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Abstract— The current study was conducted to address issues related to the solubility, dissolution, and oral bioavailability of telmisartan, a
poorly water-soluble ionizable drug (TMS). The primary goal of this study is to improve Telmisartan solubility using the Solvent evaporation
method. To study effect of adsorbents carrier on solubility of drug. Enhancement in dissolution is very crucial for the development of of BCS
Class Il drugs formulation. This was achieved by use of solvent evaporation method. By Thermal analysis and PXRD it is confirmed that the
release rate of Telmisartan by solid dispersion technique using solvent evaporation method is amorphous structure. Furthermore, the weak
interactions detected by FTIR spectroscopy between the porous carrier and Telmisartan in solid dispersion contribute to the drug's rapid
desorption from the carrier surface upon contact with the dissolution media. This research work concludes that porous carrier particles aid in
increasing dissolution rate, including stability studies.
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I.  INTRODUCTION Il.  MATERIALS AND METHODS
rugs with low water solubility frequently have low Antihypertensive  drug  Telmisartan is used in
oral bioavailability due to low levels of absorption, preparation of Solid Dispersion. Different alkalizers Sodium
so their dissolution rate can be increased by Carbonate, Magnesium Oxide and Sodium Hydroxide were

micronisation or size reduction, but this causes particle used. Solubilizers like Soluplus, Poloxamer, PVP K30 etc.
aggregation, which leads to poor wettability. The advantages  were screened. Distilled water was used as an aqueous system.
of previous approaches were overcome by the development of Experimental Stud
solid dispersions of poorly bioavailable drugs. The first drug perimental Study
whose rate and extent of absorption were significantly Preformulation Study Carried out by performing tests like
increased by using solid dispersion was sulfathiazole by identification, purity and physicochemical nature with the
sekiguchi and obi, who formed a eutectic mixture of  help of Infrared spectrum, U.V. spectra, melting point,
sulfathiazole with urea as the inert carrier. [1] Solid dispersion ~ Physical state, Color and odor. Solubility of Telmisartan in
prepared by melting (fusion), solvent, or melting solvent  different solvents was determined as per USP and BP by
method of dispersing one or more active ingredients addlng 2mg of solute into 10m| solvent. Crys-ta“ine nature
(hydrophobic) in an inert carrier (hydrophillic). The resulting ~ Of Telmisartan was determined by Scanning Electron
product contains various components, including a hydrophillic ~ Microscopy  micrographs. A single beam UV-Visible
matrix and a hydrophobic drug. 2 spectrophotometer (Agilent 1800) with matched quartz cells of
Many pharmaceutical applications include improved 1 cm width was used. 10 ppm of Telmisartan solution was
absorption, homogeneous distribution of a small amount of ~ taken and carrying the UV spectrum was recorded in
drug in solid form, stabilisation of unstable drugs, protection ~ Wavelength range 200-400nm for the determination maximum
against decomposition.!, conversion of liquid compounds into ~ Wavelength.

solid formulations, masking of unpleasant taste and odour. Telmisartan calibration curve was determined by taking
Solubility is one of the most important parameters in solutions with concentrations of l,2,3,4,5,6,7,8,9,log/m| and

achieving the desired drug concentration in systemic ~ Measuring absorbance at 290 nm. Telmisartan calibration
circulation for the desired (anticipated) pharmacological ~ Curves can also be obtained using 0.IN HCL, Phosphate
response. More than 40% of new chemical entities developed ~ Buffer (6.8), and Water.

in the pharmaceutical industry are water-insoluble. For  preparation of Ternary Solid Dispersion with Alkalizer: (A)

formulation scientists, solubility is a major challenge. ! .
y J g To prepare amorphous powder by adsorbent using solvent

Drug absorption from the GI tract can be limited by a vanoration. Each alkalizer w nded in 125 ml of
number of factors, the most significant of which are the drug evaporation. Each alkallzer was suspende - °
Telmisartan solutions in methanol in different ratios of 1:1,

molecule' [E]oor aqueous - solubility and  membrane 1:0.5, and 1:2:1, and 300 mg of Neusilin was adsorbed on the
permeability. ; . . .
petri plate. The obtained suspensions were evaporated in a hot
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air oven at 40°C. The dried mass was crushed and passed
through a glass tube for further testing.

Table 1 Batches of Pure Telmisartan with Alkalizer ratios

Sr. No. | Batch Code Content Ratio
1 AAl TMS:Sodium Carbonate:Neusilin 1:1:1
2 AA2 TMS:Sodium Carbonate:Neusilin | 1:0.5:1
3 AA3 TMS:Sodium Carbonate:Neusilin 1:2:1
4 AB1 TMS:Sodium Hydroxide:Neusilin | 1:1:1
5 AB2 TMS:Sodium Hydroxide:Neusilin | 1:0.5:1
6 AB3 TMS:Sodium Hydroxide:Neusilin | 1:2:1
7 ACl TMS:Magnesium Oxide:Neusilin 1:1:1
8 AC2 TMS:Magnesium Oxide:Neusilin | 1:0.5:1
9 AC3 TMS:Magnesium Oxide:Neusilin 1:2:1

Preparation of Ternary Solid Dispersion with Solubilizer: (S)

To prepare amorphous powder by adsorbent using solvent
evaporation. A different ratio of each solubilizer, 1:1:1,
1:0.5:1, and 1:2:1 was suspended in 12.5 ml of Telmisartan
solutions in methanol, and 300 mg of Neusilin was adsorbed
on the petri plate. The obtained suspensions were evaporated
in a hot air oven at 40°C. The obtained dried mass was
crushed and passed through a glass tube before being studied
for evaluation tests.

