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Abstract

Glimepiride and sildenafil citrate are metabolized in liver by cytochrome p450,
and there is a possibility of drug interactions if they are taken together. Therefore, a
simple and sensitive method for simultaneous determination and validation of sildenafil
with glimepiride in rat plasma has been developed by using high performance liquid

flow rate of 0.5 mL/min was used, the autosampler injection volume was 5 L, and
clarithromycin was used as an internal standard. The accuracy for glimepiride and
sildenafil in all the three days of validation and all the four tested target concentration

requirements, linear relation (R2) ranged between; (0.994 to 1). The serum level of
both drugs was lowered when combined together, in comparison Serum sildenafil level

found to decrease significantly when it is used in a combination (34.5 ng/mL) compared

chromatography—mass spectrometry (HPLC-MS). A mixture of 70% methanol, 30%
of 0.1% formic acid in water was used as a mobile phase, ACE 5 C18 column, the

was 99.7% and 98.9% respectively. The standard curves for both drugs matched the

was affected by the combination to a greater extent than glimepiride. Sildenafil was
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to solitary drug use (57.8 ng/mL).

INTRODUCTION

Glimepiride and Sildenafil are drugs used frequently by male
patients, Glimepiride is a drug used for the treatment of diabetes
in human, and it is used chronically for maintaining glucose level
within normal range and used for the management of type 2
diabetes mellitus [1-4]. Moreover, diabetes patients suffer from
erectile dysfunction so they use sildenafil citrate (Figurel) for
treatment of this dysfunction [5,6], since both of these drugs are
metabolized in liver they are eliminated via hepatic metabolism,
mainly by the cytochrome P450 3A4 isoenzyme [7,8].

After oral administration, Glimepiride (Figure 2) is completely
(100%) absorbed from the human gastrointestinal tract (GI tract)
[9,10] and is extensively metabolized by hepatic cytochrome
enzymes. Cytochrome P450 2C9 isoenzyme is involved in the
biotransformation of glimepiride [11].

The benefits of pre-clinical studies are to provide a clinical

principle regarding mechanism of action and efficacy, guide
schedule and dose escalation schemes, provide information for
selection of test species, aid in start dose selection, selection of
investigations biomarkers, justify pharmaceutical combinations,
understand pharmacodynamic properties [12]. Validation of an
analytical method is conducted to assure that the performance
characteristics of the method meet the requirements for
the intended analytical application and is capable of giving
reproducible and reliable result [13-18]. As per literature there
are several methods available for describing the validation of
Sildenafil or Glimepiride in drug formulation or in plasma and
only one published procedure for simultaneous determination
of both actives in human plasma using HPLC-UV method [19].
These methods indicated that HPLC was a reliable way for
the determination of Sildenafil in various samples, such as
pharmaceutical preparations, soft drinks, serum and other
biological fluids, and to determine its pharmacokinetics
parameters [20-23]. On the other hand, there are many methods
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Figure 2 Glimepiride chemical structure.

which have described the validation of Glimepiride in drug
formulation and plasma. The HPLC was widely used method
for the determination of Glimepiride and related compounds
in pharmaceutical preparations and plasma. These developed
assay methods were successfully applied to a pharmacokinetic
study in human, animal and bulk formulation [24-28]. As
observed in previous studies there are no specific methods for
the determination of Sildenafil and Glimepiride simultaneously
in the animal plasma using LC-MS method. Therefore, the main
objective of this study is to determine a specific phosphodiestrase
type (5) inhibitor (Sildenafil) with a sulfonylurea anti-diabetic
(Glimepiride) in animal plasma by one simultaneous method
using a validated HPLC-MS method and to determine the possible
pharmacokinetic interactions between Sildenafil citrate and
Glimepiride when they are prescribed together.

EXPERIMENTAL
Reagents and drugs

Nanopure deionized water, methanol, sodium hydroxide,
formic acid and acetonitrile advanced gradient grade (Fisher
scientific). Rats Plasma (harvested from Animals) and Sildenafil,
Glimepiride and Clarithromycin raw materials were kindly
obtained from Jordan Pharmaceuticals Manufacturing (JPM) Co.,
Amman-Jordan.

