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ABSTRACT

Albumin microspheres used as target drug delivery systems were
prepared from egg albumin by polymerization technique using glutaral
dehyde as the cross linking agent. The present study was designed
to evaluate the effect of process variables on t‘he microsphere size
distribution and in vitro drug release. Phase volume ratio and speed
of agitation exerted greater influence on the microsphere size distri-
bution whereas the albumin concentration and cross linking time effec-
ted only the yield and surface characteristics of the microspheres
respectively. Lower phase volume ratios resulted in small and uniform
microspheres with smooth surfaces in narrow size range. Speed of
agitation exhibited an inverse relationship with size. In vitro
release pattern of drug from the microspheres showed a biphasic
profile and the relecase rates were prolonged upon increase in the

concentration of cross linking agent and cross linking time.
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INTRODUCTION

It is desirable to deliver the drug to its specific target organ
and control release to obtain higher therapeutic index and lower
adverse effects ex: cancer chemotherapy). Microspheres are colloi-
dal drug delivery systems intended for parenteral administration
to achieve target specificity. ilicrospheres can be prepared from
a variety of carrier materials (ex: albumin). Albumin microspheres
are chemically and physically stable, non~immunogenic1 and biodegra-
dable 2 amenable to preparation in large batches and capable of acco-
modating a wide variety of drug molecules in a relatively non-specific
fashiond . They are rapidly removed from the vascular system by
phagocytnsis4 , potentially localized in the reticulo-endothelial
system and found within the cytoplasm of tumor cellsd . Several
research groups investigated albumin microspheres as the prominent

8 . Radio-

drug carriers in the chemotherany of microbial infectionsd
logists utilize the phagocytic activity of the reticuloendothelial
system to achieve target specificity in the delivery of radiolabelled

albumin and sulfur colloids? ‘11,

Preparation of albumin microspheres involves either thermal
. 116 0 .
denaturation at elevated temperatures (110-165"C) or chemical cross-

12,13

linking in vegetable o0il or iso octane cmulsions Yapel

reviewved the general methods of preparation.

The characteristics of albumin wmicrospheres depend upon numerous
process variables duc to the fact that both emulsion and suspension
technology are involved. Relative tissue and or oryan distribution
of albumin microspheres in human body when given intravenously, is

- . . .14 . . .
a function of microsphere size . Thus by simply altering the size,
it is possible to achieve localization of microspheres in a particular

organ and or tissue.

The present study was desiyned to identify the process variables
which may be important to control the size distribution of micro-
spheres in a reproducible manner and to evaluate their influence

on in vitro release characteristics.
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EXPERIMENTAL
Materials
fgs albumin (Fresh hen's egus). castor oil 1.P.. nlutaraldehyde.

(Riedel-De ilaenas Seelze [annover’, toluene. acetone and sulladi

azine.

Preparation of Albumin Microspheres

Albumin microspheres were prepared by oumulsion polyiierization
method. 3 ml of epg albumin was added to a wmiture of 13 ~1 castor

75t "

oil and 10 ml toluenc held in 47 x 1.37 olnss

tube at appropriate
stirring speed {rpmt nsing o mixer Fitted with 3 blade alsss stirrer.
The particle size was checked by observiny a drop of miturc under

optical microscope.

Glutaraldehyde saturated toluene solution was prepared bymixing
equal volumes of zlutaraldehyde and teluene in a test tube and after
shaking for 10 minutes. the mixture was nallowed to separate. 'The
upper toluene layer saturated with glutaraldehyde was pipetted and
added drop wise to the albumin dispcvr:zion. In the present study

alutaraldehyde concentration of approximately 0.7, v v was employed.

The dispersion was then mixed at an appropriate specd until
cross linking reaction was completed ({anprox: 5 h). At the end
the suspension of microspheres was washed free of o0il with 4 al
volumes of toluene for 4 times at 1500 rpm for 2 minutes in high
speed centrifuge fitted with variable speed adjusting system. ‘then
the microspheres were washed 3 times with 5 ml volumes of acetone
at 2500 rpm. cetween each washing microspheres were centrifused
the supernate discarded and resuspended. At the end of final washing
with acetone microspheres werc suspended in 10 ml of acctone and
transferred into a2 paper dish for air drying at roon temperature(;SOC).
Ulpon drying yellow to yellowish orange coloured free flowing fine

powder was obtained.

