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Abstract
The purpose of the study is to investigate the influence of sulfobutyl ether β-cyclodextrin (SBE7-β-CD) on the bioavail-
ability of valsartan. Phase solubility investigations showed an AL type curve. The estimated apparent stability constant for 
valsartan SBE7-β-CD is 427 ± 0.32 M−1. Inclusion complexes of valsartan SBE7-β-CD in equal molar ratio were prepared 
by microwave irradiation technique. The process parameters were optimised with a central composite face design. Response 
surface graphs and contour plots showed how process factors affected drug content. The inclusion complexes prepared by 
optimising process variables are characterised. The DSC and X-ray diffraction confirm the formation of inclusion complexes 
and the drug’s transition from a crystalline to an amorphous state. FTIR suggests hydrogen bonding between valsartan and 
SBE7-β-CD. SEM showed changes in drug morphology and shape. The  dissolution rate of the prepared SBE7-β-CD complex 
using microwave irradiation was 2.85 times that of pure valsartan. The inclusion complex was formulated into tablet dosage 
forms F1 to F4. Furthermore, oral bioavailability studies in rats with tablet formulation F3 were carried out and compared 
to the marketed Diovan® tablet as a reference standard. The F3 tablet formulation exhibited significantly higher values of 
AUC​0-∞ and Cmax than the reference. Finally, the microwave-irradiated valsartan SBE7-β-CD inclusion complex converted 
into tablet dosage form may be a promising approach to increasing valsartan oral bioavailability.
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Introduction

Valsartan is a drug used for hypertension that works by 
blocking the angiotensin II type 1 receptor [1, 2]. The 

Biopharmaceutical Classification System (BCS) categorises 
valsatan as a molecule of class II, which is water-insoluble 
and highly permeable [3–5]. Due to its limited water solu-
bility, valsartan has a low bioavailability [6], ranging from 
23 to 39% [7]. Although several approaches for improving 
the physicochemical and biological characteristics of water-
insoluble drugs have been developed, each has its own 
limitations [8]. Numerous strategies have been proposed in 
order to solve this issue. One of the more promising methods 
among them is the complexation of the drug with cyclodex-
trins. Oligosaccharides with varying glucopyranose rings are 
cyclodextrins.

Cyclodextrins have a lipophilic core and a hydrophilic 
shell, making them suitable for association complexes with 
lipophilic drugs [9]. The complexation of drugs with cyclo-
dextrins using a variety of methodologies indicated the value 
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of cyclodextrins in enhancing the solubility of pharmaceu-
ticals [10]. Cyclodextrins improve the solubility of weakly 
water-soluble drug when complexed with them. However, 
nephrotoxicity hinders the use of cyclodextrins in phar-
maceutical formulations. With the discovery of numerous 
chemically altered cyclodextrins, such as sulfobutyl ether 
cyclodextrin (SBE7-β-CD), which have significantly lower 
toxicity, interest in the use of cyclodextrins has grown, par-
ticularly for increasing the dissolution, stability, and bio-
availability of drugs that are poorly water-soluble [11]. 
Sulfobutyl ether β-cyclodextrin is a chemically modified 
β-CD that is a negatively charged cyclic hydrophilic oligo-
saccharide in aqueous media. At 25 °C, aqueous solubility 
is 70 g/100 ml, which exceeds β-CD. Furthermore, there is 
no nephrotoxicity, unlike β-CD [12]. Due to these benefits, 
SBE7-β-CD may improve the physiochemical properties of 
weakly water-soluble compounds.

Cyclodextrin complexes are traditionally prepared 
using a variety of methods. Co-evaporation, spray 
drying, and freeze drying are examples of these tech-
niques. All these procedures have key drawbacks, such 
as co-evaporation and spray drying require a substan-
tial amount of organic solvent and often have a low 
yield [13], whereas freeze drying is time-consuming 
and produces hydroscopic products [14]. To avoid the 
drawbacks of existing complexation procedures, a 
novel technology such as microwave irradiation (MWI) 
is being explored. On the other hand, MWI will have 
fewer scale up issues [15]. In order to improve the bio-
availability of valsartan, researchers have established 
various approaches using β-cyclodextrin, hydroxypro-
pyl β-cyclodextrin, and methyl β-cyclodextrin, where 
there is no data reported using SBE7-β-CD or the 
microwave irradiation method [16–18].

The objective of the study is to synthesise a cyclo-
dextrin complex with optimised process parameters and 
determine the effect of SBE7-β-CD on valsartan dissolu-
tion. This research also looked into the characterisation 
of a complex formed by valsartan and SBE7-β-CD using 
an industrially viable microwave irradiation method. 
Finally, in vivo pharmacokinetic investigations have been 
conducted on the cyclodextrin complex compared with 
the pure drug.

Materials and Methods

Materials

Valsartan was obtained from Aurobindo Pharma Limited in 
Hyderabad as a free sample. SBE7-β-CD was acquired from 
Shanghai-based Chembest Research Laboratories Limited. 

Every other substance, including solvents, was of analytical 
grade.

