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ABSTRACT

Telmisartan is an angiotensin II receptor antagonist used in the treatment of hypertension. According to BCS,
(biopharmaceutical classification system) telmisartan belongs to class II drug, and it is practically insoluble in
water and it shows low dissolution profile and poor absorption and reduced oral bioavailability. The aim of work
was to develop telmisartan-hydroxypropyl-β-cyclodextrin inclusion complexes in order to improve its water
solubility and bioavailability. The complexes were prepared by the physical mixture, spray drying and freezedrying techniques. The improvement in the solubility and bioavailability was evaluated by virtue of comparison of
antihypertensive activity of the plain telmisartan (1 mg/kg) with the inclusion complexes equivalent to (1 mg/kg)
of telmisartan using two kidney one clip (2K1C) induced renal hypertension model. The results showed that the
inclusion complexes of the telmisartan were more significant in reducing the mean arterial blood pressure of the
hypertensive rats as compared to the plain telmisartan showing the enhanced solubility and bioavailability of the
drug by virtue of the complexes.
Keywords: Telmisartan, hydroxypropyl-β-cyclodextrin, antihypertensive activity, solubility, inclusion complexes.

INTRODUCTION

Cardiovascular diseases account for 12 million deaths,
annually worldwide and are known to be number one
group of ‘killer disease’. Hypertension is one of the leading
causes of disability, mortality, and morbidity along the
populace. It is the most common chronic illness among the
world faces.1,2 Hypertension is the most common
cardiovascular diseases and constituents a major factor for
several
cardiovascular
pathologies
including
atherosclerosis, coronary artery disease, myocardium
infract heart failure, renal insufficiency, stroke and
dissecting aneurysm of aorta.3 An elevated arterial
pressure is an important public health issue in developed
countries. Although it is common, asymptomatic and
readily detectable but it can often lead to lethal
complication, if left untreated. Because of high incidence
and morbidity, various drugs and regimes have been
advocated for the control of hypertension. Many new
drugs have been introduced which may demonstrate
better efficacy but posses side effects. Recently attention
has been focused towards herbal and mineral
preparations which are traditionally used as potential
therapeutic agents in the prevention and management of
cardiovascular diseases.4
The renin-angiotensin system (RAS) plays an important
role in the regulation of blood pressure through the
actions of angiotensin-II (vasoconstriction, aldosterone
secretion, renal sodium reabsorption and nor epinephrine
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release) and thus is an appropriate target for therapeutic
intervention in hypertension.5,6 Inhibitors of the RAS
would be effective for the treatment of hypertension and
congestive heart failure. On the other hand, angiotensin-II
(the primary effector component of the RAS) receptor
antagonists block the RAS at the angiotensin-II receptor
level and are expected to be more specific and effective
agents than angiotensin converting enzyme (ACE)
inhibitors.
Angiotensin-II receptor blockers (ARBs) provide complete
blockade of the renin-angiotensin system (RAS) by
specifically inhibiting the actions of AII at the level of the
angiotensin-II type 1 (AT 1) receptor.7 Because another
class of antihypertensive agents targeting the RAS,
angiotensin-converting enzyme inhibitors, may cause a
dry cough, ARBs are increasingly used for the treatment of
hypertension. Among them, irbesartan, candesartan,
valsartan, telmisartan, tasosartan and olmesartan are on
the market.
Telmisartan is a new, orally active, non-peptide antagonist
of the AT 1 receptor, which has been developed for the
treatment of hypertension. Telmisartan is an ARB that is
highly selective for the AT 1 receptor. In addition to its
vasodilatory properties telmisartan appears to exert a
further antihypertensive effect by directly modulating
