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Abstract:

Hypertension remains a leading global health challenge, with poor patient compliance and low
bioavailability of conventional antihypertensive drugs contributing to suboptimal blood pressure
control. Nanogel-based drug delivery systems offer a promising approach to enhance solubility,
stability, and sustained release of antihypertensive agents. This study reports the development
and comprehensive evaluation of nanogel formulations containing amlodipine and telmisartan.
Nine formulations (F1-F9) were prepared using Carbopol, chitosan, Tween 80, and ethanol. The
optimized formulation (F5) demonstrated superior physicochemical properties, sustained drug
release, and excellent stability over 45 days, highlighting its potential as an effective topical
antihypertensive therapy.
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INTRODUCTION

Hypertension is a major risk factor for
cardiovascular disease, affecting over 1.4
billion  individuals  worldwide  and
contributing to significant morbidity and
mortality. Despite the availability of various
antihypertensive drugs, challenges such as
poor water solubility, low bioavailability,
high first-pass metabolism, and frequent
dosing requirements limit their therapeutic
effectiveness and patient compliance[l].
Nanotechnology-based  drug delivery
systems, particularly = nanogels, have
emerged as innovative platforms for
enhancing drug solubility, stability, and
controlled release, thereby improving

therapeutic outcomes [2]. Amlodipine (a
calcium channel blocker) and telmisartan (an
angiotensin receptor blocker) are widely
used antihypertensive agents, both classified
as BCS class II drugs with low solubility
and high permeability. Incorporating these
drugs into nanogel formulations may
overcome their pharmacokinetic limitations,
provide sustained drug release, and reduce
dosing frequency [3]. This study aims to
develop and evaluate nanogel formulations
of amlodipine and telmisartan, focusing on
physicochemical characterization, in vitro
drug release, and stability [4].

69| Page


http://www.jddt.in/

Prajapat et al.

Journal of Drug Discovery and Therapeutics (JDDT)

MATERIALS AND METHODS
Amlodipine and Telmisartan are purchased
from JK chemicals vapi (Gujrat), and
Carbopol 940, Chitosan, Tween 80, Ethanol,
Triethanolamine and Distilled Water were
obtained from our college.
PREFROMUATION STUDIES
Organoleptic Properties

Appearance and odor were observed and
checked[5].

Determination of melting point:

Melting point of drug was determined by
Meting point apparatus by using capillary
method. Fine powder of individual drug was
filled in glass capillary tube (previously
sealed on one end) [6]. The capillary tube
was set inside the melting point apparatus
the powder at what temperature it will melt,
was noticed[7].

Solubility

Solubility plays a critical role in the early
stages of drug development because it helps
scientists understand how a drug behaves
when it’s made into a final dosage form[8].
Solubility of Amlodipine and Telmisartan
were determined in various solvent and
Solubility studies were performed by taking
excess amount of these drugs in different
test tubes containing solvents. The mixtures
were shaken for 24 hrs at regular intervals.
The solutions were filtered by using
Whattmann’s filter paper grade no. 41. The
filtered solutions are analysed by UV
Spectroscopy. Average of triplicate readings
was taken [9].

DETERMINATION OF Amax.
Preparation of stoke solution:

Accurately weighed 10 mg of the
drug.Transferred the drug to a 10 mL
volumetric flask. Added solvent ethanol to
dissolve the drug. Make up the volume to 10
mL with the same solvent. Mixed well to
complete dissolution. This yields a stock
solution of 1000 pg/mL (10 mg in 10 mL)
for the drug [10].