Table 2 Batches of Pure Telmisartan with Solubilizer ratios.

Sr. No. | Batch Code Content Ratio
1 BAl TMS:Soluplus:Neusilin 1:1:1
2 BA2 TMS: Soluplus:Neusilin | 1:0.5:1
3 BA3 TMS: Soluplus:Neusilin 1:2:1
4 BB1 TMS: Lutrol:Neusilin 1:1:1
5 BB2 TMS: Lutrol:Neusilin 1:0.5:1
6 BB3 TMS:Lutrol:Neusilin 1:2:1
7 BC1 TMS:PVP K30:Neusilin 1:1:1
8 BC2 TMS: PVP K30:Neusilin | 1:0.5:1
9 BC3 TMS: PVP K30:Neusilin | 1:2:1

Determination of Percent yield:

The formula Percentage Yield= Practical Yield/Therotical
Yield x100 was used to calculate the percentage yield of
batches.

Determination of Drug content of prepared batches:

Dissolving dried prepared powder batches was used to
determine drug content. Ten milligrammes of TMS in ten
millilitres of methanol the solution was filtered through
Whatman filter paper, diluted, and spectrophotometrically
analysed at 290 nm. Each sample was prepared and analysed
three times.

Determination of Saturation Solubility:

Determination of Saturation Solubility of prepared batches in
water:

Separately, the known excess amount of sample was mixed
with 10ml of water. Shaken for 48 hours with a rotary shaker,
then filtered through Whatman paper. Diluted and
spectrophotometrically examined at 296nm.

Determination of pH dependent Saturation Solubility of
prepared batches:

A known excess amount of sample was added to 10ml of
phosphate buffer 7.4 and shaken with a rotary shaker for 48
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hours before being filtered through Whatman paper and
spectrophotometrically measured at 296nm.
In vitro dissolution Study of prepared Batches:

The dissolution tests of Telmisartan (amorphous powder)
mixture were carried out using the United States
Pharmacopoeia (USP) dissolution apparatus Il at 50 rpm. The
formulations were placed in a dissolution vessel with 900 ml
of pH 6.8 buffer in purified water kept at 37 + 0.5%. At
regular intervals, samples from the dissolution medium were
taken and the concentration was measured
spectrophotometrically at 290 nm.

Following the pre-formulation of prepared batches, we
proceed to test parameters for their physicochemical properties
such as FTIR, XRD, DSC, and SEM.

Formulation of TMS SD fast dissolving tablet:

Preparation of mixture/ powder blend

First croscarmellose sodium and HPMC with drug mixed
well by dry mixing. Then Magnesium stearate and lactose
were added to above blend. Angle of repose, Bulk density,
Tapped density, Hausners ratio, and Carr's index were all
evaluated for Powder Blend.

Method of TMS SD fast dissolving tablet preparation:

Direct compression

Required quantity of raw material of each were weighed
and were mixed for 30 min. After preparation of primary
powder mixture passed through the appropriate mesh and
these were mixed together for 5 min. The tablets were created
on an 8-station rotary tablet machine using punches with 8
mm flat edges.
Experimental Design Using Box Behnken

A Box Behnken Experimental Design is more efficient
than a 32 factorial design because it requires fewer
experiments. Multiple regression was used to generate a
second polynomial equation from the all-selected variables
obtained at various levels of the three independent variables
(X1, X2, X3) and dependent variables (Y1, Y2). The
experimental design (experimental design) generates the
polynomial equation as follows:

Yi bo + bl X1+ b2 X2+ b3 X3+ b4 X1 X2 +
b5 X1 X3+ b X2 X3 +b7 X12+ bg X22 + b9 X32

Where Yi is the dependent variable, b0 is the intercept, and
bl to b9 are the regression coefficients calculated from the
observed experimental Y values from the experiment runs.

The independent variables X1, X2, and X3 were chosen
from preliminary experiments. X1= (A-XO)/X; X1 is the
coded value of the variable A; X0 is the value of A at the
centre point; X=Step change, and so on, where A, B, and so on
are the input variables. The amount of disintegrants used is an
independent variable in the study. The hardness (kg/cm-1) and
disintegration time are the dependent variables (seconds).
Checkpoint analysis, Statistical analysis, Optimization data
analysis by Reliasoft DOE was performed for the same.

