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Abstract

Background: Diabetes increases the risk of vascular problems by two times compared with
a healthy individual, with deposition of fats in blood vessel and this includes cardiovascular
disease. The treatment regimens for patients suffering from both diseases generally include
prolonged use of anti-diabetic drugs for diabetes and anti-arrhythmic drugs for cardiac
arthythmias. Aim: The aim of the study is to compare the influence of Mexiletine and
Disopyramide on the pharmacodynamics (PDs) of Rosiglitazone in normal and diabetic rats.
Materials and Methods: The study was conducted in normal rats and diabetic induced rats
(with Alloxan monohydrate 100 mg/kg body weight). Albino rats weighing between 160
and 280 g were administered oral doses of Rosiglitazone 0.72 mg/kg, Mexiletine 36 mg/kg,
or Disopyramide 18 mg/kg of bodyweight and their combination, with 1 week of washout
between treatments. Eighteen rats were divided into three sub-sets with six rats in each
sub-set. After 4 days, the blood glucose was estimated to confirm the diabetes. The Analysis
of Covariance (ANCOVA) using MedCalc® software Version 11.6.1.0 was performed to
analyze mean change in blood glucose between treatments with body weight as co-variable
and treatment as factor for normal and diabetic rats. Results: No statistically significant
difference in mean change in blood glucose between Rosiglitazone in comparison with
Rosiglitazone + Mexiletine or Rosiglitazone + Disopyramide was observed in normal and
diabetic rats (P = 0.606). The maximum mean change in blood glucose for Rosiglitazone and
Rosiglitazone + Mexiletine or Rosiglitazone + Disopyramide was observed at 1 h and 8 h
in normal and diabetic rats. The post hoc analysis showed baseline correction method has
increased the reliability of the results (P <0.001). Conclusion: The study concludes that PD
activity of Rosiglitazone was not affected by the anti-arrhythmic drugs. This study introduced
anew statistical methodology for analyzing the blood glucose endpoint.
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Introduction

Diabetes mellitus is one of the chronic metabolic disorders
characterized by the high blood sugar (glucose) levels, which
results from defects in insulin secretion and/or.™ The classical
symptoms of diabetes are polyuria, polydipsia, and polyphagia.
The symptoms may develop rapidly in type 1 diabetes while
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they develop much more slowly in type 2 diabetes.? Diabetes
increases the risk of vascular problems by two times and this
includes cardiovascular disease. The prevalence of diabetes in
India is currently 1-5% (0.06/1.12 billion) and there are about
143 million people worldwide suffering from diabetes.™*?

The treatment regimens for patients generally include prolonged
use of anti-diabetic drugs for diabetic patients and anti-arrhythmic
drugs for cardiac arrhythmias. Polypharmacy assumes importance
in present clinical practice since newer molecules are introduced
and clinicians face newer challenges in managing multiple
diseases and treatment regimens. The clinical observations and
patient symptoms are essential in noting the pharmacodynamic
(PD) interactions of drugs. To understand the mechanism of
interactions and confirm the presence of any such interaction, the
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animal models are widely used. In essence, animal model studies
help us in understanding the underlying mechanisms in both
healthy and disease-induced animal models. This coupled with
few human clinical studies could help in developing a rational
drug therapy with optimum benefits in humans.E*!

Rosiglitazone belongs to a class of Thiozolidinedione and is
commonly prescribed in combination with sodium channel
blockers like Mexiletine or Disopyramide (anti-arrthymic
drugs). The aim of the study was to compare the influence
of Mexiletine and Disopyramide on the pharmacodynamics
(PDs) of Rosiglitazone in normal and diabetic rats to identify
the presence of PD interaction in animal model.

Materials and Methods

The albino rats of either sex, weighing between 160 and 280 g
were procured from Sainath Agencies, Hyderabad, India. The
animals were maintained under standard laboratory conditions
at ambient temperature of 25 + 2°C with 12 h light/12 h dark
cycle. They were fed with standard pellet diet and water.

As per the standard requirements, these animals were fasted
for 12 h before the experiment, and during the experiment
they were withdrawn from food and water. The prior approval
for conducting the experiments in rats was obtained from
Sultan-Ul-loom College of Pharmacy (SUCP) - Institutional
Animal Ethics Committee, Hyderabad, India. The laboratory
used for carrying out the experiment was approved by the
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Government of India,
Reg. No. [IAEC/SUCP/05/2010]. The experiments were
conducted according to guidelines provided by CPCSEA.