Instrumentation

An API Mass spectrometer was used which was composed
of degasser (Agilent 1260), solvent delivery systems pump
(Agilent 1200), auto-sampler (Agilent 1200), thermostat column

compartment (Agilent 1200), API 3200 mass spectrometer,
chromatographic column ACE 5, C18 (50 x 2.1 mm), 5um, bath
sonicator Crest model-175T (Ultra Sonics CORP.), Sartorius
balance BP 2215, Sartorius PH meter (Professional meter PP-
25), centrifuge (eppendorf 5417C), centrifuge (Hettich EBA 20)
Tuttlingen.

In vivo study protocol

Adult male Sprague Dawley rats (200+20g) were purchased
from Yarmouk University (Irbid, Jordan) and accommodated for
10 days prior experimentation in the Animal House at University
of Petra (Amman, Jordan) under standard temperature (22+22C),
relative humidity (50-60%) and constant 12 hr dark-light
cycle. All rats were offered standard pellet chaw and tap water
ad libitum. The rats were divided into three groups (n=7 rats/
group): the first group received Glimepiride only (0.75mg/kg);
the second group received Sildenafil citrate only (1.75 mg/kg),
while the third group received both drugs simultaneously at the
same doses of single administration. All animals fasted for 18 hr
before being tested (water ad libitum) and drug solutions were
administered orally using a stainless steel oral gavage needle
(Harvardapparatus, UK). At specific time intervals namely, 0, 0.5,
1, 2, 3, 4 and 6 hr, blood samples were pooled from each rat tail
vein. Collected blood samples were allowed to clot for 10 min
then centrifuged at 5000 rpm (2404 x g) using a Hettich EBA 20
centrifuge, serum samples were collected and placed in labelled
eppendorf tubes and stored at -20°C until requested for analysis.
The study was approved by the ethical committee of graduate
studies at faculty of pharmacy and medical sciences of University
of Petra (March, 2013).
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Preparation of solutions

A known quantity of Glimepiride raw material (0.015 g) was
dissolved in 1.0 L of sodium hydroxide solution (0.10 M) and
0.035 g of Sildenafil raw material was dissolved in 100.0 mL of
sodium hydroxide solution (0.10 M).

Then 10.0 mg of Glimepiride working standard was dissolved
in 0.5 mL of dimethylsulfoxide, then the volume was completed
to 10.0 mL by water to get concentration 1.0 mg/mL stock
solution for animals, and 10 mg of Sildenafil working standard
was dissolved in 10.0 mL of water to obtain concentration of 1.0
mg/mL stock solution, then 200.0 pL from stock solution (from
each of Glimepiride & Sildenafil) was added to 10.0 mL of 50%
methanol in volumetric flask to obtain 20.0 pg/ mL working
solution.

Preparation of internal standard solution

Equivalent to 10.0 mg of Clarithromycin working standard
was dissolved in 10.0 mL methanol to get concentration of 1.0
mg/mL stock solution. A 25.0 pl from Clarithromycin stock
solution was added to 250.0 mL of acetonitrile in dispenser bottle
to obtain 100.0 ng/mL clarithromycin as a working solution.

Preparation of glimepiride and sildenafil standard
serial dilution and spiked plasma

Samples of standard curve in plasma were prepared from
working solution in serial dilutions into 10.0 mL of plasma, using
seven concentrations, not including zero to obtain standard
concentrations of 5.0, 10.0, 25.0, 50.0, 100.0, 150.0 and 200.0 ng
/mL for each of Glimepiride and Sildenafil in plasma.

Preparation of glimepiride and sildenafil qc serial
dilution and spiked plasma

Samples of QC in plasma were prepared from working
solution in serial dilutions into 10.0 mL of plasma to obtain
QC concentrations of 15.0, 100.0 and 160.0 ng /mL for each of
Glimepiride and Sildenafil in plasma.

Method of extraction

To 0.05 mL of plasma sample, 100 pl of internal standard
(10 ng/mL Clarithromycin in acetonitrile) was added in a 1.50
mL eppendorf tube, it was vortex-mixed for 1.0 min, then it was
centrifuged for 15 min at 1200 rpm, and the supernatant was
transferred into auto-sampler vials.

