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ABSTRACT

Aim: Pioglitazone is metabolized by CYP 3A4 and CYP 2C8 and the risk of hypoglycemia may increase if combined
with CYP inhibitors like clarithromycin (inhibitor of CYP 3A4) and Gemfibrozil (inhibitor of CYP 2C8). Therefore,
this research aims to investigate the drug-drug interactions of gemfibrozil, clarithromycin and their combination with
pioglitazone and their effects on blood glucose level.

Methods: The study was conducted in normal rats and streptozotocin-induced hyperglycemic rats.Albino malerats
weighing 180 — 250 grams were used in this study. They were divided into groups among the control, pioglitazone,
gemfibrozil, clarithromycin, and the combinations treatment groups. Blood samples were collected at intervals of 0, 1,
2,4, 8 and 12 hours from the rats after drug administration and blood glucose level was measured.

Results: Administration of pioglitazone to normal rats pretreated with gemfibrozil produced a significant reduction (P
< 0.05) in blood glucose level at time 2 hours, 8 hours and 12 hours compared to time zero. When pioglitazone
administered to rats pretreated with clarithromycin, it showed no significant effect in blood glucose level. However;
when pioglitazone administered after the combination of gemfibrozil and clarithromycin it produced significant
reduction in blood glucose level after 1 hour, 2 hours, 4 hours, 8 hours and 12 hours. When pioglitazone was given
with gemfibrozil to rats with streptozotocin-induced hyperglycemia, it showed significant reduction (P < 0.05) in
blood glucose level after 12 hours compared to time zero. On the other hand, administration of pioglitazone and
clarithromycin to hyperglycemic rats it produced no significant effect. However; administration of pioglitazone to
hyperglycemic rats received a combination of gemfibrozil and clarithromycin produced significant decrease in blood
glucose level after 4 hours, 8 hours and 12 hours compared to time zero.

Conclusion: In the current study, gemfibrozil has shown more impact on blood glucose with pioglitazone than
clarithromycin with pioglitazone; while the combination of gemfibrozil and clarithromycin has produced more effect
on the blood glucose lowering effect of pioglitazone which might be due inhibition of metabolism of pioglitazone.

Keywords: Drug-drug interactions, oral hypoglycemic agents, Pioglitazone, Gemfibrozil, Clarithromycin, CYP
inhibitors.

INTRODUCTION
Diabetes mellitus is a chronic metabolic release and/or insulin receptor insensitivity(JM
disordermanifested by impairment of insulin Okonta, 2006).
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The prevalence of diabetes mellitus is globally
increasing(Kaul, Bolger, Herrington, Giugliano, &
Eckel, 2010). The incidence of type 2 diabetes is
rising in the community and is expected to affect
380 million people by 2025(Schelleman, Bilker,
Brensinger, Wan, & Hennessy, 2010; Xu et al.,
2008).Complications of type 2 diabetes mellitus
affect many organs of the body systems and
producing long term complicationsincluding
cardiovascular diseases, diabetic nephropathy,
retinopathy and  neuropathy(Gade, Lund-
Andersen, Parving, & Pedersen, 2008; JM Okonta,
2006; May & Schindler, 2016).

Diabetes mellitus is treated with dietary
modification and hypoglycemic drugs(Xu et al.,
2008). In most of the diabetic patients, several
concomitant diseases may need additional
pharmacological treatment(May & Schindler,
2016).Treatment of type 2 diabetes can be
achieved by using oral hypoglycemic agents
which include: sulfonylureas, meglitinides,
biguanides,  thiazolidinediones and alpha-
glucosidase inhibitors(FEINGLOS, 2001).
Thiazolidinediones are oral hypoglycemic agents
which act by improving insulin resistance,
especially when used in combination with other
hypoglycemic agents(FEINGLQOS, 2001; Peter J.
Cox, 2000). It improves hepatic and peripheral
tissue utilization of glucose(Kaul et al., 2010).
Adverse drug reactions (ADRs) were responsible
for many deaths and are associated with
significant morbidity, mortality, and economic
loss(K U Dinesh, 2007).

Thiazolidinediones (TZDs), an oral antidiabetic
class of medications, have been shown to reduce
bone mineral density and are also associated with
bone fracturesTZDs also can cause weight gain,
increase the risk for heart failure(Peron, Ogbonna,
& Donohoe, 2015).

Many factors are affecting adverse drug reactions
including drug-drug interactions (DDIs)(K U
Dinesh, 2007).

Drug interactions happen when the effect of a
specific drug is modified by another drug, plant or
a dietary supplement(K U Dinesh, 2007; May &
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Schindler, 2016). Drug interactions can be
classified into two categories including(JM
Okonta, 2006) pharmacokinetic interactions:
which may arise from alteration of absorption,
distribution, metabolism or excretion of a drug;
and(Kaul et al, 2010) pharmacodynamic
interactions, which alter pharmacologic efficacy
of a drug(May & Schindler, 2016).

In the case of pharmacokinetic drug-drug
interactions, at least one drug affects the metabolic
pathway of the other concomitantdrug. The
interaction results in either increased or reduced
plasma levels of one or both interacting
medications compared with plasma levels when
the drugs are taken individualy. A frequent
mechanism of pharmacokinetic interactions is
inhibition or induction of degradingliver
enzymes(May & Schindler, 2016).

