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Abstract

Telmisartan (TEL) is a selective angiotensin llegor blocker used in the management of
cardiovascular disorders. It is a class Il drugoadimg to Biopharmaceutics Classification
System (BCS); with poor solubility and high permiégh Due to its hydrophobic nature, TEL
shows low dissolution profile in gastrointestindlid resulting in poor absorption, and
consequently poor bioavailability.

The aim of current study is to prepare TEL sporkgeparticles (SP) system that enhances the
dissolution rate and solubility of TEL. The TEL &tmulas were prepared by quasi-emulsion
solvent diffusion method using different types ofymer, e.g., Eudragit E100, Eudragit RS100,
Eudragit S100, Eudragit RL100 or Eudragit L100. Efffect of polymer type and concentration
on the formulation of TEL SP were investigated.

Twenty TEL SP formulations were prepared. They wienestigated and characterized for
production yield, loading efficiency amd vitro drug release in 0.1N HCI pH 1.2).

The results showed that the best TEL SP formula B&asvhich was prepared using Eudragit
E100 as the SP-forming polymer at drug:polymeprafi(5:1).

The TEL SP formula (F2) showed good productiondyi@dading efficiency, and fast dissolution
rate in 0.1 N HCI (more than 80% in less than 3@)mThe selected TEL SP formula (F2) was
incorporated into hard gelatin capsules.

Finally, one can conclude that the SP technology lma a promising alternative way for the
formulation of poorly water soluble drugs, suchré&s,, into immediate release formulation.

Key wards: Telmisartan, spongelike, solubility, Eudragit.
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1. Introduction

The spongelike particle§SP) drug delivery system is one of the new methbds used to
enhance the water solubility of poorly soluble dru@hey are spongelike structures that are
introduced recently in pharmaceutical fi€ld

The SP are microparticulate system, comprising Ifigtross-linked polymeric porous
microspheres having numerous voids in the partltd¢ resembles a true sponge. They can be
loaded with wide range of drugs within a collapsilstructure that have large porous surface
which can be administered in different dosage fortnsan be a rigid structure; hard as a piece
of ceramic, or soft as a bathroom sponge dependinghe polymer composition, degree of
cross-linking and on the formulation parametérs

The SP are mesh-like structures that have a propderical nature with a very high
solubilization capacity for poorly soluble drugs.d increasingly becoming acceptable that SP
drug delivery has the potential to increase salybiénhance bioavailability, improve controlled
release of drugs, and enable precise targetingeoditug to the site of actidh.

This carrier system has been utilized for topicahl, parenteral, nasal and pulmonary drug
delivery. However, SP are used mostly for topicalivéry but recently they are used for oral
administration. Although SP have many advantagssoral delivery researches are relatively
little, thus it is a rich unexplored area of resbdt).

The SP systems are made of well-known, widely yss#gmers. The Eudragit polymers are
widely used as film coating materials in oral phaceutical formulations. They are also used in
topical formulations and are generally regardednastoxic and nonirritant materials. The
chemical structure of various Eudragit polymerdlistrated in figure (1§°.

Telmisartan (TEL) is angiotensin Il receptor blockesed in the management of
cardiovascular disorders. TEL blocks the vasocartetrand aldosterone secreting effects of
angiotensin Il by selectively blocking the bindiafjangiotensin Il to the AT1 receptor in many
tissues, such as vascular smooth muscle and teaadyland. TEL is highly selective towards
AT1 receptors. The selectivity of the compound éndnstrated by an affinity approximately
10,000 times higher to the AT1 than to the AT2 ptoes(®: 7),

It is classified as class Il according to BCS syst@rugs with low solubility and high
permeability). It is practically insoluble in waté®.007 mg/ml). The solubility of TEL in
agueous solutions is strongly pH dependent, witkimmam solubility observed at high and low
pH. In the range of pH 3-9 it is only poorly solelft 9. The chemical structure of TEL is
illustrated in figure (2).