Table 1: Chromatographic Conditions and Mass Spectrometric Conditions.

Validation method

The validation method was carried out according to the
ICH guidelines in validation parameters and chromatographic
conditions are given in Table 1.

Accuracy and precision

Within-batch accuracy and precision evaluations were
determined by analysis of 6 replicates quality control samples
from each level. The quality control samples were randomized
daily, processed and analyzed in position either.

Specificity and sensitivity

The specificity of the method was evaluated by screening six
different lots of blank plasma. These lots were analyzed as blank
and zero samples then compared with LLOQ to confirm lack of
endogenous peaks.

Linearity

Each calibration curve was completed by plotting the ratio
versus nominal concentration values.

Statistical analysis (Pharmacokinetic)

Data were translated into a computerized database structure.
The database was examined for errors using range and logical
data cleaning methods, and inconsistencies were remedied.
An expert statistical advice was sought for. Statistical analyses
were done using SPSS version 20 computer software (Statistical
Package for Social Sciences).

The 95% prediction interval in a linear regression model is a
statistical procedure to anticipate or predict the expected range
of possible correct values of the mean predicted concentration
with 95% confidence.

The statistical significance of difference in mean of a normally
distributed variable, like drug concentration between 2 groups
was assessed using the independent samples Student’s t-test.
The statistical significance of mean calculated errors between
predicted and target concentration was assessed by paired t-test.

Difference between 2 means is a measure of effect size
presented inits original units of measurements. It equals the mean
of a quantitative outcome variable in a test group minus that of a
comparison group. Its usefulness is limited for comparison with
other contexts of similar units of measurements and magnitude

Pump Autosampler Injection Volume Autosampler Column Oven Temp.
HPLC Conditions Flow Rate Temp.
0.5 mL/ min 5mL 4°C 45°C
Mobile phase: mixture of (70 % Methanol, 30 % of 0.1% FA in Water)
Chromatography Column type: ACE 5 C18 Column (50 X 2.1 mm), 5p
Expected Retention times . .. . ) . .
(minutes): Glimepiride & Sildenafil (1-2)| Clarithromycin(IS) (0.5-1.5)
Analytes Q1 Mass Q3 Mass DP EP CEP CE CXP
MRM Detection Conditions |Glimepiride& Sildenafil 427.821 125.1 51 11.5 16 33 4
Clarithromy-cin (IS) 247.979 130.1 75 11 30 33 4
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of mean. The difference between 2 means as a measure of effect
is affected by the units of measurement for the variable and
the amount of variability (SD). Therefore such a measure is not
useful to compare the effect size across different type of variables
or different studies.

A multiple linear regression model was used to study the net
and independent effect of a set of explanatory variables, like “Day
of validation”, “Type of drug assessed: sildenafil drug compared
to glimepiride” and “Target (standard) concentration” on a
quantitative outcome (dependent) variable like measurement

error.

RESULTS AND DISCUSSION

Validation

Precision for glimepiride: On the first day of validation,
the variability of errors (precision) in predicted concentration
ranged between as low as 2.2% to a maximum Coefficient of
Variation of (CV%) of 8.8% at the high target concentration. on
the second day of validation, the variability of errors (precision)
in predicted concentration ranged between as low as 2.6%
observed with the High concentration of target of 160 ng/mL to
a maximum Coefficient of Variation of (CV%) of 5.1% at the Mid
target concentration of 100 ng/mL. on the third day of validation,

Table 2: The Mean Measurement Error and Accuracy for Glimepiride Validation Experiment on 4 Selected Targ Concentrations.