renal excretory function.8 The drug has also been shown to
promote the renal excretion of water, sodium (Na+) and
chloride (Cl–) without affecting potassium (K+) excretion
in normotensive anaesthetised rats and normotensive
conscious
dogs
after
intravenous
or
oral
administration.9,10
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Telmisartan is a potent, long-lasting, nonpeptide
antagonist of the AT 1 receptor that is indicated for the
treatment of essential hypertension. It selectively and
insurmountably inhibits stimulation of the AT 1 receptor
by angiotensin II without affecting other receptor systems
involved in cardiovascular regulation. Very high
lipophilicity, a unique feature of telmisartan, coupled with
a high volume of distribution; indicate that the compound
offers the clinically important advantage of good tissue
penetration.
Telmisartan is not a prodrug and has a longer terminal
elimination half-life than other commercially available
sartans (24 h), making it suitable for once-daily dosing.11
The compound is not metabolized by cytochrome P450
isoenzymes and has a low risk for P450-based drug
interactions. In animal models, telmisartan exhibits
pronounced cardio and reno-protective effects in animals
with severe, essential hypertension. In clinical studies,
telmisartan shows comparable antihypertensive activity
to members of other major antihypertensive classes, such
as ACE inhibitors, beta blockers and calcium antagonists.
These trials have confirmed the placebo-like safety and
tolerability of telmisartan in hypertensive patients. Based
on these data, telmisartan offers advantages over other
sartans and represents an important new treatment
option for hypertension.12
According to the Biopharmaceutics Classification System
(BCS) aqueous solubility and permeability are the most
important variables affecting drug bioavailability.
Telmisartan is classified as Class II, that is drugs that have
low solubility and high permeability characteristics after
oral administration as telmisartan is practically insoluble
in water and in the pH range of 3 to 9, sparingly soluble in
strong acid (except insoluble in hydrochloric acid), and
soluble in strong base. Bioavailbility of telmisartan is also
poor about 45%, which due to extensive first pass hepatic
metabolism.13
Numerous studies have been carried out in order to
modify the dissolution kinetics of poorly soluble drugs to
improve their bioavailability. The use of cyclodextrins
(CDs) is one of the pharmaceutical strategies available to
circumvent these drawbacks, as they can be used as
complexing agents to increase the aqueous solubility of
hydrophobic drugs and to increase their bioavailability
and stability.14-16
CDs are cyclic oligosaccharides containing six (α-CD),
seven (β-CD) or eight (γ-CD) α-1, 4-linked glycopyranose
units, with a hydrophilic hydroxyl group on their outer
surface and a hydrophobic cavity in the center. CDs are
capable of forming inclusion complexes with many drugs
by taking up a whole drug molecule, or some part of it, into
the cavity. They also have ability to alter their physical,
chemical, and biological properties of guest molecules by
formation of inclusion complex. In the pharmaceutical
industry CDs have mainly used as complexing agents to
increase the aqueous solubility of poorly soluble drugs and
to increase the bioavailability and stability.17
Hydroxypropyl-β-cyclodextrin acts as safe excipient in
pharmaceutical formulations. Its advantages are quick
onset of action, reduces drug side effects, increases shelf
life, and reduction of toxicity.18
In the present investigation an attempt was made to
increase the antihypertensive efficacy of the plain
telmisartan by preparing different inclusion complexes
namely physical mixture, spray dried and freeze dried
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complexes of telmisartan with solubility enhancer
hydroxypropyl-β-cyclodextrin and the change in the
antihypertensive efficacy of these complexes was
evaluated by comparing the antihypertensive activity of
plain telmisartan with that of the complexes using two
kidney one clip (2K1C) induced renal hypertension model.