Many clinically significant drug interactions with
oral hypoglycemic drugs have been reported for
example concomitant use of clarithromycin, or
another potent inhibitor of CYP 3A4 will increase
the plasma concentrations and effects of
repaglinide; which belongs to meglitinides; and
enhancing its blood glucose — lowering effect and
increase the risk of hypoglycemia(Niemi,
Neuvonen, & Kivistd, 2001).

Majority of the oral hypoglycemic agents are
metabolized by the cytochrome p — 450 system.
They are substrates for CYP 2C9, CYP 3A4 or
CYP 2C8. Pioglitazone is metabolized by CYP
3A4 and CYP 2C8(Hansten, 2004).

It is reported thatco-administration of gemfibrozil;
a potent inhibitor of CYP 2C8; can increase the
area under the concentration curve (AUC) of
pioglitazone more than 3-folds(Takagi, Sakamoto,
Itoh, & Fujiwara, 2015; Tornio, Neuvonen, Niemi,
& Backman, 2017).Many studies demonstrated
that gemfibrozil is a potent CYP 2C8 inhibitor and
may increase the risk of hypoglycemia when used
concomitantly with pioglitazone(Aquilante et al.,
2013; Backman, Filppula, Niemi, & Neuvonen,
2016; Neuvonen, Niemi, & Backman, 2006).
CYP2C8 and CYP3A4 are the main isoenzymes
catalyzing biotransformation of pioglitazone (as
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with troglitazone), whereas rosiglitazone is
metabolized by CYP2C9 and CYP2C8(Scheen,
2007). Pioglitazone is metabolized mainly by
CYP 2C8 and to a lesser extent by CYP 3A4 in
vitro(Jaakkola, = Backman,  Neuvonen, &
Neuvonen, 2005; Jaakkola, Laitila, Neuvonen, &
Backman, 2006).

Gemfibrozil raises the plasma levels of
pioglitazone, probably by inhibition of its
CYP2C8-mediated metabolism. CYP2C8 appears
to be of major importance and CYP3A4 of minor
importance in pioglitazone metabolism in vivo in
humans. Concomitant use of gemfibrozil with
pioglitazone may increase the effects and risk of
dose-related adverse effects of
pioglitazone(Jaakkola et al., 2005).

When an oral hypoglycemic drug is combined
with a drug known to inhibit its metabolism, the
drug interaction may occur. The plasma
concentration of the hypoglycemic drug will
increase resulting in an enhanced hypoglycemic
effect(Hansten, 2004).

Since Pioglitazone is metabolized by CYP 3A4
and CYP 2C8, the risk of hypoglycemia may
increase if combined with CYP inhibitors like
clarithromycin which is a common inhibitor of
CYP 3A4 and Gemfibrozil a common inhibitor of
CYP 2C8(Hansten, 2004).

The rationale of the Study

Most diabetic patients may also suffer from other
diseases besides diabetes and may take other
medicines like gemfibrozil and clarithromycin
concurrently with antidiabetic drugs which may
lead to drug interactions and increase the risk of
hypoglycemia. Therefore, this study aims to
evaluate the pattern of drug-drug interactions
between gemfibrozil (a common inhibitor of CYP
2C8), clarithromycin (a common inhibitor of CYP
3A4) and their combination with the oral
hypoglycemic agent pioglitazone which is
metabolized mainly by cytochrome P450 (CYP)
2C8 and CYP3A4 to assess the risk of
hypoglycemia.
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MATERIALS AND METHODS

Drugs

Pioglitazone tablets (ACTOS®, Takeda)was
crushed and dissolved in gum acacia (5 %).
Gemfibrozil (Lopid®, Pfizer) and clarithromycin
(KLACID®, Abbott)were treated similarly.
Animals

Albino male rats weighing 180 — 250 gramswere
obtained from the animal house, Faculty of
Pharmacy, Northern Border University, KSA after
ethical approval. They were divided into groups
among the control, pioglitazone, gemfibrozil,
clarithromycin,and the combinations treatment
groups.

METHODS

Experimental design and treatment procedure

Effect of pioglitazone, gemfibrozil,

clarithromycin and their combinations on the

blood glucose level in normal rats:

The rats were divided into seven groups of five

rats each and treated as follows:

1- Group -1: Normal control group;receivedgum

acacia (5 %) in distilled water.

2- Group -2: Pioglitazone 10 mg/kg.

3- Group -3: Gemfibrozil 100 mg/kg.

4- Group -4: Clarithromycin 100 mg/kg.

5- Group -5: Gemfibrozil 100 mg/kg and

Pioglitazonel0 mg/kg.

6- Group -6: Clarithromycin 100 mg/kg and

Pioglitazone10 mg/kg.

7-Group -7: Gemfibrozil 100 mg/kg plus
Clarithromycin 100 mg/kg plus Pioglitazonel0
mg/kg.

The rats were fasted for 12 hours;gemfibrozil and

clarithromycin were administered orally, 30

minutes before the administration of pioglitazone

and blood samples collected from retro-orbital

plexus under anesthesia at intervals 0,1, 2, 4, 8

and 12hours after drug administration and blood

glucose level was measured using a glucometer.