Drug validated is Target (standard) Calculated (predicted) Measurement error (ng/ P -
Glimepiride conc (ng/mL) conc (ng/mL) mL) P (paired t-test)
(n=6) (n=6) %
Third day of validation
LLOQ 0.9[NS]
Range (5to05) (4.62 to 5.23) (-0.38t0 0.23) (92.4 t0 105)
Mean 5 5.01 0.01 100.3
SD 0.26 0.26 5.15
SE 0.105 0.105 2.101
CV% 5.10%
Low 0.79[NS]
Range (15 to 15) (13.4to 16) (-1.6to 1) (89.2t0 107)
Mean 15 14.88 -0.12 99.2
SD 1.02 1.02 6.78
SE 0.416 0.416 2.767
CV% 6.80%
Mid 0.92[NS]
Range (100 to 100) (94.2 to 104) (-5.8to 4) (94.2 to 104)
Mean 100 99.83 -0.17 99.8
SD 3.83 3.83 3.83
SE 1.563 1.563 1.563
CV% 3.80%
High 0.35[NS]
Range (160 to 160) (147 to 168) (-13to 8) (91.8 to 105)
Mean 160 156.33 -3.67 97.8
SD 8.64 8.64 5.48
SE 3.528 3.528 2.237
CV% 5.40%
Overall day-3 0.32[NS]
Mean -0.98 99.3
SD 4.71 5.14
SE 0.961 1.049
over?lli;zro(f;gigt?:;) el 0.64[NS]
Mean -0.31 99.7
SD 5.71 5.28
SE 0.673 0.622
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the precision of predicted concentration ranged between as low
as 3.8% observed with the Mid concentration of target of 100 ng/
mL to a maximum coefficient of variation of (CV %) 6.8% at the
Low target concentration of 15 ng/mL.

Precision for sildenafil: On the first day of validation, the
precision of predicted concentration ranged between 4.1%
observed with the low concentration of target of 5 ng/mL to
a maximum Coefficient of Variation of (CV %) of 5.9% at the
high target concentration of 160 ng/mL. on the second day of
validation, the precision of predicted concentration ranged
between 3.9% observed with the high concentration of target

of 160 ng/mL to a maximum Coefficient of Variation of (CV %)
6.8% at the LLOQ target concentration of 5 ng/mL. on the third
day of validation, the precision of predicted concentration ranged
between as low as 4.3% observed with the low concentration of
target of 5 ng/mL to a maximum Coefficient of Variation of (CV
%) 6.7% at the high target concentration of 160 ng/mL as shown
in Table 3. The Sildenafil blank chromatogram is shown in Figure
3.

Accuracy and measurement error

Glimepiride: The mean measurement error on the first day

Table 3: The Mean Measurement Error and Accuracy for Sildenafil Validation Experiment on 4 Selected Target Concentrations.

Drug validated is Target ((;ta;l:l:;d) conc Calc::)a‘::(zn(p;;(:‘i)c U0 Measurement error (ng/ Accuracy P
Sildenafil (§1= 6) (n=g6] mL) % (paired t-test)
Third day of validation
LLOQ 0.14[NS]
Range (5to05) (4.52t0 5.27) (-0.48t0 0.27) (90.5 to 105)
Mean 5 4.80 -0.21 95.8
SD 0.29 0.29 5.60
SE 0.118 0.118 2.288
CV% 5.8%
Low 0.24[NS]
Range (15to 15) (14 to 15.7) (-1t0 0.7) (93 to 105)
Mean 15 14.65 -0.35 97.7
SD 0.65 0.65 4.45
SE 0.264 0.264 1.819
CV% 4.3%
Mid 0.72[NS]
Range (100 to 100) (91.2to 108) (-8.8t0 8) (91.2 to 108)
Mean 100 100.88 0.88 100.9
SD 5.70 5.70 5.70
SE 2.328 2.328 2.328
CV% 5.7%
High 0.61[NS]
Range (160 to 160) (149 to 181) (-11to 21) (92.9t0 113)
Mean 160 162.33 2.33 101.3
SD 10.65 10.65 6.67
SE 4.349 4.349 2.722
CV% 6.7%
Overall day-3 0.58[NS]
Mean 0.67 98.9
SD 5.75 5.77
SE 1.173 1.177
O 1
Mean -0.12 98.9
SD 5.03 5.31
SE 0.59 0.63
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Figure 3 Sildenafil Blank chromatogram (0.0 hr).
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of assessment ranged between a minimum of lower than 0.1 ng/
mL (lower than the target concentration) at the LLOQ to higher
than 3.0 ng/mL (greater than the target concentration) at the
high target concentration of 160 ng/mL (Figure 4). The accuracy
of mean predicted value compared to target concentration
ranged between a minimum of 98% at the LLOQ to a maximum
accuracy of 99.5% at the mid concentration for target. The overall
mean measurement error on the first day was an overestimate
of 0.56 ng/mL with an average accuracy of 99.7% (Table 2).
The mean measurement error on the second day of assessment
ranged between a minimum of lower than 0.05 ng/mL (lower
than the target concentration) at the LLOQ to as high as 4.83 ng/
mL (underestimate compared to target concentration) at the
High target concentration of 160 ng/mL. The accuracy of mean
predicted value compared to target concentration ranged
between a minimum of 97.8% at the high target concentration