Preparation of Telmisartan SD fast dissolving tablets:

Based on its superior dissolution properties in pH 6.8,
telmisartan solid dispersion tablet of solubilizer was prepared
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by solvent evaporation and incorporated into the fast-
dissolving tablets. Croscarmellose was added as a tablet super
disintegrant, and HPMC was added as a binder, and mixed
with the above mixture in a glass mortar with a pestle for 15
minutes. The above mixture was then lubricated with
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magnesium stearate for another 30 minutes. The resulting
powder blend was then compressed under constant pressure
into 40 mg tablets containing a total of 20mg Telmisartan
using a multi-punch rotary tableting machine.

Table 3 Compositions of Telmisartan fast dissolving tablet

Ingredient F1 F2 F3 |F4 F5 F6 F7 F8 F9

TMS SD (mg) 20 20 20 |20 20 20 20 20 20
HPMC (mg) 10.9 9.9 10.7 [10.3 10.6 | 9.8 | 105 | 10.8 | 109
Crosscarmellose(mg) 6.6 7.5 6.3 |73 7.1 6.9 6.2 6.1 6.3
Lactose(mg) 2 2 26 (21 2 25 2.6 2.4 2.2
Magnesium Stearate(mg), 0.5 0.6 04 |03 0.3 0.8 0.7 0.7 0.5
Total weight 40 40 40 140 40 40 40 40 40

Evaluation of prepared fast dissolving tablets as per USP:
Wetting Time

Wetting time was determined by placing five circular
tissue papers of 10 cm diameter in a petri dish with 0.2%w/v
methylene orange solution (3ml). A tablet was carefully
placed on the surface of the tissue paper. The wetting time was
determined by observing the time required for the
development of orange colour on the upper surface of the
tablet.

Water absorption ratio
In a small petridish containing 6ml of water, a small piece
of tissue paper folded twice was placed. The time required for
complete wetting was measured using a tablet placed on the
paper. After that, the wetted tablet was reweighed. The water
absorption ratio, R, was calculated using the following
formula:
R=100xWa-Wb/Wh
Wh denotes the weight of the tablet before water absorption,
while Wa denotes the weight of the tablet after water
absorption.
Friability, Hardness and dimension

Friability tests were performed using a Roche friabilator
test apparatus, hardness was measured using a Pfizer hardness
tester, and tablet thickness and diameter were measured using
a vernier calliper.

Disintegration test:

To determine the disintegration time, one tablet was placed
in each tube of the USP disintegration apparatus, and the
basket rack was set in a one-liter beaker of 0.1N HCL, at 37°C
+2°C

Comparative in vitro dissolution profile of prepared fast
dissolvingTablet and marketed tablets of Telmisartan:

The dissolution tests of TMS SD prepared fast dissolving
tablets and TMS marketed tablets were performed at 75 rpm
using the USP dissolution apparatus Il. TMS tablets were
placed in a dissolution vessel with 900mL of pH 6.8 kept at
37°C  +5°C. TMS concentrations were determined
spectrophotometrically at 290 nm by withdrawing and filtering
samples from the dissolution medium at appropriate intervals.
Stability study of Telmisartan & optimized batches of
amorphous powder

The optimised amorphous powder batch was kept at
40°C+2°C/75 5% RH Drug content was studied for 1 month
in a stability chamber and the effects of storage conditions on
the preparation.

1R
Preformulation Study

Identification Test

Telmisartan identification tests were carried out using the
appropriate methods. The outcomes are listed below, and the
values observed are within the range. The results show that the
Telmisartan is in its purest form.

RESULTS AND DISCUSSION

Table 4 Identification tests of Telmisartan
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S;‘ Phym;z:]l dptreospt)ertles Methods Description
1. Physical state Visual observation Solid
. . White or off- white
2 Color Visual observation crystalline powder
3. Odor Smelling by nose Odorless
4 Melting point Capillary Method 265-272°C
UV spectra were
ULV visible obtained atstandard
5. U. V. Spectra : condition and it shows
Spectrophotometer 3 max of 290 nm in
Methanol
The infra-red
absorption spectrum is
6. Infra-Red Spectra IR Spectroscopy concordant with the
reference spectrum
Solubility

Telmisartan soluble in methanol and phosphate buffer 7.4,
Slightly soluble in ethanol, acetone, chloroform and 0.1 N
HCL, practically insoluble in water

Results of Analytical Methods

Determination of A max

The A max of Telmisartan by UV-spectrophotometer in
methanol, phosphate buffer 6.8, 0.1 N HCL, Water was found
to be 290, 289, 288, 286 nm respectively and it is very close to
standard A max. The UV-Visible spectrum of Telmisartan is
shown inFig.8.2
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Fig. 1 UV- Visible absorption spectrum of Telmisartan with Methanol

Calibration curve for Telmisartan:

At 290 nm, the absorbance vs. concentration graph for
pure Telmisartan was found to be linear in the concentration
range 1-10pg/ml it follows Beer-Lamberts law.

