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An oral antidiabetic medication is the first line of medicine treatment for type 2 diabetes mellitus.
Biguanides are ancient agents that function by declining hepatic glucose output and, to a smaller amount,
accelerating insulin sensitivity in hepatic and peripheral tissues (ie, antihyperglycemics, hepatic insulin
sensitizers). Cimetidine (renal cation production competition), furosemide and nifedipine accelerate
glucose decreasing effect of metformin. Sulphonyl urea has capability of suppressing adenosine
triphosphate dependent potassium channels, opening of voltage-dependent calcium channels, enhance
intracellular calcium in the beta cells, accelerate insulin release, then enliven insulin release from
functioning ß-cells by preventing adenosine triphosphate sensitive K channels which causes depolarization
and opening of voltage- dependent calcium channels, which causes an escalate in intracellular calcium in
the beta cells, which stimulate insulin release. Medications act on potassium adenosine triphosphate
channel openers (e.g., diazoxide), metabolism secondary to enzyme induction (e.g., rifampicin) can de-
escalate glucose reducing effect of sulfonylureas.
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Abbreviations:ADRs: Adverse drug reactions; ATP: Adenosine triphosphate; CYP450: cytochrome P450;
DDIs: drug-drug interactions, DI: Drug interaction; DPP-4: Dipeptidyl peptidase-4; GIP: Gastric inhibitory
peptide; GLP-1: Glucagon-like peptide-1; HDL: High density lipoprotein; PH: Potent Hydrogen; LDL:
Low density lipoprotein; OADs: Oral antidiabetic drug; P-gp: P-glycoprotein; PPAR-Gamma: Peroxisome

Abstract

Introduction
Diabetes mellitus is a common metabolic disorder
affecting millions of people worldwide [1]. The
prevalence of this chronic, endocrine circumstances
proceeds to expansion, from a world-wide prevalence
of 221 million in 2010 to a blueprinted 300 million in
2030 [2]. Pancreas is both an endocrine gland that

synthesizes insulin, glucagon and somatostatin and
exocrine gland that generate digestive enzymes [3]. An
OAD is the 1st line of medicine treatment for T2DM and
although, the advancement nature of T2DM ordinarily
necessitates a combination of dual or further oral agents
in the long term [4]. There are some distinct classes of
OAD agents: biguanides, sulfonylureas, meglitinides,
thiazolidinediones, α-glucosidase inhibitors, incretin
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mimetics and DPP-4 inhibitors. (1) Insulin sensitizers;
(1a) Biguanides (dimethyl biguanide): Biguanides are
ancient agents that function by downgrading hepatic
glucose output and, to a smaller amount, accelerating
insulin sensitivity in hepatic and peripheral tissues (ie,
antihyperglycemics, hepatic insulin sensitizers) [5].
Phenformin was withdrawn from the market in United
States in the 1970s owing to its pitfall of causing lactic
acidosis and the consociated mortality (rate of
comparatively 50%). In contrast, metformin has
confirmed effective and safe [6]. Mechanism of action
of metformin: Escalates liver, muscle & adipose tissues
sensitivity to insulin & accelerate peripheral glucose
utilization. Suppresses gluconeogenesis and blocks
glucose absorption from GIT [7]. Furthermore, it has an
antilipolytic outcome that reduces serum free fatty acid
accumulations, thereby downgrading substrate
applicability for gluconeogenesis. Suppresses hepatic
glucose secretion (gluconeogenesis) and ameliorate
lipid profile by lowering low density lipoprotein, and
very low-density lipoprotein; in contrast escalate high
density lipoprotein. But it does not stimulate insulin
release [8, 9].

Figure 1: Schematic exemplify of metformin mechanism of action

Uses of metformin: Used for obesity patients with
T2DM in monotherapy or in combination with other
oral antidiabetic drugs, because metformin does not
cause weight gain; then it is frequently medicine of
choice for overweight and obese people with T2DM,