Preparation of sample:

Diluted 1 mL of the stock solution to 10 mL
with the same solvent to get a 100 pg/mL
working solution. For further dilution, take 1
mL of the 100 pg/mL solution and dilute to
10 mL to get a 10 pg/mL solution, which is
typically used for Amax determination [11].
PREPARATION OF CALIBRATION
CURVE

100 mg of Drug was dissolved in 100 ml of
Ethanol (pH: 6.8) by shaking (1000 pg/ml).
1 ml of this solution was taken and made up
to 10 ml with Ethanol (pH: 6.8), which gives
100 pg/ml concentration (stock solution)
[12]. From the stock solution, concentrations
of 2, 4, 6, 8 10 and 12 pg/ml in Ethanol
were prepared. The absorbance of diluted
solutions was measured at 360 nm and 298
nm a standard plot was drawn using the data
obtained[13].

DRUG-EXCIPIENTS COMPATIBILITY
STUDIES:
FTIR (Fourier
Spectroscopy)
Prepared physical mixtures of Amlodipine
with Chitosan and Carbopol 940, PMC and
other excipients separately Telmisartan with
these excipients, typically in a 1:1 ratio with
potassium bromide (KBr). Recorded FTIR
spectra of pure drugs and their mixtures
using an FTIR spectrophotometer in the
range of 4000400 cm™ [14].

Compared characteristic peaks of the pure
drugs with those in the mixtures to detect
any shifts, disappearance, or new peaks
indicating interactions[15].

DSC (Differential Scanning Calorimetry)
Accurately weighed a 2 mg amount of
sample (typically 2—-10 mg), dry and finely
ground it for uniform heating. Placed the
sample in a DSC pan, and seal it with a lid.
Setup instrument and run the
experiment[16].

The DSC measures the difference in heat
flow between the sample and the reference
as the temperature increases[17].

Transform  Infrared
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PREPARATION OF NANOGEL

Accurately weighed quantity of Drug,
Chitosan (polymer), and Tween-80 as
stabilizer are dissolved Ethanol while
stirring. Prepared aqueous phase containing
Carbopol-940 dissolved in water with
continuous stirring and heat. These drug
containing phase is sonicated on Ultra sonic

bath sonicator. The drug phase is added drop
by drop into the aqueous phase during
homogenization to form emulsion. The
emulsion converted into nanodroplets by
homogenizer which formed o/w emulsion.
Homogenization was continued for one
hour. Triethanolamine added to form the gel
with continuous stirring to nanogel[18] [19].

Table: 1 Nanogel Formulation of Antihypertensive drugs

Comosition F1 F2 F3 F4 F5 Fé F7 F8 F9
Amlodipine(%) 5 5 5 5 5 5 5 5 5
Telmisartan(%) 40 40 40 40 40 40 40 40 40
Chitosan (%) 025 025 [0.25 |05 0.5 0.5 1 1 1
Carbopol (%) 075 |15 |3 075 | L5 3 075 | L5 3
Tween 80 (%) 2 25 |3 2 2.5 3 2 2.5 3
Ethanol (%) 5 6 4 6 5 5 4 6 5
Triethanolamine (ml) 0.5 0.5 |05 0.5 0.5 0.5 0.5 0.5 0.5
Water (%) QS |QS [QS |QS |QS QS QS |QS Q.S

EVALUATION PARAMETERS
Appearance and Homogeneity

Visually inspected for clarity, color, and
phase separation. Homogeneity checked by
pressing a small amount between the thumb
and index finger[20].

PH Measurement

1 g of nanogel dispersed in 10 mL distilled
water, measured using a digital pH meter
(average of three readings) [21].

Particle Size

Measured using dynamic light scattering
(DLS) after dilution in distilled water[22].
Spreadability

Fixed amount placed between two glass
slides, weight applied, and time taken for
slides to separate measured[23] [24].
Spreadability calculated as: S=M X L

T
Extrudability
Nanogel filled in a collapsible tube, weight
applied, and amount extruded in 10 seconds
measured[25].
Drug Content
1 g nanogel dissolved in suitable solvent,
filtered, and analyzed by UV-Vis
spectrophotometry [26].
In Vitro Drug Release
Used a dialysis membrane in a Franz
diffusion cell. Placed 1 g amount of nanogel
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in the donor compartment and filled the
receptor compartment with phosphate buffer
(pH 7.4). Maintained the system at 37°C
with constant stirring[27]. At predetermined
intervals, withdrawed samples from the
receptor compartment and replace with fresh
buffer[28].

