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ABSTRACT

The extent and integrity of microencapsulation is
hypothesized to be dependent on the optimigation of
sediment weight and volume. This led to the investiga-
tion of the effects of the type of gelatin or cardopol,
the ratios of the coacervate materials, the total
colloid concentrations, the starting pH of gelatin sol
and the stirring rate, Investigation showed that
gelatin, type A, at pH 6,8 together with carbopol 941
gave best results, Optimum carbopol-gelatin ratio was
found to be 1/10, above whioch the sediment weight and
volume decreased significantly, Increase in the total
colloid concentration results in a parallel inorease
in sediment weighs till oconocentration of 1.1% w/v above
whioh the inorease in sediment weight was leas pro-
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740 ELGINDY AND ELEGAKEY

nounced, A stirring rate of 300-350 r.p.m. gave an
almost spherical, uniform coacervates with average

diameter of 59 u.

INTRODUCTION

The term "ooacervation" was introduced by Kruyt
and Bungsnberg de Jong (1) to deseribe the flococula-
tion or separation of liquids from solutions, where
at least one of the liquids contained a colloidal
solute,

Previous studies on complex coacervation apecifice
ally of gelatin-acacia system were reported (2,3).

The gelatin~acacia coacervate system and its applioca-
tion to the drug mioroencapsulation field were inten~
sively investigated (4-10).

Carbopol deing a hydrophilic anionic vinyl polymex
rich in oarboxyliec groups suggests itself to form a
coacervating system with positively charged gelatin.
Toxicity studies showed the possible pharmaceutical use
of carbopol in oral dosage forms (1l1).

In the present work, a trial to induce coacervation
between gelatin and carbopol was done, A numbder of some
selected variadles e.g. type of gelatin or cardopol,
ratio of mixture of the oppositely charged colloids,
the total oolloid conscentration, initisl pH of gelatin
sol and the stirring rate were oritiocal areas and there-
fore, should be controlled and examimed individually,.
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It 48 the purpose of this paper to investigate the
above mentioned variables as they are related to the
optimisation of coacervate weight and volume in a
carbopolegelatin coacervate system,

EXPERIMENTAL

Materials « Carbopol 934, 940 and 941 (Goodrich Aniline
& Soda=Lime Co.) Gelatin B.P, bloom 150, type A having
an iscelectric point of 8.4 and type B with an iso-
electrio point of 4.9. A1l other ingredients were

analytiocal reagent or purity.

ZPreparation of Coacervajes -~ The primary coacervating
sols were made by diasolving ocarbopol and gelatin each

separately in distilled water at 40°C, In all cases,

40 m) of carbopol sol was stirred at moderate speed
(300 repemts) in & water bath at 40°C, To this sol,

40 ml of gelatin sol at 40°0,, was gradually added amd
stirring was contimwed for 20 mimutes. The presence of
either ocarbopol or gelatin in excess was tested on
one-nl sample of the aupermate, A drop of either carbdo-
pol or gelatin sol was eadded to this sample on a wateh
glass and any observed turbidity indicates the ocomponent
in excess,

Colloid Comdination and Ratio ~ Carbopol 934, 940 or
941 was ococecervated with eash of gelatin type A or B,
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742 ELGINDY AND ELEGAKEY

in varying ratios, in order to find ocut the proper
sombination and its optimal ratio, The carbopol sol
concentration was kept constant at 0.2% w/v while the
concentration of gelatin mol ranged from 0.2-4% w/v,
Mioroscopical examination was made to assess coaserve
ation.