Effect of pioglitazone, gemfibrozil,

clarithromycin and their combinations on the

blood glucose level in streptozotocin (STZ) -

inducedhyperglycemic rats:
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Male albinorats of 180 — 250 g body weight
wereused in this study. The rats were made
hyperglycemic by injecting streptozotocin (50
mg/kg) intraperitoneally.

Induction of hyperglycemia in rats was achieved
byadministration of streptozotocin (STZ) (50
mg/kg) freshly prepared in 0.1 M sodium citrate
buffer by intraperitoneal injection. Blood glucose
level was checked after 72 hours of STZ
administration. Another 50 mg/kg of STZ was
administered, and hyperglycemia confirmed after
72 hours. Rats with fasting blood glucose levels
above 180 mg/dl were selected for the study and
divided into seven groups of four rats per group
and treated as follows:

1- Group -1: Diabetic control group; received gum
acacia (5 %) in distilled water.

RESULTS

2- Group -2: Pioglitazone 10 mg/kg.

3- Group -3: Gemfibrozil 100 mg/kg.

4- Group -4: Clarithromycin 100 mg/kg.

5- Group -5: Gemfibrozil 100 mg/kg and

Pioglitazonel0 mg/kg.

6- Group -6: Clarithromycin 100 mg/kg and

Pioglitazonel0 mg/kg.

7-Group-7:  Gemfibrozil ~ 100mg/kg  plus
Clarithromycin 100 mg/kg plus Pioglitazonel0
mg/kg.

The rats fasted for 12 hours; gemfibrozil and

clarithromycin were administered orally, 30

minutes before the administration of pioglitazone

and blood samples collected from retro-orbital

plexus under anesthesia at intervals 0, 1, 2, 4, 8

and 12 hours after drug administration and blood

glucose level was measured using a glucometer.

Effect of pioglitazone, gemfibrozil, clarithromycin and their combination on the blood glucose level in

normal rats:

Table (1): Effect of pioglitazone, gemfibrozil, clarithromycin and their combination on the blood glucose level in

normal rats (n = 5):

Group Time zero 1 hour 2 hours 4 hours 8 hours 12 hours

Normal Control 122.40 113.25 78.75 107.00 94.00 73.25

(16.09) (12.09) (9.42) (13.06) (11.37) (5.94)

Pioglitazone 102.40 106.40 *79.60 99.00 *79.25 *74.75

(5.35) (6.90) (5.89) (4.11) (6.22) (5.98)

Gemfibrozil 104.60 105.20 *75.40 95.80 89.00 *80.60

(5.24) (8.90) (2.20) (3.71) (7.48) (9.92)

Clarithromycin 109.00 92.20 *75.20 *86.80 *79.20 94.60

(5.83) (9.97) (6.61) (5.54) (3.71) (1.78)

Gemfibrozil and 120.80 120.60 *81.00 96.60 *89.40 *76.20

Pioglitazone (9.87) (5.73) (8.85) (9.84) (9.62) (10.07)

Clarithromycin and 99.80 101.00 86.75 104.25 91.75 74.00

Pioglitazone (6.74) (5.21) (15.85) (5.23) (4.37) (3.81)

Gemfibrozil plus 119.40 *85.80 *79.60 *94.00 *75.80 *85.80

Clarithromycin plus (7.43) (5.15) (9.22) (5.80) (5.24) (3.46)
Pioglitazone

Values are expressed as mean + SEM ~ (ANOVA) (LSD)

* Significantly different as compared to the time zeroP < 0.05

As shown in the table (1); Pioglitazone significantly (P < 0.05) decreased theblood glucose levelafter 2
hours, 8 hours and 12 hours when compared to blood glucose level at time zero. Gemfibrozil significantly
(P < 0.05) decreased the blood glucose level after 2 hours, and 12 hours when compared to blood glucose
level at time zero. Clarithromycin significantly (P < 0.05) reduced the blood glucose level after 2 hours, 4
hours and 8 hours when compared to blood glucose level at time zero.Gemfibrozil and Pioglitazone
significantly (P < 0.05) decreased the blood glucose level after 2 hours, 8 hours and 12 hours when
compared to blood glucose level at time zero. Gemfibrozil plus Clarithromycin plus Pioglitazone
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significantly (P < 0.05) decreased the blood glucose level after 1 hour, 2 hours, 4 hours, 8 hours and 12
hours when compared to blood glucose level at time zero.

Effect of pioglitazone, gemfibrozil, clarithromycin and their combination on the blood glucose level in
streptozotocin (STZ) - induced hyperglycemic rats

Table (2): Effect of pioglitazone, gemfibrozil, clarithromycin and their combinations on the blood glucose level in
streptozotocin (STZ) - induced hyperglycemic rats (n = 4):