Analyze the samples using a UV-Visible
spectroscopy to determine drug
release.Samples withdrawn at intervals up to
24 hours, analyzed by UV-Vis
spectrophotometry[29].

Stability Studies

The stability studies were carried out on
optimized formulation. The samples were
stored at 40°C£2°C and 75%+5% relative
humidity for 45 days as per ICH
guidelines[30] [31]. After 45 days samples
were withdrawn and tested for appearance,
pH, particle size, drug content, spreadability,
extrudability and viscosity[32].

IN VITRO DETERMINATION OF THE
ACE INHIBITION RATIO:

The effect of the captopril, nanogel on ACE
inhibition ratio in vitro was examined using
the modified liquid chromatography method
[33]. For analysis, the nanogel was dissolved
in sodium borate buffer and filtered [34].
Thereafter, the sample solution
concentration was adjusted to 1.0 mg mL™!.
5 uL ACE standard solution (0.1 U mL™" )

was mixed with 20 pL of sample solution
and 50 pL of hippurylhistidyl-leucine-OH
(HHL, 5 mmol L") and incubated at 37 °C
for 60 min, the reaction was terminated by
adding 200 puL HCI (1 mol L") added [35].
An equal amount of sodium borate buffer
solution (pH = 8.3) was used instead of the
sample as a blank contro [36]. High-
performance liquid chromatography was
used to detect the ACE inhibition ratio using
a Shimadzu LC- 20AD HPLC system
equipped with an RF-20A UVvis detector
(Tokyo, Japan). The mixture solution was
filtered through a 045 pm PVDF
membrane, and 10 pL of equal gradient
elution sample was injected into the size-
exclusion column (ZORBAX Eclipe XDB-
C18 column, Agilent, 4.6 X 150 mm, 5 pum,
Shimadzu, Kyoto, Japan) for HPLC
quantitative analysis [37].

The samples were eluted with acetonitrile—
water (30:70, v/v, 0.05% trifluoroacetic
acid) at a flow rate of 1.0 mL min™! and
were detected at 228 nm [38]. The ACE
inhibition ratio[39] was calculated using the
following equation:

ACE inhibition ratio(%) = Scontrol = Ssample
x 100 %

Scontrol

RESULTS AND DISCUSSION

Table 2: Organoleptic properties of Drug Amlodipine and Telmisartan

Property Amlodipne Telmisartan

Appearance White or almost white | White or slightly yellowish
crystalline powder crystalline powder

Odor Odorless Odorless

Table 3: Melting point of Amlodipine and Telmisartan

Drug Melting Point
Amlodipine 198-199°C
Telmisartan 261-263°C
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UV Spectrum of Amlodipine UV Spectrum of Telmisartan
1.0 1.0}
0.8} 0.8
[0} (]
206} 206}
- g
o o
204t 204t
< <<
0.2 0.2
0.0 - i i | | 0.0 i i T :
200 250 300 350 400 250 300 350 400

Wavelength (nm)

Wavelength (nm)

Figure 1: UV Absorbance Spectrum

Table 4: Calibration curve Data for Amlodipine and Telmisartan

Concentration Amlodipine Telmisartan
(ng/mL) Absorbance Absorbance
2 0.110 0.102
4 0.223 0.205
6 0.334 0.308
8 0.448 0.410
10 0.562 0.512
12 0.670 0.615

