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ABSTRACT

Background: Diabetes mellitus is a condition characterized by chronic
hyperglycemia and disturbance of carbohydrate, fat and protein metabolism
associated with absolute or relative deficiencies in insulin secretion and/or
insulin action. The objective of this study was to evaluate the effects of
gatifloxacin on blood sugar levels in non-diabetic rabbits and alloxan induced
diabetic rabbits.

Methods: Animals were fasted for 20 hours. Blood was collected for baseline
investigations. After giving single oral dose of 2% gum acacia blood samples
were drawn at 1, 2 and 4 hours for estimation of glucose and serum insulin.
After 2 days a repeat blood sample for baseline was collected after 20 hours
fasting and single oral dose of gatifloxacin 25 mg/kg was given. Samples of
blood were taken at 1, 2 and 4 hours. After a wash out period of 7 days injection
alloxan 140 mg/kg was given slowly intravenously to induce diabetes in the
animals. On day 3 after alloxan induction, blood samples were taken from the
animals (fasting 20 hours), for baseline investigations. Same procedure of blood
collection and timing was followed as done before diabetes induction. The
animals were given a single dose of gatifloxacin 25 mg/kg with blood samples
drawn at 1, 2 and 4 hours for FBS and serum insulin.

Results: In non-diabetic rabbits, the effect of control and gatifloxacin on FBS
levels at 1, 2 and 4 hours after administration was 100.3, 101.35, 102.89 mg/dl
and 73.83, 73.04, 82.11 mg/dl respectively, on serum insulin levels at 2 hours
interval was 3.62 and 4.16 p IU/ml respectively. 48 hours after alloxan
induction FBS and insulin levels were 219.13 and 1.19 p 1U/ml. After alloxan
induction, FBS levels at 1, 2, 4 hours for control and gatifloxacin are 221.01,
224.13, 228 and 218.60, 218.53, 220.01 respectively. At 2 hours interval serum
insulin levels were 1.15 and 1.21 p IU/ml for control and gatifloxacin.
Conclusions: This study is in line with previous reports that gatifloxacin causes
increased release of insulin leading to hypogycemia. The fall in blood sugar
levels following a single oral dose of gatifloxacin is not limited to diabetic
states alone and is more marked in non-diabetic rabbits.
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INTRODUCTION

Diabetes mellitus is a condition characterized by chronic
hyperglycemia and disturbance of carbohydrate, fat and
protein metabolism associated with absolute or relative
deficiencies in insulin secretion and /or insulin action.
The cardinal symptoms are polyuria, polydipsia, and
asthenia and weight loss. There is increased susceptibility
to bacterial and fungal infections.!

www.ijbcp.com

Gatifloxacin, a fluroquinolone drug targets the bacterial
DNA gyrase and topoisomerase 1V.? Anti-topoisomerase
activity of fluoroquinolones is the main mechanism by
which they inhibit gram positive organisms, while anti
DNA gyrase activity is responsible for their action on
gram negative ones.®

Several pre and post marketing studies (PMS) have
unfaced a probable role of gatifloxacin in causing
dysglycemia, i.e. both hypo and hyperglycemia, in
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elderly patients (reduced renal clearance).” Two
retrospective  studies, conducted to evaluate the
dysglycemic effects of gatifloxacin in patients for
respiratory tract infections, also showed similar results.®*
However these studies had several limitations that merit
emphasis.

So this study was aimed to evaluate the effect of a single
oral dose of gatifloxacin on fasting blood glucose and
serum insulin level.

METHODS

All animals were procured from the animal house of
department of pharmacology, Grant Government Medical
College, Mumbai. Healthy male and female New Zealand
albino rabbits weighing above 1.5 kg of age above 24
weeks were selected for this study. The study was
conducted after approval from the institutional animal
ethics committee. These animals were housed under
standard laboratory conditions in a well-ventilated room
and fed on standard pellet diet (Amrut laboratory animal
feed, Nav Maharashtra Chakan Qil Mills Ltd. Crude
protein 22.2%, crude oil 4.2%, crude fibre 7.1%, Ash
7.2%, sand silica 1.1%). The animals had free access to
diet and water and were placed in clean, neatly labelled
cages containing two albino rabbits in each cage.

