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Summary

Gliclazide is a second generation sulphonylurea oral hypoglycemic agent used in
the treatment of non-insulin dependent diabetes mellitus (NIDDM). The drug, gliclazide
effectively maintains glycemic control by pancreatic and possibly extra pancreatic
actions, and is well tolerated by most of the patients. This drug was preferred in therapy
because of its selective inhibitory activity towards pancreatic K'ATP channels, low
incidence of producing severe hypoglycaemia, and other haemobiological effects. Due to
several nonhypoglycemic benefits, this drug may often clinical benefits in selected
groups of patients, especially those with or likely to develop micro vascular and macro
vascular abnormalities due to diabetes. All these benefits have allowed gliclazide to be
well placed within the array of oral hypoglycemic agents available for the control of
NIDDM.
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Introduction

Diabetes mellitus is the most common endocrine disorder characterized by
hyperglycemia, altered metabolism of lipids, carbohydrates, proteins and an increased
risk of complications from vascular disease (1). Diabetes mellitus may be categorized in
to two major types, type I accounting for 5% prevalence and type II for 95% prevalence
among diabetics. Sulphonylureas are widely used in the management of type 2 diabetes,
as impaired insulin secretion plays an important role in the pathophysiology of
hyperglycemia (2).

Sulphonylureas were discovered as a side effect of sulphonamide use in 1942 (3),
and tolbutamide and chlorpropamide became therapeutic leaders in the management of
type 2 diabetes during the 1950s. Gliclazide was initially used solely in France but
progressively became widely accepted. Gliclazide is widely used, second generation
sulphonylurea (4). Its effectiveness and safety are well known (5).
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Chemical structure of gliclazide

Gliclazide is a weak acid (pKa=5.8) with a good lipophilicity and a pH dependent
solubility (6). Gliclazide chemical name is 1-(3-Azabicyclo[3.3.0]-oct-3-yl)-3-(p-
tolysulfonyl)urea. Gliclazide belongs to the class II of the biopharmaceutical
classification. Molecular weight is 323.41 and molecular formula is C;sH;N;OsS. It is
white or almost white powder. It is insoluble in water, freely soluble in chloroform and
methylene chloride, sparingly soluble in acetone, slightly soluble in alcohol. The melting
point of gliclazide is approximately 168°C.

MECHANISM OF ACTION

Sulphonylureas bind to the SUR subunit of K'-ATP channels on the cell of islet
of Langerhans leading to closure of the K' channel. This causes membrane depolarization
followed by opening of calcium channels with influx of Ca™" into the cell. Intracellular
calcium mobilizes insulin-containing granules with release of insulin to the exterior. They
augment both first and second phase of insulin secretion in a glucose-dependent and
independent manner. Gliclazide have additional extrapancreatic actions responsible for
their antihyperglycemic effects. (4, 7-9).
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Similarly, it is universally accepted that sulphonylurea drugs are not effective in
the absence of functioning B-cells in both animals (10) and humans (11, 12). Its affinity
for pancreatic and myocardial sulphonylurea receptors has been studied recently.
Evidence has been found of powerful binding of this substance to the pancreatic
SUR1/Kir6.2 and smooth muscle SUR2B/Kir6.2 receptors (13). Gliclazide is more potent
in stimulating the first phase of insulin release from isolated perfused pancreas (14).
Gliclazide augments insulin secretion by concurrently increasing pulse mass and basal
insulin secretion without changing secretory burst frequency or regularity (15).

EXTRAPANCREATIC EFFECTS

Gliclazide is known to produce hypoglycemic/antihyperglycemic activity by
pancreatic (5, 16) and extrapancreatic (17-19) effects. Gliclazide produce biphasic
response in rat model may be due to its enterohepatic circulation in rats (20, 21) and in
humans (22). Such effect was not observed in rabbit model and it may be due to the
absence of entero-hepatic cycling (1, 23, 24).

