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INTRODUCTION

Diabetes, epidemiology and pathophysiology

Recently, it was recorded that only in 2012 at least 1.5 million deaths induced 
from diabetes1. The terms “Diabetes” and “Mellitus” are derived from Greek lan-
guage. “Diabetes” denotes “a passer through, a siphon” whereas the “Mellitus” 
means “sweet”. It is believed that Greeks entitled it such way, due to the exagger-
ated urine proportions produced by diabetic patients which attracted flies and 

ABSTRACT

Diabetes mellitus (DM), belongs to the class of metabolic diseases which the main 
symptom associated with this disease is the high sugar levels in blood for a long pe-
riod. It can be categorized to the world’s major diseases considering that affects high 
population in earth and presents two main types I and II. Diabetes complications in-
clude possible blindness, amputation of lower limb, renal failure, and cardiac arrest 
or stroke. This review summarizes the pathophysiology for both types of DM, the va-
riety of antidiabetic medications as well as future perspectives. Until now injectable 
medications are more frequently used in order to achieve the desirable treatment. 
Patients prefer oral antidiabetic medications since are easier to be administered and 
for this reason researchers focus their studies at this direction. This work also aimed 
to present and evaluate possible oral formulations against DM type II.
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bees2,3. From the very first described case of DM 3000 years ago by the ancient 
Egyptians and Araetus of Cappadocia (81-133AD) to 1675 when British Thomas 
Willis rediscover the sweetness of urine and blood of patients4,5, since now huge 
improvement in the knowledge for DM has been achieved. Some theories sup-
port that economic6 and insurance7 status would play a major role on the express 
of DM (type II). Moreover a recent study showed that race would also have an 
important factor on DM prevalence (type I and II)8.

DM is a serious, chronic and complex illness characterized by hyperglycemia 
that resulted from the pancreaticβ-cells generate deficient insulin (a hormone 
that adjusts blood glucose) when the body cannot efficiently custom the insu-
lin or both of them1,9,10.World health organization has categorized DM as the 7th 
leading cause in USA while it was estimated that 422 million adults present dia-
betes in 2014, 4 times higher than the recorded cases in 19801. Clinicians also 
believe that DM may be occurred by the carbohydrates and fat existence in daily 
diet given that starch digestion in mammals is accomplished by a-amylase and 
a-glucosidase. Inhibition of starch digestive enzymes or glucose transporters 
can reduce glucose release and absorption in the small intestine. This decrement 
could help to manage DM11,12.

Although, DM is one of the highest health crisis of the 21st century the majority 
of ministries and public health authorities keep being oblivious for the current 
impact of this disease and its complications. Table 1 summarizes the estimation 
diabetic patients at 2015 and 2040. In developed countries, approximately 87% 
to 91% of the diagnosed diabetic people are estimated to have type II diabetes, 7% 
to 12% present type 1 diabetes while 1% to 3% to have other types of diabetes. In 
under developed and developing countries the relative cases of type I and type II 
diabetes have not been studied in great detail. Nonetheless, it seems that type I 
diabetes is less frequent than type II diabetes, as well as it is increasing by almost 
3% each year globally. It has been correlated that in most developed countries, the 
greater part of DM cases in toddlers and juveniles are associated with type I diabe-
tes whereas type II diabetes is reported as a more common condition. Mostly, type 
II diabetes presence has been elevated alongside accelerated sociocultural altera-
tions: ageing populations, increasing people living in urban areas, low physical 
activity, increased sugar consumption as well as low fruit and vegetable intake1,13.

The exact cause of DM is uncertain until now. Nevertheless, scientists believe 
that genes, environmental factors and other pathological conditions such as au-
toimmune eradication of the pancreatic β-cells which provoke insulin deficiency 
and other abnormalities which cause resistance to insulin action seems to in-
volve in the development of the disease9,10,14. 
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The main symptoms of DM marked hyperglycemia combined with polyuria, 
polydipsia, polyphagia also known as the 3 P’s signs. The presence of the 3 P’s 
could indicate that the blood sugar level is high. In type I, 3 P’s can be observed 
in higher rate while they can be developed quickly. In type the 3 signs are nearly 
undetectable and develop more gradually. Not so often, weight loss, blurred vi-
sion as well as susceptibility to infections could also be aroused by chronic hy-
perglycemia. The most acute complication of uncontrolled DM which could be 