Group Time zero 1 hour 2 hours 4 hours 8 hours 12 hours
Diabetic control 336.00 369.75 429.25 400.00 356.00 281.00
(45.16) (31.93) (36.08) (40.43) (47.98) (40.21)
Pioglitazone 366.25 391.25 382.75 339.25 276.75 229.50
(60.24) (65.70) (72.79) (66.56) (57.61) (50.95)
Gemfibrozil 436.25 408.00 429.25 417.00 *374.25 *347.25
(17.62) (10.82) (16.96) (12.39) (17.57) (8.46)
Clarithromycin 337.75 388.25 *399.25 365.25 341.50 305.25
(16.77) (30.08) (24.57) (10.97) (2.90) (22.22)
Gemfibrozil and Pioglitazone 369.50 402.25 430.25 365.25 303.50 *186.25
(58.88) (33.67) (26.35) (40.59) (25.11) (32.51)
Clarithromycin and 315.25 380.50 347.75 353.75 345.00 274.50
Pioglitazone (67.15) (79.06) (71.46) (38.98) (42.58) (31.17)
Gemfibrozil plus 482.00 474.50 445.75 *364.25 *326.50 *377.00
Clarithromycin plus (21.79) (12.18) (18.12) (24.25) (26.43) (17.75)
Pioglitazone

Values are expressed as mean + SEM

As shown in the table (2); Pioglitazone
significantly (P < 0.05) decreased the blood
glucose level after 2 hours, 8 hours and 12 hours
when compared to blood glucose level at time
zero.

Gemfibrozil significantly (P < 0.05) decreased the
blood glucose level after 2 hours, and 12 hours
when compared to blood glucose level at time
zero.  Clarithromycin significantly (P < 0.05)
reduced the blood glucose level after 2 hours, 4
hours and 8 hours when compared to blood
glucose level at time zero. Gemfibrozil and
Pioglitazone significantly (P < 0.05) decreased the
blood glucose level after 2 hours, 8 hours and 12
hours when compared to blood glucose level at
time zero.

Gemfibrozil plus Clarithromycin plus Pioglitazone
significantly (P < 0.05) decreased the blood
glucose level after 1 hour, 2 hours, 4 hours, 8
hours and 12 hours when compared to blood
glucose level at time zero.

Mahmoud M. E. Mudawi

(ANOVA) (LSD)
* Significantly different as compared to the time zero P < 0.05

DISCUSSION

Druginteractions are considered serious problems
worldwide. It can occur between drugs or drugs
and food which may lead to alterations in the
pharmacokinetic and pharmacodynamic properties
of a drug(Giri Mrudula, 2017).

Patients suffering from chronic diseases like
diabetes mellitus can also have several
comorbidities like hyperlipidemia, cardiovascular
diseases, and infections which may lead to
polypharmacy and increased risk of drug-drug
interactions(Giri Mrudula, 2017; Tornio, Niemi,
Neuvonen, & Backman, 2012).
Thiazolidinediones are oral hypoglycemic agents
which act by improving insulin resistance,
especially when used in combination with other
hypoglycemic agents (FEINGLOS, 2001; Peter J.
Cox, 2000). It improves hepatic and peripheral
tissue utilization of glucose(Kaul et al., 2010).
Thiazolidinedione act by binding to peroxisome
proliferator-activated receptor — g (PPAR-g) and
results in a slow rise in insulin sensitivity in
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hepatic, fat and skeletal muscle cell(Tornio et al.,
2012).

Thiazolidinediones are useful in the treatment of
type 2 diabetes mellitus and are also reported to
decrease pancreatic beta-cell destruction and
hence may have benefits in the treatment and
prevention of type 1 diabetes mellitus(Tafuri,
Godil, Lane, & Wilson, 2013). Pioglitazone
belongs to the thiazolidinediones andis
metabolized by CYP2C8 mainly and to a lesser
extent by CYP3A4(Tornio et al., 2012), andit has
a low risk of causing hypoglycemia(Charbonnel.,
2011).

The purpose of the current study was to
investigate the pattern of potential drug-drug
interactions between gemfibrozil (inhibitor of
CYP 2C8), clarithromycin (inhibitor of CYP 3A4)
and their combination with the oral hypoglycemic
agent pioglitazone to assess the risk of
hypoglycemia. It wasconducted in two phases;
phase one: the effects of gemfibrozil and
clarithromycin on the blood glucose level in
normal rats administered pioglitazone. Phase two:
Effects of gemfibrozil and clarithromycin on the
blood glucose level in streptozotocin-induced
hyperglycemic rats administered pioglitazone.
Pioglitazone, when administered to normal rats,
produced significant reduction (P < 0.05) in blood
glucose level after 2 hours, 8 hours and 12 hours
compared to time zero; while it produced no
significant effect in  streptozotocin-induced
hyperglycemic rats.

This study found that administration of
pioglitazone to normal rats pretreated with
gemfibrozil produced a significant reduction in
blood glucose level at time 2 hours, 8 hours and
12 hours compared to time zero. When
pioglitazone administered to rats pretreated with
clarithromycin, it showed no significant effect in
blood glucose level. However; when pioglitazone
administered after the combination of gemfibrozil
and clarithromycin it produced significant
reduction in blood glucose level after 1 hour, 2
hours, 4 hours, 8 hours and 12 hours.

Mahmoud M. E. Mudawi

In this study;pioglitazone has produced no
significant effect when administered to rats with
streptozotocin-induced  hyperglycemia.  When
pioglitazone was given with gemfibrozil to rats
with streptozotocin-induced hyperglycemia, it
showed significant reduction in blood glucose
level after 12 hours compared to time zero. On the
other hand, administration of pioglitazone and
clarithromycin to hyperglycemic rats it produced
no significant effect. However; administration of
pioglitazone to hyperglycemic rats received a
combination of gemfibrozil and clarithromycin
produced significant decrease in blood glucose
level after 4 hours, 8 hours and 12 hours compared
to time zero.

