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Abstract

Background: Oral administration of biguanides (metformin) and sulfonylureas (gliclazide) are the most common
approach of management of type 2 diabetes in humans. Among these diabetic patients, approximately 40–60%
suffers from hypertension. Hence, the need of the day is application of polytherapy. A major challenge in
polytherapy is the drug-drug interactions that may arise. Hence, this study is focused to develop a reverse phase
high-performance liquid chromatography (RP-HPLC) method for concurrent estimation of diabetic drug metformin
and hypertension drug valsartan using C18 column and find any possible pharmacokinetic interactions between
the two drug combinations strategies, i.e., metformin-valsartan and gliclazide-valsartan in streptozotocin-induced
diabetic rats.

Result: The bioanalysis of drug-drug interaction pharmacokinetic result showed no significant difference in the tmax

of single treatment of gliclazide and single treatment of metformin or upon co-administration with valsartan.

Conclusion: Our study has shown that polytherapy of valsartan, a drug administered for hypertension along with
hypoglycemic drugs metformin and gliclazide, can be advantageous and safe in patients suffering from both
diabetes and hypertension.
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Background
Diabetes has become a growing epidemic, and the per-
centage of patient population is increasing in leaps and
bounds [1]. It is a chronic condition of metabolic dis-
order featured by elevated glucose level in blood circula-
tion [2]. This is due to the improper alteration in
regulation of protein, carbohydrate, and lipid metabol-
ism [3], due to reduction in glucose uptake by skeletal
muscle cells and uncontrolled hepatic glucose output.
Based on insulin secretion, diabetes can be classified
under two major categories: types 1 and 2, where type 1
is insulin dependent, whereas type 2 is non-insulin
dependent [4]. The concern among diabetic patients is
the multi organ damage that happens in course of the

disease if left undetected or untreated. Such patients re-
quire polytherapy wherein drug-drug interactions may
lead to adverse side effects [5, 6]. Besides mortality, the
therapeutic effect of either drug may lower or enhance
or may execute new activity which was not observed in
earlier therapeutic studies [7].
Metformin, the first known line of therapy for type 2

diabetes, acts by reducing the rate of gluconeogenesis
and enhances sensitivity of insulin [8], reducing free fatty
acids (FFA) through adipose tissue inhibition [9]. It also
showed therapeutic effect on obesity metabolic disorder
[10]. Women, who suffer from polycystic ovary syn-
drome (PCOS), sometimes rely on this drug for ovula-
tion and regular menstrual cycle [11, 12]. The chemical
structure of metformin is shown in Fig. 1. Apart from
metformin, another drug, i.e., a sulfonylurea, gliclazide is
frequently prescribed to control type 2 diabetes.
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Gliclazide is known to shield pancreatic beta cell apop-
tosis induced due to hyperglycemia [13–15] and its
therapeutic effect on plaque formation in arteries,
thereby reducing atherogenesis in hyperglycemic pa-
tients [16].
The prevalence of hypertension among diabetic pa-

tients is very high, accounting to 75% of coexistence
[17]. Valsartan, an angiotensin II receptor blocker, is the
common treatment option for hypertension [18]. The
chemical structure of valsartan is shown in Fig. 2. Since
these patients are subjected to polytherapy, there arise
possibilities of occurrences of interactions between
valsartan-metformin and valsartan-gliclazide. Hence, our
study is aimed to look for possible drug interaction ef-
fect of antihypertensive drug valsartan along with met-
formin. Hence, RP-HPLC method is developed, which
can be applied for routine laboratory analysis, forced
degradation studies, and pharmacokinetic studies (as
well as in laboratory analysis, forced degradation stud-
ies). In our previous study, we had developed a method
(RP-HPLC) for concurrent estimation of gliclazide and
valsartan [19].
Clinical studies illuminating drug-drug interaction is

an important parameter for polytherapy. Various studies
have thrown light on drug-drug interactions of which
one of the studies has shown reduced hypoglycemic ef-
fect of gliclazide upon prolonged co-administration with

anti-hypertensive drug lisinopril [20, 21]. An in vivo
study in diabetic rat and rabbit revealed synergistic effect
of gliclazide upon co-administration with anti-
hyperlipidemic drug pravastatin [22]. Another study by
Patel and Kothari revealed no drug-drug interaction be-
tween pitavastatin (cholesterol-lowering drug) and can-
desartan (anti-hypertensive drug) [23]. In this study, we
have focused on the effects of valsartan with either gli-
clazide or metformin by concomitant administration in
diabetic rats.