The blood glucose levels were estimated by Glucose Oxidase
method using the SPAN Diagnostic Glucose Kit, Surat,
India. This method is also called as the glucose oxidase and
perioxidase (GOD/POD) method.[!

The study design is represented in the Figure 1. The rats were
divided into four sets for ease of statistical analyses purpose.

The dose of Rosiglitazone orally administered was 0.72 mg/kg
body weight. The dose of Mexiletine orally administered was
36 mg/kg bodyweight and Disopyramide dose orally administered
was 18 mg/kg bodyweight, dose calculated based on human
dose."*1 A 1-week washout period was provided in between
treatments. The Rosiglitazone was administered 30 minutes after
Mexiletine or Disopyramide when used in combination.

To induce diabetes in rats, an intra-peritoneal administration of
Alloxan monohydrate 100 mg/kg body weight was performed.
After 4 days, the blood glucose was estimated to confirm the
diabetes. Later, an additional dose of Alloxan 50 mg/kg body
weight was intra-peritoneally administered if increase in blood
glucose was not seen.*! The blood glucose levels of 200 mg/dL
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and above was required to classify the rats as diabetic, and
such rats were included in the study. The blood glucose was
estimated by collecting blood samples from retro-orbital plexus
at intervals of 0, 1, 2, 3, 4, 6, 8, 10, and 12 h by GOD/POD
method for both normal and diabetic rats.

The statistical comparison was performed between treatments
in each of the sets described in Figure 1. The baseline correction
method for Sets A and B was performed by subtracting the
observed mean blood glucose values for Mexiletine group at
each time point (i.e. 1 h and so on) from individual rats from
the two treatment groups. This resulted in mean change in
blood glucose at each time point for these groups. The rationale
for the baseline correction was that Mexiletine alone is not
expected to show any effect on blood glucose, and this method
also accounted for intraday variation of blood glucose.

Similarly, in the other two sets (Sets C and D), Disopyramide
was used for baseline correction. An analysis of covariance
(ANCOVA) using MedCalc® software Version 11.6.1.0 was
performed on change in blood glucose values between these
groups. As different weights of rats were involved in the
experiment, this was accounted in the statistical model as
co-variable and treatment as factor. The Bonferroni correction
was included as part of the model in MedCalc® software. A
P value of <0.05 was considered to be statistically significant
difference between groups. It was planned to statistically
analyze two time points with maximum change in blood
glucose for each set. The rationale was to minimize the use of
numerous statistical tests and it was expected that difference
between treatments can be determined at maximum change in
blood glucose. The observed blood glucose values and change
in blood glucose for each time point were presented.

Results

The mean and standard deviation (SD) of blood glucose level and
mean change in blood glucose level at each time point for normal
rats is presented in the Table 1. The baseline correction method

Figure 1: Study design
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was used at each time point as defined earlier in the method
section. The maximum amount of change in blood glucose was
observed at first and eighth hour in both the sets of comparison
and this may be due to biphasic action of Rosiglitazone [Table 1].

As the maximum amount of change in blood glucose was seen at
first and eighth hour, therefore as planned at these time points the
analysis for statistical significance was performed. The statistical
analysis was performed using ANCOVA in MedCalc® software
with treatment as factor and weight as co-variable in normal rats.
The resulted showed that at 1 and 8 hour, there was no statistically
significant difference in mean change in blood glucose between
the treatments (P > 0.606) in the normal rats. Therefore, there
is no change in glucose effect of Rosiglitazone with or without
Mexiletine and Disopyramide in normal rats.

The mean and SD of blood glucose levels and mean change
in blood glucose levels at each time point for diabetic rats is
presented in the Table 2. Further statistical analysis did not
show any significant difference between treatments, thereby
indicating no change in glucose effect of Rosiglitazone with or
without Mexiletine and Disopyramide in Diabetic rats.

A post hoc analysis of observed blood glucose levels at 1 h and
8 h using an ANCOVA model was performed for Mexiletine or

Disopyramide alone treatments in comparison with Rosiglitazone
and Rosiglitazone + Mexiletine or Disopyramide in normal and
diabetic rats. The rationale was to identify whether Mexiletine or
Disopyramide alone groups had any decrease in blood glucose
level, thereby inducing bias in the baseline correction method.

