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Formulation Development, In Vitro And In Vivo Studies
of Eprosartan Mesylate Loaded Solid Lipid Nanoparticles
for Improved Bioavailability
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Abstract— Eprosartan mesylate (EM) is an angiotensin
receptor blocker (ARB) used to treat hypertension. It has
an oral bioavailability of 13%. The work intends to evolve
eprosartan mesylate of solid lipid nanoparticles (EM-
SLNs) to enhance bioavailability. EM-SLNs were
developed using hot homogenization followed by
ultrasonication by using lipids dynasan 118, dynasan 116,
and dynasan 114. The optimized formulation EM-SLNs
(F7) showed the particle size is 151.3 nm, poly disperse
index (PDI) shows 0.210 and zeta potential (ZP) values
were -31.74mV, which indicated the stability of developed
EM-SLNs. The entrapment efficiency (EE) was found to
be 85.10%. EM-SLNs were established as likely spherical
with a lustrous exterior, as making do with scanning
electron microscope (SEM). Relative bioavailability of the
optimized EM-SLNs (F7) was increased by 1.84 times,
differentiated with the coarse suspension of pure drug.

Indexed Terms- Bioavailability, solid lipid nanoparticles,
homogenization and eprosartan mesylate

I INTRODUCTION

Hypertension (HTN) is a growing global problem
associated with numerous underlying
pathophysiological conditions. Eprosartan mesylate
(EM) is used to treat high blood pressure (HTN). This
drug works by relaxing blood vessels so blood can
flow more easily. It belongs to a class of drugs called
angiotensin receptor blockers (ARB).?

Solid lipid nanoparticles (SLNs) are about their nano
size, higher surface area and extensive drug loading
proportions. Similarly, it promotes drug consistency
and can potentially enhance the oral bioavailability of
water-insoluble drugs.?

The key objective of the existent research work was to

develop the EM-SLNSs, to avoid the pre-systemic
metabolism and to enhance the oral bioavailability of
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EM. It has a low oral bioavailability of only 13%. It is
a biopharmaceutical classification system (BCS) class
Il drug with a partition coefficient of 3.9 and a half-
life of 5 to 9 hrs.® These characteristic properties of
EM make it an appropriate candidate for the design
and development of SLN formulation for the
management of hypertension.

1. MATERIALS AND METHODS

2.1. Materials

Eprosartan mesylate was acquired as a gift sample
from Sai Ram Organics Pvt Ltd, Hyderabad, India.
Dynasan 114, Dynasan 116 and Dynasan 118 were
procured from Hi Media Labs, Mumbai. Lipoid E80
was procured from Lipoid, Germany respectively.
Pluronic F 68 was a gift sample from Aurobindo Labs,
Hyderabad, India. Methanol and chloroform were of
HPLC grade Merck, Mumbai.

2.2. Methods

2.2.1. Formulation development of EM-SLNs

The EM-SLNs were formulated by using
homogenization  fallowed by ultrasonication
technique. EM (API), solid lipid and lipoid E80 were
liquefied in a 15 mL combination of chloroform and
methanol (1:1). The organic solvents were separated
by a rota evaporator (Heidolph, Germany) Drug
encapsulated lipid covering layer was molten by the
heating system at 5°C over the melting point of lipid
used in the formulation. The aqueous phase was
developed by using surfactant pluronic F 68. This
surfactant dissolves in double distilled water and is
heated to a similar temperature to the oil phase. The
hot aqueous phase was added to the oil phase, and
submitted to the homogenization cycle process was
conducted (at 12,000 rpm) by using a homogenizer for
5min. Coarse heated oil in water (O/W) emulsion

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 812



© April 2024 | IJIRT | Volume 10 Issue 11 | ISSN: 2349-6002

attained was ultrasonicated for 10 min. The SLNs were
developed by permitting heated nanoemulsion to cool
to room temperature.* The diverse formulation
components are presented in Table 1.

