulsion sample
in the dialysis tube and the large volume sink mediun.
At intervals, | ml of the saline medium was withdrawn
and 1 nl of fresh one was added instead. The drug con-
centration was measured spectrophotometrically at 316
The in-

vitro release test was done on the emulsion systems 24

nn using fresh saline solution as a blank.

hours after preparation and then periodically at weekly

Intervals for 4 weeks.

Analysis of Data
The in-vitro release data were kinetically analysed
according to zero order and first order kinetics as

well as according to the diffusion controlled release

Also, the

of in-vitro release from fresh systems were

nechanise (Hiquchi's diffusion model)?9,
data

statistically treated through the analysis of vari-

HDCEEG.
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RESULTS AND DISCUSSION

Papaverine hydrochloride was formulated in multi-

ple phase emulsion with the aim of the develcpment of a
sustained-release liquid dosage form. W/0/N multiple
type emulsions were tried because of their convenience

for both preparation and oral administration. Paraffin
o1l was selected as the oily phase in this study. [t
18 colourless, tasteless, odourless and not absorbed in

the gastrointestinal tract?!, Moreover, as a mineral

oil, 1t is unlike edible fats and oils, does not have
to be protected against microorganisms and oxidation.
The physical stability of the /0 type primary emulsion

was tested in a previous work%!,

Partition Coefficient Determina-
tion

The knowledge of partitioning behaviour of the
drug is helpful in understanding the drug release ten-
dency from the prepared multiple emulsion systems. The
drug must partition itself through the oil phase before
being available for release from the innermost aqueous
phase.  HNoreover, the drug must cross a variety ofkmem-

branes to gain access to the target tissues.

The partition behaviour of papaverine hydrochioride be-
tween paraffin oil and isotonic sodium chloride solu-
tion wis studied, Different concentrations of the drug
were tested. The partition ratio or apparent partition
coefficient (Papp-) Was  given by the equaticn

where Cq and C.: the total concentration of drug in

paratfin oil and aqueous phase respectively.
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To investigate the possible association of the

drug in paraffin oil and to defermine the true parti-
the data of drug

between the two phases, were treated according to the

tion coefficient (K), distribution

equatianza:
B = (Co) /B 0, eq. §
Khere K : the true partition coefficient of drug

with the assumption that the drug is totally undissoci-
ated

paraffin oil.

and n

in water. . degree of drug association in

Thus :

Log X = 1/n log Cy - log Cpouvvvvvvnnin eq. b
or log Cy=1/nlog Gy - log K .0vvvvvsinins, eq. |
Equation 7 1s one of linear relation (Y = a x + b).

Khen this equation 1s plotted with log C; on the verti-
cal axis and log C, on the horizontal one, a linear
plot wmust be found with a slope equals to 1/n and an

intercept equals to - log K.

Figure 1 shows a linear plot for the distribution
data between paraffin oil and the aqueous phase. From
this plot, the deqree of association of drug in paraf-
fin o1l was found to be 1.82 (about 1), A result which
indicates that papaverine hydrochloride exists predomi-
nantly in the form of single molecules (unassociated)

in paraffin oil. The calculated partition coefficient
was found to be 1.738 X 18-,  These results give an

evidence on the suitability of paraffine oil as an oily
phase for the preparation of W/O/K emulsion containing
papaverine hydrochloride. The limited affinity of drug

towards the oily phase makes it available to the oil
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barrier. At the same time this lower affinrity in addi-
tion to its unassociation tendency makes it easy to

cross that barrier to the outermost aqueous phase,

Release Studies

Papaverine hydrochloride release from the pre-
pared multiple emulsions was conducted in isotonic
sodiur chloride solution. Nechanical shaker was used
to ensure proper agitation of both the enulsion sample
in the dialysis tube and the large volume dissolution
pedium. The agitation in the dialysis tube was re-
garded as essential requirement to avoid creaming of

the oily phase. An effect which nay lead to reduction
in the release rates specially in delayed 5tage533.