The results showed a statistically significantly higher blood
glucose in Mexiletine or Disopyramide alone groups in
comparison with Rosiglitazone and Rosiglitazone + Mexiletine
or Disopyramide in normal and diabetic rats (P < 0.001),
thereby indicating that baseline correction method was not
affected. An additional post hoc analysis showed no statistically
significant difference in the observed blood glucose values at
1 h and 8 h using ANCOVA model for comparisons between
Rosiglitazone and Rosiglitazone + Mexiletine or Disopyramide
in normal and diabetic rats (P > 0.606).

Discussion

This study was an attempt to identify the PD interactions in animal
model between anti-arrhythmic drugs and Thiozolidinediones
(Rosiglitazone) with a statistical methodology standards similar
to the one used in human clinical trials.*2

Table 1: Observed mean blood glucose and mean change in blood glucose values (mg/dL) in normal rats at each time point

Set A: Comparison of Rosiglitazone alone treatment and Rosiglitazone+Mexiletine treatment

Hour Rosiglitazone Rosiglitazone+Mexiletine Rosiglitazone Rosiglitazone+Mexiletine

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

N=6 N=6 N=6 N=6
Observed blood glucose values Change from baseline in observed blood glucose values!

0 91.7 (3.38) 93.5(3.5) -4.1(3.3) -2.3(3.5)
1 44.3 (6.36) 44.6 (6) -31.5(10.7) -33.3 (6)
2 61.5 (9.45) 49.16 (3.6) -5.3(7.5) -17.6 (3.7)
3 65.7 (10.1) 60.6 (3.96) -8.3(10.2) -13.3(3.9)
4 75.7 (3.0) 74.3 (2.93) 10.8 (3.0) 7.03 (7.7)
6 63.7 (10.5) 50.8 (4.16) -0.33 (10.5) -13.1 (4.1)
8 50.8 (3.96) 45.8 (4.36) -30.8 (3.9) -35.8 (4.3)
10 80.8 (2.2) 81.16 (3.0) -7.6(2.2) -7.3(3.0)
12 86.8 (3.30) 89.16 (3.1) -5.6 (3.3) -4.8 (3.7)

Set C: Comparison of Rosiglitazone alone treatment and Rosiglitazone+Disopyramide treatment

Hour Rosiglitazone Rosiglitazone+Disopyramide Rosiglitazone Rosiglitazone+Disopyramide

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

N=6 N=6 N=6 N=6
Observed blood glucose values Change from baseline in observed blood glucose values?

0 91.7 (3.38) 96.16 (3.77) -3.5(3.3) 0.9 (3.7)
1 44.3 (6.36) 46.8 (9.9) -28.9 (6.3) -26.4 (5)
2 61.5 (9.45) 53.16 (7.29) -2.7 (7.5) -11(7)
3 65.7 (10.1) 68 (6.05) 1.1 (10.2) -3.5 (6)
4 75.7 (3.0) 60.3 (7.59) -7.9 (3) -7.3(7.6)
6 63.7 (10.5) 52.6 (6.41) -6.6 (10.5) -4.3 (6.4)
8 50.8 (3.96) 47.5 (5.9) -26.4 (3.9) -29.8 (5.9)
10 80.8 (2.2) 80.16 (4.77) -7.4(2.2) -8 (4)
12 86.8 (3.30) 90.83 (5.11) -3.1(3.3) 0.8 (5)

Rosi: Rosiglitazone, SD: Standard deviation, *Mean blood glucose values of Mexiletine were used for baseline correction at each time point, 2Mean blood glucose values of Disopyramide

were used for baseline correction at each time point
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Table 2: Observed mean blood glucose and mean change in blood glucose values (mg/dL) in diabetes rats at each time

point

Set B: Comparison of Rosiglitazone alone treatment and Rosiglitazone+Mexiletine treatment

Hour Rosiglitazone Rosiglitazone+Mexiletine Rosiglitazone Rosiglitazone+Mexiletine
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
N=6 N=6 N=6 N=6
Observed blood glucose values Change from baseline in observed blood glucose values!