however it reveals identical antihyperglycemic efficacy
in normal weight patients [10, 11]. Adverse effects of
metformin: Metallic taste in the mouth, GIT
disturbances such as nausea, vomiting, diarrhoea, lactic
acidosis [12]. The pathogenesis of metformin-
associated lactic acidosis is known that metformin
inhibits lactate clearance of the liver via the suppression
of complex I of the mitochondrial respiratory chain
[13]. Specifically, when metformin levels are great,
oxidative phosphorylation is downgraded and aerobic
metabolism exchanges to anaerobic metabolism [14].
However escalated lactic acid secretion perhaps
induced by haemodynamic unstableness’ and/or tissue
hypoxia associated with severe metformin overdose or
every fundamental unstableness’ cardiovascular or
respiratory situation, lactic acidosis is substantially
owing to a dearth of lactate's clearance than to an
escalated secretion [15]. When used coinciding to
recent prescribing recommendations, although, the
peril of metformin-initiated lactic acidosis is close to
nil), lengthy tenure usage interposes with vitamin B12
absorption [16]. Contraindications of metformin:
Farther contraindications involve substantial cardiac or
respiratory scantiness, or every disparate circumstance
predisposing to hypoxia or downgraded tissue
perfusion (e.g., hypotension, septicaemia), as well as
substantial liver disease, alcohol abuse or a history of
metabolic acidosis [17]. Because the implicit for acute
degeneration in renal, cardiopulmonary and hepatic
work should be taken into consideration, it is not
applicable to distinguish authentic cut-offs for
launching or ceasing metformin therapy [18].
Metformin also contraindicated in alcoholism patients
because alcohol itself increases glycolysis [19]. Drug
interactions: Cimetidine (renal cation production
contesting), furosemide and nifedipine escalate glucose
decreasing effect of metformin [20]. Mainstay merits of
metformin: Metabolic and vascular effects of
metformin: Anti-hyperglycaemic act to inhibit hepatic
glucose output, escalates insulin-mediated glucose
usage, de-escalates fatty acid oxidation, accelerates
splanchnic glucose turnover [21]. Weight stabilisation
or downgrading effect of metformin ameliorates lipid
profile, de-escalates hypertriglyceridemia, lesser
plasma fatty acids and low-density lipoprotein-
cholesterol; enhances high density lipoprotein
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cholesterol in certain patients [22]. No peril of solemn
hypoglycaemia [23]. Metformin counteracts insulin
resistance and de-escalates endogenous or exogenous
insulin must-haves de-escalates basal plasma insulin
accumulations [24]. Vascular outcomes-accelerated
fibrinolysis and de-escalates PAI-1 levels, ameliorated
endothelial work [25]. (1b) Thiazolidinediones:
Thiazolidinediones perhaps have anti-inflammatory,
antithrombotic, and antiatherogenic properties [26].
Mechanism of action: Thiazolidines ameliorate
glycemia by de-escalating insulin resistance and
keeping pancreatic beta-cell work with otherness
mechanism of action; for instance, the substantial
consequence of metformin is to suppress hepatic
glucose generation, although thiazolidinediones act
chiefly by improving peripheral uptake and usage of
glucose in muscle and fat, ultimately de-escalating liver
glucose secretion [27]. In human adipocytes,
rosiglitazone treatments accelerate formulation of
genes enclosed in advancing lipid storage and de-
escalates formulation of genes associated with
inflammation, such IL-6 and accelerate sensitivity of
target tissues to insulin [28]. Thiazolidinediones makes
peroxisome proliferator-activated receptor-Gamma
(PPAR-Gamma1) as moved in the peripheral tissues
[29]. Uses of Pioglitazone: Used forT2DM with insulin
resistance. Used either alone or combined with
sulfonylurea, biguanides or insulin. No risk of
hypoglycaemia when used alone [30]. Adverse effects
of Pioglitazone: Hepatotoxicity, fluid retention,
precipitate congestive heart failure, mild weight gain
[31]. Drug interactions: Medication that de-escalate
hepatic metabolism such as gemfibrozil and
medications that implicitly replace plasma protein
binding accelerate glucose decreasing of
thiazolidinediones [32]. Medications that induce
enzyme secondary to metabolism (e.g rifampicin) are
de-escalating glucose reducing of thiazolidinediones
[33]. (2) Insulin secretagogues: Are medications which
used to escalate the amount of insulin synthesized by
the pancreas. Their action is based on working
pancreatic β-cells (not for T1DM). Insulin
secretagogues involves: (1) Sulfonylureas (2)
Meglitinides (3) Incretin mimetics [34]. (2a)
Sulfonylurea medications: 1st generation sulfonylurea
(tolbutamide, acetohexamide tolazamide,