In a study conducted by Fullertet al. (2002) to
assess the effects of pioglitazone in Non-diabetic
patients with arterial hypertension; they found that
pioglitazone significantly decreased both fasting
glucose and fasting insulin concentrations(Haak et
al., 2002).In another study; David K. et al.(2006)
studied the benefit of adding pioglitazone to statin
therapy in non-diabetic patients with metabolic
syndrome and they reported that glucose level
decreased significantly while no hypoglycemia
was observed(David K. Murdock, 2006).
However; Takeshi Horioet al. (2005) noted that
pioglitazone did not significantly decrease fasting
plasma glucose or HbAlc in the non-diabetic
subjects(Kawano et al., 2005).

The metabolism of pioglitazone is mainly by
cytochrome CYP2C8 and with a lesser extent by
CYP3AA. It is reported that gemfibrozil increased
the area under the curve (AUC) of pioglitazone by
three folds in healthy subjects; while itraconazole
which inhibitor of CYP3A4 produced no
significant effect on pioglitazone
metabolism(Tornio et al., 2012). In the current
study; gemfibrozil has shown more effect with
pioglitazone than clarithromycin with
pioglitazone;  while the combination  of
gemfibrozil and clarithromycin has produced
more increase on the hypoglycemic effect of
pioglitazone which might be due inhibition of
metabolism of pioglitazone.
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In this study; pioglitazone has produced no
significant effect when administered to rats with
streptozotocin-induced hyperglycemia. However;
administration of pioglitazone to hyperglycemic
rats received a combination of gemfibrozil and
clarithromycin produced significant decrease in
blood glucose level after 4 hours, 8 hours and 12
hours compared to time zero.

It is reported that pioglitazone administered to
adults with slowly progressive type one diabetes
mellitus it accelerated the progression of the
disease(Tafuri et al., 2013).

Kimberly Sue Tafuri et al. (2013) in their study
concluded that pioglitazone given to children with
type one diabetes mellitus had not preserved the
function of the B cell(Tafuri et al,
2013).However; many studies reported that
thiazolidinediones could have a role in the
treatment and prevention of type one diabetes
mellitus by decreasing pancreatic B - cell
destruction and also other studies in non — obese
diabetic and streptozotocin-treated mouse models
found that pretreatment with thiazolidinediones
prevented the development of type one diabetes
mellitus(Tafuri et al., 2013). It is also reported
that rosiglitazone, which belongs to
thiazolidinediones, given alone or in combination
with insulin was found to preserve 3 — cellfunction
in adults with latent autoimmune diabetes(Tafuri
etal., 2013).

Yoshinori  Miyazaki et al. (2002) found
improvement in glycemic control by pioglitazone
in a dose-dependent enhancement of beta- cell
function(Miyazaki, Matsuda, & DeFronzo, 2002).
In the current study,administration of pioglitazone
to Streptozotocin-induced hyperglycemic rats
which administereda combination of gemfibrozil
and clarithromycinproduced a significant decrease
in blood glucose level. This reduction was
observed after 4 hours, 8 hours and 12 hours after
administration of pioglitazone compared to time
zero; this might be due tothe increased blood
concentration of pioglitazone due to inhibition of
its metabolism by concomitant administration of
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gemfibrozil (inhibitor of CYP 2C8) and
clarithromycin (inhibitor of CYP 3A4).

In this study; Clarithromycin (macrolide
antibiotics) was given alone as a control to normal
rats and also to the streptozotocin (STZ) induced
hyperglycemic rats. In normal rats; clarithromycin
produced a significant decrease in blood glucose
level after 2 hours, 4 hours and 8 hours compared
to time zero. However; when it was given to the
STZ induced hyperglycemic rats, it caused a
significant increase in blood glucose level after 2
hours compared to time zero.

Yoji Miyoshia (2013) reported that clarithromycin
(a macrolide antibiotic) and cefcapenepivoxil
(cephem antibiotic) when given to treat acute
sinusitis to a patient with diabetes he developed
severe hyperglycemia(Miyoshi., 2013). Meghaniet
al. (2012) found that clarithromycin significantly
increased glucose level in diabetic rats, while
rosiglitazone decreased glucose level in diabetic
rats, however; Clarithromycin masked the
glucose-lowering effect of rosiglitazone when
given together(N. M. Meghani, 2012). In the
current  study, clarithromycin  produced a
significant increase in blood glucose level in STZ
hyperglycemic rats after 2 hours compared to time
zero. At the same time when clarithromycin was
given in combination with pioglitazone, it did not
prevent the increase in blood glucose level till 8
hours after administration to the hyperglycemic
rats.

Interestingly; in this study when clarithromycin
was administered alone to non-diabetic rats it
showed a significant reduction in blood glucose
level after 2 hours, 4 hours and 8 hours compared
to time zero; but when administered in
combination with pioglitazone no significant
effect was produced.