Table 1: Formulation components of EM-SLNs

Formulation Formulation codes
Ingredients F|F|F|F |F |FI|F|F |F
(mg) 12 |3|4 |5 |6|7 8|9
Organic phase
Eprosartan 11 |11 (1 (1|11 |1
mesylate 0 |0 |00 |O |O]|JO]|O |O
Dynasan118 |5 |1 |1 |- - - - |- -
0 |0 |5
0 |0
Dynasan 116 | - - -5 11 |1 |- |- -
0 |0 |5
0 |0
Dynasan 114 | - - - |- - - 151 |1
0|10 |5
0|0
Lipoid E 80 1 (12 |11 1 111 |1
0 |0 |00 |O |O]O]|O O
0 |0 |00 |O |O]O]|O O
Chloroform: 1 (1 (1)1 |1 |1 (|11 |1
Methanol 5 |5 |55 |5 |5|5]|5 |5
(2:1) (mL)
Aqueous phase
PluronicF68 |1 |1 |1 1 |1 ]1]1
0 |0 |01 |O |O]O]|O O
0 |0 |00 |O |O]O]|O O
0
Double 1 (12 (1|1 |1 |1 |11
distilled 0 |0 |00 |O |O]O]O |O
water (mL)

2.3 Characterizations of EM-SLNs

A) Determination of particle size, PDI and ZP

The mean size of particles and ZP of EM-SLNs were
measured by employing a Malvern Zetasizer (Nano
Z590). The developed EM-SLNs were 100pl diluted
to 5mL with the help of double distilled water to
achieve ideal kilo counts per second (KCPS) of 50-200
for measurements.®

B) Surface morphology studies by SEM studies

The surface morphology of SLN formulations was
ascertained by SEM (Hitachi200, Japan) under a high
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vacuum of 40kv. In the earlier examination, the
formulated samples were fixed on a double adhesive
carbon tape, which was stuck on aluminium stubs and
then covered with gold beneath an argon atmosphere.®

C) Determination of drug content

About 0.1 ml of EM-SLNSs preparation was collected
and diluted pertinent with chloroform: methanol (1:1)
and then the drug content of diluted samples was
examined by HPLC.

D) Determination of entrapment efficiency (EE)

The EE of developed formulations was certainty by
assessing the concentration of free drug (unentrapped)
in the aqueous phase. The aqueous phase was
partitioned by ultrafiltration utilising centrisort tubes
which are composed of a filter membrane (MWCO
20kDa) at the base of the test sample regeneration
chamber, was placed on the topmost of the sample and
centrifuged around at 4000 rpm for the time of 30 min.
The developed EM-SLNs assisting with the encasing
drug stay on in the exterior chamber and the aqueous
phase is transferred into the sample recovery chamber
with a filter membrane. The appropriate amount of EM
in the aqueous solution phase was measured by
HPLC."

E) In vitro studies of EM-SLNs

The release studies were executed using a dialysis
membrane having an adequate pore size of 2.4nm and
it was immersed overnight in double distilled water.
The drug release of formulations was carried out
successively for 1 2 hrs in 0.1N HCI, subsequently by
using pH6.8 in phosphate buffer for the remaining 22
hrs by open tube approach. In which dialysis
membrane was fixed to an open tube (SLNs
dispersion) as the donor compartment and buffer
(100mL) containing 200mL beaker as receptor
compartment and the temperature was maintained at
37+0.5°C, 2mL sample was withdrawn at the different
time interval sampling points up to 24 hrs and replaced
with an equal proportion of fresh buffer. The samples
were collected, and examined by UV-visible
spectrophotometer at Amax 233 nm, to find out the
extent of the drug released.?
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2.4 Pharmacokinetic study

Animals

Healthy male Wistar rats (weighing 200-230gm) were
exploited for the pharmacokinetic study of the
developed formulation. The animals were starved
overnight and had available access to water. The
animal studies were carried out with earlier acceptance
by the Institutional Animal Ethical Committee
(IAEC).