Sediment Weight - Using e pipette, 5 ml quantity of
the final coacervate mixture was then centrifuged in
a tared tube at 2000 r.p.z. for 5 minmutes, The super=
natent was discarded, Tube was dried in an oven, at
40°C., t111 a constant weight, The weight of the sedi-
ment was then caloulated as & percentage of the total
suspension volume. An average of four determinations

was recorded,

Sediment Volume - The rest of the final coacervation
nixture was immediately poured in a graduated glasse
stoppered cylinder, The coacervate phase was allowed
to settle at room temperature for 3 hours and then
measured directly from the graduate, It was found that
the coacervate volume was reproducible (+ 0.5 ml) at
the end of three hours and thereafter, An average of
four determinations was recorded and expressed as
percentage,

T G C nitration = Various conocentrations
of gelatin (type A) sol were coacervated with the
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corresponding carbopol 941 sol conocentrations at 40°C.,
keeping the ratio 1:10 (carbopoligelatin) constant,
The sediment weight and volume were recorded. Since
the approximate gelatin temperature of most gelatin

ia about 35°C. (12,13), a drop of the coacervate was
placed on a o0old slide to assist gelation and prevent
droplet coalescence, The average dilameter (um) was
determined miecroscopically.

Effect of Gelatin pH « A series of 2% w/v gelatin

(type A) sol were adjusted to various pH values by
dropwise addition of either 10% v/v hydrochloric acid
or 10% w/v sodium hydroxide solution. Each of these
solutions was coagervated as previously mentioned with
0+2% w/v carbopol 941 sol, The sediment weight and

volume were detexmined,

Effect of Stirring Rate - A sol of 0.,2% w/v carbopol

941 was coacervated with 2% w/v gelatin (type A) sol

at three different stirring rates (100-150, 300-350 and
600650 repetis)e At each rate, the statistical diameters
for particle size distridbution were determined microe-
scopically, Photomiorographs were taken,

RESULTS AND DISCUSS

G8 of & Voasaryasin omblinasion ¢
A trial was done to select a propexr combination of
geletin type B or A on one mide and one of the ocarbo~
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pols (934, 940 or 941) on the other side, that gives
n higher sediment weight and volume (Fige 1 and 2).
Inapection of the results of different colloid
combinations showed that gelatin (type A) sol combined
with carbopol 941 sol gave the highest values for
sediment weight and volume in all the ratios studied,
Pigure 2 showed the effeot of varying the ratios of
sarbopols to gelatin A on the yleld expressed as sedi-
ment weight and volume, At carbopol 941 : gelatin
(type A) ratio ranging from 1:l to 117.5, exceass carbo-
pol was detected in the supernate layer of the coacer-
vated mixture, which explains the low sediment weight
and volume values obtained, Upon increasing the gelatin
ratio, the sediment weight aoquires a peak at 1:10
carbopol : gelatin ratio where no sxcess of either
colloids was deteoted in the supermate, Poxr carbopol 13
gelatin ratios above 1:15 exceass gelatin in the super-
nate was detected., To conolude, a working range of
1:10 = 1115 ocarbopol 941 to gelatin (type A) ratio
could be conasidered to proceed with,

Effecs of Coll C nirat « Studies were
carried out to determine the effect$ of varying the total
oolloid concentration at carbopol 941 / gelatin (type 4)
of 1/10 ratio on the sediment weight and volume, Figure
3 shows that the sediment volume inoreased upon reising
the total ocollodd concentration, The sediment weight
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FIGURE 1
Amount of carbopol-gelatin (type B) coacervates at different ratios:
Carbopol 934: weight A—=A , volume o——0
Carbopol 940: weight A—i , volume o——e
Carbopol 941: weight A—-——-A , volume o————- o

showed a sha¥p inocreass from 1-2% w/v gelatin conoent~
ration, Than after the inorease was less pronounced but
@raduale In addition, it was diffioult to procead with
carbopol sols of concentration higher than 0.5% w/v
owing to the diffioulty in obtaining such sols in a
homogenous dispersiom. When expressing the sediment
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FIGURE 2

Amount of carbopol-gelatin (type A) coacervates at different ratios:

Carbopol 934: weight A———~A ., volume o—v0
Carbopol 940: weight &~——4 , volume o——e
Carbopol 941: weight A-———- A , volume o=~=—=0

weight as percentage of the total ampunt of colloid
added, at a fixed carbopol / gelatin ratio, the results
indicate a maximum value at gelatin concentration of
2% w/v (Table 1),

Other gelatin conoentrationsgave lower values. Thus
suggesting & concentration of 0,2% w/v carbopol 941
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1 2 3 4 s
Gelalln Concentration (% w/v)

FIGURE 3

Ttype A) coacervates at different colloid concentrations.

sol to be coacervated with 2% w/v of gelatin (type A)
sol to give an optimal yield.