The aim of current study is to prepare TEL SP preghdy quasi-emulsion solvent diffusion
method in order to enhance the dissolution ratesahdbility of TEL.
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Figure(1): The chemical structure of Eudragit polymers.

For Eudragit E: For Eudragit L and S: For Eudragit RL and RS:
Ri1, Rs= CHs R1, R3=CHs Ri=H, Ch
R2> = CH.CH2N(CHz3)2 R=H R2 = CHs, CHs
R4 = CHs, CsHo Ra=CHs Rs=CHs

R4 = C|'|2CH2N(CH3)3+C|'
Theratio of the free carboxyl groupsto the ester groupsis1:1in Eudragit L, RL and 1:2in
Eudragit S RS

—
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Figure (2): The chemical structure of TEL.

2.MATERIALSAND METHODS

Materials

The following materials were used in this studgimisartan (Hetero drugs limited, India).
Eudragit S 100, Eudragit RS 100, Eudragit L 100drAgit RL 100, Eudragit E 100 (Evonik
Rohm GmbH, Germany). Polyvinyl alcohol (Sigma Cheahico. USA). Dichloromethane
(Gainland chemical company, U.K.). Hydrochloricch{Riedel-De-Haen AG seelze, Germany).
Glycerol (BDH , England). Micardis 40 mg tableto@hringer Ingelheim,Germany).

All reagents used were of analytical grade.
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M ethods

Preparation of TEL SP

The TEL SP formulas were prepared by quasi-emulsiolvent diffusion method. The
internal phase consisted of certain amount of iffetypes of polymers, e.g., Eudragit E100,
Eudragit RS100, Eudragit S100, Eudragit RL100 odrBgit L100 dissolved in 5 ml of
dichloromethane (DCM). Glycerol (1 ml) was used masticizer. Then, TEL was added
gradually to the internal phase at different drotymer ratio and dissolved under sonication at
350C for 15 min. The resulting solution was then pduirgo 200 ml polyvinyl alcohol (PVA)
aqueous solution which represents the externalepfidse mixture was stirred at stirring rate of
1000 rpm for 1 hr. The SP were formed as a regudiffusion of the organic solvent out of the
formulas. The formed SP were filtered by ordinaltgif paper and dried at temperature of°@0
for 12 hr and stored for further investigatioHs. The composition of SP formulas is given in
table (1).

Evaluation of TEL SP Formulations

Determination of Production Yield

The production yield (PY), expressed as percentaf@)l SP formulas was determined by
calculating the initial weight of the solid matdsieand the final weight of the obtained SP
(equation 1),

Practical weight of SP
PY (%) = -------- X100  ......... (1)
Theoretical weight (polymer + drug)

Determination of Loading Efficiency

A sample of TEL SP equivalent to 40 mg was dissbinel00 ml of DCM. The solution was
diluted suitably with DCM and spectrophotometricsatibbance was measurediatax of TEL.
The drug content was calculated from the calibratiorve and expressed as a percent loading
efficiency (LE) as explained in equatior'®. To minimize the error, LE experiment was carried
out in triplicate + S.D.

Actual weight of TEL in SP
LE (%) = ------- ---X100 ..l 2
Theoretical weight of TEL

In-vitro Drug Release Study of TEL SP Formulations

In vitro dissolution study was performed for all TEL SP fatas using USP dissolution test
apparatus-l (basket assembly). The dissolutionpeaformed in 900 ml of 0.1 N HCI (pH 1.2),
maintained at 37 + 0.5°C and 75 rpm. A sample df BP equivalent to 40 mg of pure TEL was
filled in empty gelatin capsule in each test. Saspf dissolution fluid (5 ml) were withdrawn
at predetermined time intervals and immediatelyamgd with 5 ml of fresh dissolution medium
to maintain a sink condition. The samples wererdt through a whatman filter paper, suitably
diluted and analyzed amax of TEL using a double-beam UV-visible specti@pmeter. The
drug release experiments were conducted in triggi#eSD to minimize the errér* 15)

For the comparison purpose, the dissolution studyg performed for the above mentioned
TEL SP formulations in addition to 40 mg pure TEbwgler filled in empty capsule and the
brand tablet Micardis® 40 mg.
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Table (1): Composition of TEL SP Formulas Prepared by Quasi-Emulsion Solvent
Diffusion Method.