Table 5 Calibration curve values of Telmisartan in different solvents

Sr. No. Solvent Slope | Intercept|R square value
1. Methanol 0.0478 | 0.0064 0.9987
2. Phosphate Buffer 6.8 | 0.0420 | 0.1437 0.9555
3. Water 0.054 | 0.035 0.998

Saturation solubility of Telmisartan:

Table 6 Saturation solubility of Telmisartan in water and Phosphate Buffer
74

Solvent Solubility(ug/ml)
Distilled Water 0.0684+0.005
Phosphate Buffer 7.4 0.0534+0.017

Mean + S.D., n=3

Fourier Transform Infrared of Telmisartan

The FTIR spectrum of Telmisartan was recorded using
FTIR (cary-630 Agilent technology). The spectrum was
recorded over the range of wave no. 4000 to 400 cm™.

Table 7 FTIR Interpretation of Telmisartan

Sr. | Functional |peak (wave number) cm™! [Peak (wave number) cm™t
no. Group (observed) (standard)
1 | Aromatic CH 3058.72 3059cm'™
stretching

AliphaticCH 1 4

2 stretching 2957cm 2957cm

3| HoOH 1600cm* 1652cm
bending

4 | cooH 1694cm' 1699cm:
stretching

5 |C O C bending 1447cm™ 1459cm™

Experimental Study

PART I
Solid Dispersion Preparation using adsorbent carrier

The formulated batches have been found in form of free-
flowing powder without any agglomeration of particles within
the batches, this powder batches are then stored at in well-
sealed container for its further characterization like percentage
yield, drug content, saturation solubility and dissolution study
etc.
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Percentage Yield of Batches:

The prepared formulation was poured in the petri plate and
weighed accurately. Further this petri plate was kept in Oven
for 30 min and weighed.

Table 8 Percentage Yield of Batches

Sr. No. | Batch Name % Yield Batch Name % Yield
1 AAl 94.55+0.44 BA1 89.17+0.38
2 AA2 95.05+0.84 BA2 95.03+0.27
3 AA3 98.11+0.21 BA3 96.88+0.94
4 AB1 74.48+0.01 BB1 96.68+0.64
5 AB2 96.11+0.67 BB2 90.41+0.84
6 AB3 98.82+0.24 BB3 97.64+0.39
7 AC1 94.65+0.39 BC1 90.55+0.77
8 AC2 97.60+0.57 BC2 96.41+0.54
9 AC3 89.05+0.28 BC3 98.82+0.68

Drug Content determination using UV spectroscopy.

Table 9 % Drug Content of Batches

Sr. No.|Batch Name |% Drug Content| Batch Name |% Drug Content|
1 AAl 90.01+0.84 BAl 88.34+0.11
2 AA2 96.45+0.22 BA2 94.38+0.36
3 AA3 95.31+0.38 BA3 93.01+0.74
4 AB1 86.07+0.67 BB1 98.34+0.16
5 AB2 94.27+0.94 BB2 89.76+0.74
6 AB3 93.21+0.33 BB3 97.35+0.31
7 AC1 93.34+0.54 BC1 90.14+0.20
8 AC2 98.17+0.71 BC2 97.34+0.34
9 AC3 91.94+0.36 BC3 98.68+0.14

Saturation solubility of Telmisartan:

Telmisartan saturation solubility was tested in distilled
water and phosphate buffer 7.4 here. The table below shows
the saturation solubility of pure Telmisartan and powder
batches with diluents in water and phosphate buffer 7.4.
According to the findings, Telmisartan has a much lower
solubility in water than phosphate buffer 7.4.

Table 10 Saturation solubility of Telmisartan in distilled water and phosphate

buffer after 48 hrs
Sr Saturation Saturation Solubilty in
No. Batches Solubility Phosphate Buffer 7.4
) in water(mg/ml) (mg/ml)

1 AA2 0.3184 +0.001 0.2144 +0.003

2 AA3 0.5175 +0.009 0.4820 +0.007

3 AB2 0.3384 +0.004 0.2934 +0.001

4 AB3 0.6418 +0.002 0.5610 +0.004

5 AC1 0.3942 +0.001 0.2183 +0.001

6 AC2 0.8647 +0.003 0.6447 +0.008

7 BA2 0.3573 +0.001 0.2108 +0.003

8 BA3 0.6541 +0.004 0.5401 +0.007

9 BB1 0.7624 +0.002 0.6210 +0.002

10 BB3 0.2179 +0.003 0.1174 +0.004

11 BC2 0.5348 +0.001 0.4127 +0.006

12 BC3 0.8831 +0.002 0.6608 +0.001
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In vitro Dissolution study

The USP dissolution test apparatus was used to conduct an
in vitro dissolution study of prepared powder batches and
Telmisartan. The dilution media was chosen to be Phosphate
Buffer pH6.8.
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Table 11 % Cumulative drug release Of TMS Powder and Batches AA3, AB3,

