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ABSTRACT ' '
Tramadol hydrochloride microspheres with cellulose acetate butyrate (CAB) polymer were prepared using water-in-oil

emulsion non solvent evaporation technique, in an attemplt o decrease the frequency of the dose from 4 to 6 times daily to twice
daily. The Influence of different parameters such as drug to polymer ratio, concentration of span 80, stirring rate and viscosity
of oil on the actual entrapment and y18'ld percentage were studied. The actual entrapment and yield percentage were incrcasc(i by
increasing drug: p_ol ymer ratio, decreasing the stirring rate, decreasing span 80 concentration and decreasing the oil viscosity. The
microsphere pamqlc size was decrcased by decreasing drug: polymer ratio, increasing the stirring rate, increasing span 80
concentration and mqmsing the oil viscosity. the effect of different parameters on the in-vitro release of tramadol hydrochloride
from the prepared microspheres was also studied. The release rate was decreased by decreasing the drug: polymer ratio,
decreasing span 80 concentration, decreasing slirring rate and decreasing oil viscosity. Analgesic activities of intact tramadol 1iCI

alone and tramadol HCI microsphere were evaluated using hotplate method. The analgesic activitics of the tested microspheres
vivo were prolonged compared to that of the uncoated drug.

in-

INTRODUCTION EXPERIMENTAL

Numerous microspheres preparation methods and Materials
materials, which can be incorporated in microspheres, Tramadol hydrochloride was kindly supplied by
enable precise optimization of controlled- release in the Egyptian International Pharmaccutical Industrial
different  physiological conditions. Due to their Co., Egypt; Cellulose acetate butyrate (CAB) was
microscopic size, microspheres can be used alone or obtained from Sigma Chemical Co st Louis,
incorporated in other drug delivery systems and are Mo.USA; Acetone, n-hexane, HCI, potassium
suitable for various routes of application™. Tramadol dihydrogen phosphate, disodium hydrogen phosphate,
HCI is a centrally acting analgesic, which possesscs Light liquid paraffin (L.L.P) and Heavy liquid paraffin
opoid properties. It may be administered orally, (H.L.P) were of analyucall grade and purchased from
rectally, intravenously or intramuscularly. Many El-Gomhouria Co.; Sorbxlap monooleate 80 (Merck
clinical studies have evaluated analgesic effects of Sharpe and Dohmn Internationzl, Germany). All offier

; : . Best solvents and chemicals were of analytical grade.
tramado! HCI in comparison with morphine and other Equipment
analgesics, The results showed that tramadol HCI is i ) )

effective for reliel of postoperative pain, moderate Mechanical . 'stlrrer (Heidolph  PZP-2000,
surgical pain, and surgical pain in children®. A dose Germany), -Digital ~pH  metcr (Cole-Parmer
) Instrument Co., U.S.A); -Dissolution apparatus (Type

PTWI |, Pharma test, Germany); Sieve Shaker (Model
RX-86-1.USA.); Intel digital computer camera (modcl
C110. USA); Electronic Digital Balance (Metter-
Toledo, CH 8606, Greifcnsee, Switzerland), Visco
Star- R FUNGILAB viscometer; Hot plate

of 50 to 100mg may be given every 4 10 6 hours.
Tramadol may also given orally as modified relcase
preparation twice daily®, It has been reported that, as
the number of doses per day increases there is a
greater risk that the patient will either forget or neglect

1o take every do ) 2. s ) reason that

oonsiderableryaue;fj 'gs l; . m;uor d Son the Preparation of Microspkares.

development of on 1 6 Dl B f ® Microsphercs were prepared by the emulsion non-
of controlled relcase dosage forms™. solvent evaporation tcchnique®. CAB in different

concentrations, was dissolved in acctone and kept over
night in a refrigerator to form the polymer solution,
into which tramadol HCl was dispersed. Mineral oil
was the dispersion medium for the polymer solution;
the drug-polymer dispersion was then emulsified in
the mineral oil containing different concentrations of
span 80, with vigorous agitation. After 5 min, 60 mi of
n-hexane (non-solvent) were added to the emulsion at
a rate 1ml / min. Stirring was maintained until all the
acetone was evaporated. The microspheres were
separated from the dispersion medium by filtration
using sintered glass filter G4, washed with three