Drugs and chemicals used in this study was gatifloxacin
(Dr. Reddy’s Laboratories Ltd.). The human dose of
tablet gatifloxacin is 400 mg/day which were
extrapolated to 19 mg/kg/day for rabbits.>® However, the
levels might increase in case of reduced renal clearance.
Therefore the drug was administered in a slightly higher
dose i.e. 25 mg/kg, as a single oral dose, for the study.’
Oral suspension of the drug was made in 2% gum acacia
and dose was adjusted to a volume of 2-5 ml daily for
albino rabbits, which was administered with the help of a
feeding catheter. Study medication was administered to
the fasting animals after drawing samples for baseline
values.

Experimental group
Normal control group

8 rabbits were administered 2% gum acacia (single dose)
as an oral suspension with a wash out period of 3 days.
The same 8 rabbits were administered 25 mg/kg
gatifloxacin (single dose) as an oral suspension in 2%
gum acacia and were given a wash out period of 7 days.

Diabetic group

A diabetes like state was induced by Injection alloxan
140 mg/kg (made as 10% solution in distilled water) was
given intravenously slowly in the marginal ear vein of the
albino rabbits, to induce diabetes. Alloxan destroys the b-
cells of the pancreatic islets and diabetes like state is
achieved in 12 hours of alloxan injection. After 48 hours,

these 8 animals were administered 2% gum acacia as an
oral suspension. They were given 3 days washing out
period.

Evaluation parameters
Collection of blood sample

All the albino rabbits, found to be suitable for the study
were fasted for 24 hours, placed in a rabbit holder and
subsequently 5 ml of blood was collected through the
marginal ear vein after cleaning with xylene. The blood
was placed in a neatly labelled fluoride and plain test
tube. The blood samples were kept at room temperature
for 2 hours for coagulation to be completed.
Subsequently, the two sets of tubes were subjected to
centrifugation and the supernatant plasma serum was
separated.

Biochemical parameters

Fasting blood sugar was estimated within 24 hours of
collection in mg/dl by GOD/POD (glucose oxidase/
peroxidase) methods.™ Insulin estimation was done using
125 | RIA kit

Experimental design

This was a comparative, randomized, placebo-controlled,
parallel group study.

Day 1

e  Animals were fasted for 20 hours

e 2 ml blood was collected from marginal vein of the
ear for carrying out baseline investigations viz. FBS
and serum insulin

e  After collection the animals were given a single oral
dose of 2% gum acacia

e Blood samples (0.5 ml) were drawn at 1, 2 and 4
hours for estimation of blood glucose and serum
insulin (1-1.5 ml) at 2 hours.

After 2 days

e 2 ml blood sample for baseline FBS and serum
insulin was collected after 20 hours fasting

e  After collection the animals were given a single oral
dose of gatifloxacin 25 mg/kg. Blood samples were
at 1, 2 and 4 hours for FBS and serum insulin at 2
hours.

Wash out period of 7 days

e Injection alloxan 140 mg/kg was given slowly
intravenously in the marginal vein of these animals

e Onday 3 after alloxan induction, blood samples were
taken from the animals (fasting 20 hours), for
baseline investigations viz. FBS and serum insulin
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e  After collection the animals were given a single oral
dose of 2% gum acacia. Blood samples were drawn
at 1, 2 and 4 hours for estimation of FBS and serum
insulin at 2 hours.

After 2 days

e 2 ml blood sample for baseline FBS and serum
insulin was collected after 20 hours fasting.

After collection the animals were given a single oral dose
of gatifloxacin 25 mg/kg. Blood samples were drawn at
1, 2 and 4 hours for FBS and serum insulin at 2 hours.