Phase Solubility Studies

Regarding valsartan and SBE7-β-CD stochiometry, phase solu-
bility studies are performed. Phase solubility measurements of 
SBE7-β-CD and valsartan were performed using the Higuchi-
Connors technique [19]. In separate conical flasks holding 
10 ml of distilled water having increasing concentrations of 
SBE7-β-CD starting from 0.5 to 5 mM, an excess of valsartan 
was added. After 24 h of shaking, the suspension was filtered 
through 0.45-µm filter paper, diluted as necessary, and analysed. 
According to the following equation, we were able to deduce 
the stability constant Ks using the phase solubility diagram.

where S0 is the valsartan water solubility.

Estimation of Gibbs Free Energy

The ratio of the molar solubility of valsartan in car-
rier solution (Ss) and the molar solubility of the drug 
in solution (Sw) can be considered as a partition-
ing ratio. Therefore, the Gibbs free energy transfer 
(ΔG tr

°) from the solution to the carrier solution can 
be calculated as:

where R = gas constant is 8.31 J/K/mol and T is temperature 
in Kelvin.

Preparation Inclusion Complexes

Preparation of Physical Mixture

Based on the preliminary phase solubility investigations, an 
equal molar ratio (1:1) mixture of valsartan and SBE7-β-CD 
was produced. The physical mixture (PM) was made by sim-
ply combining correctly weighed quantities in a mortar for 
2 min with a spatula [20].

Kneading Method

To prepare the equal-molar binary system via the 
kneading technique, weighed amounts of valsartan 
and SBE7-β-CD were placed in a mortar and mixed for 
20 min. The final mixture was kneaded for a further 
45 min with a few drops of ethanol. The resultant paste 
was dried overnight in a vacuum desiccator. The dried 

Ks =
slope

So(1 − slope)

ΔG
tr

◦ = −RT ln (Ss∕Sw)
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product was collected after passing through screen num-
ber 60 [21].

Microwave Irradiation Technique and Optimisation

Preliminary Trials  In order to make inclusion compounds, 
it is crucial to understand the process variables. A physical 
mixture of valsartan (435.5 mg) and SBE7-β-CD (2083 mg) 
in an equal molar ratio (1:1) with specified quantity of 
ethanol was subjected to microwave treatment in a micro-
wave oven with a single magnetron emitter that operates at 
2.45 GHz. On the instrument’s Pyrex turntable, the sample 
was rotated to achieve consistent irradiation. The solvent 
quantity is kept constant in all conditions. The irradiated 
samples were washed with ethanol to remove the free drug 
stored in a desiccator [22–26].

Optimisation of Process Variables with Design of Experi‑
ments  There were some preliminary tests done to find out 
the processing range of independent variables. The effect 
of processing parameters, i.e., power, reaction time, and 
amount of solvent, was examined using an experimen-
tal design and statistical analysis of the data. The process 
parameters were optimised using a central composite design, 
with α face centred [27]. Three independent variables were 
chosen, namely, microwave power of 200 to 600 W (X1), 
reaction time of 10 to 120 s (X2), amount of solvent of 1 to 
3 ml (X3), and percentage drug content (R1) as a dependent 
variable. Each independent variable consisted of three levels, 
which were represented by the values − 1, 0, and + 1, respec-
tively. The quadratic model proved statistically significant 
at p < 0.05 in the process optimisation data analysis. Stat 
Ease Design Expert 13 developed quadratic terms for the 
response variable in polynomial models utilising multiple 
linear regression analysis. The following polynomial equa-
tion gives a description of the influence [28]:

In the equation above, R1 stands in for the dependent vari-
able, i.e., percentage drug content. The value β0 represents 
the intercept as well as the mean of twenty runs. The values 
β1, β2, β3, β12, β13, β23, β11, β22, and β33 represent the esti-
mated variable coefficients X1, X2, X3, X1X2, X1X3, X2X3, X1

2, 
X2

2, and X3
2, respectively. The average effect of making one 

variable go from low to high is the main effect of X1, X2, and 
X3. When two factors are changed at the same time, the inter-
action terms X1X2, X1X3, and X2X3 show how the parentage 
drug content varies. The data or model could be incorrect if 
the predicted and adjusted R2 were less than 0.20. The coef-
ficient was significant if p < 0.05. SNR determines precision. 
It compares the design point prediction range to the typical 

R1 = �0 + �1X1 + �2X2 + �3X3 + �12X1X2

+ �13X1X3 + �23X2X3 + �11X1
2
+ �22X2

2
+ �33X3

2

forecast error. Ratios over four suggest adequate model dis-
crimination. One-way analysis of variance (p < 0.05) verifies 
model significance [29].

Model Validation and Optimisation  Numerical optimisation is 
desirability-based, and graphical optimisation with the use of 
overlay graphs was used to review the developed mathemati-
cal model’s optimisation potential in light of the central com-
posite design, with α face centred. By imposing constraints on 
each factor and response, an optimal process was developed. 
The factors’ optimal ranges were constrained to 200 ≤ X1 600 
W target 400 W, 10 ≤ X2 ≤ 120 s, and 1 ≤ X3 ≤ 3 ml, while 
response ranges were limited to 80 ≤ Y ≤ 98%. Estimated 
model accuracy is obtained by preparing inclusion complexes 
with three sets of conditions having the optimal combination 
of the factors recommended by the programme. The chosen 
optimised process variables were employed to prepare the 
inclusion complex to achieve a target value of 90% drug con-
tent. The percentage relative error was calculated by [28, 29]:

Analysis of Drug Content

In methanol, an inclusion complex containing 10 mg of 
valsartan was dissolved and filtered through a membrane 
filter. Utilising a UV–visible spectrophotometer at 250 nm, 
the quantity of valsartan in the filtrate was determined [30].