Materials
Ethical approval
All experimental procedures and protocols used in the
animal study were reviewed and approved by the Institu-
tional Animal Ethical Committee (IAEC/1657/CMRCP/
T2/PH), Vijaya College of Pharmacy, Hyderabad, Telan-
gana, India.
Torrent Pharmaceutical Ltd., Ahmedabad, supplied

valsartan, gliclazide, and metformin. The working stand-
ard was kindly provided by Lupin Pharma, India. All
other reagents were procured from E. Merck, (India)
Ltd., and are HPLC grade. The D-glucose GOD-POD
colorimetric assay kit was supplied by Excel Diagnostic
Center, Hyderabad. Streptozotocin was obtained from
Sigma.

Methods
Parameters of chromatography
The HPLC from Waters Company was integrated with
XTerra® C18 column of 5 μm (with features 4.6X250
mm) for separation. Mobile phase was fixed to mixture
of phosphate buffer and methanol in 60:40 ratio, and the
rate of flow was 1 mL.min−1. The filtration of the mobile
phase was performed by using a 0.2-μm membrane filter.
Chromatographic procedure was performed at RT.

Preparation of standard solutions
To prepare standards, metformin and valsartan were
each weighed 100 mg and added into 10mL of a solvent
which is a mixture of phosphate buffer and methanol in
60:40 ratio. By adding another 15 mL of phosphate buf-
fer and methanol solution, the final volume was made
up to 25mL. The stock solution was subjected to sonic-
ation for 15 min, and by mixing 75 mL of diluent, the
volume was made up to 100 mL to achieve a 1 mg/mL
stock solution. Standard stock solution was diluted to
achieve 2 to 20 μg.ml−1 as final concentration for valsar-
tan, whereas metformin final concentration was set to
3.12 to 100 μg.ml−1.

Validation of the method
The following RP-HPLC parameters were validated as
per ICH guidelines [24].

Fig. 1 Structure of metformin

Fig. 2 Structure of valsartan

Patra et al. Future Journal of Pharmaceutical Sciences           (2021) 7:157 Page 2 of 10



Linearity
The standard (metformin and valsartan) stock solutions
were diluted with mobile phase. The final concentration
of valsartan was in the range of 2 to 20 μg.ml−1 whereas
the final concentration of metformin was 3 to
100 μg.ml−1. A volume of 20 μL was injected into C18
column. The calibration graph was achieved by peak
area on Y-axis versus concentration of valsartan and
metformin on X-axis.

Accuracy
Accuracy was validated in triplicate by addition of three
different amounts of valsartan and metformin to previ-
ously analyzed samples. The quantities of analytes recov-
ered were compared with the quantities of drugs
injected. The quantities added were equivalent to 50,
100, and 150% of the amount originally presented.

Precision
To evaluate precision, 6 tests of both the drugs of 10
and 30 μg.ml−1 were injected into the column. This pro-
cedure was performed on a single day (which is also
called intraday precision) as well as on three different
days (which is also called intermediate precision).

Limit of detection and quantitation
The minimum concentrations of each drug which was
able to produce LOD was minimum S/N of 3. The mini-
mum quantity of each drug was quantified by this
method is called LOQ.