In a study conducted by RohiniGambreet al.
(2017) they reported that clarithromycin did not
result ina significant reduction in blood glucose
level in non —diabetic albino rabbits, but when
combined with glibenclamide they produced
significant decrease in blood glucose level(Rohini
Gambre, 2017). However; other studies found that
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some macrolide antibiotics; which is the same
group of clarithromycin; can reduce blood glucose
level in non-diabetic animals. Amr and his
colleagues (2005), reported that erythromycin
administered for seven days produced a significant
decrease in blood glucose level in normal rats; but
did not showa significant effect on blood glucose
level when administered to alloxan diabetic
rats(Rostom, Zaki, & H. EI Bakry, 2005).
Selenkeet al. (1980) also reported that
troleandomycin (macrolide antibiotics) reduced
the glucose tolerance test of mice(Selenke WM,
1980).

Also in this study; Gemfibrozil was given alone as
a control to normal rats, and the streptozotocin
(STZ) induced hyperglycemic rats. In normal rats;
Gemfibrozil produced a significant decrease in
blood glucose level after 2 hours and 12 hours
compared to time zero. When it was given to the
STZ induced hyperglycemic rats, it produced
significant reduction in blood glucose level after 8
hours and 12 hours compared to time zero.
Mussoniet al. (2000), studied the effects of
gemfibrozil in  patients  with  primary
hypertriglyceridemia and reported that it caused
marked reduction of plasma triglycerides and
improvement of insulin sensitivity(Mussoni et al.,
2000). It is also mentioned that gemfibrozil has
improved glucose metabolism and insulin action
in diabetic and non-diabetic hypertriglyceridemic
patients(DANJUN SONG, 2016). (DANJUN et al.
(2016) documented that gemfibrozil in healthy
wild-type (WT) mice caused down-regulation of
blood glucose level and the liver glycogen content
in the mice (DANJUN SONG, 2016).
However;other studies reported that gemfibrozil
produced no changes in plasma glucose level in
patients with type 2 diabetes mellitus. In a
different study, it is also mentioned that
gemfibrozil has not shown a modification in blood
glucose level in STZ induced diabetic
rats(DANJUN SONG, 2016).

Chandrashekhar et al. (2011) studied the
interaction between gliclazide and gemfibrozil in
animal models, and they found that gemfibrozil
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produced no hypoglycemic effect in rabbits when
given alone but enhanced the hypoglycemic effect
of gliclazide when given together(Chandrashekhar
M Sultanpur, 2011).

CONCLUSION:

While most of the studies agree that gemfibrozil
may affect the metabolism of pioglitazone;
however, there is a controversial on the effect of
gemfibrozil and clarithromycinon blood glucose
level in normal and hyperglycemic rats. In the
current study,gemfibrozil has shown more impact
on blood glucose with pioglitazone than
clarithromycin with pioglitazone; while the
combination of gemfibrozil and clarithromycin
has produced more increase on the hypoglycemic
effect of pioglitazone which might be due
inhibition of metabolism of pioglitazone.

The limitations in the comparison of this study
with other studies may be the differences in
species, doses, and duration of treatment.

Acknowledgment:

The author gratefuly acknowledge the approval
and the support of this research study by the grant
no. 7089-PHM-2017-1-7-F from the Deanship of
Scientific Research at Northern Border University,
Arar, KSA.

Conflict of interest:None to declare.

REFERENCES:

1. Aquilante, C. L., Kosmiski, L. A., Bourne, D.
W. A, Bushman, L. R., Daily, E. B,
Hammond, K. P., . .. Sidhom, M. S. (2013).
Impact of the CYP2C8 *3 polymorphism on
the drug-drug interaction between
gemfibrozil and pioglitazone. British journal
of clinical pharmacology, 75(1), 217-226.
d0i:10.1111/j.1365-2125.2012.04343 X

2. Backman, J. T., Filppula, A. M., Niemi, M.,
& Neuvonen, P. J. (2016). Role of
Cytochrome P450 2C8 in Drug Metabolism
and Interactions. Pharmacological Reviews,
68(1), 168-241. doi:10.1124/pr.115.011411

215



10.

Influence of Gemfibrozil (inhibitor of CYP 2C8) and Clarithromycin (inhibitor of CYP 3A4)

Chandrashekhar M Sultanpur, S. S., S.Vijay
Kumar. . (2011). Drug to Drug Interaction
Between Gliclazide and Gemfibrozil in

Animal Models. African Journal of
Pharmaceutical Sciences and Pharmacy.,
2(1), 58-74.

Charbonnel., B. (2011). PIOGLITAZONE IN
COMBINATION WITH INSULIN - AN
OVERVIEW OF RESULTS FROM
PROACTIVE. European Endocrinology.,
7(1), 24-29.

DANJUN SONG, Z. C., MIN LUO, ZHEN
TAN, PENGXU L, LIYUAN HAN,
SHIZHONG BU, JULIN YANG, F. J.
GONZALEZ, AIMING LIU. (2016).
Gemfibrozil not fenofibrate decreases
systemic  glucose level via PPARa.
Pharmazie, 71, 205-212.

David K. Murdock, D. J., Ryan M. Juza,
Mary Kersten, Karen Olson, Bryan
Hendricks. (2006). Benefit of Adding
Pioglitazone to Statin Therapy in Non-
Diabetic Patients with Metabolic Syndrome.
Wisconsin Medical Journal., 105(5), 22-25.
FEINGLOS, B. L. a. M. N. (2001). Oral
Agents in the Management of Type 2
Diabetes Mellitus. Am Fam Physician, 63(9),
1747-1757.