Statistical analysis

All quantitative data are presented as meanzstandard
deviation (SD). The treatment groups were analysed for
baseline comparability by ANOVA. Comparisons of
parameters within and between groups for statistical
significance at any given time were done by one-way
ANOVA. Post-hoc Dunnett’s test was applied, to check
for significance changes from baseline. For individual
comparison of data students ‘t’ test (unpaired ‘t’- test for
between group comparison and paired ‘t” - test for within
group comparison) were applied. For all tests a ‘p’ value
of <0.05 was considered as statistically significant.

RESULTS
Baseline parameters

The baseline fasting blood glucose (FBS) in mg/dl and the
serum insulin levels (SI) in p IU/ml of the New Zealand
albino rabbits used for the study, were done.® The mean
FBS was 97 mg/dl with a standard deviation of 1.31.The
mean Sl was 3.66 p IU/ml with a standard deviation of
0.02.

Non-diabetic rabbits

Effect of control and study medications on FBS levels
(mg/dl)

By applying post-hoc Dunnett’s test, the FBS levels at 1,
2 and 4 hours were all found to be significantly more than
baseline readings (p<0.0001). It was found that the FBS
levels dropped by 23.17 mg/dl at 1 hour and 23.96 mg/dI
at 2 hours from baseline. At 4 hours, the FBS levels
recovered slightly but still less by 14.89 mg/dl from
baseline. By applying post-hoc Dunnett’s test, the FBS
values at 1,2 and 4 hours were found to be statistically
different from baseline readings (p <0.0001) (Table 1).

Table 1: FBS (Mean + SD) after control and gatifloxacin in non-diabetic rabbits

| _Baseline 1 Hour 2 Hours 4 Hours _‘p’ value’
Control 97+1.31 100.3+0.29 101.35+0.29 102.89+0.22 < 0.0001
Gatifloxacin 97.41.31 73.83+0.19 73.04+0.16 82.11+0.15 <0.0001
‘p’ value” < 0.0001 < 0.0001 < 0.0001

* unpaired ‘t’ test applied ; = Repeat Measures ANOVA applied (p<0.05 taken as significant)
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Figure 1: Changes in FBS levels (mg/dl) levels from
baseline values in non-diabetic rabbits.

Comparison between FBS levels after control and
gatifloxacin (mg/dl)

At 1 hour and 2 hour interval after gatifloxacin there was
a drop by 26.47 mg/dl and 28.31mg/dl in the FBS levels
respectively compared to control medication. At 4 hours
interval after gatifloxacin, the difference being 20.78
mg/dl compared to that after control medication. This
reduction in FBS level was found to be statistically
significant (p < 0.0001) (Figure 1).

Effect of control and gatifloxacin on S. insulin levels (u
1U/ml)

With control, the S. insulin level was 3.62 p 1U/ml with a
standard deviation of 0.01, at the end of 2 hours after
dosing. It was found that there was a slight decrease in the
S. insulin level after the control medication, and this
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decrease was found to be statistically significant (p =
0.003) compared to baseline reading.

Effect of control and gatifloxacin on S. insulin levels (u
1U/ml)

With control, the S. insulin level was 3.62 p IU/ml with a
standard deviation of 0.01, at the end of 2 hours after
dosing. It was found that there was a slight decrease in the
S. insulin level after the control medication, and this
decrease was found to be statistically significant (p =
0.003) compared to baseline reading.

With gatifloxacin, the S. insulin level was 4.16 p 1U/ml
with a standard deviation of 0.01, at the end of 2 hours
after dosing. It was found that the S. insulin level rose by
0.5 p IU/ml at 2 hours from baseline. This rise in S.
Insulin level was found to be statistically significant (p <
0.0001) (Table 2).

Table 2: S. insulin (mean+SD) after control and
gatifloxacin in non-diabetic rabbits.