In Vitro Dissolution Rate

The dissolution rate of valsartan and valsartan SBE7-β-CD 
inclusion complexes was evaluated in a pH 6.8 phosphate 
buffer. The dissolution tests were performed with a USP 
XXIII type 2 dissolution rate test apparatus at a temperature 
of 37 ± 0.5 °C and a paddle speed of 50 rpm for 30 min. 
Each basket containing 1000 ml of dissolution medium 
received an inclusion complex weight, which is equivalent 
to 40 mg of pure valsartan. At various time periods, a 5-ml 
aliquot was withdrawn and filtered using a 0.45-µm nylon 
disc filter. The filtered samples were suitably diluted if nec-
essary and assayed spectrophotometrically by measuring 
absorbance at 250 nm. The dissolution experiment was con-
ducted in sink conditions [31]. The dissolution of the pre-
pared formulations and Diovan® was also tested using the 
same method. Further, the difference factor (f1) is a measure 
of the relative inaccuracy, while the similarity factor (f2) is 
a measure of the resemblance between two curves’ disso-
lution. These parameters were determined for the optimal 
formulation and the formulation sold on the market [32].

% Error =
Experimental value − Predicted value

Predicted value
X 100
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Formulation of Inclusion Complex into Tablets

The inclusion complex of valsartan prepared by microwave irra-
diation technology (VSMWC 3) is compressed directly into tab-
lets [33]. Inert components such as crospovidone, which served 
as a superdisintegrant; microcrystalline cellulose, which served 
as a directly compressible vehicle; colloidal silicon dioxide, 
which served as a glidant; and magnesium stearate, which served 
as a lubricant, were used to make the tablets. The percentage of 
crospovidone is varied from 2 to 5% in order to formulate the 
four distinct formulations, F1 to F4, mentioned in Table I. The 
components were weighed and combined proportionally. In a 
resealable plastic bag, the mixture was mixed for 20 min. Lastly, 
glidant and lubricant were added, and the mixture was mixed for 
2 min. The precompression parameters of the resulting mixture 
for each formulation were analysed. The resulting homogenous 
mix was used to create the tablets by being directly compressed 
using a mini press compression machine equipped with a circular 
flat-faced punch 8 mm in diameter. The prepared formulations 
were evaluated for quality control tests.

Weight Variation Test

The weight variation test was carried out by individually weighing 
20 tablets with an electronic digital balance. The average weight 
was then computed and compared to the weight of each tablet 
individually. The mean ± standard deviation (SD) was noted.

Friability

The friability of the tablets was determined by a tablet fri-
ability tester (Model FT 1020, Labindia). Six grammes of 
tablets were carefully weighed (W1) and placed in the tablet 
friabilator’s drum, which spins for four minutes at a speed of 
25 revolutions per minute. Afterwards, the tablets were dusted 
and reweighed (W2). The percentage weight loss was used to 
calculate the tablet friability using the following equation:

Tablet friability < 1% was acceptable.

Percentage friability =
W1 −W2

W1
× 100

Drug Content

In a mortar, ten random tablets from each formulation were 
crushed finely. A magnetic stirrer was used to completely mix 
an amount of powder equal to the weight of one tablet into 
500 ml of phosphate buffer pH 6.8. After filtering and appro-
priately diluting the solution with phosphate buffer pH 6.8, 
the drug concentration was evaluated by spectrophotomet-
ric analysis at a wavelength of 250 nm using a UV–Visible 
spectrophotometer. Each sample was examined three times.

Disintegration Test

The Labindia disintegration tester was used to calculate the 
disintegration time for six tablets from each batch. Each tab-
let was put into one of the basket’s six tubes. Each tube has 
a disc added to it. The apparatus was run using 1000 ml of 
phosphate buffer solution (pH 6.8) maintained at 37 ± 0.5 °C. 
At a fixed rate of 30 cycles per minute, the basket assem-
bly was lifted and lowered. The amount of time, in seconds, 
required for the tablets to completely dissolve, leaving no dis-
cernible mass inside the device was measured and recorded.

Fourier Transform Infrared Spectroscopy

The FTIR spectra were taken using a spectrophotom-
eter (CARY 630 from Agilent Technologies, USA)  
using the KBr pellet method. The scans were taken 
at a scanning speed of 2 mm per second with a res-
olution of 4  cm−1, scanning the range between 600 
and 4000 cm−1, while the device was operating in dry 
purge [34].

Thermal Analysis

Differential scanning calorimetry (DSC) analysis was 
performed by Exstar 7020, Hitachi HTG, Japan, utilising 
a 5 mg sample at 10 °C per minute from 40 to 300 °C. 
The reference was an empty aluminium pan. All studies 
employed 30 ml per minute of nitrogen purge gas [35].