of 160 ng/mL to a maximum accuracy of 99.1% at the LLOQ
concentration for target (5 ng/mL). overall all mean measurement
error on the second day was an underestimate of 0.52 ng/mL
with an average accuracy of 100.2%. The mean measurement
error on the third day of assessment ranged between a minimum
of 0.01 ng/mL (higher than the target concentration) at the
LLOQ to as high as 3.67 ng/mL (underestimate compared to
target concentration) at the high target concentration of 160 ng/
mL. The accuracy of mean predicted value compared to target
concentration ranged between a minimum of 97.8% at the High
target concentration of 160 ng/mL to a maximum accuracy of
99.8% at the Low concentration for target. The overall mean
measurement error on the third day was an underestimate of
0.98 ng/mL with an average accuracy of 99.3%. Looking at all
the 3 days of validation, the overall mean measurement error of
low concentration is 0.31 ng/mL (underestimate on average) for

J Clin Pharm 1(2): 1007 (2014)
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Figure 4 Glimepiride LLOQ and Clarithromycin (IS) chromatograms.

the validation experiments of Glimepiride. There was statistically
no significant mean difference in between target and predicted
drug concentrations on all the 3 days and all the 4 levels of target
concentration. The summary accuracy of Glimepiride validation
over 3 days is 99.7%.

Sildenafil: The mean measurement error on the first day
of assessment ranged between a minimum of 0.00 ng/mL (not
different from the target concentration) at the LLOQ to as high
as -2.78 ng/mL (lower than the target concentration) at the mid
target concentration of 100 ng/mL (Figure 5). The accuracy of
mean predicted value compared to target concentration ranged
between a minimum of 97.2% at the mid target concentration
of 100 ng/mL to a maximum accuracy of 100% at the LLOQ.
The overall mean measurement error on the first day was an
underestimate of 0.71 ng/mL with an average accuracy of 99.5%.

The mean measurement error on the second day of
assessment ranged between a minimum of lower concentration
0.02 ng/mL (lower than the target concentration) at the LLOQ
to as high as 2.5 ng/mL (underestimate compared to target
concentration) at the High target concentration of 160 ng/
mL. The accuracy of mean predicted value compared to target
concentration ranged between a minimum of 96% at LLOQ target
concentration of 5 ng/mL to a maximum accuracy of 98.6% at
the high concentration for target (160 ng/mL). The overall mean
measurement error on the second day was an underestimate of
0.30 ng/mL with an average accuracy of 98.2%.

The mean measurement error on the third day of assessment
ranged between a minimum of low concentration 0.21 ng/mL
(lower than the target concentration) at the LLOQ to as high as
2.33 ng/mL (overestimate compared to target concentration)
at the High target concentration of 160 ng/mL. The accuracy of
mean predicted value compared to target concentration ranged
between a minimum of 95.8% at the LLOQ target concentration
of 5 ng/mL to a maximum accuracy of 100.9% at the Mid
concentration for target. The overall mean measurement error
on the third day was an overestimate of 0.67 ng/mL with an
average accuracy of 98.9%.

Looking at all the 3 days of validation the overall mean
measurement error of lower concentration 0.12 ng/mL
(underestimate on average) for the validation experiments of
Sildenafil. There was statistically no significant mean difference
in between target and predicted drug concentrations on all the
3 days and all the 4 levels of target concentration. The summary
accuracy of sildenafil validation over 3 days is 98.9% (Table 3).