MATERIALS AND METHODS

Drugs and chemicals
Telmisartan was supplied as gift sample from Sun
Pharmaceuticals Ltd, India. Hydroxypropyl-β-cyclodextrin
was supplied as gift sample from Signet Chemical
Corporation, India. Urethane, ethanol and heparin
(Thromboparin injection, Charls Pharma Inc) were
procured from local market. All other chemicals and
solvents used were of analytical grade.
Experimental model
Wistar rats weighing 200-250 g were used. They were
caged in a room under standard laboratory conditions
(temperature 23±1°C, relative humidity 55±5% and
lighting 08:00-20:00 h). The rats were fed on a pelleted
diet (Amrut feed, Pune, India) and water ad libitum. The
rats were transferred to the laboratory at least 1h before
the start of the experiment. The experiments were
performed during day (08:00- 16:00 h).
Ethical clearence
All the studies were carried out in accordance with the
guidelines given by the Indian Council for Medical
Research and the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
New Delhi (India) and the Institutional Animal Ethical
Committee approved the study (Approval No.
1036/a/07/CPCSEA/IAEC/2010/B-1).
Preparation of Inclusion Complexes
The inclusion complex of telmisartan with hydroxypropylβ-cyclodextrin by different techniques i.e spray drying and
freeze drying technique and physical mixture were
prepared.
Physical mixture19:
Physical mixtures of telmisartan with hydroxypropyl-βcyclodextrin 1:1 molar ratio were prepared by simple
blending in a ceramic mortar.
Spray dried complex20:
Spray-drying was performed in Labultima LU 222 mini
spray dryer. Telmisartan was dissolved in 50 ml of
methanol. Hydroxypropyl-β-cyclodextrin was dissolved in
50 ml of distilled water on a magnetic stirrer, to it
previously prepard telmisartan solution was added (Ratio
of telmisartan to hydroxypropyl-β-cyclodextrin is 1:1 M).
The clear solution was obtained and it was subjected to
spray-drying. The drying conditions were as follows, inlet
temperature 60°C, feed pump 90 ml/h and aspiration
speed 40.
Freeze dried complex21:
Hydroxypropyl-β-cyclodextrin was dissolved in 50 ml of
distilled water on a magnetic stirrer to it telmisartan was
added. The solution is frozen at -7°C and freeze dried in
Martin Christ alpha 1-2 LD plus freeze drier.
Experimental Protocols
Surgical procedure for induction of hypertension in
rats: Hypertension in rats was induced by clipping the left
renal artery (LRA), as previously described.22 30 healthy
wistar rats weighing were anesthetized with ketamine (80
mg/kg, i.p.). Fur on the back was shaved and skin was
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disinfected with alcohol (70 % v/v). An incision was made
in the left lumbar area parallel to long axis of the rat. Renal
pedicel was exposed with the kidney retracted to
abdomen. Left renal artery (LRA) was isolated, cleaned
and tied with the help of surgical silk suture (4.0). The left
kidney was placed in position and skin incisions were
closed by surgical absorbable suture. After recovery the
rats were placed in clean cages and maintained under
standard food pellets and 1% sodium chloride solution
instead of water for four weeks.23

equivalent to (1 mg/kg) of telmisartan and spray dried
complex of telmisartan with hydroxypropyl-β-cyclodextrin
equivalent to (1 mg/kg) of telmisartan respectively by oral
route for four consecutive days. On 4th day, 01 hour after
the respective treatments, the rats were anaesthetized
with urethane (1.25 g/kg, i.p.) and blood pressures were
recorded respectively.

Measurement of Mean Arterial Pressure (MAP):
Anaesthetized rats were injected with heparin (100
IU/ml) to prevent the coagulation of blood in the catheter.
Determination of antihypertensive activity23,24: After 4
The left carotid artery was exposed and cannulated with
weeks the rats were divided into six groups with six
the catheter PE-50 (polyethylene-50) prefilled with
animals each. Group I served as normal control group
heparinized 0.85% NaCl solution, for the measurement of
without LRA ligation, Group II served as induction control
the MAP. The catheter (PE-50) was connected to the blood
group with LRA ligation. Group III, IV, V and VI served as
pressure transducer which was connected with the Four
LRA ligated test groups and received plain telmisartan (1
Channel Data Acquisition System (BIOPAC System, Inc,
mg/kg), freeze dried complex of telmisartan with
MP35). After half hour of cannulation, when the arterial
hydroxypropyl-β-cyclodextrin (1 mg/kg), physical mixture
blood pressure reaches to stabilised condition
of telmisartan with
hydroxypropyl-β-cyclodextrin
(equilibrium), blood pressure was noted down. (Table 1)
Table 1. Arterial blood pressure (MABP) (mmHg) of different groups
S No

Normal Control

Induction control

1
2
3
4
5
6
Mean
±SEM

100
102
99
104
102
98
100.83
0.9098

162.23
166.02
167.14
162.56
168.21
170.96
166.18
1.374

Plain
(1 mg/kg)
152.12
150.35
146.00
152.76
145.00
151.10
149.55
1.332

Freeze dried complex
(1 mg/kg)
135.00
141.12
142.34
147.31
138.76
140.29
140.80
1.662

Statistical analysis
The results are expressed as mean +SEM. Comparison
between the groups was made by one way analysis of
variance (ANOVA) followed by Tukey-Kramer Multiple
Comparisons Test *, #, @-P<0.05, **, ##, @@-P<0.01, ***,
###, @@@-P<0.001; *-Comparison of induction control
against normal control group; #-Comparison of test
groups against Induction control group; @-Comparison of
freeze dried complex, physical mixture and spray dried
complex of telmisartan with telmisartan only group. Instat
Graph Pad software was used for statistical analysis.25
(Table 2)
Table 2. Comparison of antihypertensive activity of
telmisartan-Hydroxypropyl-β-cyclodextrin inclusion
complexes with plain telmisartan
Groups