Albumin microspheres containing sulfadiazine were prepared under

the conditions shase volume ratio = 3°30., albumin concentration

!
1
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TABLE 1
—_ ——— A
Process variable batches  Constant conditions
made
1. Phase volume ratio 2:30, 5 Albumin conc. 12.32% w v Agita-
3:30, 4:30, 5:30, 6:30 tion = 5500 rpm. Cross-linking
time = 5 h
2. Speed of Agitation 1100, 4 Phase volume ratio = 3:30:
4100, 5500, 7200 rpm Albumin  conc.= 12.32% w v
Cross--linking time = 5 h
3. Albumin conc. 12.32, 5.21, 3 Phase volume ratio = 3:30
6.16% w v, Agitation = 5500 rpm-
Cross-linking time = S h
4.  Cross linking time 0.5, 5 Phase volume ratio=3:30. Agita-
2,3, 4, 5h tion = 5500 rpm: Albumin conc.=

12.32% w v,

12.32%+ w v, speed of agitation = 550G rpm. and drug to albumin ratio=
0.2 (75 mg drug and 370 mg albumin). Since sulfadiazine is water
insoluble. it was finely dispersed in fresh egg albumin drug-albumin
mixture was kept for equilibration for.15 ninutes before its addition

to the castor oil toluene mixture.

SIZE DISTRIBUTION

Size distribution analysis was done by optical microscopy by
spreading a minute quantity of microspheres on a clean glass slide.
Diameters of 4000--500 microspheres were measured oOn an average.
To investigate the effect of different process variables on size
distribution of microspheres. each time one variable was varied keep-
ing the others constant (Table 1). Fror the results obtained. optimum

level of that variable was kept constant in the subsequent evaluation.
IN VITRO DRUG RELEASE

-
ethod by Kim et allJ was adopted for im vitro drug release

studies. At periodic time intervals for 24 h 5 ml of medium were
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Plate-I: Aggregates of Albumin
microspheres.

Plate-II: Albumin microspheres seen
together with non -spherical

beads.
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Plate-III: Albumin microspheres showing
smooth surfaces.
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removed and filtered throush a membrane filter (0.45 um). The

amount of drug released was estimated by UV spectrophotometry at
16
535 nm .

The influence of the variables -~ awount of glutaraldehyde

and cross- linking time on drug release were investigated.

(a} Amount of Glutaraldehyde

Three batches of microspheres containing sulfadiazine were
prepared corresponding to 0.5. 0.71 and 1.417 v v glutaraldehyde
concentrations respectively calculated with reference to the exter:
nal phase volume. (ross-linking time was 5 h for all the three

batches.

(b) Time of Cross-linking

Two batches of microspheres containing sulfadiazine were prepa-
red at 3 h and 5 h cross linking times respectively using 0.77

of glutaraldehyde.

RESULTS AND_DISCUSSION

It is observed from ~rFfipure 1 that both average microsphere
size range increased with an increase in phase volume ratio. With
2:30. the mean (+ S5) diameter of microspheres wws 2.51 + 1.07
With 3:30, the mean (+ S1)) diameter of microspheres increased sli
ghtly to 3.33 4+ 1.37 um. Vith both phase volume ratios. microsphe
res with uniform and smooth surfaces were obtained without any
visible sign of aggregation. VWith 4-30 and 530 there was a marked
increase in the microsphere size with 4.12 + 2.5 um and 6.0413.04
um respectively together with sisns of apgrepation (Plate I).
With 5:30 non-spherical beads were also observed which were diffi -

cult tobe removed {(Plate I1I). VWith 6:30. not microspheres were

formed and the material was converted into huge lumps.

5ince microspheres are stabilized while they are in globule
form, the factors affectins the size distribution of globules will

affect the size distribution of microspheres. Increased volume
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Fig.l. Effect of phasé volume ratio on size
distribution (®)2:30 (0)3:30 (&)4:30
(®) 5:30.

of 1internal phase leads to diminished shearing cfficiency of the
mixer owing to the increased internal phase volume, resulting in
larger glohule size and increased size ranue. ‘Vhen the internal
phase volume is larye. the mean distance between the globules 1is
smaller 1leading to flocculation of globules which may increase
the chances of coalescence which can also result in inter -micro-
sphere cross- linking leading to aggregation of the wmicrospheres

prepared with 4:30C and 5:30 phase volume ratios.