AC2
Time (min) % Cumulative drug release
Telmisartan | Batch AA3 Batch AB3 | Batch AC2
0 0 0 0 0
10 8.12+0.104 | 38.28+0.305 | 35.01+0.064 | 39.74+0.025
20 10.41+0.062 | 51.32+0.015 | 49.25+0.032 | 58.30+0.050
30 21.39+0.010 | 63.33+0.035 | 60.27+0.084 | 68.94+0.036
40 28.31+0.015 | 74.94+0.078 | 64.99+0.011 | 79.64+0.060
50 36.01+0.032 | 81.83+0.025 | 69.84+0.061 | 87.89+0.025
60 44.68+0.436 | 89.48+0.030 | 84.38+0.034 | 94.91+0.017
Mean + S.D., n=3
100
90
- 8
£ 70
5 0 —— AA3
g 50
CRE —— AB3
& 5 AC2
20 == TMS Powder
10
0
0 20 40 60 80
TIME (MIN)

Fig. 2 % Cumulative drug release of TMS powder and batches AA3, AB3,
AC2

Table 12 % Cumulative drug release Of TMS Powder and Batches BA3, BB1,
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ground together and analyzed by FTIR, DSC, XRD and SEM
in the formulation.

Fourier Transform Infrared Analysis FTIR of Optimized
Batches

Data from the Experimental Study were studied for FTIR
Analysis, taking into account the percentage yield, drug
content, and dissolution study among the batches Batch AC2
and Batch BC3.

Table 13 FTIR Interpretation of Batch AC2 and Batch BC3

Batch Batch
AC2 Peak|BC3Peak
-1 (wave wave
ﬁg Functional Group ~ [Peak (V\I(i\t/aennduan;;er)cm m(meer) m(meer)
et e
(observed)|(observed)
1 |Aromatic CH stretching 3059 cm? 3055cm™ [ 3068 cm*
2 | AliphaticCH stretching 2957cm? 2957cm [ 2955 cmt
3 H O H bending 1652cm™ 1655cm™ | 1599 cm*
4| COOH stretching 1699cm* 1695cm™ | 1690 cm*
5 C O C bending 1459cm™* 1447cm™ | 1410 cm*

Powder X-Ray Diffraction (PXRD)

Less diffused peaks in the X-Ray diffraction spectrum may
be seen in the X-Ray diffraction pattern of pure telmisartan,
which suggests that telmisartan is present as a crystalline
substance. The creation of the drug's amorphous nature form is
demonstrated by X-ray diffraction of formulations of batches
AC2 and BC3 since there is a drop in the intensity of the API.

BC3
. . % Cumulative drug release 1200 +
Time (min) Telmisartan | Batch BA3 | BatchBB1 | Batch BC3 1000 -
0 0 0 0 0
10 8.12+40.104 | 38.17+0.021 | 36.84+0.071 | 40.35+0.084 .. 800 4
20 10.41+0.062 | 47.64+0.028 | 48.66+0.020 | 50.84+0.026 & 600 -
30 21.39+0.010 | 54.38+0.084 | 59.67+0.047 | 63.90+0.047 g
40 28.31+0.015 | 67.3820.034 | 68.33x0.095 | 71.67+0.033 40 1 0 |
50 36.01+0.032 | 74.57+0.030 | 71.24+0.047 | 79.35+0.074 200 VWIMW#M
60 44.68+0.436 | 84.31+0.031 | 83.67+0.022 | 89.67+0.039 0 )
Mean +S.D,, n=3 ' ‘ ' ' '
0 20 40 60 80 100
20 (degree)
100
90 Fig. 4 XRD of Telmisartan
_. 20
8
= 70 1200
< —e— BA3
E 60 . —— BB1 1000
= %0 ‘ BC3 800
a 40 >
= TMS Powder = 600 -
30 c I
20 E 400 1 4 ” |
200+ W i,
10 0 10 20 30 40 50 60 70 MMWWM
TIME(MIN) %79 20 40 60 g0 100
20 (degree

Fig. 3 % Cumulative drug release of TMS powder and batches
BA3, BB1, BC3

Drug Excipients compatibility study:
It is well known that interactions between the active
substance and excipients can influence the pharmacological

properties and behavior of drugs in biological systems. In this
study, Alkalizer and solubilizer with drug Telmisartan were
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Fig. 5 XRD Pattern of Batch AC2
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Fig. 6 XRD Pattern of Batch BC3

Differential Scanning Calorimetry (DSC)

A quick and reliable method to check for drug-excipient
compatibility, differential scanning calorimetry (DSC) offers
the most details on potential interactions. A DSC interaction
ends when endothermic peak(s) are eliminated, new peak(s)
form, peak shape and onset, peak temperature/melting point,
and relative peak area or enthalpy are changed.
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Fig.7 DSC of Telmisartan (TMS)
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Fig. 8 DSC of Batch AC2