Method applicability and system suitability
The devised method was validated by applying pharma-
ceutical dosage forms for the estimation of valsartan and
metformin, to evaluate the system suitability. The analyt-
ical procedure of the system was carried out by perform-
ing system suitability tests. Various parameters were
evaluated such as theoretical plate number (N), tailing

factor, retention time, resolution, area, and % peak area
were analyzed. Twenty microliters of the working stand-
ard solution of valsartan (10 μg.ml−1) and metformin
(25 μg.ml−1) was injected into the column for 6 times.

Analyzed method specificity
It was monitored to achieve clear peaks for both the
drugs avoiding interference (from drug impurities or sol-
vents) by the proposed method.

Robustness
To execute the robustness of designed method, analyzed
standard concentrations (n = 6), i.e., 10 μg/mL of valsar-
tan and 30 μg/mL of metformin, were done using two
different columns of the same make.

Pharmacokinetic study
Male Wistar rats were obtained from Vab Bioscience,
Hyderabad, India, with the approval of Committee for
the Purpose of Control and Supervision of Experiments
(282/PO/RcBt/2000/CPCSEA). Starved (12 h) animals
(male Wistar rats) were induced with diabetes by inject-
ing freshly prepared streptozotocin of 0.220 to 0.250 mL
(60.0 mg streptozotocin dissolved in 1 mL of 0.010M
Citrate buffer, pH 4.5) intraperitoneally amounting to
dose of 60 mg.kg−1 as the final one. The animals were
handled as per the approved protocol of Institutional
Animal Ethical Committee. Prior to the induction of dia-
betes, animals were placed in optimum conditions with
atmospheric humidity of 50.0% and supplemented with
pellet diet and water ad libitum. The hyperglycemic con-
dition was assessed by measuring the concentration of
glucose in non-fasting serum post 48 h of induction.
Total of six groups were made, i.e., four groups of indi-
vidual treatment of gliclazide, metformin and valsartan
(to diabetic as well as healthy rats). To the remaining
groups, combination treatment is given, i.e., gliclazide

Fig. 3 Typical chromatogram of valsartan and metformin was
obtained by injecting 20 μL of each drug solution with flow rate 1
mL per minute performed with UV detector at 238 nm.

Table 1 System suitability: metformin-valsartan

S. No. Metformin (30 μg.ml−1) Valsartan (10 μg.ml−1)

1 30.019 9.420

2 29.168 9.159

3 28.839 9.238

4 29.139 9.550

5 29.05 9.289

6 28.939 9.150

Standard deviation 0.423 0.157

Mean 29.192 9.301

CV (%) 1.450 1.688

Accuracy (%) 97.31 93.01

μg.ml−1, microgram per milliliter; % CV, the percentage of coefficient
of variation
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and valsartan, and metformin and valsartan were admin-
istered to diabetic rats. Plasma sample segregates from
blood were obtained at different time intervals (zero (0),
1, 2, 4, 6, 8, till 24 h) post drug administration.
The plasma samples were processed for HPLC ana-

lysis. All the samples were evaluated using reverse phase
HPLC method developed by us. Phenformin (10 μL of
40 μg/mL) was used as an internal standard. Twenty
microliter of supernatant was injected into C18 column
to estimate gliclazide and valsartan individually and to-
gether. The chromatographic conditions were set with
mobile phase acetonitrile (45:55); phosphate buffer pH
was set at 4.80, and pressure was set at 190 to 210 kg.f/
cm3; flow rate was set at one mL.min−1; procedure was
performed at room temperature; and UV detector

wavelength was set at 234 nm [19]. To estimate metfor-
min and valsartan in rat plasma simultaneously, the
chromatographic conditions such as mobile phase was
set at phosphate buffer (pH 4), acetonitrile 60:40 v/v re-
spectively; pressure was set at 190 to 210 kg.f/cm3; flow
rate was set at 1 mL.min−1; procedure was performed at
RT; UV detector was set at wavelength of 238 nm; and
injection volume was 20 μL. Various concentrations
such as 0.050, 0.10, 0.50, 1.0, 5.0, 10.0, 20.0, and
40.0 μg.ml−1 of metformin, gliclazide and valsartan were
prepared using rat plasma for standard calibration curve.
The peak area of all three drugs (metformin, gliclazide,
and valsartan) was recorded for further analysis. Animals
were sacrificed by deep burial, following cervical
dislocation.