The most commonly reported extrapancreatic effects of sulphonylureas are their
ability to potentiate insulin action on peripheral tissues (24-27). Sulphonylureas inhibit
gluconeogenesis from lactate and pyruvate in experimental models, possibly by raising
the intracellular content of fructose 2, 6-biphosphate. Fructose 2, 6-biphosphate plays a
key role in regulating the activity of enzymes of the glycolytic/gluconeogenetic pathway
(28). Extrapancreatic effects demonstrated for gliclazide include improvement in insulin
mediated glucose utilization and potentiation of postreceptor insulin sensitive pathways.

HYPOGLYCEMIA

Hypoglycemia has often been associated with sulphonylurea therapy. However,
gliclazide appears to be associated with a low incidence of this adverse effect, possibly
due to the relatively physiological effect that the drug has on insulin secretion (4, 7, 29-
31).

Literature suggest that gliclazide induces an ‘all or nothing’ effect, such that a
threshold dose is required for a hypoglycemic effect to be observed but increasing the
dose above this level will not result in greater hypoglycemic activity. Studies in healthy
volunteers have demonstrated that the threshold plasma gliclazide concentration is 0.25
mg/L, while in patients with NIDDM (Non insulin dependent diabetes mellitus); a higher
threshold concentration of 1.5 mg/L was identified (32). The difference in threshold
concentration may be due to decreased sensitivity of pancreatic beta cells in NIDDM. A
clinical study found that increasing the dosage of gliclazide to above 160 mg/kg during
long term administration may not lead to greater hypoglycemic activity (33).

PHARMACOKINETICS

Absorption: Gliclazide is well absorbed. Administration of a single oral dose of
gliclazide 40 to 120 mg to healthy volunteers and patients with NIDDM resulted in peak
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plasma concentrations of 2.2 to 8 mg/L with in 2 to 8 h (4, 32, 34-36). Some inter subject
variation in gliclazide absorption has been reported, with ‘fast’ [T = 0 to 4 h] and
‘slow’ [Tmax = 4 to 8 h] absorbers identified in a group of healthy volunteers (32, 34).
Mean plasma concentration 24 h after administration of a single dose (40, 80 or 120 mg)
was 7-50% of the Cpnax values (34, 36). There does not appear to be any significant
difference in the daily absorption profile of gliclazide in healthy volunteers and patients
with NIDDM (34). The highly variable systemic bioavailability which may result from
variability in the first pass metabolism and/or absorption (37-39). Changes in gliclazide
pharmacokinetics in rats could arise due to variability in bile excretion and thus bile salt
production. Bile salts have been shown to increase intestinal as well as nasal absorption
of insulin (39).

Steady-state concentrations are reached after 2 days administration of gliclazide
40 to 120 mg to patients with NIDDM (36). Age related differences in certain absorption
parameters of gliclazide have been reported: Cp,x value significantly lower and occurred
significantly later in a group of 5 elderly women (mean age=72 years) compared with a
group of 5 younger women (mean age = 26 years); however there was no significant
difference in mean steady-state plasma gliclazide concentrations (4.5 mg/L), suggesting
that the difference in these absorption parameters are unlikely to be clinically significant
(4, 40).

Effect of food: From two studies in a total of 18 patients with NIDDM who had been
stabilized on gliclazide, found that oral administration of the drug after food significantly
delayed Tpmax (by up to 187 min) compared with administration 30 minutes before,
immediately before or with a meal. Isibashi and Takashina (1990) reported that
administration of gliclazide 30 minutes before a meal was associated with significantly

lower postprandial hyperglycemia than administration immediately before or after a meal
(41).

Distribution: The mean apparent volume of distribution of gliclazide in healthy
volunteers and patients with NIDDM ranged from 13-24 L in different studies [34, 40] or
36.3% of body weight (32) and an age related increase in this parameter was observed
(40). Gliclazide is extensively protein bound (85-97%) (32, 34). The mean gliclazide
content of macroglobulin, y-globulin, albumin and small molecular substances in 24 h
period after administration of 40 mg to healthy volunteers was 3.7, 0.7, 82.3 and 13.2%
respectively (34).