DSC thermogram over the temperature range 270°C and
the DSC thermogram of TMS and Magnesium Oxide (AC2)
and TMS and PVP (BC3) were observed at 262°C and 265°C
respectively. DSC was used to confirm the synthesis of the
complex of TMS with magnesium oxide and PVP in the solid
state. The endodermic peaks of the complex and the individual
components are compared. The data shows an endodermic
peak of TMS at 270.42°C near to its melting point (272°C).
The endodermic peaks characteristic of TMS with a
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significant shift in batch AC2 and BC3 endodermic peaks at
262°C and 265°C respectively.
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Fig.9 DSC of Batch BC3

Scanning Electron Microscopy (SEM):

From Differential Scanning Calorimetry (DSC), Powder
X-Ray Diffraction (PXRD) study two batches AC2 and BC3
were optimized. (A) depicts SEM images of pure TMS and
prepared batches AC2 and BC3.. The bar on the pictures
indicates the degree of magnification (5um, 10pm).The
SEM micrograph of pure TMS revealed irregular shape
crystals of TMS with rough surfaces (B,C). SEM image of
prepared powder (batch AC2, BC3) observed in the form of
hollow spherical particles (B,C) and not asingle crystal of
TMS has observed. SEM images confirmed that uniformity
and fine naturepowder which might be contributing for rapid
drug release from powder

xS, 055 Sih Goaz

18KV

Fig. 10 SEM of Telmisartan and Batches AC2 and BC3

Formulation of TMS SD fast dissolving tablet
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Table 14 Evaluation of Powder Blend

Sr. No. | Precompression properties | Batch AC2 | Batch BC3
1 Angle of Repose(6) 26 27
2 Bulk Density(gm/cm?®) 0.13 0.15
3 Tapped Density(gm/cm®) 0.82 0.89
4 Hausner’s ratio 1.08 1.27
5 Carr’s index 9.67 9.78

Box - Behnken design

When the conventional step-by-step approach is utilised,
the adoption of an experimental design prevents the usage of
an enormous number of independent runs and allows for the
testing of many factors at once. The concentrations of
crosscarmellose, microcrystalline cellulose, and sodium
stearate were optimised using the Box-Behnken design.

Data analysis:

Data Analysis for TMS SD Tablet

Three components and three levels make up this Box-
Behnken design, and 15 runs were acquired from the nine runs
that were conducted to examine the impact on the dependent
variables. All of the manufactured powder batches used in the
experimental plan produced tablets, which were then assessed
for their hardness, disintegration speed, and friability. The
table displayed the values for the batches.

Table 15 Compositions of Telmisartan fast dissolving tablet
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Ingredient F1 F2 F3 F4 F5 F6 F7 F8 F9
TMS (mg) 20 [ 20 | 20 20 20 [ 20 [ 20 20 20
HPMC (mg) 109 | 99 | 107 | 103 | 106 | 9.8 | 105 | 10.8 | 109
Crosscarmellose(mg) 6.6 75 | 6.3 7.3 7.1 69 | 6.2 6.1 6.3
Lactose(mg) 2 2 2.6 2.1 2 25 | 26 2.4 2.2
Magnesium 05 | 06| 04 | 03| 03 o8| 07| 07| 05
Stearate(mg)
Total weight 40 40 40 40 40 40 40 40 40

Table 16 Box Behnken experimental design for independent factor and

dependentresponse:

Run | X1 ooX2 X3 oYL Y2
order | HPMC Microcrystalline Magnesium D|S|_ntegrat|on Hardness
cellulose Stearate Time(sec) (kg/cm?)
1 1 0 1 21+0.6 4.6+0.2
2 -1 -1 14+0.5 4.740.3
3 0 0 0 22+0.8 5.0+0.4
4 -1 0 1 20+0.6 4.9+0.8
5 -1 1 0 22+0.4 4.240.6
6 0 1 -1 32+0.7 4.8+0.4
7 0 0 0 32+0.1 5.0£0.7
8 1 0 -1 30+0.3 4.6+0.6
9 0 1 1 29+0.7 4.3+0.6

Where , X1, X2, X3= Independent variables and Y1, Y2 = Dependent
variables

Probability Plots

Normal likelihood Disintegration time and hardness graph
It explains that in the event that the residuals have a normal
distribution, the points will follow a straight line. With typical
data, there is still some scatter. Only when the curve is clearly
"S-shaped,” indicating that a response transformation might
improve the study. This leads us to conclude that the
disintegration and hardness plot is accurate. This leads us to
the conclusion that the blue patch in the normal probability
distribution represents a non-significant influence on the
variables scattered around the straight line.

Fig. 12 Normal probability plot showing effect on hardness

ANOVA, Pure error and Lack of fit

The ANOVA results reveal that the model was significant
for each and every dependent variable listed in the table. The
regression co-efficient was calculated using regression
analysis. For every answer variable, it was discovered that
every independent variable was significant. Y1 and Y2 results
for the quadratic model were determined to be non-significant.
For Y1, it was determined that the linear model was not
significant. Therefore, the aforementioned conclusion suggests
that both aspects are crucial in the creation of an AC tablet.
The table illustrates the data of pure mistake and lack of fit.
This can offer an estimate of the pure experimental uncertainty
as well as the mean response. The residuals are the
discrepancy between actual values and predictions.