Gade, P., Lund-Andersen, H., Parving, H.-
H., & Pedersen, O. (2008). Effect of a
Multifactorial Intervention on Mortality in
Type 2 Diabetes. New England Journal of
Medicine, 358(6), 580-591.
doi:10.1056/NEJM0a0706245

Giri Mrudula, P. C., Tarun Kingsley , Ruby
Jaiswal. (2017). A Review on Drug
Interactions in Oral Hypoglycemic Drugs by
Mechanism of Cytochrome P450 Enzyme
Inhibition.  Journal of Pharmaceutical
Research, 16(2), 154-159.

Haak, E., Schneider, F., Rau, H., Badenhoop,
K., Usadel, K.-H., Fu llert, S.,...Lu bben,

G. (2002). Effects of Pioglitazone in
Nondiabetic Patients with Acrterial
Hypertension: A Double-Blind, Placebo-

Mahmoud M. E. Mudawi

11.

12.

13.

14.

15.

16.

17.

Controlled Study. The Journal of Clinical
Endocrinology & Metabolism, 87(12), 5503-
5506. d0i:10.1210/jc.2002-020963

Hansten, J. R. a P. D. (2004). Oral
Hypoglycemic  Agents: The Risk of
Hypoglycemia. Pharmacy Times, 57-58.
Jaakkola, T., Backman, J. T., Neuvonen, M.,
& Neuvonen, P. J. (2005). Effects of
Gemfibrozil, Itraconazole, and  Their
Combination on the Pharmacokinetics of
Pioglitazone. Clinical Pharmacology &
Therapeutics, 77(5), 404-414.
d0i:10.1016/j.clpt.2004.12.266

Jaakkola, T., Laitila, J., Neuvonen, P. J., &
Backman, J. T. (2006). Pioglitazone is
Metabolised by CYP2C8 and CYP3A4 in
vitro: Potential for Interactions with CYP2C8
Inhibitors. Basic & Clinical Pharmacology &
Toxicology, 99(1), 44-51. doi:10.1111/j.1742-
7843.2006.pto_437 X

JM Okonta, P. U., CA Ezeagu,. (2006).
Pharmacodynamic effects of cimetidine and
metronidazole on the blood glucose lowering
effect of glyburide in rats. Journal of
Pharmaceutical and Allied Sciences, 3(1),
283-288.

K U Dinesh, P. S., M Pranaya, P Ravi
Shankar, S K Anil, B Durga. (2007). Pattern
of Potential Drug-Drug Interactions in
Diabetic Out-patients in a Tertiary Care
Teaching Hospital in Nepal Med J Malaysia,
62(4), 294-298.

Kaul, S., Bolger, A. F., Herrington, D.,
Giugliano, R. P., & Eckel, R. H. (2010).
Thiazolidinedione Drugs and Cardiovascular
Risks: A Science Advisory From the
American Heart Association and American
College of Cardiology Foundation. Journal of
the American College of Cardiology, 55(17),
1885-1894.
doi:https://doi.org/10.1016/j.jacc.2010.02.014
Kawano, Y., Horio, T., Hiuge, A,
Takamisawa, I., Suzuki, K., Yoshimasa, Y.,
& Suzuki, M. (2005). Pioglitazone-Induced
Insulin  Sensitization Improves Vascular

216



18.

19.

20.

21.

22.

23.

24,

Influence of Gemfibrozil (inhibitor of CYP 2C8) and Clarithromycin (inhibitor of CYP 3A4)

Endothelial Function in Nondiabetic Patients
With  Essential Hypertension. American
Journal of Hypertension, 18(12), 1626-1630.
doi:10.1016/j.amjhyper.2005.05.035

May, M., & Schindler, C. (2016). Clinically
and pharmacologically relevant interactions
of antidiabetic drugs. Therapeutic advances
in endocrinology and metabolism, 7(2), 69-
83. d0i:10.1177/2042018816638050
Miyazaki, Y., Matsuda, M., & DeFronzo, R.
A. (2002). Dose-Response Effect of
Pioglitazone on Insulin  Sensitivity and
Insulin  Secretion in Type 2 Diabetes.
Diabetes Care, 25(3), 517-523.
doi:10.2337/diacare.25.3.517

Miyoshi., Y. (2013). Possible Cefcapene
Pivoxil- or Clarithromycin-Induced Severe
Hyperglycemia in a Patient With Type 2
Diabetes: A Case Report. J Med Cases., 4(6),
416-419.