The release data were analysed according to zero,
The re-
The high

correlation coefficient values, obtained by the analy-

first and diffusion controlled mechanisms??.

sults of data analysis appear 1in Table 1.

sis of the percentage amount released versus the square
root of time give an evidence that the release pattern
follows the diffusion controlled release mechanism
(Higuchi's model). Similar findings for release from
The fact that both

fresh and stored emulsions as well as those containing

emulsions were reported23=24r29'31.

additives give the same release mechanism is an evi-
derce on the stability and similarity of the prepared

systens. In another meaning, we can say that the pre-

pared systems remain as multiple phase emulsions in
spite of the change in the release rate of drug

thereof.

Analysis of variance’® of the in-vitro release

data from the freshly prepared systems (Table 2) re-




- tions,

vealed significant differences between some Formula-
The systens containing either methylcellulose
or scdium chloride were of insignificant difference in
the release rates., Also, the addition of sorbitol lead
to insignificant difference in the release ra?e. On
the other hand, significant differences were found to
be existed between emulsions containing elther methyl-

cellulose or sodium chloride and those containing ei-
The added substances

were described to get emulsions with different release

ther sorbitol or no additives.

patterns by adjusting the osmotic gqradient hetween the
aqueous phasesl7r25r32. Figure 2 shows the release pa-
tterns of papaverine hydrochloride from the different
[t is clearly obvicus that

chioride exhibited the

greatest prolonqation of drug release, An effect which

freshly prepared systens.
enuision containing sodium
nay be probably due to salting out of the surfactapt at
the interfaces and competing for water molecules. Whep
surfactant wolecules loose water, the structure of the
interfacial layer (Iiquid crystalline phase) becomes
nore rigid and thus more effective as a mechanica] bar-
rier for the transfer of drug. Sorbitol prolonged the
drug release hut to a less extent. Methylcellulose ef-

tect was greater specially in the early stage of re-

lease.

The release of papaverine hydrochloride from the
prepared W/O/N emulsions was slower than that frop drug
solutions in the corresponding outer aqueous phases
These results

(Figures 3-6), suggest that the rate

Liniting step is not transport through the dialysis

tube but transport through the oily phase. Thus, the
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result also assure the preparation of nuitiple phase
emulsion of the drug. An exception was found with
epulsion containing methylcellulose (Fiqure §) where
the reiease in the early stage (up to 5 hours) from the
emuision was closely related to that from the solution.
An - effect which can be attributed tc the high viscosity

of the outer aqueous phase.

The time dependence of drug release profile was
investigated. The release patterns of drug from fresh
as well as stored emulsions were determined (Figuzes 1-
b and Table 2). It is evident that altheugh sarbitol
has added a limited stability to the prepared emul-
sions, its system exhibited the lower stabtlity proper-
ties after 4 weeks period of storage. In this respect,
nore than three-folds enhancing of the relaase rate was
found after that period. Emulsion formulations con-
taining no additives exhibited more than twofolcs ip-
crease in the release. Formulations containing either
sodiun chloride or nmethylcellulose exhibited more con-
than 10%

ephancing in the release was found during the first

stant release pattern during storage. Less

three weeks, After the fourth week the change was in-
creased to about 27 and 25% in case of nethylcellulose
and  sodiun chloride respectively . These results con-
firm the formulation of the rigid mechanical barrier.
formulations containing methylcellulose is reqarded as
more preferable since they are of more stable rejease
pattern and as a more convenient oraj preparations,
Finally, further studies on the preparation of more

stable enulsion systems have to be done.
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Hydrochloride From Nultiple Enulsion Systens

Table 1 : Releése Characteristics of Papaverine Hydrochloride from The

—--_*-—--——ﬁﬂ-—"'-‘_'------'_--ﬂﬂﬂ'ﬁ--_---—_-ﬂﬂ_-----““--ﬁ_“--—__---_-“-----ﬂ‘--------