Metabolism: Gliclazide is extensively metabolized in the liver to eight metabolites in
both rat and man (32, 42, 43). Among all the sulphonylureas, gliclazide metabolism is
special and complex to predict the drug-drug interactions as it is metabolized by CYP2C9
(major) and CYP3A4 (minor) (23, 44). Less than 20% is excreted unchanged (28).
Gliclazide undergoes extensive metabolism to several inactive metabolites in humans,
mainly methylhydroxygliclazide and carboxygliclazide (45). Rieutord et al. have reported
that tolbutamide hydroxylase, which is CYP2C9 in man, is involved in the formation of
hydroxygliclazde in rats in vitro (46) The metabolites do not have hypoglycemic activity.
Gliclazide metabolism includes oxidation and hydroxylation.
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Metabolism of gliclazide to hydroxylgliclazide is the initial step in the metabolism of
gliclazide in both rat and man (47). Metabolism of the parent compound is extensive,
with 1 study failing to detect any unchanged drug in the urine (47).
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Animal studies demonstrated that gliclazide undergoes enterohepatic recirculation
(20, 49) and there is some evidence to suggest that this also occurs in humans (32). In
plasma, gliclazide represents over 90% of all drug-related material. The main metabolite,
a carboxy derivative is present only to the extent of 1%; possess effects on platelet
aggregation and micro thrombus formation (50). The carboxy metabolite is the most
abundant urinary metabolite (20%) followed by the hydroxyl metabolite (16%) with the
other metabolites representing 3 to 9% of dose (35).

Pharmacokinetic parameters of gliclazide in humans (4, 28, 32, 50):

Parameter Gliclazide
Cax (mg/L) 2.2 — 8.0 (For 40 — 120 mg tablets)
Tmax () 2.0-8.0
Volume of distribution (L) 13.0 - 24.0
Protein binding (%) 85.0-97.0
Plasma clearance Appr. 0.78 L/h (13 mL/min)
T2 (h) 8.1-20.5
(For 40 — 120 mg tablets in healthy and HIV patients)
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Urinary elimination of gliclazide and its metabolites in subjects with normal renal
function (32, 50):

% unchanged . % of dose
Drug (Mean) Metabolites (Mean)
Gliclazide <20 p-Carboxygliclazide (M1) 17
N-Oxygliclazide (M2) 20
N-Hydroxygliclazide (M3) 14
p-Toluenesulphonamide (M4) 1
Hydroxygliclazide (M5) 7

Pharmacokinetic parameters in animal species after single oral administration (48):

. Volume of
Species Dose | Absorption | Tmax distribution Plasma
(mg/kg) | Tuiz(h) (h) (Y6body wt) Ti2(h)
Rat (N=5) 10 0.5 1 53.8 2.5
. 10 0.7 3 30.8 3.9
Rabbit (N=5) 25 51.8 5.9
3 0.7 2-6 213 10.7
Beagle (N=3) 50 2 9.9
3 0.3 1-2 24 .4 29
Monkey (N=4) 50 108 62

Elimination: The elimination half life of gliclazide is 8 to 12 h in man (7) and it may
vary ranges from 6.1 to 14.3 h in healthy volunteers. The half life is longer in males and
in the elderly (40) and is increased in renal failure (51). The major route of elimination of
gliclazide and its metabolites is via the urine. Following administration of ['*C]-gliclazide
60 to 70% of the radioactivity was recovered in the urine and 10-20% in the feces (32).
Urinary excretion accounted for 45% of a 40 mg dose after 24 h and 61% after 96 h (20,
35).

DOSAGE AND ADMINISTRATION (7, 48)
Administration: Oral administration
Dosage:

Adults: The total daily dose may vary from 40 to 320 mg taken orally. The dose should
be adjusted according to the individual patient's response, commencing with 40-80 mg
daily (1/2 - 1 tablet) and increasing until adequate control is achieved. A single dose
should not exceed 160 mg (2 tablets). When higher doses are required, gliclazide should
be taken twice daily and according to the main meals of the day. In obese patients or
those not showing adequate response to gliclazide alone, additional therapy may be
required.
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Elderly: Plasma clearance of gliclazide is not altered in the elderly and steady state
plasma levels can therefore be expected to be similar to those in adults under 65 years.
Clinical experience in the elderly to date shows that gliclazide is effective and well
tolerated. Care should be exercised, however, when prescribing sulphonylureas in the
elderly due to a possible age-related increased risk of hypoglycaemia.