The dependent variable's ANOVA shows that our model
was significant for each of the response variables. For all
dependent variables, the effects of crosscarmellose quantity,
HPMC, and sodium stearate, as well as their quadratic and
interaction terms, were found to be non-significant. Therefore,
based on the aforementioned findings, we can conclude that
the binder concentration plays a significant influence in fast-
dissolving tablet disintegration time as well as efficient
hardness and friability during packaging and handling. A
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mean response and an estimate of experimental hesitation are
provided by the data of pure error and lack of fit.

Table 17 Polynomial equation values in terms of actual values:

Terms Disintegration time Hardness
Intercept 32 5.0
A:Crossccarmellose 0.5070 -0.088
B: HPMC 1.79 0.0074
C: Sod. Stearate 0.458 -0.0162
AB: Interaction 1.34 -0.20
AC: Interaction 3.59 0.041
BC: Interaction 5.73 0.051
A:Crossccarmellose (r?) -1.55 -0.2292
B: MCC (3 -1.67 -0.1797
C:Mag. Stearate (r?) 1.60 +3.1111

Table 18 ANOVA for Disintegration Time and Hardness

Dlsmt_egratlon Hardnesss
Terms time
F P- F-value P-value
value value
Intercept
(DT=12), 0.7657 | 0.5145 - -
(Hardness=5.1)
A: Crossccarmellose 1.2530 | 0.4353 1.7879 0.17523
B: HPMC 1.7294 | 0.3182 0.6473 0.5890
C: Sod. Stearate 0.1312 0.5452 1.2035 0.4994
AB: Interaction 0.5517 0.8377 0.3017 0.7965
AC: Interaction 0.6968 | 0.5016 1.7873 0.2056
BC: Interaction 1.5487 0.3678 0.2442 0.4674
A2 1.4466 | 0.2018 0.5512 0.5225
B2 2.7524 0.294 0.2481 0.1912
Cc2 0.3752 | 0.7411 4.0481 0.3567
Lack of fit - - - -
Pure error - - - -
PRESS
Cor total PRESS =14180.00 Cor total ~13495.62
R- sq= 39.45% Resq (adi) =0% | 1o ST R ggdﬂ
R-sq (pred)=0% R-sq (pred)=0%

Interaction Plot

This figure makes it simple to understand how the
concentration of disintegrants changed in relation to the
reaction. As a result, they will display two non-parallel lines,
suggesting that the effect of one element is independent of the
response, as illustrated in fig. This leads to the conclusion that
the response is unaffected by the disintegration time and
hardness.

Interaction

40 _ B: HPMC (mg)

Disintegration Time (Sec)
|

T T T T
s 5.5 6 65 7

A: Crosscaramellose (mg)

Fig. 13 Interaction plot showing effect on disintegration time
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Interaction

B: HPMC (mg)

Hardness (kg/em2

44

T T T T T

A: Crosscaramellose (mq)

Fig. 14 Interaction plot showing effect on hardness

Contour Plot

Figures 15 and 16 exhibit two-dimensional (2D) contour
plots, which are excellent for seeing how a component
interacts with the responses. These kinds of plots are helpful
for examining the simultaneous impacts of two factors on the
answer, and in all of the plots that were given, the third
factor's value was held constant. All of the correlations
between the three variables are linear up to a specific range
where X1, X2, and X3's effect on disintegration time at a
particular level is unaffected by their interactions. The graphs'
linear behaviour up to 25% suggests that X1 and X2 have a
linear connection. All of the values were treated as dependent
variables in a similar manner. According to the contour plot,
X1 level range of 30 to 25% and X2 at 4.8 to 5% might yield
the best value of disintegration time. The contour plot clearly
shows that the greater level of X1, X2, and X3 favours the
formulation.

1" Disintegration Time (Sec.)

/

98 _

B: HPMC (mg)

A: Crosscaramellose (mg)

Fig. 15 Contour plot showing effect on disintegration time
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11 Hardness (kg/cm?2)

B: HPMC (mg)

1
65 6.625 6.75 6875 7

A: Crosscaramellose (mg)

Fig. 16 Contour plot showing effect on hardness

Response Surface Plot

A graphical representation of the potential relationship
between three variables is a response surface (3D) plot. The
response (z) variable is represented by a smooth surface (3D)
plot, and it is obtained by plotting two independent variables
on the x and y axes. Similar to contour plots, but with more
accuracy, 3D surface plots are helpful for determining the
response values.