Table I   Formula for the preparation of valsartan tablets

Ingredient F1 F2 F3 F4

VSMWC 3 complex equiva-
lent to valsartan 40 mg

185 mg 185 mg 185 mg 185 mg

Crospovidone 6 mg (2%) 9 mg (3%) 12 mg(4%) 15 mg (4%)
Magnesium stearate 3 mg (1%) 3 mg (1%) 3 mg (1%) 3 mg (1%)
Colloidal silicon dioxide 3 mg (1%) 3 mg (1%) 3 mg (1%) 3 mg (1%)
Microcrystalline cellulose 

q.s to
300 mg 300 mg 300 mg 300 mg
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Powder X‑Ray Diffraction

A Rigaku Miniflex 600 X-ray diffractometer was used 
to examine the crystalline state of valsartan in prepared 
inclusion complexes. Cu Kα radiation at 40 kV and 15 mA 
was used as the X-ray source. The samples were analysed 
in continuous scan mode at 5 degrees per minute, with a 
scanning range 0–90 degrees.

Areas of crystalline (Ac) and amorphous (Aa) diffrac-
tion peaks were substituted in the following equation for 
determining the degree of crystallinity [36].

Scanning Electron Microscopy Studies

A scanning electron microscope (VEGA 3, TESCAN) 
examined the pure drug, physical mixture, and inclusion 
complex surfaces. The sputter coater, Cressington 108, 
USA, coated the samples with a very thin coating of gold, 
which makes them conductive to electricity. Photos were 
collected at 20 kV [37].

Bioanalytical Method for Estimating Valsartan in Rat 
Plasma

In this study, a sensitive high-performance liquid chro-
matography (HPLC) method was created and tested to 
measure the amount of valsartan in the blood. Waters Arc 
HPLC System, inertsil ods column (150 mm × 4.6 mm, 
5 µm), mobile phase was acetonitrile: 20 mM potassium 
dihydrogen orthophosphate buffer pH 3 (adjusted with 
50% orthophosphoric acid) at 65:35 v/v, 1 ml/min flow 
rate, run time 5 min and photodiode array detector (PDA) 
detector wavelength of 224 nm. Telmisartan was used as 
the internal standard. The peak area ratio of valsartan and 
the internal standard were used to estimate the concentra-
tions. The US Food and Drug Administration (USFDA) 
requirements for bioanalytical technique validation were 
followed in the development and verification of the method 
[38]. Selectivity, linearity, ruggedness, recovery, and sta-
bility were all within the acceptable range set by the Food 
and Drug Administration.

Sample Preparation and Analysis

The plasma proteins were precipitated to extract valsartan 
from the plasma before the sample was injected. 0.2 ml of 
plasma was mixed with 0.5 ml of internal standard (IS) and 

Percentage Crystallinity =
Area under the crystalline peaks (Ac)

Area under all peaks (Ac + Aa)
X 100

1.3 ml of acetonitrile solution and vortexed for 10 min, 
after which the sample was centrifuged for twenty minutes 
at 7500 rpm. Ten microliters of centrifuged supernatant was 
analysed.

In Vivo Pharmacokinetic Study

Twelve male Wistar rats weighing 200–250  g and 
9–12 weeks old that had fasted for 12 h before to the 
experiment were used in the study. There were two 
groups of six rats each. The formulations were adminis-
tered orally to each rat at a dose level of 10 mg/kg [39]. 
Group 1 receives a Diovan®, while group 2 receives a 
prepared tablet formulation F3. Blood aliquots of 0.3 ml 
were taken from the retro orbital sinus of rats and kept 
in microfuge tubes with dipotassium ethylene diamine 
tetra acetic acid. The samples were taken at 0-, 0.25-, 
0.5-, 0.75-, 1, 1.25-, 1.5-, 2-, 4-, 6-, 8-, 12-, 18-, and 24-h 
post-dose. After immediately centrifuging the sample at 
7500 rpm for 20 min to separate the plasma, the plasma 
was then placed in a frozen state for storage. PK solver’s 
basic non-compartmental analysis was used to determine 
pharmacokinetic variables such as the maximum plasma 
concentration (Cmax), the time at which it occurs (Tmax), 
and the area under the curve (AUC) for each rat [40]. The 
Institutional Animal Ethics Committee approved the pro-
tocol (Approval No. 05/IAEC/VPC/2022).

Results and Discussion

Phase Solubility Studies

The diagram for the phase solubility of valsartan with 
SBE7-β-CD is shown in Fig. 1. The pure valsartan intrin-
sic solubility (S0) was 0.125 mg/ml. Valsartan solubility 
rises linearly with SBE7-β-CD concentration over the con-
centration range, revealing an AL-type diagram. Therefore, 
inclusion complexes with an equal molar ratio (1:1) were 
prepared. The estimated Ks for valsartan SBE7-β-CD inclu-
sion complex was 427 ± 0.32 M−1. Thus, it can be said that 
valsartan makes more stable complexes with SBE7-β-CD. 
This may be because it makes the hydrophobic cavity big-
ger without steric hindrance and makes it easier to fit into 
the cavity.

Estimation of Gibbs Free Energy

The ΔGtr
° values are becoming increasingly negative, indi-

cating that valsartan undergoes spontaneous solubilisation. 
The ΔGtr

° value indicates that the ratios used were con-
sidered to be appropriate for the drug’s solubilisation and 
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dissolution in an aqueous media [41]. Negative ΔGtr
° val-

ues suggest that the solubility and dissolution profile has 
improved, as shown in Table II.