Baseline 2 Hours  ‘p’ value”
Control 3.66+0.02 3.62+0.01 =0.003
Gatifloxacin  3.66+£0.02 4.16+0.01 <0.0001
‘p’ value” < 0.0001
* unpaired “t’test applied ; * paired “t’ test applied (p<0.05
taken as significant).

Comparison between S. insulin levels after control and
gatifloxacin
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Figure 2: S.1 levels (uIU/ml) after control and
gatifloxacin in non-diabetic rabbits.

At 2 hours interval after gatifloxacin, there was a rise by
0.54 p IU/ml in the S. insulin level compared to control
medication. This rise in S. insulin level was found to be
statistically significant (p < 0.0001) (Figure 2).

Diabetic rabbits

FBS and S. insulin levels after injection alloxan 140
mg/kg)

48 hours after injection of alloxan (140 mg/kg)
intravenously and their FBS (mg/dl) and S. insulin (n
IU/ml) levels were estimated (Table 3).

Table 3: FBS and S. insulin (Mean + SD) after alloxan
140 mg/kg.

Baseline 48 Hours

FBS (mg/dl) 97.00£1.31 219.13+0.83
S. insulin(p IU/ml) 3.66+0.02 1.1940.01

Effect of control and gatifloxacin on FBS levels (mg/dl)

The mean FBS levels at baseline, 1, 2 and 4 hours after
administration of 2 % gum acacia and with 25 mg/kg oral
gatifloxacin as an oral suspension were measured. By
applying post-hoc Dunnett’s test, the FBS levels at 1, 2
and 4 hours were all found to be significantly more than
“induction” values. By applying post-hoc Dunnett’s test,
these differences in FBS levels at 1and 2 were found to be
significantly less than “induction” values (p <0.001). Also
the rise in FBS at 4 hours was significantly higher than
the “induction” value (Table 4).

Comparison between FBS levels after control and
gatifloxacin

At 1 hour and 2 hour interval after gatifloxacin, there was
a drop by 2.41 mg/dl and 5.6 mg/dl in the FBS level
compared with control medication. At 4 hours interval
after gatifloxacin, there was a slight recovery in the FBS
levels compared to 1 and 2 hours, the difference being
7.99 mg/dl compared to that after control medication.
This reduction in FBS level was also found to be
statistically significant (p<0.0001) (Figure 3).
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Change in FBS from
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Figure 3: Change in FBS levels (mg/dl) from baseline
values in diabetic rabbits.
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Table 4: FBS (mean+SD) after control and gatifloxacin in diabetic rabbits.

I ~Induction 1 Hour 2 Hours 4 Hours ~‘p’ value
Control 219.13+0.83 221.01+0.10 224.13+0.30 228+0.19 < 0.0001
Gatifloxacin 219.13+0.83 218.60+0.29 218.53+0.16 220.01+0.49 <0.001
‘p’ value” <0.001 <0.0001 <0.0001

# unpaired ‘t test applied; ~ Repeat Measures ANOVA applied (p<0.05 taken as significant).

Effect of control and gatifloxacin on S. insulin levels (u
1U/ml)

The mean S. insulin levels post “induction” and 2 hours
after administration of 2 % gum acacia and with 25 mg/kg
oral gatifloxacin as an oral suspension were estimated
(Table 5).

Table 5: S. insulin (meanz SD) after control and
gatifloxacin in diabetic rabbits.

| Induction 2 Hours  ‘p’ value’ |
Control 1.19+0.01 1.15+0.01 =0.0003
Gatifloxacin 1.19+0.01 1.21+0.01 =0.0001
‘p’ value” <0.001

“unpaired‘t’ test applied; #paired‘t’ test applied (p<0.05 taken
as significant).

Comparison between S. insulin levels after control and
gatifloxacin

At 2 hours interval after gatifloxacin, there was a rise by
0.06 p IU/ml in the S. insulin level compared to control
medication. This rise in S. insulin level was found to be
statistically significant (p < 0.001) (Figure 4).