::‘iti"i‘[’?spllercs can achieve sustained drug release v_vilh
loler;t(:-r;?] tgstc a?alcmcnl and better gaslroinlgstmal
lhl'Ougl: “ﬁ - Mlcr_osphgres are often distributed
adminisu}f gasmnlcmnal tract (GIT) after oral
abSorpu‘o: l?:{ this poter'mz.llly' improves dr(l_lng
The emu]s‘a reduces local irritation to GI mucosa™”.
boen dese r:t(::]d n'ou—sohrem evaporation technique I.las
© polymer in the literatures, and has been applied
 (CAB)® ThesFCh as ‘cel!ul_ose acetate butyrate
SuSlainc{i rc’eaa:m 91' this investigation was to develop
se¢ microspheres of tramadol HCI using

AB
~the m?’corg;:;’;' The morphology, size distribution of .
o o rdcres, and the effect of drug-to-polymer portions of n-hexane (100 ml cach). The washed
Micro ase rate - of drug from the prepared n}lcrosphercs were dried at room temperature over
night. Formulations with different drug to polymer

Spheres were
] evaluated.
ratios were prepared as shown in Table (1)
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‘ e icrosphero
Table 11 The composttions of different micros)
fonmulations

Townisla g Stning tate Fanleilier Oil type

‘ N polyenct 1M poncenfeation
| ':"'l‘ RO 1% 100%% l}.l ) i
? 14 ROn 1"a 100w LY
.\ 15 RON 190 [00% 1L
Rl 1 1200 1% 100% LLP
) 14 1600 1% 100% 111
O 14 Ky 0% 100% 1L
7 14 R0 06% 0% LLP
o 1a H) 24 N0 LD
K 14 R00 1% 25% 1 ||:|'“
10 14 Hoo B U U/
L 14 B0 % [100% 11D

LEPCLipht Liquid Paeaftin
HLP: Heavy Liquid Paraffin

Particle size analysis of microgpherey

The particle size distnbution of microg
determined by using a sel of g

shaker. As specific weight (Jpm) of microspheres was
placed on the 1op of the sicves of aperture sivze (11740,
KSU.lSS,ZSﬂ.lml.lSl)lml) and shaken for 10 min. The
size of the microsphercs ws

a5 caleulated according to
the cquation of Ansel ¢f p1 1

pheres was
andard sicves with

Recovery of microspherey
The dried micros

pheres were wei P
the total recoy

cry () by the followi
Recovery (%) .

hed 10 determine
ng, cquation:

weipht of the collected microspherey
—— ———— e, 100
lotal weight of drug and polymer e

Drug conteny analysiy

Twenty milligrams of microspheres were placed in

150 mi separating, funnel and 25 ml chloroform were
added 1o dissolve the polymer and shacked wel] for 5
min, Distilled waler (100 mly were added and shacked
well for another 5 min then allowed 10 stand for 20
min. 5 ml of (he aqucons layer were taken and (he
concentration  of (e drug  was

determined
spectrophotometrically a1 27 nm, The Coating
material showed no interference with the absorbance
of the drug,

Entrapment cfficiency =

actual drug conteny

- 7100
theoritica) drug conten

Optical Microscopy
The surface characters

of microsphere Formula
number 2 were examined wit

h an optical microscope,
In vitro dissolution studies,

The USP baskct apparatus was used for all the i
vitro release studies. Acidic solution 0.1 N HCl of py
1.2 and sorensen’s phosphate buffer pH 7.4 were used
as the release media. The release test

was carried oy
for 2 hours in acidic solution, then the acidic solution

30

was replaced by an cqual volime of gy
'; ' ’ . o au .
phosphate bulfer and the release test wag ¢
for 6 honrs, the samples were taken and determjy, ;

performed in triplicate and the  mean value

different tramadol HC) formulations,
mature albino mice of both scxes, weigh
g, were divided into five groups (5 in
first group received distilled water orally

hydrochloride in distilled water
m/kgforal)™, Each group from {
groups received the test formulae jn
7 mg/kgforal), Thirty minutes
nistration ¢
beaker placed
controlled at 5640,5°C witn

apsed until the mouse Jicks (he paws was
4s a measure for the analgesic effect.
were taken at 30, 60, 90, 120, 180, 300,
d 720minutes after administration,

RESULTS A
affecting pary;
~ Drug: polymer ratiq

2 shows that, the drug polymer ratio

: Particle size diameter of tramadol HC!
microspheres

mean  diamete
decreaseq 10 297
changed from
Proportion of

ules thus increasing the particle siz¢
tirring rate,

Chiseryg
nlinu(;d

intervals, - Each - determinagioy, Wi

Wag

Evaluation of analgesic zu':l.iv'ity.
Twenty-five mice weighing, I:S
sexes were nsed in the present
standard tramadol  hydrochloride :
distilled water, Formulac 1, 2 and 3 which
lighest yicld and highest actual entrapment
formulations  were  selected
pharmacological — cvaluation  of  the

hydrochloride microspheres and they were
in distilled watcer,

=20 gm of boly
nvestigation, The
was dissolyeq in
Bave (he
S among
45 modcelg for
{ramado)
Stributed