Table 1: IDF Diabetes Atlas global estimates, 2015 and 20401

2015 2040

Total word population 7.3 billion 9.0 billion

Adult population (20-79 years old) 4.72 billion 6.16 billion

Child population (0-14 years old 1.92 billion -

Diabetes (20-79 years) 2015 2040

Global prevalence 8.8% (7.2-11.4%) 10.4% (8.5-13.5%)

Number of people with diabetes
415 million
(340-536 million)

642 million
(521-829 million)

Number of deaths due to diabetes 5.0 million -

Health expenditure due to diabetes 
(20-79 years) 2015 2040

Total health expenditure,  
R=2* 2015 USD 673 billion 802 billion

Hyperglycaemia in pregnancy  
(20-49 years) 2015 2040

Proportion of live births affected 16.2% -

Number of live births affected 20.9 million -

Impaired glucose tolerance  
(20-79 years) 2015 2040

Global prevalence 6.7% (4.5-12.1%) 7.8% (5.2-13.9%)

Number of people with impaired 
glucose tolerance

318 million
(212.2-571.6 million)

481 million
(317.1-855.7 million)

Type I diabetes (0-14 years) 2015 2040

Number of children with type 1 
diabetes 542,000 -

Number of newly diagnosed  
cases each year 86,000 -
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threatening to the life is the hyperglycemia accompanied with ketoacidosis or 
the nonketotic hyperosmolar syndrome. Diabetic patients may also have high 
blood pressure and anomaly of lipoprotein metabolism. Among other long-term 
symptoms, retinopathy with possible vision loss, nephropathy inducing kidney 
failure, peripheral neuropathy related with the presence of foot lesions, am-
putations, and Charcot joints. Furthermore autonomic neuropathy generating 
gastrointestinal, genitourinary, and cardiovascular signs and sexual dysfunc-
tion can coexist to diabetic patients. Finally, people diagnosed with DM appear 
usually atherosclerotic cardiovascular, peripheral arterial, and cerebrovascular 
diseases9,10,14.

Classification and diagnosis of diabetes

Three main types of DM are known type I associated with full insulin deficiency, 
type II-progressive insulin deficiency15 and gestational DM which is diagnosed 
in 2nd or 3rd semester of pregnancy. Currently, although type I cannot be pre-
vented, type II is preventable with good health, exercising and healthy diet. Early 
diagnosis is the key in diabetes management. Nevertheless, type II have affected 
high population and lead to complications in several body parts, heart, nerves, 
eyes, kidney and so on16. Diabetes falls into three below general categories:

1. Type I diabetes is as a result of β-cell destruction which customarily pro-
voke complete insulin insufficiency. It was formerly known as insulin-depend-
ent, juvenile or childhood-onset diabetes and it is occasioned by an autoimmune 
reaction, in which the immune system invaded against the insulin-producing 
pancreatic beta cells. Type I diabetes is distinguished by deficient insulin pro-
duction in the body. In such type of DM the patients require daily administration 
of insulin so as to normalize the glucose level in the blood. Have not taken the 
insulin, their life is being threatened and can be fatal. The reason of type IDM 
is not identified yet being presently not preventable. Albeit, the reasons for type 
I diabetes are still unclear, changes in environmental risk factors and/or viral 
infections may have an impact on the appearance of DM. Extreme urination and 
thirst, continuous hunger, weight loss, vision changes and fatigue are the main 
symptoms of this type of DM. More often than not, the number of people who 
diagnosed with type I diabetes is escalated. 

2. Type II diabetes which earlier termed non-insulin-dependent or adult-on-
set diabetes, assumed to be a result from a continuous insulin secretory defect on 
the background of insulin resistance on account of the body’s inefficient use of 
insulin. Type II diabetes is the most typical DM. In this type, the body is capable 
of producing insulin but becomes so resistant that the insulin is ineffective. By 
the time, insulin levels could subsequently turned out insufficient. The cause of 
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high blood glucose levels are both the insulin resistance and deficiency. Given 
that the symptoms (coincidental to type I diabetes symptoms) are generally less 
noticeable or absent, the illness could be dismissed and be undiagnosed for nu-
merous years, and not until complications have already ascended. For various 
years, type IIDM was observed only in adults, nowadays it has started to be seen 
also in children. Until present the exact causes for the development of type II 
diabetes are unknown, some significant risk factors being pointed out. The most 
significant ones include: excess body weight, physical inactivity and poor nutri-
tion. Other factors which impacted are ethnicity, family history of DM, past his-
tory of gestational diabetes and advancing age1,13,17–19.

