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ABSTRACT 

The extent and integrity of microencapsulation is 

hypothesized t o  be dependent on the optimization of 

sediment weight and volume. This led to the investiga- 

tion of the effects of the type of gelatin o r  carbopol, 

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 beat results. Optimum carbopol-gelatin ratio was 

found to be 1/10, above which the sediment weight and 

volume decreased significantly. Increase in the total 

colloid concentration results in a parallel increase 

Copyright 0 198 1 by Marcel Dekker, Inc. 
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588 ELGINDY AND ELEGAKFI 

in sediment weight till concentration of 1.1% w/v above 

which the increase in sediment weight was less pro- 

nounced. A stirring rate of 300-350 r.p.m. gave an 

almost spherical, uniform coacervates with average 

diameter of 59 u. 

1KiXODUCTIO.N 

The term "coacervation?' was introduced by Kruyt 

and 3ungenberg de Jong (1) to describe the floccula- 

tion or separation of liquids from solutions, where 

at least one of the liquids contained a colloidal 

solute. 

Previous studies on complex coacervation specific- 

ally of gelatin-acacia system were reported ( 2 , 3 ) .  

The gelatin-acacia coacervate system and its applica- 

tion to the drug microencapsulation field were inten- 

sively investigated (4-10). 

Carbopol being a hydrophilic anionic vinyl polymer 

rich in carboxylic groups suggests itself to form a 

coacervating system with positively charged gelatin. 

Toxicity studies showed the posaible pharmaceutical use 

of carbopol in oral dosage forms (11). 

In the present work, c;i trial to induce coacervation 

between gelatin and carbopol was done. A number of some 

selected variables e.g. type of gelatin or carbopol, 

ratio of mixture of the oppositely charged colloids, 
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CARBOPOL-GELATIN COACERVATION 58 9 

the total colloid concentration, initial pH of gelatin 

sol and the stirring rate were critical areas and there- 

fore, should be controlled and examined individually. 

It is the purpose of this paper t o  investigate the 

above mentioned variables as they are related to the 

optimization of coacervate weight and volume in a 

carbopol-gelatin coacervate system. 

Materials - Carbopol 934, 940 and 941 (Goodrich Aniline 
& Soda-Lime Co.) Gelatin B.P, bloom 150, type A having 

an isoelectric point of 8.4 and type B with an iso- 

electric point of 4.9. All other ingredients were 

analytical reagent or purity. 

Preparation of Coacervates - The primary coacervating 
sols were made by dissolving carbopol and gelatin each 

separately in distilled water at 4OoC. In all cases, 

40 ml of carbopol sol was stirred at moderate speed 

(300 r.p.m.) in a water bath at 40°C. To this sol, 

40 ml of gelatin sol at 4OoC., was gradually added and 
stirring was continued f o r  20 minutes. The presence of 

either carbopol or gelatin in excess was tested on 

one-ml sample of the supernate. A drop of either carbo- 

pol or gelatin sol was added to this sample on a watch 

glass and any observed turbidity indicates the component 

in excese, 
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590 ELGIMDY AND ELEGAKEY 

Colloid Combination and R a t i o  - Carbopol ?34, 940 o r  

941 was coacervaied n i t h  each of Gelatin type A o r  13, 

j n  varying r a t i o s ,  i n  order t o  f ind out the proper 

combination and i t s  opt ina l  r a t i o .  The carbopol s o l  

concentration TIES kept constant a t  G.2;: cv/v vi1il.e the 

concentration oi gela t  in s o l  ranc;ed f rom G.2-4;  w/v. 

Xicroscopical exminat ion .[as mede t o  assess  coacerv- 

ation. 

Sediment :Yei,?ht - Using a p ipe t te ,  5 ml qutmtity o f  

the f i n d  coccervate mixture was then centrifuged i n  

a tared tube a t  2CX:O r.p.m. f o r  5 minutes. The super- 

natent c:as discarded. %be w2,s dr5.ed i n  an oven, a t  

LqC”C, ,  tj.l.1 .c1 cmstaiit ;:lei;;ht. The weight of the sedi-  

.:;?eat ::‘;?.s t:.m cd.q?;lated as a 13ercei:tage o I  the t o t a l  

:;uepcr_sion vclmne. Ar r-l.verq:e o f  four determinations 

?ns recorded. 