Formula No. Drug : polymer ratio TEL (gm) Type of polymer
F1 2.5:1 0.5 Eudragit E100
F2 5:1 1 Eudragit E100
F3 7.5:1 15 Eudragit E100
F4 10:1 2 Eudragit E100
F5 2.5:1 0.5 Eudragit S100
F6 5:1 1 Eudragit S100
F7 7.5:1 15 Eudragit S100
F8 10:1 2 Eudragit S100
F9 2.5:1 0.5 Eudragit RS100
F10 5:1 1 Eudragit RS100
F11 7.5:1 15 Eudragit RS100
F12 10:1 2 Eudragit RS100
F13 2.5:1 0.5 Eudragit L100
F14 5:1 1 Eudragit L100
F15 7.5:1 15 Eudragit L100
F16 10:1 2 Eudragit L100
F17 2.5:1 0.5 Eudragit RL100
F18 51 1 Eudragit RL100
F19 7.5:1 15 Eudragit RL100
F20 10:1 2 Eudragit RL100

3. Results

Evaluation of TEL SP Formulations

Determination of Production Yield and Loading Efficiency

The PY and LE of all of the TEL SP formulas wereasw@ed as shown in table (2). The PY
was between 68-96% for all the formulas whereasLlifevaried between 45-88% for all
formulas. Statistically, there was a significarffetence between formulas (p < 0.05) regarding
both the PY and the LE.

The PY and LE are important measures for micropalgte systems. They give an idea about
the production and scale-up capabilities and tloagsulation power of that particular technique.
Some of the microparticulate techniques, e.g. bpuss, suffer from low PY and LE whereas
other techniques, such SP method, have good oresigatient PY and LE®).

The Effect of Polymer Typeon PY and LE

Since the SP is a polymeric microparticulate systi@ type of polymer plays a crucial role
on the SP attributes, namely, the PY and LE.

Different types of polymers, e.g., Eudragit E100dEgit RS100, Eudragit S100, Eudragit
RL100 and Eudragit L100, were studied to reveair teects on the PY and LE as shown in
figure (3).

Although they were very good, the PY and LE of Egilr E100 (formula F2, table 3) were
the lowest among all other types of polymers usdds fact may be attributed to the low
viscosity of the internal phase of Eudragit E10CGespared with other types, giving a chance
for the drug to escape outside the droplets, tlyerethucing the PY and LE". This hypothesis
was reinforced by the fact that the viscosity oflEagit E100 is the lowest among all other types,
as seen in table (#).
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Table (2): ThePY and LE of all TEL SP Formulas.

F1 68 45
F2 85 72
F3 86 76
F4 88 79
F5 70 48
F6 86 76
F7 88 80
F8 90 82
F9 70 50
F10 87 73
F11 89 80
F12 91 85
F13 72 53
F14 88 75
F15 90 78
F16 93 81
F17 70 50
F18 86 79
F19 92 83
F20 96 88

* PY: Production Yield, LE: Loading kdfency.
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However, this hypothesis is not so accurate; asvibeosities of Eudragit E100, Eudragit
RL100 and Eudragit RS100 are close to each othesidBs, statistically there was no significant
difference between the PY and LE of all polymers.aresult, the researchers believe that the
PY and LE are intrinsic features for each particplalymer without correlation with viscosity.

To confirm the above fact, the chemical structurEwdragit polymers had been explof&d
It seems that there is no physicochemical relakignbetween TEL and all types of Eudragit
polymers as it obvious from the chemical structiréhem (see figure 1 and 2); therefore, there
is no higher affinity for one type of Eudragit polgrs than another for encapsulation of TEL.
Again, the researchers believe that the PY and teEimtrinsic features for each particular
Eudragit polymer.