Analysis of Drug Content

The physical mixture and kneading inclusion complex 
show percentage drug content 98.1 ± 0.81 and 97.12 ± 0.85, 
respectively (n = 3). Stat Ease Design Expert 13 examined 
the cumulative effect of independent variables on response. 
Twenty batches of inclusion complexes of valsartan with 
SBE7-β-CD were prepared, and it was determined what pro-
portion of the drug was present. The findings are presented 
in Table III.

Fig. 1   Phase solubility diagram 
of valsartan with SBE7-β-CD

Table II   Effect of SBE7-β-CD concentration and Gibbs free energy on 
solubility of valsartan

S. No Concentration of 
SBE7-β-CD (mM)

Concentration of 
valsartan (mM)

ΔG (J/M)

1 0 0.28 ± 0.12 0
2 0.5 0.32 ± 0.42  − 300.28
3 1 0.38 ± 0.54  − 753.06
4 1.5 0.59 ± 0.43  − 1817.93
5 2 0.72 ± 0.38  − 2281.13
6 2.5 0.85 ± 0.65  − 2714.82
7 3 0.99 ± 0.45  − 3071.31
8 3.5 1.07 ± 0.44  − 3279.49
9 4 1.19 ± 0.17  − 3532.36
10 4.5 1.29 ± 0.36  − 3731.37
11 5 1.45 ± 0.78  − 4011.33

Table III   Experimental matrix of valsartan inclusion complexes using 
central composite design (n = 3)

Levels of independent variables 
employed

Valsartan 
SBE7-β-CD inclusion 
complexes

X1 X2 X3 % Drug Content

Run A: Power (W) B: Time (sec) C: 
Solvent 
(ml)

1 600 10 3 95.8 ± 0.23
2 400 65 2 86.3 ± 0.69
3 400 65 2 85.8 ± 0.85
4 200 65 2 65.4 ± 0.15
5 400 65 2 85.2 ± 0.25
6 600 120 3 90.3 ± 079
7 200 120 1 70.9 ± 0.14
8 400 120 2 98.6 ± 0.36
9 600 65 2 96.9 ± 0.45
10 600 120 1 88.4 ± 0.96
11 400 65 3 90.9 ± 0.52
12 400 65 2 89.4 ± 0.89
13 400 65 1 85.6 ± 0.45
14 200 120 3 75.1 ± 0.96
15 400 65 2 90.3 ± 0.23
16 200 10 1 30.1 ± 0.73
17 400 65 2 90.9 ± 0.29
18 400 10 2 70.4 ± 0.85
19 200 10 3 35.6 ± 0.45
20 600 10 1 90.8 ± 0.69



AAPS PharmSciTech (2023) 24:115	

1 3

Page 7 of 17  115

200 300 400 500 600
10

32

54

76

98

120
R1 (% Drug Content)

A: Power (w)

)ceS(
e

miT:B

40

50

60

70

80 906

#



	 AAPS PharmSciTech (2023) 24:115

1 3

115  Page 8 of 17

Optimisation of Process Variables 
in Microwave‑Irradiated Complexes

Preliminary Trials

The smallest amount of power needed for the reaction is 200 
W for 10 s with 3 ml of ethanol, and charring is noticed after 
300 s. On the other hand, charring happens in 120 s when 
800 W is used with 1 ml of solvent. After being irradiated, 
the samples were dried out in an oven and then analysed to 
determine the amount of drug they contained.

Experimental Design and Statistical Data Analysis

The valsartan inclusion complexes prepared with 
SBE7-β-CD using microwave irradiation show percent-
age drug concentrations in the range of 30.1 ± 0.73 to 

98.6 ± 0.36. Drug content in prepared inclusion complexes 
was significant (p < 0.05) in the quadratic model. Multiple 
linear regression generated polynomial model equations for 
all response variables. The polynomial equation relating the 
percentage drug content for valsartan inclusion complexes 
prepared with SBE7-β-CD using microwave irradiation is

The coefficient estimates provide the estimated response 
change per unit change in factor value, while all other fac-
tors are maintained constant. The adjusted R2 of 0.9693 is 
pretty close to the predicted R2 of 0.9122. The difference is 
smaller than 0.2. Accuracy is employed as a measurement 
for the signal-to-noise ratio. The obtained value is 29.71. 
From the above model equation, F = 67.62 indicates model 
significance. The terms in the model that have p values less 
than 0.05 are considered significant. X1, X2, X1X2, X1

2, and 
X2

2 significantly affect the percentage drug content. Due to 
the fact that the F value for the lack of fit is 2.42 indicates 

R1 = 88.83 + 18.51X1 + 10.06X2 + 2.19X3 − 11.02X1X2

− 0.35X1X3 − 0.55X2X3 − 8.95X1
2 − 5.60X2

2 − 1.85X3
2

Fig. 3   Graphical optimisation 
through overlay plots showing 
the optimal variable settings for 
model validation

Fig. 2   Contour and three-dimensional response surface plots exhibit-
ing independent variable influence on dependable variable

◂
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that it is not statistically significant when compared to the 
pure error. There is a likelihood of 17.74% that a lack of 
fit F value as high as this one could be the result of noise. 
We want an accurate model; therefore, a small lack of fit is 
desirable [42].