chlorpropamide). 2nd generation sulfonylurea instances
are (glipizide, glyburide (glibenclamide), glimepiride)
[35]. Mechanism of action: They function by stimulate
insulin release from the insulin generating ß-cells
located in the pancreas and perhaps lightly ameliorate
insulin resistance in peripheral target tissues (muscle,
fat) [36]. Their receptor is a constituent of the ATP-
dependent potassium channel in the pancreatic ß-cells;
their binding is leads to suppression of these channels,
which changes the resting potential of the cell, leading
to calcium influx and enliven of insulin production [37].
The net consequence is accelerated responsiveness of
ß-cells to glucose and non-glucose secretagogues,
sequencing in greater insulin being released at entire
blood glucose accumulations [38]. It stimulates insulin
release from working ß-cells by suppressing of ATP-
sensitive K channels sequencing in depolarization and
calcium influx (thus, not effective in completely insulin
paucity for patients with type-1DM). Sulfonylureas act
as potentiation of insulin act on target tissues and
inhibition of serum glucagon accumulation [39]. Uses
of sulfonylureas: Used for T2DM monotherapy or in
combination with distinctive OADs [40]. Unwanted
effects: Hyperinsulinemia & Hypoglycaemia, weight
gain owing to escalate in appetite, allergic reactions of
sulpha medications [41]. Contraindications: Hepatic
impairment, renal insufficiency, pregnancy & lactation
[42]. Cross placenta, stimulate foetal β-cells to release
insulin dependent foetal hypoglycaemia at birth [43].
Drug interactions: Medications that de-escalate hepatic
metabolism (e.g., certain antifungals, chloramphenicol,
warfarin, phenylbutazone and MAOIs), displace
plasma protein binding (e.g., coumarins, NSAIDs,
sulphonamides), and de-escalate excretion (e.g.,
salicylates, probenecid, allopurinol) perhaps accelerate
glucose reducing effect of sulfonylureas [44, 45].
Medications act on K+ ATP channel openers (e.g.,
diazoxide); metabolism secondary to enzyme induction
(e.g., rifampicin) can de-escalate glucose reducing
effect of sulfonylureas [46]. Salicylates,
sulphonamides, proteins warfarin, phenylbutazone,
fibric acid derivatives can potentiate the anti-
hyperglycaemic consequence of sulphonylureas via by
displacement from plasma binding protein.
Combination of a sulfonylurea with another type of
OADs ordinarily gives comparatively additive glucose-
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reducing efficacy, at least firstly, but there is accelerated
risk of hypoglycaemia [47]. The additive efficacy of a
sulfonylurea with distinctive type of insulin
secretagogue is dependent on disparate modes of action
on the beta- cell [48]. (2b) Meglitinide Analogues:
Certain potential merits of this group of agents involve
a higher reduction in postprandial glucose and de-
escalated risk of hypoglycaemia [49]. Mechanism of
action: Insulin secretagogue as sulfonylureas (identical
MOA). They are structurally different than
sulfonylureas but their mechanism of action relatively
to look that of sulfonylureas (they act by regulating
ATP-dependent potassium channels in pancreatic beta
cells), because they stimulate the release of insulin from
the pancreatic beta cells via a distinctive binding site on
the “sulfonylurea receptor” [50]. Escalate
hyperglycaemia, blockade of ATP dependent K+

channels, opening of voltage-dependent Ca+ channels,
accelerate intracellular calcium in the beta cells and
finally escalate insulin release. Stimulate insulin release
from working ß-cells by suppressing of ATP-sensitive
K channels which causes depolarization and opening of
voltage- dependent calcium channels, which causes an
accelerate in intracellular calcium in the beta cells, and
which stimulate insulin release. Uses of meglitinides:
Used for T2DM (monotherapy or combined with
distinctive OADs) and for patients allergic to
sulfonylurea [51].

Adverse effects of Meglitinides: Hypoglycaemia,
weight gain [52]. Drug interactions: Medication that
decrease hepatic metabolism such as gemfibrozil
perhaps de-escalates glucose reducing effect of
meglitinides [53]. Medications that implicitly displace
plasma protein attaching perhaps accelerate glucose
reducing effect of meglitinides [54]. Medications that
induce enzyme secondary to metabolism (e.g.,
rifampicin, barbiturates, and carbamazepine) perhaps
de-escalate glucose lowering effect of meglitinides
[55]. (3) Others; (3a) Alpha glucosidase inhibitors:
Glucosidase inhibitors involve acarbose and miglitol.
Inhibitors of intestinal α-glucosidase enzymes
degenerate the rate of carbohydrate digestion, thereby,
furnishing an optional denotation to decrease
postprandial [56]. Mechanism: They act on α-
glucosidase, an enzyme found in brush border cells of