The Effect of Polymer Concentration on the PY and LE of TEL SP

The effect of four drug:polymer ratios, namely 2,5:1, 7.5:1, and 10:1 on the PY and LE of
TEL SP were investigated for each particular polytype. The results are given in table (5).

It was found that increasing the drug:polymer ratioreased the PY and LE. At higher
drug:polymer ratio, the available polymer can escégdte more amount of drug. The higher PY
leads eventually to a greater LE, that means, getaamount of drug can be encapsulated. It is
assumed that a high PY leads mostly to high LE thadeverse is trué?,

Although there was an increase in PY and LE wiitreasing drug:polymer ratio for each
polymer type (figure 4), but statistically this rement was not significant when using a one-way
ANOVA test at level of p<0.05. This fact may beriatited to the excellent PY and LE that were
obtained for all Eudragit polymers, and one canctaie that all of them were showed
maximum performance regarding the encapsulaticrEbf

100
80
60

40
20

LE

PY Eudragit

E100

Eudragit
$100

Eudragit Eudragit
Eudragit 1100 RS100
RL100

Figure (3): The effect of polymer type on the P &t of the prepared TEL SP.
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Table (3): The Effect of Polymer Typeon the PY and LE of the Prepared TEL SP.

Exter nal
Internal phase .
P phase = ~ O
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= e =2 > T — =2 ot o) 2 c o > L
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F2 51 o1 Budradit 55 5 505 1 200 1000 1 40 8 72
E100
6 51 1 E”SO'er%Q't 02 5 005 1 200 1000 1 40 8 76

, Eudragit
F10 51 1 RS100 02 5 005 1 200 1000 1 40 87 73

F14 51 1 E”Ldlrg‘g“ 02 5 005 1 200 1000 1 40 88 75

Eudragit
RL 100

* TEL: telmisartan, DCM: dichloromethane, PVA: polinyl alcohol, PY: production yield, LE:
loading efficiency.

F18 51 1 02 5 005 1 200 1000 1 40 86 79

Table (4): The Viscosity of Different Types of Eudragit Polymers.

Polymer Type Viscosity (M pas)
Eudragit E100 3-12
Eudragit RL 100 1-15
Eudragit RS 100 1-15
Eudragit L100 50-200
Eudragit S100 50-200
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Table (5): The Effect of Drug:polymer Ratio on the PY and LE of the Prepared TEL SP.

Internal phase Et:(;[:genal R A

S 5 — E o -~ T = g‘ g <
E 88 g 2> £ 3 £ &8 2 5 @25 x u

e g - 8 § 8 B 5 3 £ £ g

a = B 5
F1 251 05 E‘é(iroagit 02 5 005 1 200 1000 1 40 68 45
F2 &1 1 2% 0 5 005 1 200 1000 1 40 8 72
F3 751 15 E‘é‘iroagit 02 5 005 1 200 1000 1 40 86 76
Fa 101 2SI 05 5 005 1 200 1000 1 40 88 79
5 251 05 "o 02 5 005 1 200 1000 1 40 70 48
F6 51 1 E‘;"l”c‘;"git 02 5 005 1 200 1000 1 40 86 76
F7 751 15 “o@' 02 5 005 1 200 1000 1 40 88 80
F8 101 2 E‘édlré"git 02 5 005 1 200 1000 1 40 = 90 82
F9 251 05 E;g;%%t 02 5 005 1 200 1000 1 40 70 50
Flo 51 1 W9 o5 5 005 1 200 1000 1 40 & 73
F11 = 751 15 E;g;%%t 02 5 005 1 200 1000 1 40 89 80
F12 = 101 2 Eé*g;%%t 02 5 005 1 200 1000 1 40 91 85
F13 251 05 E‘Eig%g“ 02 5 005 1 200 1000 1 40 @ 72 53
F14 = 51 1 E‘E‘ig%git 02 5 005 1 200 1000 1 40 88 75
F15 751 15 E‘E%"’(‘)git 02 5 005 1 200 1000 1 40 = 90 78
F16 101 2 E‘E%"’(‘)git 02 5 005 1 200 1000 1 40 = 93 81
F17 251 05 E;flrgg“ 02 5 005 1 200 1000 1 40 70 50
F18 51 1 Eéﬂgg“ 02 5 005 1 200 1000 1 40 86 79
F19 751 15 E;flrggit 02 5 005 1 200 1000 1 40 @ 92 83
F20 101 2 Eﬁf{gg“ 02 5 005 1 200 1000 1 40 96 88
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Figure (4): The PY and LE of various Eudragit pogmnas a function of drug:polymer ratio.
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In-vitro Drug Release Study of TEL SP Formulations