Study protocol

The animals were separate into 2 groups (n=6) and
were orally administered with a developed
formulation of EM-SLNs (F7) and coarse suspension
of a pure drug at a dose level of 10mg/kg body weight.
All the formulations were administered orally with the
rat oral feeding tube. At suitable specified time
intervals after oral administration, blood samples were
collected at different time interval points by retro-
orbital venous plexus puncture method. The blood
samples were permitted to clot and centrifuged for 10
min at 12000 rpm. The serum was isolated and
conveyed into clean micro centrifuge tubes and stored
at -20°C until HPLC studies.®

Calculation of pharmacokinetic parameters

The concentration of EM-SLNs in rat serum samples
was attained from the calibration curve prepared. The
pharmacokinetic parameters like Cmax, Tmax, AUC and
t1» were measured by Kinetica (2000) software.'® The
relative bioavailability was determined by the
following equation; % Relative BA= (AUCsn X
Dose control / AUC control X Dose StN) X100.

I1l.  RESULTS AND DISCUSSION

3.1. Determination of particle size, PDI, ZP, drug
content and EE of EM-SLNs (n=3)

All the developed formulations were studied in
sequence to influence their particle size distribution,
ZP, PDI, drug content and EE. The expected outcomes
are stated in below Table 2.
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Table 2: Size, PDI, ZP, drug content and EE of EM-

SLNs
For Drug EE
mul | Size PDI + | ZP(mv | content %) +
atio | (nm) | SD )+SD | (mg) + B
SD
ns SD
194.3 | 0.216 | -
+
i | s240 | 003 | 04z | T1TO | 2175
2.42 ' -
211.4 | 0.243 |-
F2 | 4315 | +0.05 | 32,51+ 201'(1511 figj
2.26 ' -
226.9 | 0.258 | -
+
F3 | £2.71 | +0.07 | 33.16+ 240'81‘ f‘;‘g
2.45 ' -
172.2 [ 0.198 | -
F4 | +317 | 2011 | 28.91+ 201'8& Zi‘%
2.74 : -
188.4 | 0.205 | . 92.41+ | 80.75
P | 250 | 2004 | 222 | 205 | +213
3.28
203.9 | 0213 | . 94.42+ | 81.49
+
F6 | 1048 | 2006 | 3240 | 510 +1.97
2.79
151.3 | 0.210 | . 96.16+ | 85.10
F7 31.74+
+ + +
+2.60 | 008 | o 2.17 +1.58
1642 | 0.221 | . 100.01 | 86.09
F8 | 1308 | 2002 | 30%%% | o6 | +1.42
3.86
1875 | 0.216 | . 108.02 | 86.75
PO | 251 | 4007 227'27i +020 | +2.35

The ZP of formulations was in the extent of -33.16 to
-28.91mV; particle sizes ranged from 151 to 226nm
and PDI was within the permissible range (below 0.3)
respectively. EE was estimated to be 79 to 86%. Drug
content was determined. The particle size of EM-
SLNs depends on the alkyl chain extent of lipids, the
higher the alkyl chain length higher the particle size.
The particles having smaller particle sizes have more
stability. The surfactant pluronic F68 lowered the
electrostatic repulsion among the particles following
sterical stabilization of the nanoparticles by producing
a coat over their surface for maintaining stability.!

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 814




© April 2024 | IJIRT | Volume 10 Issue 11 | ISSN: 2349-6002

3.3 SEM studies of EM-SLNs

The external morphology of optimized formulation of
EM-SLNs (F7) outcomes presented that the particles
were circular with a constricted size allocation and had
flat uniform surfaces. The samples were analyzed in
SEM under a high vacuum of 20kV.'? There is no
agglomeration of SLNs existence in the sample and
the SEM photograph is shown in Fig 1.