Fornulation Storage Model
period lero order First order Riguchi's diffusion
(Week) 0 t log @ t 0 t
r k r Kxlo™! r B
F 8.954 4.8  0.875 2.7¢ 8.979  12.45
! §.948 7.8¢ 8,936 §.53 8.992  23.2%
P 2 6.986 10,54  9.89] 4,52 £.998  31.93
] §.973 9.42  0.9985 3. 74 9.992  28.72
4 8.587  9.63  6.922  3.97  0.985  28.74
F §.949 §.35  6.88¢ 1,51 9.378  13.55
1 #.994 6.34  8.94% 3,83 6.996  18.88
5 2 §.986 §.73  0.9%2 3.88 0.989  25.98
3 0.98¢  B8.73  #.933 4,11 8.984  26.31
4 0.997  14.74  8.953 4,64 $.98¢  41.21
F #.961 3.98  8.923 4,93 .96  11.98
I §.972 31,95  0.898 2,87 $.983  11.82
N 2 B.994 4,85  9.971 2.94 0.991  12.81
3 $.976 4,39 9,943 2.97 $.986  13.13
4 0.996 .04 8.961 3.31 §.99¢  15.86
f 0.926 5. 71 §.854 §.74 8.%62  17.87
1 §.978 4.87  0.914 3.87 $.993  18.80
) #.991 6.47  §.90¢ §.48 $.998  19.48
] §.987 5.86 0.912 3.71 p.931  17.59
4 #.987 1.37  8.951 3,84 0.998  21.64
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Prepared Multiple Emulsion Systems.

---ﬂ—_--—-__-ﬁ----ﬁ-_ﬁ_--_-n----.—.-.-n---—-——-h----_r———ﬂq#--_‘--_---p-----—--—_—__---ﬂﬂh_-h

Q: Anount released (%), t: tine of release (hours). r: Correlation coefficient
K: Specific rate constant, B : Slope of linear plot,

F: Fresh samples (24 hours after preparation).
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Table 2 : Effect of Formulation on The In-Vitro Release Profile of
Papaverine Hydrochloride from The Prepared Nultiple Enulsion

--.—.——————.—-—w—ﬂ--—----n-l—u-—-——-ﬁ-#—-n-_—--:--—----#—-——ﬂ--ﬂ—-ﬂﬂﬂ—ﬂi‘—*----_-‘-"—""‘

dnount of medicament released (%) after the following

Formulation time intervals in hours
85 1.8 1.5 2.8 2% 3.0 4.0 5.0

-ﬁﬂ--i-_—-H------—.--—--_ﬂ---—--ﬂ-—-.-ﬂ__-.-—_—.----_p‘—-—ﬂ_-—ﬂ—--‘---—--—ﬂ-—ﬂﬂ_—-‘ﬂ‘“ﬂ

P 5.9 12.8 13.3 16,6 17.2 22,1 2.5 16.%
S $.2 7.8 181 169 17,2 19.3 217 23,8
N 2,3 30 43 1.6 12,5 147 162 18.1
| 2,9 4.6 1.8 16,2 20.1 25,3 25.% 26.4
Analysis of Variance2d
source of f
3.3 d.f 5.9/d.f
variation Calculated Tabulated
p=0.95
Tine 145056 ] 207,22 16,815 2.4
Fornulation 258.98 3 86.33 7.00 3.87
Error 94.78 21 12.33 -~ -=
Total 1804.132 3l -~ -~ --
2 S3/df = 3.663
L.S.D, =t g x r
| Difference between means
Treatment Mean % Released =~ -----=-----m-m=mmmmmomoommomomes
i £ - Kp ST VRN SE
p £y = 17.06] 7,050 1938 0.438
N Xp = 16,623 6.787, 1.50¢ -~
N e = 13,125 5 287 -~ --
k fp= 9.838 -~ -- -~
X . Significant differences.
5.9 . Sum of squares-
d.f . Deqree of freedon.

5.5./d.f : Variance estimate = §&.
L.S.D. : The least significant difference.
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Figure(1):Distribution Pattern of Papaverine Hydro.
chioride between Paraffin Oil and Saline
Solution at 25°C.
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R = Reference solution

80O ‘
F = Fresh preporation
t Wk.= Stored for one week
70 . =
2 Wk.= Stored for two weeks
X Wk.= Stored for three weeks
o0 4 Wk.= Stored for four weeks 4
3 2 Wk Wk
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40
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g L ]
E 30 .
1
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Figure (3): In -Vitro Relegse Profile of Popaverine Hydrochloride from ils Prepared

Emulsion Sysiem .
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Figure(4): Effect of Sodium Chloride on the In- Vitro Reélease Profile of Papaverine
Hydrochloride from its Prepared Emulsion System.
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Figure(5): Effect of Sorbifol on the In-Vitro Release of Papaverine Hydrochloride
from its Prepared Emulsion System.
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Figure(6):Effect of Methylcellulose on the In-Vitro Release Profile of Papaverine
Hydrochloride from its Prepared Emulsion System.
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