It was also shown in Table 1 that the change in
total ocolloid concentration caused a wide variation
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Weight (A,mg) and volume (o, ml) of 1/10 carbopol 941 to gelatin

in the corresponding coacervate sisze, At gelatin concen-
tration from 1-3% w/v, the microacopical determination
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TABLE 1
Sediment Weight and Average Coacervate Diameter
of 1110 Carbopol 941 : Gelatin (Type A)
at Different Total Colloid Concentrations

Total Sediment Average
colloids weight Sediment we diameter
added (mg) Total ooIIo%ﬁ (d av)um
(mg)
440 175 39.8 50.3
660 310 47,0 564
880 666 7547 59
1100 730 66,4 64.1
1320 785 59.5 7042
1760 850 48,3 108
2200 870 39.5 135
TABLE 2

Sediment Volume (ml) and Weight (mg) Yields of 0,2% w/v
Carbopol 941 Sol Coacervated with 2% w/v Gelatin 50l
(Type A) of Varying pH Values

Gelatin pH Sedm:{ volume Sediment weight

ng

11.7 - -
8.7 33.15 544
6.8 18.30 566
4.8 5.32 600
2.8 3.75 78
1,8 2.25 67
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FIGURE 4
Size frequency distribution curve of 1/10 carbopol 941/gelatin
(type A) coacervates at different stirring rates:
—e 600-650 r.p.m.
A—A 300-350 r.p.m.
X—x 100-150 r.p.m.

of average diameter (dgy,) showed a gredual increase
ranging from 50,3«70,2 um, Higher total colloid conoen-
trations affected markedly the coacervate particle sise,

Effeot of pH of Gelatin Sol - Data present in Tabdle 2
show that all over a pH range of 1,8-8,7 ocoacervation

between carbopol 941 and gelatin (type A) oan take place.
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Also, coacervation of gelatin sol (i.e.p. 8.4) was
markedly suppressed by lowering its pH to values less
than 6,8, In other words, the greater the difference
between the starting pH of gelatin sol and its iso~
electris point, the higher the suppression in coacerve-
tion (2).

When gelatin (type A) sol at pH 6.8 was coacervated, s
maximum sediment weight was obtained, while at pH 8.7
the sediment volume was at maximum, This could be
attributed to the swelling of carbopol at higher pH
value (11).

Effect of Stirring Rate - Carbopol 941 a0l was coacerve
ated with gelatin (type A, pH 6.8) sol at 40°C, in a

ratio of 1110, at three different atirring rates.

The results in Figure 4 and Table 3 show the effeot

of stirring rates on the coacervate shape and size
distribution, At high stirring rate, 600650 r.p.me,
the coacervates were fine with an average diameter
(dav) of 44,6 um but gsuffering from floatation caused
by air entrainmment, On the other hand, at 100~150
r.pst, the coacervates were coarse, uneven in shape
with an average diameter (d,,) of 78 um. Stirring in
the range of 300-350 r.p.i. resulted in almost
spherical uniform coacervates with an average diameter
of 59 um, This finding is in aoccordance with that
reported by Newton et al (i0) on gelatim-acascia coacer-
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Microscopical examination of carbopol-gelatin coacervates (magnifica-
tion x 100)

vates. A photomiorograph of this coacervate mixture 1is
shown in Figure 5.

On the basis of the above mentioned results, the
optimal cocacervation conditions are s Type A gelatin
80l of pH 6.8 together with carbopol 941 sol at a ratio
of 1110 with a total colloid concentration of 1.1% w/v,

The recovery of these coacervates and the applicae
tion of the technique to ensapsulate drugs will be the
subjeot of our next publication,
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