@ CONTROL
@ GATIFLOXACIN

S.INSULIN {1 IUfml)

INDUCTION 2 HRS
DURATION (HRS)

Figure 4: S.I levels (uIU/ml) after control and study
medications in diabetic rabbits.

DISCUSSION

Several clinical studies have reported gatifloxacin to
cause both hyper as well as hypoglycemia, especially in

elderly age groups, due to reduced renal clearance of the
drug.”™*" Hyperglycemia has been seen to occur more
commonly after prolonged intake of the medication.™
However, majority of these studies were retrospective,
based on case records, and short of establishing any
definite relationship between drug intake and blood
glucose levels.

In this study, we attempted to evaluate these reporting’s
by administering oral gatifloxacin to diabetic and non-
diabetic rabbits and investigated its effects on fasting
blood glucose and serum insulin levels. This was done to
clarify the possible mechanisms of gatifloxacin-induced
hyperglycemia and hypoglycemia in humans.

By extrapolation from human dose (i.e. 400 mg per day)
2, the equivalent dose in rabbits was 19 mg/kg.® Reports
state that dysglycemic effect of gatifloxacin is more
pronounced if the plasma levels of the drug are
increased.” In a clinical situation, this can arise if the
creatinine clearance <40 ml/minute, especially in the
elderly age groups.®"**? To simulate this state, we used a
slightly higher dose i.e. 25 mg/kg oral gatifloxacin in the
acute single dose study, in both diabetic and non-diabetic
rabbits.’

Non diabetic rabbits

The baseline fasting blood sugar (FBS) and serum insulin
(S.1.) levels were done for all the 8 animals that were
enrolled for this study, and they were found to be
comparable.

In the animals fed with control medication i.e. 2% gum
acacia, the FBS levels were seen to rise steadily and
significantly (p<0.0001) at 1, 2 and 4 hours after dosing
(97 mg/dl at baseline to 102.89 mg/dl at 4 hours). This
was associated with a marginal (0.04 p 1U/ml), but
significant (p=0.003), decrease in the S. insulin levels
from baseline to 2 hours after dosing.

The probable explanation that can be offered for this
observation in both diabetic and non-diabetic rabbits is
that the animals might have been under stress thereby

increasing their adrenergic response (o3 mediated hepatic

glycogenolysis and gluconeogenesis, 0Oy mediated
decreased secretion of insulin and B2 mediated muscle
glycogenolysis).?* This observation can also be attributed
to the compensatory mechanisms which come into play
during starvation and hypoglycemia to maintain
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euglycemic state i.e. increased glucagon levels, increased
glycogenolysis and gluconeogenesis.?

In the animals fed with 25 mg/kg gatifloxacin, the FBS
levels recorded at 1, 2 and 4 hours, showed a significant
(p<0.0001) decrease in the blood sugar levels, from
baseline. The drop in FBS levels was marked during the
first 2 hours (97 to 73.04 mg/dl) and then began to rise at
4 hours (82.11 mg/dl). This was associated with a
significant rise in the S. insulin levels at 2 hours
(p<0.0001).

This drop in FBS levels and rise in S. insulin levels, in the
first 2 hours, coincides with the reported peak plasma
concentrations of gatifloxacin.>®*

The gradual rise in FBS levels at 4 hours is probably
because the drug had entered its elimination phase.

In vivo, it has been reported that the gatifloxacin
concentration in the pancreas, 1 hour after an intravenous
injection, was about six-fold that in serum.® Reports also
mention that, in patients with type 2 diabetes mellitus,
gatifloxacin caused an increase in S. insulin 1 hour after
its administration at a conventional dose (i.e. 400 mg once
daily), with a downward trend in the FBS level.® In the
present study, a significant elevation of the S. insulin
level was observed at 2 hours after the administration of
gatifloxacin at 25 mg/kg.