A response surface approach was applied in order to learn 
more about how the combined effects of independent variables 
affect specified responses. Response surface methodology 
lets you make plots of response surfaces in three dimensions 
and plots of contours in two dimensions. Three-dimensional 
response surface plots help explain the independent variables’ 
main and interaction effects, whereas two-dimensional con-
tour lines show the values of the response, as shown in Fig. 2. 
The software made contour plots and 3D response plots that 
helped demonstrate how the data from the twenty experimen-
tal runs on each response appeared. When power (X1), time 
(X2), and amount of solvent (X3) increase, drug content ini-
tially increases but then drops due to drug degradation at high 
power. The results also indicate there is significant interaction 
between the variables X1 and X2, which ultimately affects the 
output.

Optimisation of Process Variables

After constraining each component and response, the software 
suggested several independent variable ratios. Three inclusion 
ratios were chosen to test the model’s validation and optimisa-
tion abilities. By analysing the desirability function, numerical 
optimisation was performed; the target was inside the range, 
and constraints were imposed (200 ≤ X1 600 W target 400 W, 
10 ≤ X2 ≤ 120 s, and 1 ≤ X3 ≤ 3 ml). The desirability function of 
chosen solutions was determined to be 1, showing the model’s 
appropriateness. After applying the constraints for response 
presented in Fig. 3, a graphical optimisation is performed by 

building overlay graphs. The characteristics of these three 
batches suggest that their observed values were close to those 
anticipated by the programme in Table IV. The observed per-
centage error is in the range of 0.9 to 1.85, the lowest possible 
error rates, demonstrating that factorial models reliably predict 
process variables. The prepared inclusion complex VSMWC 3 
was then tested and characterised for dissolution rate.

Evaluation of Prepared Formulations

The precompression parameters of the resulting mixture for 
each formulation are analysed. and the results are shown in 
Table V. The results show that the blends were suitable for 
direct compression. The formulations prepared are evalu-
ated for quality control tests, and the results are shown in 
Table VI. All values fall within ranges that are suitable for 
tablet direct compression.

In vitroDrug Release Studies

Studies on In Vitro Dissolution Rate of Complexes

Pure drug and all inclusion complex dissolution curves are 
shown in Fig. 4. Physical combination and kneading inclu-
sion complexes dissolved better than pure drug, according 
to these findings. The valsartan SBE7-β-CD inclusion com-
plex (VSMWC 3) demonstrates a greater rate of dissolution 
compared to the physical mixture and kneading inclusion 
complex.

A two-way analysis of variance (ANOVA) was used to 
statistically analyse the % DE30min values for the formula-
tions at p < 0.05, which denotes a significant difference. 
Microwave irradiation of inclusion complexes likely causes 
solubilisation, amorphisation, and enhanced wettability, 

Table IV   Optimisation process variables for the preparation of inclusion complexes

Responses Batch X1
Power(W)

X2
Time (sec)

Observed value 
(mean ± SD, n = 3)

Predicted value % error

Drug content in 
SBE7-β-CD-irradiated 
inclusion complexes

VSMWC 1 400 110 95.42 ± 0.69 93.66 1.85
VSMWC 2 400 105 95.84 ± 0.43 93.59 2.4
VSMWC 3 400 89 93.56 ± 0.74 92.67 0.9

Table V   Precompression 
parameters for various blends of 
formulations

Formulation Bulk density (g/ml) Tapped density (g/ml) Angle of repose (°) Compressibil-
ity index (%)

F1 0.53 ± 0.08 0.60 ± 0.15 26.56 ± 0.56 11.66
F2 0.53 ± 0.11 0.60 ± 0.18 26.13 ± 0.89 11.66
F3 0.55 ± 0.12 0.62 ± 0.45 25.69 ± 0.98 11.29
F4 0.55 ± 0.14 0.62 ± 0.39 25.56 ± 0.45 11.29
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all of which contribute to a higher dissolution rate. In both 
instances, the dissolution rate was enhanced in the ways 
described below: valsartan < physical mixture < kneading 
complex < microwave irradiated complex, suggesting that 
inclusion complex preparation affected dissolution. Micro-
wave-irradiated complex improves the dissolution rate of 
valsartan by 2.85-fold.

In Vitro Dissolution Study of Formulation

As shown in Fig. 5, in vitro dissolution analyses of developed 
formulations and Diovan® tablet are performed in phosphate 
buffer pH 6.8. The dissolution rates of formulations F1 to F4 
demonstrate that the dissolution rate increases as the super-
disintegrant concentration increases. The rate and extent of 
drug dissolution were quantified by determining the dissolu-
tion efficiency after 30 min (% DE30min). A two-way analysis 
of variance (ANOVA) was used to statistically analyse the 

% DE30min values for the formulations at p < 0.05, which 
denotes a significant difference. Among the formulations, 
F3 demonstrates the best dissolving efficiency, i.e., 68.5%. 
Further calculation of f1 and f2 values for F3 and Diovan® 
was determined to be within the acceptable range, i.e., 5.68 
and 63.94, respectively. Formulation F3 was characterised 
and used for in vivo bioavailability studies.