Analgesic activity using hot plate method.-
The hot plate method of Jacob and p
was applicd (0 evaluate the analg

osoviski®?,
1esic activity of
Twenty-five
ling 15- 29
cach), The
and kept ag

tramadol
in a dose of (67
he remaining (hree
a dose equivalent
after the drug
in a two liters
plate thermostatically
a cutoff time 30 seconds,

sccond  one  received

ach mousc was placed
over a hot

ND DISCUSSION

cle size distribution:

The data obtained showed that, the
I of microspheres was 386um and
97um when the drug; polymer ratio

I3 10 1:5 respectively. Increasing ‘hf
| the Polymer resulted in a decrease in d."
mean diameter ¢ microspheres. These results are i?
ot With Zinut e 10 wyho found that, 5
mean diameter

of S-fluorouracil microspheres w35

from 458um to 443um when the dng
alio
respectively, Th,
VISCOsity of
cmulsion gjop

B- Effect of
Table 2 sho

¢ particle size distribution of t e S
spheres, Results indicate that, the partic®

ecreased from 309 pm to 246um when
ficreased from 800 to 1600 rpm. These 1S

3
as changed from 1l t0 :hc
is can be ascribed 10 an increase it

(]
¢ intemnal phase that may form &%

rales
Ht
<ize

¢

'S the effect of different stirring

z

ults &
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in agreement with those of Arabi et al."® who reported

that, the average diameter of allopurinol microspheres
was decreased by increasing the stirring rate. This may
be altributed to an increasc in the mechanical stress
and therefore, the formation of an emulsion of small

globules.
C- Effect of span 80 concentration.

Table 2 shows the effect of different span 80
concentrations on the particle size distribution of
tramadol HC! microspheres. The data illustrate that,
increasing the concentration of span 80 from 0.1% to
29 resulted in a decrcasc in the mean diameter from
415um (o 285um respectively. The low concentration
of span 80 result in coalescence of emulsion globules
consequently increasing microspheres particle size.
These results are in agreement with those Al-Helw ct
al."9 who found that, increasing the concentration of
span 80 resulted in a decrease in the particle size of
chitosan microspheres containing phenobarbitone.

D- Effect of Qil Viscosity.

Table 2 shows the effect of increasing the
viscosity of mineral oil on particle size of tramadol
HCl microspheres. It is clear that, increasing the
viscosity of continuous phase from 58.24 cp (LLP) To
140 cp (HLP) resulted in a decrease in the particle size
from 309 to 22Ipm respectively. Sanghvi and
Naim®? also reported that, increasing the viscosity of
mineral oil from 100% LLP to 100% HLP resulted in
a decrease in the particle size of cellulose acetate
trimelitatc  microspheres from 700um to 100pm
respectively,

Factors  affecting
percentage,
A- Drug: polymer ratio.

Table 2 shows the yield % of the microspheres
obtained after filtration and drying in respect to the
initial weight. The yield percentage of different
microspheres formulations varied from 81.25% to
86.25% when the drug: polymer changed from 1:5 to
” respectively. The reduction in the yield percentage
;uth increasing polymer: drug ratio may be due to the
ﬁ.ﬁi of &l)e smallest and lightest particles during
thatanllmn . The data obtained from Table 2 shows
- a;c actual entrapment percentage of microspheres
inCl?ca::d with 1:5 and 1:3 drug: polymer ratios
resulls from 13.9% to 22.8% respectively. These
Price"ﬁare, in agreement with those of Chiao and

who reported that, increasing the theoretical

ry ; Ay .
, Contt;e:i?mcms results in an increase in the actual drug

drug entrapment, yicld

B. ETffect of stirring rate.
18.131216 125 Sh“))“’s that, the actual entrapment % was
Was 860 '13(% and 14.55% when the stirring ratc
indicateq’ 1},200 and 1600 respectively. The data
decreaseq A, the actual entrapment percentage
fesulis gre 1‘:1 th increasing the stirring rate. These
Who foyng agreements with those of Khidr et al."?,
CNtrapped that, lower percentage of drug was
: a the highest stirring speed and they

31

.:mribulcd this to a Iess amount of drug encapsulated
in the smaller microspheres size.