It is observed from Fisure 2 that the averace microsphere
size decreased with increasing speed of agitation (rpm). At 7200
rpm, microspheres were smooth with mean (i si)) diameter of 2.3l 4
1.17 um with a narrow size range. At 5500 rpm, microspheres were
smooth showing a slight increase in the mean (& SU) diameter .3.02 4
1.10 um} (Plate IIIY. At 4100 rpm, there was a markerd increase
in the mean (+ 3DY microsphere diameter (9.95 + 4.61 un) and the
smoothness and shape of the microspheres were affected considerably.
At 1100 rpm. mean {+ 5!') diameter was even larger (16.63 + 7.6 un)

and contained non- apnerical beads.
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Fig.2 Effect of rpm on size distribution
(0)7200 rpm (#)5500 rpm (A)4100 rpm
{w) 1100 .rpm.

Increase in stirring speed results in more efficient shearing
of albumin solution into fine «lobules. irom Figure 2 it cen be
ohserved that the size distribution curves of microlspheres prepare:d
at 72068 and 5500 rpm are almost superimposible which implies that
the efficiency of mixer is no longer enhanced under the ziven condi -

tions with an increase in rpm.

It can be observed from iigure 3 that the mean diameter of
microspheres decreased with decreasing concentrations of albumin
solution. though the differcnces were not significant. The mean
{+ SUJ microspherc diameter at 12.32, 4.21 and 6.16% w v was 3.51 +
1.2, 3.15 + 1.07 and 2.9 + 1.08 um respectively. An increase
in concentration may reduce the efficiency of the mixer due to

increased viscosity.

1t is observed from rigure 4 that the mean diameter of micro-
spheres decreased to a slight extent with increased cross-linking
time. licrospheres prepared with a cross linking time of 0.5 h
could not be recovered as swelling and subsequent aggregation of

the microspheres resulted. The llean {4+ 5D) diameter of microspheres

RIGHTS

i,



ALBUMIN MICROSPHERES 1799

Diameter um

- v ~
=3 =3 o
X 2 1 2 1

1

Percent frequency

. - v y
o ! H 3 H H s H

Fig.3.Effect of albumincconcentration on size
distribution (0)12.32w/vZ, (w)8.21w/¥X,
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Fig.4 Effect of cross-linking time size distri-
pbution.(Q) 2 hr, (@ 3 hr, (a) 4 hr, (®) 5 hr.

prepared with cross linking times of 2, 3, 4 and 5 h was 3.68 + 1.41.
3.75 + 1.68, 3.59 + 1.44 and 3.39 + 1.16 um respectively. At higher

cross-linking times. uniform microspheres with smooth surfaces
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were obtained. Swelling of the microspheres prepared with cross-
linking time of .5 h dindicates that the cross-linking reaction
is slow and the natrix stability has not beern achieved within that
time. The uniform and smooth surfaces of the microspheres prepared
with longer cross-linking times can be attributed to better and

prolonged shearing action.
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Fig.§: Effect of glutaraldehyde concentration
on in vitro drug release

(@)0.5%v/v, (m0.71%v/v, (&) 1.4% v/v

In the release studies. a plot of log percent drug remaining
in the microspheres, prepared using different glutaraldehyde concen-
trations versus time, presented in Figure 5 reveals that drug
release has taken place in two distinct phases. An initial fast
releasing phase of 1-2 h during which 40-70% of the entrapped drug
was relcased followed by a slow releasing phase which lasted for
several hours. At the end of 24 h some drug was still retained
in the microspheres and this amount was proportional to the gluta-
raldehyde concentration used. from the [igure, rate constants
for druz; release and half-life values were computed for both fast

and slow release phases and given in Table 2.

It is clear fron the Table that the rate of drug release was
decreased with increased glutaraldehyde concentration for both

fast and slow reclease phases.