Fourier Transform Infrared Spectroscopy

The FTIR spectra of valsartan, inclusion complexes, and 
the F3 formulation are shown in the Fig. 6. The valsartan 
pure drug shows the peak at 3034.01 cm−1 linked to O—H 
stretch, 2960.95 cm−1, 2931.32 cm−1, 2872.22 cm−1 linked 
to C—H stretch, 1733.78 cm−1 linked to C = O stretch of 
acid, a peak at 1605 cm−1 linked to amide carbonyl stretch-
ing, 1597.93 cm−1 linked to N—N bending, 1450.03 cm−1 
linked to C—OH plane banding, 1409.24 cm−1 linked to 

Table VI   Evaluation of prepared 
formulations

Formulation Weight variation Friability (%) Drug content (%) Disintegra-
tion time 
(sec)

F1 301.0 ± 0.62 0.26 99.12 ± 0.5 43 ± 1
F2 301.5 ± 0.43 0.56 99.23 ± 0.1 38 ± 2
F3 300.5 ± 0.32 0.21 99.29 ± 0.1 32 ± 1
F4 299.5 ± 0.69 0.28 99.24 ± 0.4 32 ± 3

Fig. 4   Drug release from in 
complexes vs pure valsartan
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C—O stretching, and 995.52 cm−1 linked to C—N stretch 
and C-H out of plane bending of aromatic ring. In the case 
of the SBE7-β-CD, it shows peak at 3390.16 cm−1 caused 
by O—H stretch; the vibrating functional groups of -CH and 
-CH2 were seen in the 2800–3000 cm−1. The H–O-H stretch-
ing was found at an absorption spectrum of 1640.24 cm−1. 

At 1149.36 cm−1, there is a clear peak caused by the stretch-
ing vibration of the C–O–C functional group. A prominent 
peak at 1029.02 cm−1 confirmed the presence of sulfoxide 
stretching. The results were very similar to those found in 
a research paper [43]. In the physical mixture, the absorp-
tion bands of the pure drug were unaffected. The complexes 

Fig. 5   Drug release from vari-
ous formulations vs Diovan®

Fig. 6   FTIR spectra of a valsar-
tan, b SBE7-β-CD, c valsartan 
SBE7-β-CD PM, d valsartan 
SBE7-β-CD kneading com-
plex, e valsartan SBE7-β-CD 
microwave-irradiated complex, 
f F3 tablet formulation
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and formulation F3 showed all characteristic peaks of the 
drug with changes in intensity, and the amide carbonyl band 
appeared to have been significantly moved to a higher wave 
number. This behaviour is due to the SBE7-β-CD interaction 

with the drug molecule via hydrogen bonds, and the disap-
pearance of C-H bending of the aromatic ring indicates a 
hindrance caused by a tight fit in the SBE7-β-CD cavity, thus 
conforming to inclusion complex formation [44].

Fig. 7   DSC thermogram of a 
valsartan, b SBE7-β-CD, c vals-
artan SBE7-β-CD PM, d valsar-
tan SBE7-β-CD kneading com-
plex, e valsartan SBE7-β-CD 
microwave-irradiated complex, 
f F3 tablet formulation

Fig. 8   X-RD plots of a valsar-
tan, b SBE7-β-CD, c valsartan 
SBE7-β-CD PM, d valsartan 
SBE7-β-CD kneading com-
plex, e valsartan SBE7-β-CD 
microwave-irradiated complex, 
f F3 tablet formulation
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Thermal Analysis

Figure 7 depicts the DSC studies of valsartan, SBE7-β-CD, 
generated complexes, and F3 formulation, done to look into 
solid-state interactions and how the manufacturing process 
affects them. The melting point of valsartan was shown on 
the thermogram as an endothermic peak at 101.5 °C. Begin-
ning at 258 °C and rising to 272 °C, the thermograph of 
SBE7-β-CD revealed a large endothermic peak associated 
with bound water loss. The physical mixture of valsartan and 
SBE7-β-CD exhibits a wide peak between 60 °C and 115 °C. 
The kneading complex exhibited a broad endothermic peak 
beginning at 56 °C and ending at 103.6 °C, whereas the 
microwave-irradiated complex exhibited a broad endother-
mic peak beginning at 60 °C and ending at 110 °C. In both 
instances, the drug’s typical peak intensity decreased and 
vanished, indicating the creation of an amorphous inclusion 
complex. In the case of F3 formulation, a wide endothermic 
peak from 49 to 128 °C is seen. The complete disappearance 
of the crystalline drug melting peak in the DSC curve of 

the supposed complex is commonly taken as proof of drug 
molecule entry into the CD cavity.

Powder X‑Ray Diffraction

Samples are examined for valsartan crystalline states with 
X-ray diffraction studies as shown in Fig. 8. The valsartan 
developed inclusion complexes, and the valsartan tablet 
samples displayed amorphous characteristics. The valsartan 
exhibited crystalline peaks (2°θ) at 10.74°, 11.7°, 12.82°, 
13.68°, 15.16°, 17.64°, 18.28°, 19.82°, 21.68°, 23.2°, 
26.04°, and 30.62°. The complex treated with microwaves 
had intensified crystalline peaks at 11.54°, 12.15°, 12.62°, 
13.08°, 13.54°, 13.92°, 14.62°, 15.24°, 16.62°, 17.91°, 
18.38°, 18.8°, 19.12°, 19.67°, 20.13°, 21.53°, 22.40°, 23.28°, 
25.27°, 27.95°, 30.64°, and 35.40°. The degree of crystal-
linity of valsartan was determined to be 63.02%, whereas 
that of the microwave-irradiated complex was 44.53%. The 
degree of crystallinity of the inclusion complex produced 
by microwave irradiation exhibited a substantial shift. After 
microwave irradiation, the results indicated that the crystal-
line character of valsartan in the produced inclusion complex 
was significantly diminished. The degree of crystallinity of 
the tablet formulation produced with microwave irradiation 
is 55.80%, with distinctive peaks (2°θ) at 10.97°, 11.87°, 