Sediment ifolwne - The r e s t  of the f i n a l  coacervation 

iriixture was i:mediately poured i n  a ;:raciuated glass- 

stoppered cylinder. ‘Jhe coacervate phe.se was allovred 

t o  s e t t l e  a t  i.oorn texperature for 3 hours  and then 

neesured d i r e c t l y  from the .;raduate. It ivas found that 

the coacervate volume was repro.iucibfe (+ 0.5 nl) a t  

the end of three hours and thenafter  . An average of  

four determinations was recorded and expressed as 

percentage. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CARBOPOT,-GELATIN COACERVATION 591 

!Llotal Col lo id  Concentration - 'L'arious concent ra t ions  

of g e l a t i n  ( type  A )  s o l  were coacervated w i t h  t!ie 

corresponding carbopol 441 s o l  concent ra t ions  a t  40°C , 
keeping the  r a t i o  1:lO (carbopo1:gelat in)  constant .  

The sedinent  weight and volume were recorded. Since 

the  approximate E e l a t i n  temperature of most g e l a t i n  

i s  about 35'C. (12,13), a d r o p  o f  t he  coacervate  was 

placed on a co ld  s l i d e  t o  assist g e l a t i o n  and prevent 

d rop le t  coalescence,  The average d i aue te r  (urn) was 

determined microscopical ly .  

S f f e c t  o f  Ge la t in  pH - A s e r i e s  of 2% w/v g e l a t i n  

( type  A )  s o l  s e r e  ad jus ted  t o  va r ious  pH va lues  by 

dropwise a d d i t i o n  of e i t h e r  10% v/v hydrochlor ic  acid 

o r  10% w/v soditLq hydroxide so lu t ion ,  Each of  t hese  

s o l u t i o n s  was coacervated as previously mentioned wi th  

C.245 v?/v carbopol 941 s o l .  The sediment wei&t and 

volume were determined. 

Effect  of S t i r r i n g  2 a t e  - A s o l  o f  0.2% w/v carbopol 

941 was coacervated with 2% w/v g e l a t i n  ( type A )  so1 

a t  th ree  d i f f e r e n t  s t i r r i n g  r a t e s  (100-150, 300-350 and 

600-650 r,p,m.)* A t  each r a t e ,  t he  s t a t i s t i c a l  diameters 

f o r  p a r t i c l e  s ize  d i s t r i b u t i o n  were determined micro- 

scopica l ly .  ?hotornicrogr&phs were taken. 
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592 ELGINDY AND ELEGAKEY 

Clioice o f  tr Coscervating Conbination : 

A t r i a l  uas done t o  s e l e c t  2 proper combination o f  

J y l z t i n  type  3 01- A or, one s i d e  and one of %lie carbo- 

201s (934, 349 0 1  941) or1 the  other s i d e ,  t h t  Gives 

R hither sec‘inent ;*iei@l?t and voluiie (Fig. 1 and 2 j .  

Jnspcc t ioz  o f  t he  r e s u l t s  of d i f f e r e n t  c o l l o i d  

coin5iimtions showed t h a t  g e l a t i n  ( type  A) s o l  combined 

viith cnrbopol 341 s o l  gave t h e  h ighes t  vn lues  for 

oediment weight and volume i n  all the  r a t i o s  s tudied.  

i ’ i . p re  2 shoiteci the  e 3 e c t  of n r y i n g  the  r a t i o s  o f  

czrbopols  t o  g e l a t i n  A 011 t he  y i e l d  expressed as sedi-  

zient vreig!it and volume. A t  carbo2ol 941 : g e l a t i n  

( type  A )  r a t i o  rttnging rr’rom 1:l t o  1:7.5, excess  carbo- 

p o l  Yrres de tec t ed  i r i  the  supernate  l a g e r  of t he  coacer- 

\rated mixture ,  which exp la ins  the  l o a  sed inent  weight 

and volume values obtained. U;>on inc reas inz  the g e l a t i n  

r a t i o ,  tlie sediment ;-;e-i.tght acqu i r e s  a peak a t  1:lO 

c:trhopol : c e l a t i n  r a t i o  ahere  no excess  o f  e i t h e r  

c o l l o i d s  was de tec ted  i n  the  sapernate.  ?or  carbopol : 

g e l a t i n  r a t i o s  above 1:15 excess  Ce1ati.n i n  the  ouper- 

na te  mas detec ted .  To conclude, a iworlcing range of 

1:lC - 1:15 corbopol 941 t o  g e l a t i n  ( type A )  r a t i o  

could be considered t o  proceed with. 