5.2.3. Linearity: Perfect dose-response relationship for
Glimepiride at 37 day and Sildenafil at 1**and 2" day of validation.
The remaining 1% and 2" day for Glimepiride validation showed
an almost perfect linear relation with an R? of 0.999. The lowest
value of R? (though still an almost perfect one) was observed
in the 3™ day of Sildenafil experiment (R?=0.994). All the linear
regression models were statistically significant.

It is worth mentioning herein that the lower limit of
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Figure 5 Sildenafil LLOQ and Clarithromycin (IS) chromatograms.

quantitation in the present work is 50 ng/mL which is lower than
the corresponding one that mentioned in the previous work [19].

5.2.4.Ruggedness: As shown in Table 5, the day of validation
(coded as 1 to 3) had no statistically significant association (or
effect) with the magnitude of measurement errors. In addition
the type of drug assessed and the magnitude of target drug
concentration tested (ranging between 5,15,100 and 160 ng/mL)
had no statistically significant effect on the mean measurement
error. The model relating the day of validation, drug assessed and
target concentration was statistically not significant.

The direction of error, whether underestimate or
overestimate was disregarded by using the absolute value of
measurement error and then used as the dependent (outcome)
variable in a linear regression model in Table 6. The day of
validation and the type of drug validated (whether Glimepiride
or Sildenafil) still lacks any statistically significant association
(or effect) on the magnitude of absolute measurement errors.
The target concentration tested was shown to have a statistically
significant positive association with the absolute measurement

error. For each 1 ng/mL increase in target concentration tested
the absolute value of error is expected to increase by 0.047 ng/
mL. i.e. the absolute magnitude of error is expected to be higher
at the high target concentration of 160 ng/mL, but this would not
affect the overall accuracy since the higher error when divided
by the higher target concentration the percent error would be
reduced to match that observed at the low target concentration.
The regression model was statistically significant and able to
predict 49.5% of variation in the response variable (absolute
measurement error).

Specificity and sensitivity

The protein direct precipitation procedure was specified and
sensitive for each of Glimepiride and Sildenafil, where both blank
and zero samples examined from six deferent lots of plasma were
attained. The clean chromatogram is required for the specific
method as shown in Figures (3-5).

Pharmacokinetics: The serum concentration of each of
the two evaluated drugs, namely Sildenafil and Glimepiride
was evaluated on rats on a sample size of 7 for single drug use
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and another sample size of 6 when combined together. The
measurements were repeated at 6 time intervals following drug
administration to a maximum of 6 hours.

Effect of combination on glimepiride

When Glimepiride drug was administered alone its serum

level reached its maximum (105.8 ng/mL) after half an hour and
then gradually declined to reach a minimum concentration of
31.4 ng/mL at the end of follow up period (6 hours). The same
drug when administered combined with Sildenafil showed a
steep decrease in serum concentration during the first half an
hour of administration (76.4 ng/mL) and reached its maximum
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Table 4: Glimepiride Day 1 Validation Data predicted values for standard (target) concentrations as the independent variable when plotted against

the ‘Drug area / IS ratio’-Day three for Glimepiride.

Sample name 2::5 Intern;lrit:ndard I‘gfia(‘) Calculated conc. ACC:)ZHCY
STD1 297 107128 0.00 4.75 95.00
STD2 565 104130 0.01 10.10 101.00
STD3 1372 105125 0.01 25.40 101.00
STD4 2888 107517 0.03 53.00 106.00
STD5 5091 104005 0.05 97.30 97.30
STD6 8090 108449 0.07 149.00 99.10
STD7 10825 107572 0.01 201.00 100.00

Day - 1 Glimepiride, Predicted (calculated conc) = (-0.0005608 + ‘Drug area / IS ratio’) / 0.000497 .R?=0.999, P (Model) < 0.001

Table 5: Multiple Linear Regression Models with Measurement Error as the Dependent Variable and Day of Validation, Type of Drug Evaluated and

Target Concentration Tested as the Explanatory (independent) variables.