In vitro dissolution study in 0.1 N HCI (pH 1.2) was perfednfor all TEL SP formulas in
addition to pure TEL and the brand tablet Micardig® mg using USP dissolution test
apparatus-1 as shown in figure (5).

It was found that the best release profile amohghal twenty formulations was that of the
formula F2; therefore, it was selected as the tastidate for the future work.

The significantly improved surface area of the ifirend molecularly dispersed TEL in the SP
may be the principal factor responsible for théiserved higher dissolution ratéd.

It is worth mentioning that the time for 75% reled3 75%) is an important parameter in the
quality control of dosage forms. According to U$ife solid oral dosage form should comply
with the T 75% requirements in order to pass sisfabg the dissolution test®. The T 75% for
all TEL SP formulas in 0.1 N HCI (pH 1.2) are ldta table (6). This table indicates that the
TEL SP Formula (F2) showed faster release rate bioéim Micardis® and raw material. The T
75% of TEL SP capsule (formula F2) was 20 min imparison to 30 min for Micardis® tablets.
Regarding the pure TEL raw material, it did notra@agh 75% release at all.

150 150
——F1 F5
100 L =4 == F6
50 =e=F3 == F7
® == F4 == F8
O T T 1 O T T 1
=@ Micardis® =@ Micardis®
0 100 200 0 100 200 ! !
A B
150 %0 ———
== F9 == F13
e F10 100 -
F11 —A—F14
50
w=F12 o e=>é=F15
M. rds® T T 1
= Micard 0 100 200
C D
120 ——F17
100 =f—F18
80
60 - =fe=F19
ol S E—— TR0
20 |"FH_ =@ Micardis®
0 T T 1
E

Figure (5): The release profile of TEL SP formwas, Micardis® and pure TEL raw
material in 0.1 N HCI (pH 1.2) at 37+ (°6. A: Eudragit E100, B: Eudragit S100, C: Eudragit
RS100, D: Eudragit L100, E: Eudragit RL100.
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Table (6): TheTimefor 75% Releasefor all TEL SP Formulasin 0.1 N HCI (pH 1.2)

F1 23
F2 20
F3 21
F4 21
F5 25
F6 62
F7 40
F8 36
F9 62
F10 62
F11 62
F12 36
F13 52
F14 49
F15 45
F16 40
F17 65
F18 63
F19 55
F20 40
Micardis® 40

Pure TEL Not accessible

12



Kerbala journal of pharmacy and pharmaceutical science No. (10) 2015 (10) 22al ¥ apall o slall 23 S Alas

Conclusion

The present work showed that the SP technique eafféctively used for preparation of oral
capsule of practically insoluble drugs such as TEhe TEL SP formulated with the Eudragit
E100 at drug:polymer ratio of 5:1 is the best folation among all the batches of the prepared
TEL SP capsules in terms of good release profitk erhancing the dissolution rate of TEL. It
can also be concluded from this study that theasgleaate of the prepared formulas is directly
related to the type and concentration of the potynsed.

The enhanced rate of drug dissolution from TEL $Probably due to an increase in surface
area of drug particles available for dissolutiondmag thus, this technique may improve
bioavailability of poorly water-soluble drugs.
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