C- Effect of span 80 concentration.

Table 2 shows the effect of span 80 concentration
on the yicld% and actual entrapment % of CAB
microspheres. The data revealed (hat, increasing the
span 80 concentration from 0.1% 10 2% rcsults in a
decrease in the actual entrapment percentage from
18.90% to 15.36% respectively. The decrease in the
actual entrapment percentage could be altributed to the
fact that, at low concentration of span 80 the surface
of microspheres was smooth and intact while
increasing span 80 concentration rcsulted in a brittle
surface of microspheres which lead to a drug loss
during washing of n-hexane®”.

D-Effect of oil viscosity.

Table 2 shows the effect of different LLP and
HLP ratios on the yicld percentage of tramadol HCl
microspheres . It is clear that, incrcasing the oil
viscosity from 58.24 to 140 cp (formulac 8 and 11
respectively) resulted in a decrease in the yield
percentage and actual cntrapment  percenlage of
tramadol HCI Microspheres. This may be attributed to
the decrease in the particle size™”.

Table 2: Effect of different paramcters on the
properties of tramadol Hcl CAB microspheres.
)l

Actual Entrapment Yield Mean

Formula | Entrapment | cfficiency. (%) diameter
No. (%) (%) (um)
1 22.83 91.32 |86.25] 386
2 18.13 90.65 [82.50] 309
3 13.90 83.43 [81.25| 297
4 15.30 76.5 75 293
5 14.55 7275  [72.50] 246
6 18.90 94.50 {89.25| 415

7 18.22 91.10 [87.23] 382 |
8 15.36 76.80 |77.50] 285
9 16.40 82 80 297
10 14.90 74.50 75 240
11 12.75 63.75 71 221

N.B: The compositions of the formulae are shown in

Table 1.
In vitro release studies of Tramadol HCl CAB
microspheres.
A-Effect of drug: polymer ratio on the in vitro
releasc of tramadol HCl CAB microspheres.
Figure 1 shows that, the release rate of the drug
from the microspheres appeared to be directly
proportional to the amount of drug used. The higher
the amount of the drug the faster the rate of release.
On the other hand, those with reduced amount of the
drug gave bitter results in retarding the rate of release.
For instance, the 1:3, 1:4 and 1:5 drug: polymer
preparations (formulae 1, 2 and 3, respectively) gave
good retardation effect. This can be ascribed to _ﬂlat,
the high amount of the drug results in a tlunpcr
coating which, coupled with the pore formation
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- faster drug release. On
tendency, obviously results in faster drug

i ssulted in
the contrary, the low amounts of drug e

N - 1 10 l I ‘I“v
i i 0n, § l-" |'l|lldL
.' LN “l“_| W "h no ’)\“L rUr“L 1

difTusion of the drug from ||1ic1'nslxllFmS‘
B- Effect of span 80 concentration on ! )
release of trumadol HCI from CAB mlcrosphcr;:] -ﬁons
Figure 2 shows the effect of different con;c:; "‘mdol
of span 80 on the pereentage released of tramu °
HCL 1t is clear that, the releasc of the drug.\h
dependent on the concentration of span 80, the lngllc;'
the concentration of span 80 the greater the amoun
released. This may be explained on the base that, the
microspheres formed at higher concentrations of span
80 were more porous than those made lower

i 025
concentrations®*?,

he in vitro

C- Effect of stirring rate on the in vitro release of
tramadol HCI CAB microspheres.

Figure 3 shows that, increasing the stirring rate
resulted in an increase in the rate of release of the
drug. These results can be attributed to that the smaller
particle sizc microspheres are produced at the higher
agitation rates. Smaller particles possess a larger
surface area, and hence higher dissolution rate. The
results are in agreement with those obtained by Khidr
et al.®, who found that, the release of meclofenamic
acid increased by increasing the slirring rate.

D- Effect of oil viscosity rate on the in vitro release
of tramadol HCI CAB microspheres.

From Figure 4 it is clear that, the oil viscosity
plays an important role in the percentage released of
tramadol HCI from CAB microspheres. Increasing the
oil viscosity resulted in an increase in the percentage
released. It was mentioned previously {hat, increasing
the oil viscosity resulted in a decrease in the particle
size of the microspheres, accordingly, an increase in
the percentage released was obtained. The results are
in agreement with those of Bhalero et al.?” who
found that, the percentage released of diltiazem HCl
from microspheres increased with increasing the oil
viscosity.