3. Gestational diabetes mellitus (GDM) is a type of DM determined in the 
second or third trimester of pregnancy that is not clearly overt diabetes. GDM 
is a provisional disorder that happens in pregnancy and brings enduring danger 
of type II diabetes2,18.Women with slightly elevated blood glucose levels are di-
agnosed as having gestational diabetes, whilst women with substantially elevat-
ed blood glucose levels are classified as having diabetes mellitus in pregnancy. 
GDM tends to arise from the 24th week of pregnancy. Screening by means of an 
oral glucose tolerance test is therefore recommended and must be conducted 
early in pregnancy for high risk women, and between the 24th and 28th week of 
pregnancy in all other women. Women with hyperglycemia diagnosed during 
pregnancy are at greater risk of adverse pregnancy outcomes such as: very high 
blood pressure and foetal macrosomia, with the vaginal birth being difficult and 
risky. In some cases, clinicians prescribe insulin or oral medication in order to 
control the blood glucose levels. Notwithstanding, gestational diabetes normally 
disappears after delivery but women who have been previously diagnosed are 
in danger of presenting GDM in subsequent pregnancies and type IIDM later in 
their life. In addition, infants beared by mothers with GDM also have a higher 
risk of developing type II diabetes during adolescence or early adulthood1,13,18,19.

Diagnostic Tests for Diabetes Mellitus

DM could be set on diagnosis mainly formed on A1C criteria or plasma glucose 
criteria, the fasting plasma glucose (FPG) or the 2-h plasma glucose value af-
ter a 75-g oral glucose tolerance test (OGTT). The same diagnostics are utilized 
to screen for and diagnose DM as well as to detect individuals with prediabe-
tes9,10,14,18,19. The American Diabetes Association (ADA)/European Association 
for the Study of Diabetes (EASD) and the American Association of Clinical En-
docrinologists (AACE) suggest an HbA1c level of b7.0% and ≤6.5%, respectively, 
for decreasing the risk of diabetic compromises in most patients20–22.Table 2 
shows criteria in order to diagnose prediabetes and diabetes.
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Table 2: Criteria for the Diagnosis of Prediabetes and Diabetes19

Normal Prediabetes Diabetes

A1C ≤5.6 % 5.7-6.4 % ≥6.5 %

FPG ≤99 mg/dL 100-125 mg/dL (5.6-6.9 mmol/L) ≥ 126 mg/dL (7.0 mmol/L)

OGTT 1313≤139 mg/dL
100-140-199 mg/dL (7.8-11.0 
mmol/L)

≥ 200 mg/dL (11.1 mmol/L)*

RPG RPG ≥ 200 mg/dL (11.1 mmol/L)**

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.
**Only diagnostic in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis. 
RPG, random plasma glucose.

Complications of Diabetes mellitus

DM may induce several complications or can co-exist with other diseases. In 
everyday clinical management of diabetic patients, doctors battle with diabetic 
complications which are very common and come in broad spectrum of mani-
festations. The complications are divided in microvascular and macrovascular. 
The macrovascular, which are more severe, are coronary disease, stroke and pe-
ripheral neuropathy. The microvascular are sneakier and in long-term maylead 
on macrovascular complications are diabetic retinopathy, diabetic nephropathy 
and diabetic foot. In this part several case reports are present among the numer-
ous found in the literature. Neonatal diabetes is a rare form of diabetes mel-
litus (DM) which might occurs during the first six months of infant’s life. The 
two forms permanent and transient have been associated with alterations in the 
KCNJ11 and ABCC8 genes most frequently and in the GATA6 gene less frequent-
ly. These mutations coexist with gastrointestinal and heart abnormalities. Such 
is a report of a Caucasian male infant with a GATA6 mutation that developed 
DM due to pancreatic hypoplasia, ventricular and atrial septal defect, an absent 
gallbladder and a right inguinal hernia23.