It has been reported that gatifloxacin induced
hyperglycemia is a result of vacuolation of pancreatic p-
cells, which leads to a reduction in insulin levels.’®® This
effect of gatifloxacin is evident only on prolonged intake
of the drug.'®* However, the exact duration of treatment,
to label it as ‘prolonged therapy’, remains unclear.

Diabetic rabbits

Diabetes was induced by injecting 140 mg/kg alloxan into
the marginal ear vein of the animals. The FBS levels
stabilized 48 hours after injection. The raised FBS and
reduced S. insulin levels in all the 8 animals were found
to be similar.

These values of FBS and S.I. levels henceforth will be
referred to as “induction” values.

In the diabetic animals fed with control medication i.e.
2% gum acacia, the FBS levels were seen to rise steadily
(219.13 to 228 mg/dl) and significantly (p<0.0001) at 1, 2
and 4 hours after dosing. This was associated with a
marginal (0.04 p IU/ml), but significant (p=0.0003),
decrease in the S. Insulin levels at 2 hours after dosing.

In the diabetic animals fed with 25 mg/kg gatifloxacin,
the FBS levels were seen to decrease marginally (219.13
to 218.53 mg/dl) and significantly at 1 and 2 hours

(p<0.001). However at 4 hours, the FBS levels rose
slightly (0.88 mg/dl), but significantly (p<0.001) from the
baseline induction value. This was associated with a small
(0.02 p 1U/mI) but significant rise in the S. insulin levels
at 2 hours (p=0.0001).

This drop in FBS levels and rise in S. insulin levels, in the
first 2 hours, coincides with the reported peak plasma
concentrations of gatifloxacin.>®*°

The gradual rise in FBS levels at 4 hours is probably
because the drug had already entered its elimination phase
and, as a result, its effect was waning off.

When compared to the non-diabetic animals, it was seen
that gatifloxacin induced decrease in FBS levels in
diabetic ones was less marked, with reference to their
respective baselines. The same can be commented about
the S. insulin levels, which increased by a smaller fraction
in the diabetic animals than in non-diabetic ones, with
reference to their respective baselines. This can be
explained on the grounds that since the diabetic animals
already had a partially destroyed pancreas (alloxan
induced) the insulin reserves were lower in these animals.
Hence, following gatifloxacin administration, the insulin
released was less compared to non-diabetic animals and
thereby the drop in FBS level was also lesser than that
compared to non-diabetic animals.

The drop in FBS coupled with the rise in S.I. levels after
oral gatifloxacin, hints at a probable hypoglycemic effect
of the drug, brought about by an increase in insulin
secretion from the B-cells of pancreas. More importantly,
this hypoglycemic effect of oral gatifloxacin is not just
restricted to diabetic states, but in fact, is more marked in
the non-diabetic state.

Some recent PMS and case control studies have reflected
upon a possible role of gatifloxacin in the causation of
dysglycemic i.e. both hypo as well as hyperglycemia in
elderly patients.>®>*>" However, definitive reports on this
adverse effect of gatifloxacin are still lacking. This study
was done to evaluate if dysglycemic effects were exerted
by gatifloxacin and whether this could have a deleterious
effect, especially in diabetic patients, on concurrent oral
hypoglycemic agents. It therefore supports earlier reports
claiming that Gatifloxacin causes increased release of
insulin leading to hypoglycemia.®#?*

CONCLUSION

Our study showed a hypoglycemic effect of gatifloxacin,
on a single dose oral administration, at a dose slightly
higher than therapeutic dose i.e. 25 mg/kg, in both
diabetic and non-diabetic states. Our study also showed
that serum insulin levels were significantly raised after the
afford mentioned dose was administered in both diabetic
and non-diabetic rabbits used in the study. However, the
reduced blood glucose concentrations and raised insulin
levels returned to near baseline values by about 4 hours
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after the dose was administered. The fall in blood sugar
levels following a single oral dose of gatifloxacin was
seen in both diabetic and non-diabetic rabbits.
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