Surface Scan of CAB microsphere,

' Figures 5 and 6 show photomicrographs of CAB
microspheres (Formula 2) at 2 different magnification

powers. Spherical microspheres with uniform and
smooth surface were obtained.

Analgesic Activity

Table (3) and Figure (7) illustrate that, tramadol
hydrochloride and its prepared form
significant analgesic activity almost over the period of
experiment. The maximum analgesic effect for
tramadol solution was obseryeg after 90 minute, wh
the maximum analgesic effect for the test ,
was observed after 120 min for Formula
minutes for Formulae 2

ulations have a

ile
formulation

1 and 300
and 3 respectively. 1t is clear

2

{hat, (he time for maximum analgcsic erfccl.incmasc
with increasing the polymer ratio , and this May
duc to the slower release of the drug fropy, (he
/mCr.

bol)l :: ::ll ¢ present study, it was predic(ed that uncoateq
(ramadol HCI reached its maximum analgesic effy,
faster than that of the three formula.uons used |,
addition, it was found that, the maximum angjgeg,
activity for the tramadol HCl microspheres Varied
according (o the percent of the drug 1o polymer ratigg,
Table (4) shows that the three formulations differeg
significantly from the data of tramadol .HCl solution,
The results obtained are in agreement with the day of
Samy et al.®® who found that incrgasing the polymer
to drug ratio (phenyltoloxamine citrate) g
accompanied by an increase in maximum analgesic
cffect. From the previously mentioned data, it can be
concluded that, Formula 3 is considered 10 be the mog
preferable onc since it gave the most significan
sustained analgesic effect.

100 4
90 4
80 A
70 4
8
g
2 504
Q
€ 4
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20 4
10
0 T T v v r v r 1
"] 60 120 180 240 300 3B0 420 40
Time {min)

Fig. 1: Effect of drug/polymer ratio on percenta
tramadol HCI released from CAB microspheres (P8
change method)
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Fig. 2: Effect of span 80 concentration °“I}){e chas
tramadol HCl released from CAB (@
method)
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Fig. 3: Effect of stirring rate on percentage tramadol
HCI released from CAB microspheres (pH change

method).
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Fig. 4: Effect of oil viscosity on percentage tramadol
HCl released from CAB microspheres (pH change
method),

\“‘“'-_'1"‘ ¥
hotomicrograph of CAB formula 2
on power 200x.

Fig, S p
Magnificay;

21

magnification power 60x.

Table 3: Effect of different ratios of tramadol
hydrochloride -cellulose acetate butyrate microspheres
on the Jatencies of pain threshold on mice using hot
plate method.

Reaction time in seconds after varying time
Time periods + S.D.
(min.) Centrol g:lur; Form.1 | Form.2 | Form.3
o | 665 | 921 [7.19 [ 72l 6.60
40,53 | *£0.48 | £0.74 | £1.60 | +1.26
o | 793 [ 1408 [ 116 [ 921 7.96
£0.96 | *+1.13 | *£0.99 | £2.23 | +0.95
o0 | 797 [1886* [ 14.44 945 | 9.81
+0.59 | £3.20 | *=+1.11 | £1.28 +0.70
646 | 11.94 | 17.10 | 10.66 | 11.16
120 | 1037 |*£2.49 | *+0.65 | *£0.96 | *1.53
733 | 7.00 | 1541 | 12.77 | 11.82*
180 | 096 | +1.67 | *£0.77 | *+2.21 | +0.68
659 | 6.82 | 13.86 | 15.39 | 16.39
300 | 4 5o | +2.34 | *£1.13 | *1.91| *+0.76
707 | 723 | 11.36 | 11.86 | 15.56
420 | ;iaq | 2132 | *21.00 | *42.76 | *£1.37
=08 | 6.82 | 1131 | 1032 | 1445
540 | 045 | +0.82 | *£0.97 | *£3.13 ] *+0.52
55 | 666 | 942 | 852 | 10.86
720 | Loa6 | 0.66 | *+0.72 | *+2.89 | *+1.12]
ifference = SD.n = 5

- Values are expressed as mean d
(*) Significant difference from

p<0.05.

the control group at

Table 4: Time for maximum response and area f}mdzz
the curve for tramadol HCl standard and differe

microspheres formulations.
Preparation Tramadol Formula Fon;m]a
Data HCI standard 1 2
i 120 300
tymax (MIN) 90
5669.2 8774* 8049*
AUCoiz | 4 660.6_ |£473:4 +519.8
of 5-observalion +S.D.

enlte repre an
Results represents me dol HCI standard

* Significant difference from trama
group at p<0.05.
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