DM was also correlated with Friedreich’s ataxia (FA). A14-year-old male adoles-
cent had insulin-dependent DM on a FA background, while being under treat-
ment with insulin. Studies have shown that islet pancreatic cells reduction that 
happen in FA is the cause of DM24.There are cases that pancreatic neuroendo-
crine tumor (PNET) was connected with DM developing. Such is a case of a pa-
tient with a pancreatic somatostatin tumor25.

ABCC8 mutation in a homozygous state was also connected with DM. The in-
sulin-dependent DM that occurs due to this mutation can be misinterpreted 
with neonatal DM, although its beginning is later. In those patients sulfonylurea 
treatment was chosen as primary medication26.
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Despite diabetic striatopathy is a common complication on adults was only re-
ported twice in children. In those cases along with weight loss, polyuria, and 
polydipsia was reported hemichorea–hemiballism that was receded after glu-
cose control27.

Among others taking right clinical history of a patient and not only the lean on the 
lab results for diabetic patients is quite important. A 37-year-old man with many 
diabetic complications and trouble in glucose regulation was misdiagnosed as DM 
type I while he was suffering from Neonatal DM as long as two weeks old. The 
proper taking of the family history revealed that his mother and his brother was 
also suffering from the same problem. This will help the patient now on his family 
making options28. In another report, a Caucasian woman, 55 years of age without 
medical history and not ever under any medication, presented with signs of dia-
betic retinopathy and high blood glucose. Patient’s lab tests were found normal. 
The clinical history revealed recent appearance of polyuria and polydipsia. That 
set the diagnosis of DM type I which should always be in the front line of a medical 
doctor’s thinking. However, in this case did not conformed with the patient’s age29.
Another category of DM complications is the infections. This category includes 
bone infections such as patellar osteomyelitis. Two reports of patellar osteomyeli-
tis were revealed, both in adult diabetic women with uncontrolled blood glucose 
and no formerly medical history. The two patients presented with knee pain and 
after lab and screening tests were found that they suffered from patellar osteomy-
elitis. Both were treated with surgery and oral antibiotics with good prognosis. It 
is believed that diabetic neuropathy which causes dwindling or absence of pain 
is one factor of the late doctor’s consultation. It remains to be found the reasons 
of the increased frequency of bone and other systemic infections in patients with 
DM30.A rare complication that was recorded on a DM patient was Cryptococco-
sis31. This is a common fungal infection on patients that are under chronic immu-
nosuppressant therapy. A 48-year-old man with a lung mass suspected to be can-
cer had that infection. Cryptococcosis can appear on immunocompetent patients 
only with a predisposing background and DM is one of them. Another uncommon 
fungal infection is mucormicosis which has been proven to present more often to 
DM patients. It remains to be investigated the reasons that this occurred32.

Update Guidelines for DM treatment 

The 2016 Guidelines for Diabetes treatment according to American Diabetes 
Association are very certain and not controversial33. Similar to those are the 
guidelines of European Association for the Study of Diabetes. The presented 
guidelines are in most common use and the majority of clinicians obey on them. 
Firstly, for DM type I the main course of treatment include only insulin in vari-
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ous forms: the fast acting involve Lispro, Aspart, Glulisine, the long acting De-
temir, Glargine, Degludec and finally the intermediate acting insulin.

For the DM type II the guidelines contain 4 stages which are not meant to be used 
on the same patient. At the first stage metformin is the cornestone of the treat-
ment. If the target of HbA1c level is not reached in 3 months clinician should add 
a second drug from the following categories DPP-4 inhibitors, Thiazolidinedi-
ones, Sulfonylureas, SGLT2 inhibitors, GLP-1 receptor agonist and basal insulin 
(stage 2). On third stage (also three months later) and only if the HbA1c level 
target is not yet reached, a third drug should be used from a different category. 
Eventually, on the fourth stage (after three months of stage 3) and the HbA1c is 
above the treatment level the course of treatment consists of metformin, basal 
insulin and mealtime insulin or GLP-1 receptor agonist.