Partial Regression Coefficient P
(Constant) .054 0.97[NS]
Day of validation -.042 0.94[NS]
Sildenafil drug compared to Glimepiride 197 0.83[NS]
Target (standard) conc. (ng/mL) -.004 0.57[NS]

P (Model) = 0.94[NS], R*=0.003

Table 6: Multiple Linear Regression Models with Absolute Value of Measurement Error as the Dependent Variable and Day of validation, Type of Drug
Evaluated and Target Concentration Tested as the Explanatory (Independent) Variables.

Partial Regression Coefficient P
(Constant) 1.117 0.16[NS]
Day of validation -427 0.18[NS]
Sildenafil drug compared to Glimepiride =727 0.16[NS]
Target (standard) conc (ng/mL) .047 <0.001
P (Model) <0.001, R?=0.495
Table 7: Pharmacokinetics Data of Glimepiride.
i Cmax Tmax T1/2 AUC
(ng/mL) (hr) (hr) (ng/mL*hr)
Glimepiride 105.80+18.35 0.5 hour 3.14 343.73+£78.17
Glimepiride in combination 81.30+12.12 * 1 hour 3.28 316.54+34.77 #

*P>0.05 (Insignificant), # P>0.05 (Insignificant).
The difference between Cmax and AUC is insignificant.

serum concentration (81.3 ng/mL) after one hour (Figure 7). At
both time intervals (half an hour and one hour) the mean serum
concentration of Glimepiride when administered in combination
was obviously lower than that of solitary drug use. During the
remaining 5 hours the gap (difference in mean serum drug
concentration) between combined and single drug use was very
narrow and disappeared at the end of follow up period of 6 hours.
The data for Glimepiride in experiment are shown in Table 7.

Table 8 explains the mean serum drug concentration after
half an hour when used in combination with Sildenafil which was
lowered by 29.4 ng/mL compared to its isolated administration.
The effect of drug combination on lowering serum Glimepiride
level compared to its single drug use was evaluated as a
moderately strong effect (Cohen’s d=0.71). This 27.8% reduction
in serum Glimepiride concentration when used in combination
compared to its solitary use, however failed to reach the level of

statistical significance (possibly because of very small sample
size).

Effect of combination on sildenafil

Figure 8 and Table 9 show that when Sildenafil drug was
administered alone its serum level reached its maximum (57.8
ng/mL) after half an hour and then gradually declined to reach
a minimum concentration of 6.9 ng/mL at the end of follow up
period (6 hours). The same drug when administered combined
with Glimepiride showed a steep increase in serum concentration
during the first half an hour of administration (34.4 ng/mL) and
plateaus for the next halfan hour (maximum serum concentration
of 34.5 ng/mL after one hour). At both time intervals (half an
hour and one hour) the mean serum concentration of Sildenafil
when administered in combination was obviously lower than
that of solitary drug use. During the remaining 5 hours the
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Table 8: Comparing the Mean Serum Glimepiride Drug Concentration at Selected time Intervals after Administration between Single and Combined
Drug use.
Plasma concentration (ng/mL)
Drug assessed Glimepiride 30 min 1 hour 2 hours 3 hours 4 hours 6 hours
Single
Range (44.7 - 195) (45.1-181) (35.9-128) (24.3-122) (17.9-118) (14.5-61.6)
Mean 105.8 96.1 75.3 60.3 46.3 31.4
SD 49 48.2 37.1 37.9 36.3 18.9
SE 18.53 18.22 14.02 14.32 13.71 7.7
N 7 7 7 7 7 6
Combined
Range (33.9-131) (30.8-115) (23.6-117) (30-68.1) (26.6-59.1) (23.3-41.7)
Mean 76.4 81.3 72.1 54.1 40.3 30.8
SD 32.6 29.7 31.3 14.8 13.8 7.1
SE 13.3 12.12 12.77 6.04 5.65 2.89
N 6 6 6 6 6 6
Effect of combination compared
to solitary drug effect
Difference between 2 means -29.4 -14.8 -3.2 -6.2 -6.0 -0.6
Cohen's d -0.71 -0.37 -0.09 -0.22 -0.22 -0.04
Percent change compared to solitary -27.8 -15.4 -4.2 -10.3 -13 -1.9
P (t-test) 0.24[NS] 0.53[NS] 0.87[NS] 0.72[NS] 0.71[NS] 0.94[NS]
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Figure 8 Line graph showing the changes in mean serum Sildenafil concentration with time after drug administration comparing combined and

solitary drug use.