Fig. 9   SEM images of a valsartan, b SBE7-β-CD, c valsartan 
SBE7-β-CD PM, d valsartan SBE7-β-CD kneading complex, e 
valsartan SBE7-β-CD microwave-irradiated complex, f valsartan 
SBE7-β-CD microwave-irradiated complex

◂

Fig. 10   Plasma concentration 
time profiles of valsartan after 
oral administration of Diovan® 
and F3 tablet formulation
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12.44°, 14.91°, 15.62°, 16.91°, 17.92°, 19.63°, 22.08°, 
22.64°, 22.89°, 25.26°, 26.32°, 28.77°, 29.50°, 30.27°, and 
34.80°. New diffractive peaks in the inclusion complex spec-
tra, the shift of drug molecule distinctive peaks, and changes 
in their relative intensities indicate the emergence of a new 
solid phase, which supports inclusion complex formation.

Scanning Electron Microscopy Studies

Figure 9 presents the results of scanning electron micros-
copy findings on the shape and particle size of valsartan, 
SBE7-β-CD, the kneading complex, and the microwave-
irradiated complex. Crystals with an amorphous appear-
ance like valsartan were found. The SEM micrograph of 
SBE7-β-CD revealed spherical particles. After going through 
the process of inclusion complexation, SBE7-β-CD became 
less spherical, had a smooth surface, and contained smaller 
particles. Within the inclusion complexes, it was noticed that 
the drug particle morphology changed significantly. A pos-
sible interaction between the valsartan and the SBE7-β-CD 
was indicated by the fact that it was impossible to separate 
the drug from the SBE7-β-CD.

Pharmacokinetic Study

After oral administration to rats, the pharmacokinetic param-
eters of valsartan in commercial formulation and F3 formu-
lation were examined. Figure 10 depicts the mean plasma 
concentration of valsartan vs. time profile in rats. The plasma 
concentrations of valsartan in the F3 formulation were found 
to be significantly greater than those seen in the product that 
is already on the market. Particularly, when compared to the 
commercial formulation, the F3 formulation produced higher 
initial plasma concentrations due to the formulation’s faster 
rate of dissolution. The non-compartmental approach is used 
to figure out the pharmacokinetic parameters, which are 
shown in Table VII. A two-way ANOVA performed between 
groups revealed a significant difference in Cmax, AUC​0-24, 
and AUC​0-∞ values at p < 0.05. The F3 formulation shows a 
significantly higher Cmax, AUC​0-24, and AUC​0-∞ of valsartan 

compared to the Diovan® (p < 0.05). The obtained values 
were close to those reported in early published article [45]. 
The AUC of the F3 formulation was about 1.4-fold higher 
than Diovan®. However, the t1/2 values of the valsartan in 
both formulations did not significantly differ. Thus, the F3 
formulation’s higher dissolving rate may increase valsartan 
absorption in rats, increasing oral bioavailability.

Conclusion

In this study, adding modified cyclodextr in like 
SBE7-β-CD made valsartan more soluble because of 
electronic interactions. The phase solubility experiments 
reveal AL-type curves; hence, inclusion complexes were 
prepared using an equal molar ratio. The values of Gibbs 
free energy (ΔGtr

°) associated with the water solubil-
ity of valsartan in the presence of cyclodextrin were all 
negative and declined with increasing concentration, 
demonstrating the spontaneous nature of drug solubilisa-
tion. Valsartan inclusion complexes were produced using 
the kneading and microwave irradiation techniques. The 
process variables in microwave irradiation technique for 
preparing valsartan and SBE7-β-CD inclusion complexes 
were optimised using a central composite face design. 
The prepared inclusion complexes were further used for 
dissolution rate testing and characterisation. The vals-
artan inclusion complexes with SBE7-β-CD microwave 
irradiation technique (VSMWC 3) showed 2.85-fold 
enhanced dissolution rate compared with pure valsar-
tan. The DSC thermographs of microwave-irradiated 
complexes indicated solid-state interaction, and X-ray 
diffraction revealed the amorphisation of valsartan in 
the complexes. The FTIR spectra indicate no signifi-
cant change in the characteristic peaks of functional 
groups. The SEM images for VSMWC 3 revealed dras-
tic changes in the structure of the inclusion complexes, 
namely, the morphology and form of the drug particles. 
The inclusion complex VSMWC 3 was formulated into 
various tablet dosage forms (F1 to F4) by adding inac-
tive ingredients using the direct compression technique. 
The tablet formulation F3 was tested in rats for bioavail-
ability based on in vitro drug release and the similarity 
factor (f2) to Diovan®. The in vivo results demonstrate 
an increase in Cmax and AUC for the tablet formulation 
F3 compared to Diovan®, thus enhancing valsartan oral 
bioavailability.
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