Children: gliclazide as with other sulphonylureas is not indicated for the treatment of
juvenile onset diabetes mellitus.

Overdose:

The symptom to be expected of overdose would be hypoglycaemia. The treatment
is gastric lavage and correction of the hypoglycaemia by appropriate means with
continual monitoring of the patient's blood sugar until the effect of the drug has ceased.

Dosage adjustments may be necessary in the following conditions (7, 48):

e On the occurrence of mild symptoms of hypoglycaemia (sweating, pallor, hunger
pangs, tachycardia, sensation of malaise). Such findings should be treated with oral
glucose and adjustments made in drug dosage and/or meal patterns.

e On the occurrence of severe hypoglycaemic reactions (coma or neurological
impairment, see overdose).

e Loss of control of blood glucose (hyperglycaemia). When a patient stabilized on any
diabetic regimen is exposed to stress such as fever, trauma, infection or surgery, a
loss of control may occur. At such times, it may be necessary to increase
progressively the dosage of gliclazide and if this is insufficient, to discontinue the
treatment with gliclazide and to administer insulin. As with other sulphonylureas,
hypoglycaemia will occur if the patients' dietary intake is reduced or if they are
receiving a larger dose of gliclazide than required.

e Care should be exercised in patients with hepatic and/or renal impairment and a small
starting dose should be used with careful patient monitoring.

UNDESIRABLE EFFECTS (7, 48)

Hypoglycaemia: All sulphonylurea drugs are capable of producing moderate or severe
hypoglycaemia, particularly in the following conditions:

In patients controlled by diet alone, in cases of accidental overdose, when calorie or
glucose intake is deficient, inn patients with hepatic and/or renal impairment; however, in
long-term clinical trials, patients with renal insufficiency have been treated satisfactorily,
using gliclazide at reduced doses.

In order to reduce the risk of hypoglycaemia it is therefore recommended:

e To initiate treatment for non-insulin dependent diabetics by diet alone, if this is
possible,
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e To take into account the age of the patient: blood sugar levels not strictly
controlled by diet alone might be acceptable in the elderly,

e To adjust the dose of gliclazide according to the blood glucose response and to the
24 hour urinary glucose during the first days of treatment.

The most frequently reported adverse drug reactions during long-term studies and
postmarket experience are gastrointestinal disturbances (including abdominal pain,
nausea, vomiting, dyspepsia, diarrhea, constipation).

Gastro-intestinal reactions: Nausea, vomiting, diarrhea, epigastric fullness and gastric
irritation can be observed. These reactions are generally dose-related and may disappear
when the dose is reduced.

Hepatobiliary reactions: With other sulfonylureas cases were also observed of elevated
liver enzyme levels (AST, ALT, alkaline phosphatise) and even impairment of liver
function (e.g. with cholestasis and jaundice) and hepatitis which regressed after
withdrawal of the sulfonylurea or led to life-threatening liver failure in isolated cases.
Rare cases of jaundice have been reported.

Dermatological reactions: Allergic reactions such as pruritus, erythema, urticaria and
morbiliform or maculopapular rash have been reported. These reactions may persist
during treatment, which must then be interrupted. Cases of cutanea porphyria tarda and of
photosensitivity have also been described with sulfonylurea drugs.

Hematological reactions: As with all hypoglycemic sulfonylurea drugs, a few rare cases
have been reported of leukopenia, erythrocytopenia agranulocytosis, thrombocytopenia,
haemolytic anemia, pancytopenia and allergic vasculitis.

Metabolic reactions: Cases of hepatic porphyria and disulfiram-like reactions have been
described with sulfonylurea drugs. Clinical experience to date has shown that gliclazide
has a low incidence of disulfiram type reactions.

Cardiovascular: Arteritis, cardiac failure, cerebrovascular disorder, coronary artery
disorder, epistaxis, hypotension, myocardial infarction, oedema legs, palpitation,
tachycardia, thrombophlebitis and vein disorder.