0.00

A: BINDER

DISINTEGRATION TIME

0.50B: DISINTEGRA NT

-1.00 1.00

Fig. 17 3D surface plot showing effect on disintegration time

Hardness

20 A: DISINTEGRANT

B: BINDER

3 10

Fig. 18 3D Surface Plot graph showing effect on hardness
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Evaluation of fast dissolving tablet of TMS SD of batch BC3

Considering TMS SD Batch AC2 was carried further for
data analysis. Here the 9 batches were obtained by use of Box-
Behnken design.The further evaluation of physical properties
as well as wetting time and water absortion ratio was done as
follows:

Table 19 Physical properties of fast dissolving tablet batch AC2
Properties F1|F2|F3|F4|F5|F6 | F7 |F8 | F9

Hardness (kg/cm?) |4.7/41/5.2/45/4.1|4.9| 51 |4.2| 44

Disintegration time (s)[ 20 |24 [ 25|21 |38 | 15| 20 | 47 | 38
Friability (%) 0.450.6100.390.520.34/0.25| 0.25 |0.58| 0.47

Depending upon the physical properties of batches F1 to
F9, batch F6 was selected as finalbatch for tablet formulation.

Table 20 Formula for the fast dissolving tablet (F6)

Sr.No Ingredient Quantity (mg)
1 TMS SD (mg) 20
2 Crosscarmellose(mg) 6.9
3 HPMC(mg) 9.8
4 Lactose (mg) 25
5 Magnesium Stearate(mg) 0.8
7 Total weight 40
Table 21 Properties of F6 batch tablets
Sr. no. Tablet properties
Hardness(kg/cm?) 5.2+0.068
Friability (%) 0.27+0.023
Disintegrationtime(sec) 27.91+0.87
Thickness(mm) 2.9+0.04
Diameter (mm) 2.8+0.058

Wetting Time

The wetting time for all the formulated tablets was in the
range of 12+1.2 to 24+1.0 sec
Water Absorption ratio:
Water absorption ratio
58.46+0.230%

ranged from 056.64+0.433 to

In vitro Dissolution study.

An essential factor in figuring out the cumulative drug
release in the dilution media is the in vitro dissolution study.
The USP dissolution test apparatus was used to conduct an in
vitro dissolution investigation on improved batches of the drug
formulation for TMS and telmisartan. The dilution medium in
the jar was chosen to be Phosphate Buffer pH6.8.

Table 22 % Cumulative drug release Of Marketed formulation and Batches

BC

Time Marketed Formulation Batch BC3
0 0 0
10 35.88+0.324 39.89+0.617
20 45.17+0.641 56.94+0.524
30 57.09+0.926 67.39+0.321
40 65.21+0.741 74.61+0.924
50 78.09+0.364 83.27+0.751
60 87.06+0.951 92.17+0.624
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Fig. 19 Dissolution study of prepared tablet of batch F8 of BC3 and marketed
product 40 mg

According to the aforementioned graphs, SD formulation
and commercial product showed an increasing trend in the
dissolving profile of TMS when the pH of the medium
increased. According to observations, the amounts of
medication released from the SD after 60 min at pH 6.8 for
batch BC3 and commercial product, respectively, were
92.17% and 87.06%. The greater modulation of the drug
supplied by the solubilizer, the smaller particle size, the better
wettability, and the solubilization impact of the carrier may be
the causes of the improvements in dissolution rate at higher
pH. As a result, it was determined that SD increased the rate
of TMS dissolution that was poorly water-soluble. The
optimized batch of amorphous powder was stored at
40°C+2°C/75 +5% RH for 1month in a stability chamber
and the effects of storage condition on the preparation were
studied by Drug content & In vitro dissolution studies.

Experimental Study.

% Drug content after stability

Stability study of optimized batches carried out as per ICH
guidelines for safe, stable and effective dosage forms,at
temperature 40°C /75%RH for 1 month.

0

Table 23 % Drug content of Stability batches reading at 40~C for 0 months &
1month.
. % Drug Content
Period Batch BC3
0 Month 98.68%
1 Month 91.83%

From the present work of stability study, it was observed
that, stored tablet has not shown so much change in the
percentage of drug content. Thus, the tablet was stable over
the period ofone month at accelerated storage conditions.

IV. CONCLUSION

The goal of this research was to increase Telmisartan's
solubility, rate of dissolution, and extent of dissolution. The
increase in surface area has resulted in a small rise in the
solubility of TMS particles. The amount and rate of the
medicine Telmisartan's minor water solubility have been
slightly improved by the SD powder. Additionally, the
compressibility and flowability also increased. According to

30
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the research, the introduction of an absorbent carrier increased
the surface area of Telmisartan, which led to an increase in
solubility with an increase in dissolution rate.

This study used the solvent evaporation approach to
successfully create a new SD of TMS that is poorly water-
soluble but is ionizable. The final, ideal formulation had TMS,
magnesium oxide, and neusilin with a weight ratio of 1/0.5/1
taking alkalizer into account. TMS/PVP K30/Neusilin were
combined in Solubilizer's optimal formulation at a weight ratio
of 1/2/1. TMS-loaded SD, in contrast to other typical SD
systems, uses substantially less organic solvent and a lower
carrier to drug ratio, which has several positive economic and
environmental effects. Additionally, TMS-loaded SD
produced a markedly larger drug release than TMS powder or
commercial products, indicating improved oral bioavailability.
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