Amlodipine Absorbance at 360 nm

Telmisartan Absorbance at 296 nm
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Figure 2: Calibration curves for Amlodipine and Telmisartan
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Figure 4: FTIR Spectrum (a) Amlodipine with chitosan (b) amlodipine with Carbopol
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Figure 6: FTIR Spectrum (a)Telmisartan with chitosan (b) Telmisartan with Carbopol
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DSC of Amlodipine
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Figure 7: DSC studies of Amlodipine with polymer
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Figure 8: DSC studies of Telmisartan with polymer
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Table 5: Evaluation Parameters
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F1 Clear, smooth 6.7 |72.01+02 0.48 185 7.2 | Excellent 85.2
F2 | Clear, smooth 6.8 | 75.03+01 0.5 190 | 7.4 | Excellent 86.7
F3 Clear, smooth 6.9 | 78.01+02 0.52 200 | 7.8 | Excellent 88.1
F4 | Clear, smooth 6.6 | 70.03+01 0.45 210 |7 Good 84.3
F5 Clear, smooth 6.8 | 81.02 £01 0.55 175 8 Excellent 92.4
F6 | Clear, smooth 6.7 | 74.04 £03 0.47 195 7.3 | Good 86
F7 | Clear, smooth 6.9 |77.12+02 0.51 205 7.7 | Excellent 87.5
F8 | Clear, smooth 6.7 | 73.02+01 0.49 180 | 7.5 | Good 85.8
F9 | Clear, smooth 6.8 |79.11+01 0.53 190 | 7.9 | Excellent 89.2
Figure 9: pH values of Formulations Figurel0: Particle size of Formulations
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Formulation

Figure 13 : Drug content of Formulations Figure 14: Drug Release Profile

Selection of Optimized Formulation:

Based on the comparative evaluation of all
formulations (F1-F9), F5 1is the best
formulation. This result is supported by its
optimal balance of physicochemical
properties, drug content, particle size,
spreadability, extrudability, and especially

its sustained drug release profile, which
reached about 82.5% at 10 hours. F5
maintained excellent stability over 45 days,
with negligible changes in pH, viscosity,
drug content, and release profile, indicating
robust long-term performance.

Stability studies:

Table 6 : Stability data of optimized formulation

Time period

Particle size(nm)

Total drug content(%)

Initial 176

92.43 £0.02

After storage (40°C £ 2°C and 75% + 5%RH)

After 45 days | 176

[ 92.40 + 0.02

ACE inhibition ratio:

Table 7: ACE inhibition ratio of Captopril and nanogel

Group ACE inhibition ratio (%)
Captopril 93.41 +£3.09
Nanogel 70.01 +3.96

DISCUSSION

The findings demonstrate that nanogel
systems can effectively encapsulate and
deliver poorly soluble antihypertensive
drugs like amlodipine and telmisartan. FS5,
the optimized formulation, exhibited
nanoscale particle size, high drug content,
excellent spreadability, and a desirable
sustained release profile. The use of
Carbopol and chitosan provided a stable gel
matrix, while Tween 80 and ethanol
facilitated ~ drug  solubilization  and

dispersion. The sustained release from F5 is
advantageous for maintaining therapeutic
drug levels and reducing dosing frequency,
potentially improving patient compliance.
FTIR analysis confirmed the chemical
compatibility of the drugs with the nanogel
matrix. Stability studies showed that F5
retained its physicochemical and functional
properties over three months, indicating
suitability for long-term storage and use.
CONCLUSION
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The development and evaluation of nanogel
formulations containing amlodipine and
telmisartan demonstrated that the optimized
formulation (F5) offers excellent
physicochemical  stability, high drug
loading, and sustained drug release. These
attributes make F5 a promising candidate for
topical antihypertensive therapy. Further in
vivo and clinical studies are warranted to
confirm its therapeutic potential and safety
in human subjects.

Future Directions

Future research should focus on in vivo
pharmacokinetic and pharmacodynamic
studies, clinical trials to assess efficacy and
safety, and exploration of the nanogel
system for other drug combinations or
indications. Mechanistic studies on skin
penetration and drug absorption, as well as

formulation optimization for different
patient populations, are also
recommended[40].
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