small intestine, sticking greater complex carbohydrates
into sugars. α- Glucosidase suppresses the degradation
and absorption of carbohydrates (dextrin’s, maltose,
sucrose and starch; no outcome on glucose); their
highest influence is on postprandial hyperglycaemia
and their consequence on FPG levels is average. They
have been associated with a inhibition in HbA1c by 0.7
to 1.0 %and FPG levels by 35 to 40 mg per dL (1.9 to
2.2 mmol per L) [57]; they are reversible inhibitors of
intestinal α-glucosidases in intestinal brush border
accountable for breakdown of oligosaccharides to
monosaccharides [58]. Adverse drug reactions: GIT:
Flatulence, diarrhoea, abdominal pain. No
hypoglycaemia if used alone [59]. Drug interactions:
Medications that sluggish gut motility (e.g.,
cholestyramine) can accelerate glucose reducing effect
of α- Glucosidase inhibitors [60]. Medications that
implicitly escalate gut motility (metoclopramide) can
de-escalate glucose reducing effect of α- glucosidase
inhibitors [61]. (3b) Incretin mimetics (exenatide):
Incretin involves: GLP-1, GIP [62]. Both are
inactivated by dipeptidyl peptidase-4 (DPP-4). They
are GI hormones generated from intestine in respective
to food even before blood glucose level becomes raised.
They are carried via circulation to pancreatic beta cells
[63]. Incretins (GLP-1and GIP) are enteroendocrine
hormones released into bloodstream from L and K cells
dispersed throughout the gastrointestinal tract [64].
Mechanism of action: GLP-1 is generated in respective
to nutrients and its levels are de-escalated in T2DM; it
acts by stimulating glucose-dependent insulin release
from the pancreatic islets and this is the considerable
merits over sulfonylureas, as it prevents hypoglycaemia
[65]. It also sluggish gastric emptying, suppresses
inappropriate post meal glucagon release, and
downgrade food intake. Stimulation of GLP-1
production from intestine which in turn stimulates
insulin generation from β cells [66]. Exenatide, a
synthetic version of exendin-4, is a 39–amino acid
peptide incretin mimetic that displays glucose
regulatory activities identical to those demonstrated
with human GLP-1 but with escalated resistance to
deactivation by DPP-4 [67]. Exenatide binds to GLP-1
receptor, stimulate glucose-dependent insulin
production, and inhibits glucagon production, sluggish
gastric emptying and downgrades food input [68].
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Figure 2: Schematic illustration of incretin mimetics mechanism
of actions.

Indications: Therapy of patients with T2DM who are
not controlled with oral medication [69]. Side Effects:
Nausea & vomiting [70]. (3c) Dipeptidyl peptidase 4
(DPP-4) inhibitors (sitagliptin, valdegliptin): Suppress
DPP-4 enzyme and leads to escalate in incretin
hormones level (leads to greater insulin and small
glucagon) [71]. Indications [72]: For T2DM as an
auxiliary to diet & exercise and as a monotherapy or in
combination with disparate OAD. Side Effects [73]:
Nausea, abdominal pain, diarrhea, and nasopharyngitis.

Conclusion
Pancreas is both an endocrine gland that generates
insulin, glucagon and somatostatin and exocrine gland
that secrete digestive enzymes. Metformin escalates
liver, muscle & adipose tissues sensitivity to insulin &
accelerate peripheral glucose usage, suppresses
gluconeogenesis and diminishing glucose absorption
from GIT. Metformin has weight stabilisation effect or
reduction and ameliorate lipid profile, de-escalates
hypertriglyceridemia, reduces plasma fatty acids and
low-density lipoprotein cholesterol; increases high
density lipoprotein cholesterol in certain patients.
Salicylates, sulphonamides, proteins warfarin,
phenylbutazone, fibric acid derivatives can potentiate
the anti-hyperglycaemic consequence of
sulphonylureas via by displacement from plasma
attaching protein. Glucosidase inhibitors involve
acarbose and miglitol. Inhibitors of intestinal α-
glucosidase enzymes degenerate the rate of
carbohydrate digestion, thereby, providing an optional
denotation to de-escalate postprandial- not
monosaccharides; these medications universally do not
cause hyperglycaemia.
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