Mussoni, L., Mannucci, L., Sirtori, C.,
Pazzucconi, F., Bonfardeci, G., Cimminiello,
C., . . . Tremoli, E. (2000). Effects of
gemfibrozil on insulin sensitivity and on
haemostatic variables in hypertriglyceridemic
patients. Atherosclerosis, 148(2), 397-406.
d0i:10.1016/S0021-9150(99)00283-X

N. M. Meghani, K. B., S. Wackchaure,
M.B.Nandanwar, S. Latad and H. Mankani.
. (2012). TOXICITY ASSESSMENT OF
CLARITHROMYCIN IN DIABETIC
WISTAR RATS TREATED WITH
ROSIGLITAZONE. IJPSR, 3(8), 2623-2632.
Neuvonen, P. J., Niemi, M., & Backman, J.
T. (2006). Drug interactions with lipid-
lowering drugs: Mechanisms and clinical
relevance.  Clinical Pharmacology &
Therapeutics, 80(6), 565-581.
d0i:10.1016/j.clpt.2006.09.003

Niemi, M., Neuvonen, P. J., & Kivistd, K. T.
(2001). The cytochrome P4503A4 inhibitor
clarithromycin  increases the  plasma
concentrations and effects of repaglinide.
Clinical Pharmacology & Therapeutics,
70(1), 58-65. doi:10.1067/mcp.2001.116511

Mahmoud M. E. Mudawi

25.

26.

27.

28.

29.

30.

31.

32.

Peron, E. P., Ogbonna, K. C., & Donochoe, K.
L. (2015). Antidiabetic medications and
polypharmacy. Clinics in geriatric medicine,
31(1), 17-vii. doi:10.1016/j.cger.2014.08.017
Peter J. Cox, D. A. R., Frank J. Hollis, Ann-
Marie Harris, Ann K. Miller, Marika
Vousden and Hugh Cowley. (2000).
Absorption, Disposition, and Metabolism of
Rosiglitazone, a Potent Thiazolidinedione
Insulin ~ Sensitizer, in Humans. Drug
Metabolism and Disposition., 28(7), 772-780.
Rohini Gambre, A. K., Sadiq Patel, Sarita
Jaiswar, Kiran Paripelli and Mansi Brid.
(2017). AN EXPERIMENTAL STUDY TO
EVALUATE THE EFFECT OF SINGLE
DOSE OF CLARITHROMYCIN AND
GLIBENCLAMIDE COMBINATION IN
COMPARISON WITH MONOTHERAPY
OF CLARITHROMYCIN AND
GLIBENCLAMIDE ON BLOOD
GLUCOSE LEVEL IN NEW ZEALAND
ALBINO RABBIT. ejpmr, 4(5), 400-406.
Rostom, A., A.H., Zaki, A. S., A., & H. El
Bakry, M. (2005). Hypoglycemic Effect Of
Concomitant Administration Of
Erythromycin And Tolbutamide In Alloxan-
Induced Diabetes In Rats. The Egyptian
Journal of Hospital Medicine, 20(1), 29-37.
doi:10.12816/ejhm.2005.18091

Scheen, A. J. (2007). Pharmacokinetic
Interactions with Thiazolidinediones. Clinical
Pharmacokinetics, 46(1), 1-12.
doi:10.2165/00003088-200746010-00001
Schelleman, H., Bilker, W. B., Brensinger, C.
M., Wan, F., & Hennessy, S. (2010). Anti-
infectives and the risk of severe
hypoglycemia in users of glipizide or
glyburide.  Clinical pharmacology and
therapeutics, 88(2), 214-222.
doi:10.1038/clpt.2010.74

Selenke WM, L. G., Townley RG. (1980).
Nonantibiotic effects of macrolide antibiotics
of the oleandomycin-erythromycin group
with special reference to their “steroid-

217



33.

34.

35.

36.

37.

Influence of Gemfibrozil (inhibitor of CYP 2C8) and Clarithromycin (inhibitor of CYP 3A4)

sparing” effects. J Allergy Clin Immunol.,
65(6), 454-464.

Tafuri, K. S., Godil, M. A,, Lane, A. H., &
Wilson, T. A. (2013). Effect of pioglitazone
on the course of new-onset type 1 diabetes
mellitus. Journal of clinical research in
pediatric endocrinology, 5(4), 236-239.
doi:10.4274/Jcrpe.981

Takagi, M., Sakamoto, M., Itoh, T., &
Fujiwara, R. (2015). Underlying mechanism
of drug—drug interaction between
pioglitazone and gemfibrozil: Gemfibrozil
acyl-glucuronide is a mechanism-based
inhibitor of CYP2C8. Drug Metabolism and
Pharmacokinetics, 30(4), 288-294,
doi:https://doi.org/10.1016/j.dmpk.2015.05.0
01

Tornio, A., Neuvonen, P. J., Niemi, M., &
Backman, J. T. (2017). Role of gemfibrozil
as an inhibitor of CYP2C8 and membrane
transporters. Expert Opinion on Drug
Metabolism & Toxicology, 13(1), 83-95.
d0i:10.1080/17425255.2016.1227791
Tornio, A., Niemi, M., Neuvonen, P. J., &
Backman, J. T. (2012). Drug interactions
with oral antidiabetic agents:
pharmacokinetic mechanisms and clinical
implications. Trends in Pharmacological
Sciences, 33(6), 312-322.
doi:10.1016/j.tips.2012.03.001

Xu, H., Williams, K. M., Liauw, W. S.,
Murray, M., Day, R. O., & McLachlan, A. J.
(2008). Effects of St John's wort and
CYP2C9 genotype on the pharmacokinetics
and pharmacodynamics of gliclazide. British
journal of pharmacology, 153(7), 1579-1586.
doi:10.1038/sj.bjp.0707685

Mahmoud M. E. Mudawi

218