Fig. 4 a Calibration curve of valsartan. b Calibration curve of metformin.
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Statistical analysis
For analysis, the Win Nonlin® 5.1 software was used.
The pharmacokinetic units such as highest plasma con-
centrations achieved (Cmax), tmax denotes time for
achievement of maximum concentration, the area under
the curve is represented by AUC, and t½ represents
elimination half-life, whereas AUC0-t denotes the area
the under the curve between time 0 to 24 h, while
AUC0-α represents the area under the curve from time
at 0 h to infinity. Pharmacokinetic and pharmacody-
namic statistical comparisons between individual and in
combination of anti-diabetic drugs, which were used in
this study, i.e., metformin and gliclazide and antihyper-
tensive drug valsartan, were evaluated using students
paired t test. Statistical significance was considered to be
P < 0.05. Mean ± S.E.M was determined to decipher the
relationship between total plasma concentrations and
pharmacokinetic and pharmacodynamic parameters.

Results
Method development and validation
The developed method is robust for the simultaneous
evaluation of both metformin and valsartan. For

optimization of chromatographic conditions, buffering
systems of various combinations were tested such as
acetonitrile-methanol, methanol-water, and acetonitrile-
water. The other parameters were also taken into con-
sideration for optimization such as detection wavelength,
flow rate, volume of injection, and temperature. At
wavelength of 238 nm, both valsartan and metformin
analytes were found to be free from interferences and
the peaks were well defined. Typical chromatograms of
metformin and valsartan are shown in Fig. 3.

System suitability
The system suitability pertaining to the proposed
method was performed by applying 6 injections (metfor-
min of 30 μg.ml−1 and valsartan of 10 μg.ml−1). %Coeffi-
cient of variation (CV) of 1.688 and 1.450 was observed
for valsartan and metformin respectively. Data is shown
in Table 1.

Linearity
The linearity of valsartan and metformin API were cal-
culated by plotting calibration curve keeping peak of
area on Y-axis against respective concentrations on X-

Table 2 System suitability: valsartan-metformin

Valsartan Concentrations (μg.ml−1) Area

1 2 3 Average

2.00 3209.00 3235.00 3141.00 3195.00

4.00 6597.00 7053.00 6329.00 6660.00

8.00 13978.00 13964.00 12910.00 13617.00

16.00 26973.00 26949.00 24405.00 26109.00

20.00 32056.00 31936.00 30782.00 31591.00

Intercept 346.410 588.730 291.420 408.850

Slope 1621.00 1603.00 1522.00 1582.00

Standard deviation 158.186

LOQ (μg.ml−1) 0.999

LOD (μg.ml−1) 0.329

Metformin Concentrations (μg.ml−1) Area

1 2 3 Average

3.00 625.00 623.00 624.00 624.00

15.00 3125.00 3115.00 3120.00 3120.00

30.00 6250.00 6230.00 6240.00 6240.00

60.00 11250.00 11214.00 11232.00 11232.00

100.00 18750.00 18690.00 18720.00 18720.00

Intercept 322.900 321.900 322.400 322.400

Slope 184.50 183.90 184.20 184.200

Standard deviation 0.5

LOQ (μg.ml−1) 0.027

LOD (μg.ml−1) 0.008

μg.ml-1, microgram per milliliter; LOD, Limit of detection; LOQ, Limit of quantification
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axis which was found to be in the linearity range be-
tween 2 and 20 μg.ml−1 for valsartan, whereas the linear-
ity for metformin was observed between 3 to
100 μg.ml−1 for metformin (Fig. 4a, b). The respective
linear regression equation was recorded as y = 1582x +
408.85 for valsartan, whereas y = 184.2x + 322.40 for
metformin. Other parameters such as intercept, %RSD,
and slope were calculated for the study which is pre-
sented in Table 2.