Arterial blood pressure (MABP)
(mmHg) Mean±SEM
Normal Control
100.83±0.9098
Induction control
166.18±1.374***
Plain (1 mg/kg)
149.55±1.332###
Freeze dried complex (1 mg/kg) 140.80±1.662###@@@
Physical mixture (1 mg/kg)
143.66±1.068###@
Spray dried complex (1 mg/kg)
137.44±1.243###@@@
The results are expressed as mean + SEM. Comparison between the groups
was made by one way analysis of variance (ANOVA) followed by TukeyKramer Multiple Comparisons Test *, #, @-P<0.05, **, ##, @@-P<0.01, ***,
###, @@@-P<0.001; *-Comparison of induction control against normal
control group; #- Comparison of test groups against Induction control
group; @- Comparison of freeze dried complex, physical mixture and spray
dried complex of telmisartan with plain telmisartan group.

Physical mixture
(1 mg/kg)
139.36
145.56
142.98
147.00
144.02
143.05
143.66
1.068

Spray dried complex
(1 mg/kg)
141.14
135.00
137.24
133.10
138.00
140.18
137.44
1.243

test groups it was found that freeze dried and spray dried
complexes of telmisartan were more significant (P<0.001)
than plain telmisartan in reducing the MAP. Physical
mixture also showed more significant activity (P<0.05)
than plain telmisartan but was less than the freeze dried
and spray dried complexes.
The results are expressed as mean +SEM. Comparison
between the groups was made by one way analysis of
variance (ANOVA) followed by Tukey-Kramer Multiple
Comparisons Test *, #, @-P<0.05, **, ##, @@-P<0.01, ***,
###, @@@-P<0.001; *-Comparison of induction control
against normal control group; #- Comparison of test
groups against Induction control group; @- Comparison of
freeze dried complex, physical mixture and spray dried
complex of telmisartan with plain telmisartan group.
Figure 1. Comparison of antihypertensive activity of
telmisartan- Hydroxypropyl-β-cyclodextrin inclusion
complexes with plain telmisartan

RESULTS AND DISCUSSION

The mean arterial blood pressures of groups I, II III, IV, V
and VI were 100.83±0.909, 166.18±1.374, 149.55±1.332,
140.80±1.662, 143.66±1.068, 137.44±1.243 respectively.
LRA ligation significantly (P<0.001) increased MAP
compared to non-ligated control rats. Pretreatment with
all the test groups produced a significant (P<0.001)
reduction in MAP. But when comparison was done
between the plain telmisartan group and remaining three
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2K1C is very commonly used model for renal
hypertension. In renovascular hypertension, Renin
Angiotensin Aldosterone System (RAAS) plays an
important role in control of cardiovascular homeostasis
affecting both blood pressure and fluid volume and is one
of the most important etiological candidates in
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hypertension.26,27 Experimentally the renal hypertension
is produced by renal artery constriction, which activates
RAAS and sympathetic nervous system. A number of
factors like decreased blood volume may lead to
sympathetic stimulation in this model. Renin is secreted
by kidney when sympathetic activity is increased. Renin
converts angiotensinogen to angiotensin-I. Angiotensin-I
is converted to angiotensin-II by angiotensin converting
enzyme (ACE). Angiotensin-II is a potent vasoconstrictor
and increase BP. Angitensin-II also causes release of
aldosterone leading to salt and water retention resulting
in increased blood volume and hypertension.28
In two kidneys one clip hypertension the ligature is
applied to artery of one kidney and contralateral kidney is
left untouched.29 This results in a sustained increase on BP
due to increased plasma renin activity (PRA), which in
turn increases the circulating angiotensin-II, a potent
vasoconstrictor. However there is no salt and water
retention because of the other normal kidney being intact.
Thus the resultant hypertension at this stage is renin
angiotensin dependent. After about 6 weeks, the increased
angiotensin-II releases aldosterone from adrenal cortex
leading to a gradual retention of salt and water which
decreases the renin production. From this stage onwards,
hypertension is volume dependent. Hence salt and water
balance is critically involved in pathogenesis of
renovascular hypertension.30,31
In our study the main purpose of the investigation was the
comparison between the already established angiotensin
II (AT1) blocker antihypertensive drug telmisartan with
three new formulations i.e. physical mixture, freeze dried
and spray dried complexes of telmisartan with
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