In fact, there are two major reasons for a clinical doctor to deviate from the 
guidelines above. The first one is when the patient reveals an allergic reaction to 
one of medication. In this case they should consider to alter the drug category 
or moving to the next stage. The second case is when the patient suffers from 
another condition (which is very common among diabetic patients) and cannot 
receive a medication from a certain category because it has a contraindication 
for that condition. The most important part among treatment is the patient to 
discipline as in drug reception as in the diet.

Current Status on Medications for Type I and II Diabetes mellitus

Howbeit, there is a variety of pharmacological agents for the type II diabetic pa-
tients to choose, for type I patients the list is too short. The most significant limi-
tation on antidiabetic treatment is the type of drug administration. Whether in-
sulin formulation was oral then many patients could have a better quality of life. 
In most cases insulin is the only proposed way in order to reduce the glucose lev-
els. Many researchers now mainly focused on improving the quality of these pa-
tients by using novel pharmacological agents. Every patient diagnosed with type 
I requires lifelong insulin therapy which three main categories are the rapid-act-
ing insulin, long-acting insulin and intermediate options to be chosen. It was 10 
years ago when FDA approved an injectable medication known as pramlintide, 
for people diagnosed with type I diabetes and insulin-treated patientswith type 
II. Amylin is a natural hormone derived from the pancreatic beta cells and is the 
hormone which synthetic pramlintide was based on. Pramlintide act as follows: 
“It is administrated after the meal holding it longer in the stomach, promot-
ing weight loss which keeps the blood glucose level low while also suppress the 
glucagon production”. Until today the main approved treatments for type I DM 
is insulin and Pramnlitide. However some researchers believe that Metformin 
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and Sodium Glucose Co-Transporter 2 Inhibitors approved for type II DM could 
also be involved for type I DM34,35. Medications of type II DM include several ac-
tive ingredients and not only insulin. As it was already referred diabetes type II 
could complicate the health of the patients and affect a huge adult population. 
The majority of diabetic people are treated with glucose-lowering medication in 
order to decrease the long-term compromises.

The main classes of diabetes therapeutics are seven with the main differentia-
tions of such medications include safety, glucose-lowering, type of delivery (oral 
or injectable) and so on. The history of type II diabetic formulations is long since 
the first use of synthetic guanidine to take place on 19185. After almost one cen-
tury, new drugs against type II diabetes based on peptides have been approved 
from FDA. A brief history of diabetes type II medications is presented in Table 3.

It is widely known between clinicians and patients that insulin is the primary 
choice for the treatment of type I diabetes. Nonetheless, insulin use is not only 
limited for type I but can also be applied for type 2 diabetic patients. This is fact 
when the other antidiabetic formulation does not fulfill the criteria to low blood 
glucose. The main categories as already reported in literature are also demon-
strated in Table 3. Moreover, what researchers should evaluate is the limitation 
on oral medications and this is why many pharmaceutical technologists and 
companies target on oral administration of antidiabetic drugs.

Biguanides

Biguanides are organic compounds with the chemical formula shown in Figure 
1. Their application as antidiabetic drug is historical long. Although, metformin 
the most significant analogue of biguanides was known for its antidiabetic prop-
erties since 1959, it was not commercially available before late 90s. Metformin 
mechanism involves the reduce of hepatic glucose production, improve insulin 
sensitivity as well as peripheral glucose utilization5,16,36,37. Metformin use in Type 
2 DM may be associated with reduced cancer mortality rates. It lowers A1C by 
1-2% and can be used in combination with most other glucose lowering agents38.

Pharmaceutical formulations for the delivery of metformin

Metformin is aqueous soluble molecule which limited its sustained use as ma-
trix. In current status, researchers try to avoid the burst release in order to extent 
the utility of the tablets. It is commonly known that sustained release is quite im-
portant for oral pharmaceutical products in order to avoid the frequent dosage.