Accuracy
Accuracy is the recovery of each drug (valsartan and
metformin) analytes at 80%, 100%, and 120% of men-
tioned concentrations which were found to be on an
average 97.03% for valsartan and 105.75% for metformin.
The recovery values obtained for both valsartan and
metformin are in the acceptable range of 90 to 110 % as
per the reports available in literature [25]. It is worthy to
note that the recovery values obtained in this study are
also similar to the ones reported by us earlier for the
RP-HPLC method development of valsartan and glicla-
zide [19]. The data is shown in Table 3.

Precision
Value of 0.38 and 0.65 % RSD was achieved for valsartan
and metformin respectively in the intraday experiment
(Table 4). Value of 0.306 and 0.466% of relative standard
deviation observed for valsartan and metformin respect-
ively in inter-day experiments (Table 5).

LOQ and LOD
Value of 0.329–0.999 μg.ml−1 was observed as LOD and
LOQ for valsartan, and value of 0.008–0.027 μg.ml−1 was
observed as LOD and LOQ for metformin. The data
thus obtained proved the sensitivity of the method.
Broad range of concentrations of analytes of valsartan
and metformin can be estimated using the developed
method. The data is presented in Table 2.

Specificity and robustness
During the RP-HPLC run of valsartan and metformin
API, no additional or extra peaks were found. Hence,
there was no interference from any other reagents used
in the procedure. The mean (n = 6) percentage of coeffi-
cient of variation of robustness for valsartan was 1.17

Table 4 Method precision: metformin-valsartan

S. No. Metformin (30 μg.ml−1) area Valsartan (10 μg.ml−1) area

1 6230.00 16058.00

2 6240.00 16104.00

3 6250.00 16207.00

4 6148.00 16191.00

5 6172.00 16112.00

6 6218.00 16197.00

Standard deviation 40.62 61.649

Mean 6210 16145

%RSD 0.65 0.38

μg.ml−1, microgram per milliliter; SD, standard deviation; %RSD, the percentage of relative standard deviation

Table 3 Accuracy: valsartan-metformin

Accuracy of valsartan Accuracy of metformin

Conc.
(μg.ml−1)

Calculated Conc.
(μg.ml−1)

%
Recovery

Mean SD %
CV

Conc.
(μg.ml−1)

Calculated Conc.
(μg.ml−1)

%Recovery Mean SD %CV

4.510 90.2 90.06 0.500 0.555 15.160 101.07 101.20 0.11 0.100

5 4.480 89.6 15 15.190 101.27

4.520 90.4 15.190 101.27

10.100 101.0 101.0 0.680 0.670 32.340 107.80 107.06 0.780 0.730

10 10.170 101.7 30 31.880 106.27

10.030 100.3 32.130 107.10

15.070 100.46 100.04 0.40 0.420 48.980 108.840 109.00 0.156 0.143

15 14.950 99.67 45 49.060 109.020

15.000 100.0 49.120 109.15

Conc, concentration; μg.ml−1, microgram per milliliter; %, percentage; SD, standard deviation; % CV, the percentage of coefficient of variation
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whereas, for metformin, it was 1.64 using column 1.
Using column 2, the values were 1.36 and 1.58 for met-
formin and valsartan. The data pertaining to this is pre-
sented in Table 6.

Pharmacokinetic study
Effect of valsartan on metformin bioavailability
The experiment was executed to estimate the possible
effect of valsartan on metformin bioavailability, when
administered simultaneously. We found that, on day
1, the Cmax was 25.74 ± 0.39 μg/mL and 26.93 ±
0.12 μg/mL for metformin treatment and combina-
tions of metformin and valsartan post 2 h (tmax) ad-
ministration respectively. On day 8, the maximum
plasma concentration was observed as 32.919 ±
0.220 μg.ml−1 and 32.610 ± 0.099 μg.ml−1 for metfor-
min and in the mixture of metformin and valsartan
post 2 h (tmax) administration respectively. On both
day 1 and day 8, the Cmax and tmax values for both
conditions showed no change between administration

of metformin alone and in combination of
metformin-valsartan. Similarly, no significant differ-
ences were observed with other measurements such
as AUC (0-24h) and t1/2. Comparison graphs are shown
in Fig. 5 for day 1 and day 8 respectively.