0 288.16 (15.6) 289.8 (24.1) 4 (38) 4.6 (23)

1 135.3 (17.7) 134.6 (12.6) -89 (17) -90 (12)

2 153.6 (22.7) 155.6 (11.7) -48 (22) -46 (11)

3 198.3 (26) 185.8 (14.9) -1.6 (26) -14 (14)

4 216 (24.5) 224.6 (25.9) 6.3 (24) 14 (25)

6 194 (21.9) 147.6 (10.3) 8.1 (25) -38(10)

8 148.3 (16.75) 141.6 (12.5) -82(16) -89 (12)

10 229.1 (27.7) 224.8 (16.4) -18 (27) -23(16)

12 249 (26.3) 261.6 (21.9) -14 (26) -2.3(21)

Set D: Comparison of Rosiglitazone alone treatment and Rosiglitazone+Disopyramide treatment

Hour Rosiglitazone Rosiglitazone+Disopyramide Rosiglitazone Rosiglitazone+Disopyramide

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

N=6 N=6 N=6 N=6
Observed Blood Glucose values Change from baseline in observed blood glucose values?

0 288.16 (15.6) 288.5 (19.91) 6 (38) 6.5 (19)
1 135.3 (17.7) 135.6 (10.7) -81(17) -84 (14)
2 153.6 (22.7) 154.1 (9.55) -42 (22) -41(9)
3 198.3 (26) 210.5 (16.9) 3.3 (26) 13 (19)
4 216 (24.5) 183.6 (7.7) 23.3 (24) -9.3(7.6)
6 194 (21.9) 152.3 (10.14) 23.1 (25) -18(10)
8 148.3 (16.75) 140.6 (9.9) -81(16) -89 (9)
10 229.1 (27.7) 217.5(15.52) -15(27) -27.5 (15)
12 249 (26.3) 257.6 (15.77) -15.8 (26) -7.3 (15)

Rosi: Rosiglitazone, SD: Standard deviation, *Mean blood glucose values of Mexiletine were used for baseline correction at each time point, 2Mean blood glucose values of Disopyramide

were used for baseline correction at each time point

The Disopyramide drug is metabolized by hepatic P450 CYP3A4
Isozymes (Product information Norpace) and Rosiglitazone
is also metabolized by the same enzyme. In theory, the PD
interaction is due to inhibition of metabolism of Rosiglitazone
and thereby increasing pharmacokinetic concentration,
which may lead to increased insulin release. Additionally,
Disopyramide is believed to have added PD effect with respect
to insulin release.**! Mexiletine is not metabolized by the same
enzyme as of Rosiglitazone but is believed to increase insulin
release.'!% Rosiglitazone produces hypoglycemic action by
way of release of insulin from 3 cells of pancreas and also by
increase in glucose uptake at cellular level k¢!

The normal rats served to analyze the hypoglycemic effect
and diabetic rats served the purpose of analyzing the
anti-hyperglycemic effect. The maximum decrease in blood
glucose values were observed at 1 h and 8 h with Rosiglitazone
alone and in combination with Mexiletine and Disopyramide.
This biphasic response in rats (interval of 7 h) may be due to
its enterohepatic circulation.

There was no statistically significant difference between
Rosiglitazone alone and in combination with Mexiletine or
Disopyramide in normal and diabetic rats. However, several
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prior studies*”?Y have showed a statistically significant
difference between anti-diabetic drugs in comparison with
similar type of PD interaction-producing drugs. The reason
could vary, but importantly, the statistical methodology was
not in accordance with the current study and general clinical
standards.

The authors working earlier on blood glucose as an endpoint

had several drawbacks in their statistical methodology,7-24

and this includes:

e The use of percentage for reduction of blood glucose for
paired t-test.

e The use of time point - 0 h as baseline for comparison with
all time points.

e The use of paired t-test on percentages.

e Use of numerous paired t-test without Bonferroni
correction.

e Not accounting for body weight of animals used and
intra-day variation in blood glucose level.

The current study used ANCOVA model with body weights
as co-variable and treatment as factor. The baseline correction
method at each time point has accounted for intra-day variation
drawbacks. However, the current study had a limitation of
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using Mexiletine or Disopyramide alone groups as baseline.
Therefore, this was also analyzed further by post hoc analysis,
and it was observed that these drugs alone did not have a
statistically significant decrease in blood glucose.

Conclusion

The study concluded that PD activity of Rosiglitazone in rats
was not affected by the anti-arrhythmic drugs. The combination
of anti-arrhythmic drug with anti-diabetics was found to be
safe. This study introduced a new statistically methodology for
analyzing the blood glucose endpoint and that could be used
in future relevant studies.
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