E f f e c t  of Tota l  Goiloid Zoncentrat ion - Stud ies  were 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CP.WPOL-GELATIN COACERVATION 593 
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594 ELGINDY AND ELEGAKEY 
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CARBOPOL-GELATIN COACERVATION 595 

camied out t o  determine the cfyect of varying the total 

colloid concentration at carbopol 541 / gelatin (type A) 

OP 1/16 ratio on the sedicent mei:;ht 2nd volturre. Figure 

3 sliov?a that the sediment volume increased upon raisins 

the total colloid concentration. The sediment; voight 

showed a sharp increase from 1-2:; w/v gelatin concent- 

ration. TheE-zfter the increase was less pronounced but 

,;radual. In addition, it WBS difficult to proceed with 

carbopol sols of concentrstion hi;<ner than 0.55; w/v 

owing to the difficulty in obtnininz such sols in a 

hoxiogenous d is p er s i on. Cirhe n e xpr e s s ing the sediment 

weight as percentage of the total amount of colloid 

added, at a fixed carbopol / gelatin ratio, the results 

indicate a xnximun value at gelatln concentration oP 

2:; w/v (Table 1). 

other gelat'ln concentrationsgave lower values. ihus 

suggesting a concentration of 0.25; w/v carbopol 941 
sol to be coacervated with 2:; n/v of gelatin (type A )  

sol to give an opti.Pal yield. 

It was also ShovM in Il'able 1 that the change in 

total cclloid concentration caused a wide variation 

in the corresponding coacervate size. A t  gelatin concen- 

tration from 1-35 w/v, the microsco;)ical determination 

of average diameter (dav.) showed a gradual increase 

ranging from 50.3-70.2 urn. Higher total colloid concen- 

trations affected markedly the coacervate particle size. 
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596 ELGINDY AND ELEGAKEY 
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CARBOPOL-GELATIN COACERVATION 597 

440 17 5 33.8 50.3 

660 310 47.0 56.4 

830 666 75.7 5'3 

ll0C 730  "". ':c 4 64.1 

1320 785 53.5 7C?.2 

1760 s5c 49.3 1'38 

2200 3'70 23.5 135 

i.;ffect of pi! of Gelatin S o l  - Jata present Ln  'Cable 2 

show that  all over  a pH range of 1.8-3.7 coacervotion 

between carbopol 941 and g e l a t i n  ( t y p e  A >  cen take place. 

Also, comervation of gelat in  s o l  (i.c.1;. [%.4) g as 

niarkedly suppressed by lowering i t s  $3 t o  values l e s s  

than 6.8. In other words,  the greater  the difference 

between the s t a r t i n g  pH o f  g e l a t i n  s o l  and i t s  i s o -  

e l e c t r i c  point,  the higher the suppression i n  coacerva- 

t i o n  (2). 
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598 ELGINDY AND ELEGAKEY 

TILBLE 2 

Sediment Volume (a i l )  and Weight (mg) Yields of  0.2:; w/v 

Carbopol 941 Sol Coacervated with 2% w/v Gelatin Sol 

(Type A) of Varying pH Values 

Gelatin pH Sediment volume Sediment weight 
ml mg 

- 11.7 

8.7 33.15 

6.8 18.30 

4.8 5.32 

2.8 3.75 

1.8 2.25 

- 
544 
666 

G 00 

78 

67 

Uhen gelatin (type A )  sol at pH 6.8 was coacervated, a 

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 sol was coacerv- 
ated with gelatin (type A, pH 6.8) sol at 4OoC. in a 

ratio of l:lO, at three different stirring rates. 

The results in Figure 4 and Table 3 show the effect 

of stirring rates on the coacervate shape and size 

distribution. At high stirring rate, 600-650 r.p.m., 
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CARBOPOL-GELATIN COACERVATION 599 

10 50 70 90 110 

Diameter, urn 

FIGURE 4 

Size frequency distribution curve of 1/10 carbopol 941/ 
gelatin (type A) coacervatea at different stirring rates. 

0 -* 600 - .650 r,p.m, 
h A 300 - 350 r.p.m. 
X 100 - 150 r.p.m. 
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CARBOPOL-GELATIN COACERVATION 601 

the coacervates were fine with an average diameter 

(dav) of 44.6 urn but suffering from floatation caused 

by air entrainment. On the other hand, at 100-150 r.p.m. 

the coacervates viere coarse, urieven in shape with an 

average diameter (dav) of 78 wn. Stirring in the range 

of 300-350 r.p.m. resulted in almost spherical uniform 

coacervates with an average diameter of 59 urn. This 

finding is in accordance with that reported by Hewton 

et a1 (10) on gelatin-acacia coacervates. A photomidro- 

graph of this coacervate mixture is shown in Figure 5. 

FIGURE 5 
Microscopical examination of carbopol-gelatin coacervatea 
(magnification x 100) 
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On the basis of the above nentioned results, the 

optimal coacervation conditions are : Type A gelatin 

sol o f  pH 6.8 together with cnrbopol 341 sol at a ratio 

of 1:lO with a total colloid concentration of 1.1% w/v. 

The recovery o f  these cortcervates and the applica- 

tion of the technique to encapsulate drugs w i l l  be the 

sub2ect o f  our next puSlication. 
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