Effect of valsartan on gliclazide bioavailability
Upon simultaneous administration, it was observed that
on day 1, the Cmax was 11.54 ± 2.14 μg.ml−1 and 18.329
± 0.12 μg.ml−1 for gliclazide only and combinations of
gliclazide and valsartan post 2 h (tmax) administration re-
spectively whereas, on day 8, plasma concentration was
found to be 25.829 μg.ml−1 which was recorded max-
imum and 26.93 μg/mL for treatment like gliclazide and
gliclazide-valsartan at 2 h administration respectively.
The maximum plasma concentration values for both
conditions revealed no significant difference between ad-
ministration of gliclazide and gliclazide-valsartan doses.
The comparison graphs are shown in Fig. 6.

Table 6 Robustness: metformin-valsartan

S. No. Column 1 Column 2

Metformin (30 μg.ml−1) Valsartan (10 μg.ml−1) Metformin (30 μg.ml−1) Valsartan (10 μg.ml−1)

1 29.1200 8.9200 29.0900 9.1200

2 28.5700 9.0600 28.1900 9.0600

3 29.8400 8.9900 28.2400 8.8900

4 29.0400 8.8500 28.5400 8.7500

5 28.8500 8.7900 28.4500 9.0900

6 29.6400 9.0200 29.0400 9.0200

SD 0.4800 0.1000 0.3890 0.1400

Mean 29.1766 8.938 28.5196 8.9883

CV (%) 1.6400 1.1700 1.3600 1.5800

Accuracy (%) 97.2600 89.3800 95.3100 89.8800

μg.ml−1, microgram per milliliter; ± SD, plus or minus standard deviation; % CV, the percentage of coefficient of variation

Table 5 Intermediate precision of valsartan and metformin

No. of
injections

Metformin (30 μg.ml−1) area Valsartan (10 μg.ml−1) area

Days Days

1 2 3 Average 1 2 3 Average

1 6218.0 6111.0 6105.0 6145.0 16126.0 16010.0 15994.0 16043.0

2 6128.0 6221.0 6215.0 6188.0 16172.0 16156.0 16040.0 16122.0

3 6218.0 6131.0 6225.0 6191.0 16175.0 16158.0 16142.0 16158.0

4 6136.0 6130.0 6123.0 6130.0 16159.0 16142.0 16126.0 16142.0

5 6160.0 6153.0 6247.0 6187.0 16080.0 16264.0 16148.0 16164.0

6 6206.0 6199.0 6193.0 6199.0 16165.0 16148.0 16232.0 16182.0

SD 41.360 43.450 57.670 28.750 36.886 80.850 84.715 49.519

Mean 6177.6 6157.0 6185.0 6173.2 16146.1 16146.3 16113.6 16135.1

RSD (%) 0.67 0.706 0.93 0.466 0.228 0.5 0.527 0.306

μg.ml−1, microgram per milliliter; SD, standard deviation; %RSD, the percentage of relative standard deviation
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Discussion
In this study, we have focused on the effects of valsartan
and gliclazide by concomitant administration in diabetic
rats, as diabetes and hypertension majorly exist in elder
subjects [26]. The results of our study revealed that val-
sartan has no effect on gliclazide during concomitant ad-
ministration. An in vivo study in diabetic rat and rabbit
revealed synergistic effect of gliclazide upon co-
administration with pravastatin which is an anti-
hyperlipidemic drug [22]. In addition to it, while study-
ing the pharmacokinetic interaction between metformin-
valsartan and gliclazide-valsartan, we simultaneously
evaluated the effect of valsartan in healthy rats. The bio-
availability of valsartan was found to be Cmax of 3.919 ±
0.030 μg.ml−1 and 2.720 ± 0.030 μg.ml−1 in diabetic and
healthy rats respectively at 2 h on day 1. Similar results