Ldphasic drug release pattern was also observed for the micro-

spheres prepared with different cross linking times. 'The amount
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TABLE 2

Release phase k (h_l) t; (h)

Glutaraldehyde concentration (% v/v)
0.5 a. fast 0.386 0.75
slow 0.022 31.94
0.71 a. fast 0.460 1.50
slow 0.017 39.92
1.41 a. fast 0.307 2.20
b. slow 0.013 52.70

Cross—linking time

3 h a. fast 1.096 0.63
b. slow 0.029 23.58
5 h a. fast 0.400 1.50
b. slow G.017 39.92
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Fig.e.:: Effect of cross-linking time on in vitro
drug release (@) 3 hr, (4) 5 hr.
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of drug retained within the microspheres, at the end of 24 h
in witro study, was more for microspheres prepared with 5 h cross-
linking time. The rate constants and half-life values were computed

for both fast and slow release phases see also Table 2

The initial rapid drug release ("burst effect") may be due
to loosely held drug on the surface or just beneath the surface
of the microspheres. The slow release phase may be due to slow
diffusion of drug that has been deeply entrapped in the albumin
microsphere matrix. Iiicrospheres maintained their spherical shape
even after 24 h release period. Since glutaraldehyde is responsible
for matrix formation. increased glutaraldehyde concentration will
increase the matrix density resulting in the formation of more
stable and rigid spheres which show less tendency to swell. Swell-
ing of microspheres noticed after 24 h of drug relcase might have
resulted in the relaxation of the albumin microsphere matrix facili-
tating rapid release of drug by diffusion through the pores. Hence.
at higher glutaraldehyde concentrations, drug release rates were

lower presumanly owing to lesser degree of swelling.

CONCLUSIONS

(1) Since albumin microspheres were stabilized in globule form,
factors affecting globule size distribution also affected the size
distribution of wmicrospheres. Since both speed of agitation and
phase volume ratio had a strong influence on the size distribution
of microspheres, desired size range can be obtained by controlling
them. However, albumin concentration and time of cross-linking
did not influence the size distribution much. These two parameters
can be adjusted to improve the yield and smoothness of the product

respectively.

(2) In vitro drug release showiny distinct biphasic release pattern.
piphasic drug release may be desirable for injectable drug delivery
systems, since a therapeutic 'loading dose' can be provided initi-
ally in the fast release phase followved by a subsequent slower
and sustained release of drug necessary to maintain therapeutic
blood levels.
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(3) The possible mechanism of drug release in vitro is by diffusion

through matrix pores.

(4) Amount of cross-linking agent and time of cross-linking exerted
a strong influence on in vitro drug release. Hence desired drug

release rates may be achieved by controlling these two variables.

REFERENCES
1. H.N. Wagner Jr. et al. New Eng.J.Med., 271, 377 1964 .
2. T.K.Lee. T.D.Sokolosk and G.l’.Royer, Science, 213, 233 1981
3. P.A. Kramer, J. Pharm. Sci., 63, 1646 1974 ..
4, C.X. Kim et al., Arch. Pharm. Res.., 8, 159 1985-.
5. K.J.Widder. et al., Dur.J.Cancer Clin.Oncol., 19{(1). 141 1983
6. P.A. Kramer and T. Lurnstein, Life Sci., 19, 515 1976 .
7. Y. Morimoto. et al., Chem.Pharm.Bull., 28, 3087 1930 .
8. Y.Horimoto, K.Sugibayashi and Y.Xato, Chem.Pharm.Pull., 29,
1433 1981 .
9. I. Zolle, B.A. Rhodes and H.i'. Wagner Jr.. Int.J.Appl.Rad.Iso..
21, 155 1970 .

10. R.P. Cornell and T.M. Saba, Am.J.Physiol., 225, 1300 1973 .

11. U. Scheffel, B.A. Rhodes, J.X. Natrajan and H.N. Wagner Jr.
J.Huel.ited.. 13, 493 197 .

12, T.Ishizaka, K.fndo and M.Koishi, J.Pharm.Sci., 70, 358 1981°.

13. A.E. Senyei et al., J.Pharm.Sci., 70, 38 1981

14. A.F. Yapel, [ethods knzymol., 112 - Drug enzyme targeting,

Pt.A , p.3 '1935 .
15. C.K.¥Kim, J.X.lee and W.L.Lah, Arch.Pharm.Res.. 9, 39 1980 .

16. N. Willmott, J.Cummings, J.F.B8. Stuart and A.T. Florence.
Biopharm. and Drug Disp., 6, 91 1935 .

RIGHTS

i,