Table 9: Pharmacokinetics data of Sildenafil.

Drug Tmax T1/2 AUC
Cmax (ng/mL)
(hr) (hr) (ng/mL*hr)
Sildenafil 57.8+9.30 0.5 hour 1.71 150.75+28.79
Sildenafil in combination 34.5+£3.97* 1 hour 1.41 99.12+13.16 #

*P<0.05 (significant), #P>0.05 (insignificant)

The difference between Cmax is significant, while the difference between AUC is insignificant.
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Table 10: Comparing the Mean Serum Sildenafil Drug Concentration at Selected Time Intervals after Administration Between Single and Combined
Drug Use.
Plasma concentration (ng/mL)
Drug assessed Sildenafil 30 min 1 hour 2 hours 3 hours 4 hours 6 hours
Single
Range (18.3-99) (29.5-123) (14.9-77.2) (10.1-43.3) (3.6-24.7) (3-11.9)
Mean 57.8 53.6 341 221 12.4 6.9
SD 24.6 314 20.9 11.5 7.3 3.4
SE 9.30 11.86 7.88 435 2.75 1.39
N 7 7 7 7 7 6
Combined
Range (21.8-46.2) (23.3-46.4) (11.7 - 37.9) (6.7 -25) (5.6-14.1) (0.7-7.6)
Mean 34.3 34.5 24.1 15.2 8.9 3.4
SD 9.1 9.7 9.8 6.4 3.6 2.5
SE 3.73 3.97 4.02 2.60 1.46 1.02
N 6 6 6 6 6 6
Effect of combination compared to solitary drug effect
Difference between 2 means -23.4 -19.1 -10.0 -6.9 -3.5 -3.5
Cohen's d -1.26 -0.82 -0.61 -0.74 -0.60 -1.16
Percent change compared to solitary -40.6 -35.7 -29.3 -31.3 -28 -50.5
P (t-test) 0.048[S] 0.18[NS] 0.31[NS] 0.22[NS] 0.31[NS] 0.07[NS]
gap (difference in mean serum drug concentration) between ACKNOWLEDGMENT

combined and single drug gets narrower, but is not cancelled
even at the end of follow up period of 6 hours.

As seen in Table 10, the mean serum Sildenafil concentration
after halfan hour when used in combination with Glimepiride was
lowered by 23.4 ng/mL compared to its isolated administration.
The effect of drug combination on lowering serum sildenafil
level compared to its single drug use was evaluated as a strong
effect (Cohen’s d=1.26). This 40% reduction in serum drug
concentration was statistically significant.

CONCLUSION

A simple, sensitive and accurate simultaneous method for
glimepiride and Sildenafil in rat plasma had been validated
by using HPLC-MS. Plasma Sildenafil level was affected by the
combination to a greater extent than Glimepiride, in addition
the lowering in serum concentration of glimepiride (when it
is combined with sildenafil) was limited to the first hour after
administration, while the Sildenafil serum concentration (when
it is combined with glimepiride) remained significantly lower
when compared to single drug administration even after six
hours. Both Sildenafil and Slimepiride when used as single drug
therapy reach maximum serum level within half an hour (57.8
and 105.8) ng/mL, while combined use of drugs delays the
maximum serum concentration for both drugs to one hour (34.5
and 81.3) ng/mL.

This study can lead to many possible future studies like
studying the effect of this combination on the metabolism of
these drugs by CYP 450 (both drugs metabolized in liver by CYP
450 but with different sub types), also this study can be done on
human plasma.

The authors gratefully acknowledge the University of Petra
(UOP) and Jordan Center for Pharmaceutical Research (JCPR) for
providing necessary facilities for carrying out this study.
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