were observed on day 8. The data is presented in supple-
mentary Fig. 1. We found that the bioavailability of val-
sartan did not affect metformin or gliclazide
combinational treatment in hyperglycemic rats with ap-
proximately Cmax of 3–4 μg.ml−1 at 2 h on both day 1
and day 8. The data is shown in supplementary Fig. 2
and Fig. 3. The elimination half-life, i.e., t1/2 of metfor-
min, is 5 h [27]. Drug-drug interaction of metformin
with cefepime (cephalosporin, an antibiotic drug) in dia-
betic rat revealed reduced hypoglycemic effect of metfor-
min [28].
No drug-drug interaction between metformin-

valsartan and gliclazide-valsartan was further confirmed
by comparing the blood glucose level and found 52.36%
and 64% reduction of glucose level from gliclazide and
valsartan samples treated for 4 h. Individual treatment
with gliclazide showed around 54% and 62% of glucose
level reduction on day 1 and day 8 respectively (data is
presented in supplementary Fig. 4). Likewise reduction
in glucose level was observed at 51% and 48% from com-
binational treatment of metformin and valsartan on the
1st day and on 8th day respectively, whereas individual
treatment on same conditions showed glucose level re-
duction of 55% and 54% on the 1st day and on 8th day
respectively (data is presented in supplementary Fig. 5).

Conclusion
In this study, the RP-HPLC method developed and vali-
dated is robust for estimation of metformin and valsar-
tan concurrently. Shorter run times and cost
effectiveness are the advantages of the developed
method. When samples are to be analyzed in bulk, the
above-mentioned features are important for any RP-
HPLC method. No interference of any other reagents
used in this procedure confirmed from the peaks of the
chromatogram. We were able to analyze the plasma
samples collected during pharmacokinetic study and
showed that the dosage of gliclazide, metformin, and
their combinational treatment with valsartan in diabetic
rats did not display any drug-drug interactions in its
pharmacokinetic parameters that are statistically signifi-
cant. Hence, it can be concluded that polytherapy of val-
sartan with hypoglycemic drugs metformin and
gliclazide can be advantageous and safe in patients suf-
fering from both diabetes and hypertension.

Abbreviations
HPLC: High-performance liquid chromatography; RP-HPLC: Reversed phase
high-performance liquid chromatography; FFA: Free fatty acids;
PCOS: Polycystic ovary syndrome; RT: Room temperature; ICH: International
Council for Harmonization; LOD: Limit of detection; LOQ: Limit of
quantitation; UV: Ultraviolet; AUC: Area under the curve; RSD: Relative
standard deviation

Fig. 6 Drug-drug interaction profile of gliclazide and valsartan (n =
6). Mean plasma concentrations (μg.ml−1)

Fig. 5 Drug-drug interaction profile of metformin and valsartan (n =
6). Mean plasma concentrations (μg.ml−1)
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Additional file 1: Supplementary Fig. 1. Valsartan effect: Comparison
in between normal and diabetic rats. Mean plasma concentrations (n = 6,
μg.ml−1).

Additional file 2: Supplementary Fig. 2. Valsartan effect on diabetic
rats in presence of metformin. Mean plasma concentrations (n = 6, μg.ml
−1).

Additional file 3: Supplementary Fig. 3. Valsartan effect on diabetic
rats in presence of Gliclazide. Mean plasma concentrations (n = 6, μg.ml
−1).

Additional file 4: Supplementary Fig. 4. Comparison of blood
glucose level reduction between only Gliclazide and combinational
administration (Gliclazide plus Valsartan) on both day 1 and 8.

Additional file 5: Supplementary Fig. 5. Comparison of blood
glucose level reduction between metformin alone and combinational
administration (metformin plus Valsartan) on both day 1 and 8.
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