Laboratory tests: The pattern of laboratory tests abnormalities observed with gliclazide
was similar to that for other sulfonylureas. Occasional mild to moderate elevations of
SGOT, LDH and creatinine and decrease in natremia have been observed. These
abnormalities frequently encountered with treated or untreated diabetic patients are rarely
associated with clinical symptoms and generally not considered to be drug related.

Post-Market Adverse Drug Reactions: Hypoglycaemia, hypoglycaemic coma,
pancytopenia, thrombocytopenia, hepatitis, cholestatic jaundice, pyrexia, and skin
reactions (pruritus and rash), gastrointestinal disturbances, skin and subcutaneous tissue
disorders, rash, pruritus, urticaria, erythema, maculopapular rashes and bullous reactions.
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Class attribution effects: Cases of erythrocytopenia, agranulocytosis, haemolytic
anaemia, pancytopenia and allergic vasculitis, have been described for other
sulphonylureas. With other sulfonylureas cases were also observed of elevated liver
enzyme levels (AST, ALT, alkaline phosphatise) and even impairment of liver function
(e.g. with cholestasis and jaundice) and hepatitis which regressed after withdrawal of the
sulfonylurea or led to life-threatening liver failure in isolated cases.

CONTRA INDICATIONS (7, 48)

Gliclazide should not be used in juvenile onset diabetes, diabetes complicated by
ketosis and acidosis, pregnancy, diabetics undergoing surgery, after severe trauma or
during infections, patients known to have hypersensitivity to other sulphonylureas and
related drugs, diabetic pre-coma and coma and severe renal or hepatic insufficiency.

DRUG INTERACTIONS (4, 7, 48)

Care should be taken when giving gliclazide with drugs which are known to alter
the diabetic state or potentiate the drug's action. The hypoglycaemic effect of gliclazide
may be potentiated by phenylbutazone, salicylates, sulphonamides, coumarin derivatives,
MAUOIs, beta adrenergic blocking agents, tetracycline compounds, chloramphenicol,
clofibrate, disopyramide, miconazole (oral forms), vitamin K antagonists, allopurinol,
theophylline, caffeine and cimetidine. The hypoglycaemic effect of gliclazide may be
diminished by corticosteroids, oral contraceptives, thiazide diuretics, phenothiazine
derivatives, thyroid hormones and abuse of laxatives.

BENEFITS OF GLICLAZIDE BEYOND GLYCEMIC CONTROL

Antioxidant activity: Recently, a number of in vivo and in vitro studies have shown that
gliclazide functions effectively as an antioxidant as well (52-56). The free radical
scavenging area of the molecule is the aminoazabicyclo-octane ring, which is not found
on other sulphonylureas (57, 58).

Anti-atherosclerotic effect: Several reports indicated that gliclazide-inhibited
atherosclerotic lesions are induced by an atherogenic diet (58, 59).

Prevention of microvascular complications: Gliclazide also prevents the progression of
microvascular complications such as diabetic retinopathy, irrespective of improvement of
the glycemic control (60, 61).

Reversing high insulin-mediated neutrophil-endothelial cell interactions: Gliclazide
may provide an anti-inflammatory effect in the increased leucocyte-endothelial cell
interactions seen during hyperinsulinemia, which also might contribute in preventing
atherosclerotic disease. Among K'-ATP channel blockers, only gliclazide was effective
in reversing high insulin-mediated neutrophil-endothelial cell interactions, despite the
fact that gliclazide shares many common properties of typical K'-ATP channel blockers
(62).
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Restore impaired insulin signaling: Gliclazide was reported to restore impaired insulin
signaling on insulin-resistant skeletal muscle cells by increasing tyrosine phosphorylation
of the insulin receptor and increasing phosphotidylinositol-3 kinase activity (63).

Effect on platelet aggregation: Gliclazide has been shown to inhibit platelet function in
experimental animals (64) and in diabetic patients (65, 66). Gliclazide has been shown to
reduce markedly platelet adhesiveness (67) to decrease strongly platelet aggregation by
an inhibition of platelet ADP release (68) to enhance fibrinolysis and to reduce the
exaggerated vasoconstrictor responses to adrenaline in experimental diabetes (69).