Fig 1: SEM image of a pure drug (A) and EM-SLNs
F7 (B)

3.4 In vitro release studies of EM-SLNs

The formulations containing dynasan 118, dynasan
116, and dynasan 114 exhibited drug release extending
from 69.31 to 79.16%, 71.05 to 83.26%, and 81.73 to
92.86% respectively for 24 h (Fig 2). The developed
formulation F7 showed higher drug release was
determined to be 92.86% and release of drug in a
sustained manner. The lipid content in formulations
gradually; the percentage of drug release were
decreased. The release pattern of all formulations
presented a conventional biphasic arrangement with a
primary expeditive phase accompanied by a slow
phase release pattern observed in phosphate buffer.
The primary rapid phase can be because of the burst
release of a drug.*

In vitro release studies of EM-SLNS formulations

% of drug release
<
3

. 12 20 24
Time (hrs)

Fig 2: Drug release profile of EM-SLNs formulations
(n=3)

1IJIRT 163204

3.5: Stability studies

The EM-SLNs were preserved at room and
refrigerated temperatures for 90 days and the
characteristic size of particles, ZP and PDI were
studied and results are shown in Table 3. There was no
considerable difference found during stability
studies.**

Table 3: Stability studies of formulation EM-SLNs

(F7)

b At room temperature | At refrigerated
. (25°C) (n=3) temperature (4°C) (n=3)
Size ZP Size ZP

YTom PP Towv) [ om |[PP' | mv)
151.3 | 0.210 | . 151.9 [ 0.211 |
1 31.74 32.18+
+ + + +
+2.60 | £0.08 | 7' | £3.04 | +0.06 | ‘o
3 |1579 |0.219 | 158.7 | 0.220 | .
32.59 33.52+
0 |+314 | +0.00 | 7, |+285 | 008 | ‘o
6 |160.5 | 0.223 | . 161.9 | 0.224 |
33.07 34.06+
+ + + +
0 | %246 | £007 | 0o 312 | 2004 | 0
9 |163.1 |0.228 | 1645 | 0.229 | .
33.95 35.21+
0 |£306 | +0.12 | [0 | #416 | 007 | TC
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3.6: Pharmacokinetic study

The pharmacokinetic parameters were determined by
non-compartmental conceptions by using Kinetica
2000 software. The parameters like AUC, Cmax,
Tmax, MRT and t », were attained for optimized EM-
SLNs (F7) and differentiated with that of coarse
suspension.  The results of pharmacokinetic
parameters are calculated and stated in Table 4 and Fig
3. The bioavailability of EM-SLNs (F7) is relatively
higher than that of the coarse suspension. This is due
to enhancing the surface area of the drug available for
release, which would increase the solubility of the
drug.*® When compared, to administering the EM-
SLNs and coarse suspension, there were 1.84-fold
increases in relative bioavailability to the coarse
suspension.
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Table 4: Pharmacokinetic studies of EM-SLNs and
coarse suspension

Parameters Optimized EM- s?uc;resr?sion

SLNs (F7) o

+ *%

Coaugimly | 22019127 197 9348 51
T (1) 2 2
AUC(ug/mL). | 2701.74+30.26 1468.34+£27.1
h o 4
Tapp(hr) 19.38+2.54** 7.13+2.46
MRT 23.69+2.81** 9.78+2.48

***significance, **less significance

300
Pharmacokinetic studies of EM-SLNs (F7) and coarse suspension

250

200

150 —#—EM-SLN (F7)

—e— Coarse suspension of pure drug

Concentration (ug/ml)

100

50

0

0 5 10 15 20 25 30
Time (hrs)

Fig 3: Pharmacokinetic profile of EM-SLNs (F7) and
coarse suspension

CONCLUSION

The study of this work that SLN carriers may help
enhance the bioavailability of EM for the treatment of
hypertension. The poor absorption of EM was
enhanced by formulating into EM-SLNs with the use
of lipids and further examined in vitro and in vivo
studies. The optimized EM-SLNs (F7) showed good
ZP, PDI, particle size and drug release was found to be
92.86% in 24 hrs and exhibited a prolonged manner
release pattern. In pharmacokinetic studies, the EM-
SLNs (F7) showed a 1.84-fold increase in relative
bioavailability compared to the coarse suspension in
Wistar rats.
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