Vascular actions: Gliclazide improves impaired vasodilation, inadequately response to
exogenous NO streptozotocin-induced diabetic rats (70). Gliclazide has been reported to
potentially benefit the vasculature through improvements in plasma lipids and in platelet
function (4). Treatment with gliclazide decreases the release of, or response to
vasoconstrictor prostanoids, or the production or scavenging of superoxide anion which
contributes to the improved vascular function in diabetic rabbits (71).

Novel anti-inflammatory mechanisms: Gliclazide acts as a potent free radical
scavenger and inhibits tumor necrosis factor (TNF) alpha production, platelet aggregation
and prostanoid release (57, 61, 72). Gliclazide protects against high insulin-induced
neutrophil-transendothelial migration and endothelial PECAM-1 expression through
inhibition of MAP kinase activation, and are unrelated to NO metabolism. These findings
are contributed to the novel anti-inflammatory mechanisms of gliclazide in neutrophil-
endothelial cell interactions in hyperinsulinemia (62).

Restoration of endothelial function: Gliclazide in therapeutic concentrations, dose-
dependently restored endothelial function, an effect mediated via reduced oxidative
stress, an equimolar vitamin C and 100 u/L SOD have similar effects. Restoration of
endothelial function in diabetes by gliclazide has also been documented in human micro
vessels (57, 73).

Effect on proliferation: Gliclazide inhibits proliferation, stimulates differentiation of
adipocytes via down-regulation of the EGFR signaling, and also inhibits the PPARy
activity of mature adipocytes. Thus, gliclazide has the potential to inhibit the increase of
preadipocytes and reduce the survival of mature adipocytes. Therefore, gliclazide may
have preventive and therapeutic effects on obesity, as well as type 2 diabetes. (74).

Effect on disorders of glucose metabolism and insulin resistance in HIV-infected
patients treated with protease inhibitors (75): Both efficacy and safety of either
gliclazide or metformin or rosiglitazone were evaluated in patients with altered glucose
metabolism, in a randomized, prospective study in which 289 patients who had started a
novel Protease Inhibitor-based HAART (highly active antiretroviral therapy) from 1998
to 2002 were prospectively followed for 12 months to detect the frequency of
hyperglycemia and its correlates. All enrolled patients had a normal fasting glycemia at
start of their novel HAART regimen; 32.5% of these patients were naive to all
antiretroviral therapy. Later, all patients with hyperglycemia persisting for > 6 months
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and resistant to a diet-exercise program of > 3-month duration underwent therapy with
gliclazide (80 mg/day), metformin (500 mg twice daily), or rosiglitazone (4 mg/day), and
were followed for > 12 months. A 12-month gliclazide, metformin, or rosiglitazone
adjunct achieved a drop of mean serum glycemia of 27.2 mg/dL (p < 0.02), 24.1 mg/dL
(p < 0.02), and 30.3 mg/dL (p < 0.02), respectively, vs baseline levels, and without
significant differences according to the different administered compounds. An oral
gliclazide, metformin, or rosiglitazone therapy proved equally safe and effective.

Conclusion

Much of the morbidity and mortality of type 2 diabetes is due to the
microvascular and macrovascular abnormalities. The drug, gliclazide effectively
maintains glycemic control by pancreatic and possibly extrapancreatic actions, and is
well tolerated by most of the patients. The low incidence of hypoglycemia associated
with the drug represents an advantage over the other agents. Nevertheless, improvement
in the oxidative status of patients by using gliclazide for its hemovascular properties
independent of its hypoglycemic action has led to improvements in oxidative stress,
hypercoagubility, endothelial function, and platelet reactivity, which have not been
demonstrated by other sulphonylurea. All these nonhypoglycemic benefits, the drug may
often clinical benefits in selected groups of patients, especially those with or likely to
develop micro vascular abnormalities due to diabetes. Moreover, gliclazide is most
preferable sulphonylurea to treat glucose disorders associated with antiretroviral therapy
due to the special characteristics of gliclazide.
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