Sustained release dosage form prepared by wet granulation method including 
a variety of hydrophilic macromolecules such as Hydroxyl-propyl methylcellu-
lose (HPMC) K15M, HPMC K100M and HPMC K200M) and Polyacrylate poly-
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mers, Eudragit RL100 and Eudragit RS100 were investigated as drug delivery 
system of Metformin controlled administration. The in vitro release studies of 
the above system indicated that the combination of this material may modify 
the dissolution rate39. An extended release tablet containing metformin was suc-
cessfully prepared via melt granulation combining the hydrophobic stearic acid 
and hydrophilic poly(ethylene oxide). The matrix tablet formulation showed a 
controlled drug release profile40. Solid dispersions of metformin hydrochloride 
developed with methocel K100M were investigated also as alternative carrier for 
the antidiabetic molecule. These carriers prepared by solvent evaporation and 
co-grinding method revealing that the polymer ratio affected the drug release 
rate41. Similar solid dispersions were also formulated by solvent evaporation and 
closed melt method, using Compritol 888 ATO as the polymer. Solvent evapora-
tion led to sustained release42. Gastro retentive floating tablets containing met-
formin were produced via wet solid dispersion methodology with cellulose deriv-
atives such as HPMC K4M, HPMC K15M in different ratios, sodium bicarbonate 
and citric acid gas generating agents and other excipients. Floating tablets were 
prepared by wet solid dispersion method. Adjusting different parameters the re-
lease is controlled whereas the formulations are stable43.

Table 3: Brief history of type II diabetes pharmacological agents5

Year Active Ingredient Category of medications

before 1920s no effective drugs - 

1921
first commercially 
available insulin in USA

Hormones

1946 Insulin Neutral protamine Hagedorn-

1950 Tolbutamide Sulfonylureas

1959 Metformin Biguanides

1996 Troglitazone Thiazolidinediones

1997 Repaglinide Meglitinides

1995 Acarbose α-Glucosidase Inhibitors

2005 Pramlintide Amylin Agonists

2008 Colesevelam Bile acid sequestrants 

2009 Bromocriptine Dopamine agonist

2013 Canagliflozin Sodium GlucoseCo-Transporter 2 Inhibitors

2014 Dapagliflozin Sodium Glucose Co-Transporter 2 Inhibitors

2016 Lixisenatide Peptide
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Figure 1: Chemical formula of biguanides

Among the antidiabetic properties metformin also applied as anticancer agent 
against liver cancer. Gold nanoparticles (AuNPs) were conjugated with hyalu-
ronic acid (HA) and loaded with Metformin on HA capped AuNPs (H-AuNPs). 
These nanoparticles have an affinity to easily bind on the surface of the liver 
cancer cells, exhibiting promising results44.

Sulfonylureas

Sulfonylureas (SU) appearance was found in 1937 when some doctors observe 
their properties as hypoglycemic agents. Its chemical formula can be seen in 
Figure 2. Their mechanism of action is to trigger insulin release from pancre-
atic b-cells45 In addition can decrease the hepatic glucose production and the 
uptake of hepatic insulin while can increase the glucagon secretion by pancre-
atic α-cells5 The main drawback of SU is that can induce hypoglycemia due to 
the excess of insulin production and release.  First generation drugs include 
acetohexamide, carbutamide, chlorpropamide, glycyclamide (tolhexamide), 
metahexamide, tolazamide and tolbutamide while as second generation drugs 
classified glibenclamide (glyburide), glibornuride, gliclazide, glipizide, gliqui-
done, glisoxepide and glyclopyramide. Glimepiride may be considered as third 
generation drug46.

Figure 2: Chemical formula of sulfonylurea

2.2.1 Pharmaceutical formulations for the delivery of sulfonylureas

In most case sulfonylurea agents are lipophilic molecules which their low sol-
ubility decrease their bioavailability and therapeutic efficacy. Pharmaceuti-
cal technology purposed to improve their water solubility by the preparation 
of solid dispersions and other pharmaceutical formulations. More specifically, 
solid dispersions of the glibenclamide were developed by solvent evaporation 
utilizing hydrophilic polymers as PEG 6000, PVP K30, sorbitol, mannitol, man-

N

NH

N
H

NH

NH2
R1

R2

S
N
H

N
H

R2

O O O

R1



72 Acta Pharmaceutica Sciencia. Vol. 55 No. 1, 2017

nitol, citric acid and urea in various concentrations. The results depicted that the 
amorphous formulation present high dissolution rates 47. Solid dispersion via 
solvent evaporation and micronized techniques were applied so as to improve 
oral absorption of the poorly soluble, glimepiride. The release studies illustrated 
that the two methods were able to enhance and extend the release rate while the 
formulations were bioequivalent with a marketed product48.

Furthermore, controlled release matrices of glipizide were synthesized from 
ethyl cellulose via the direct compression method. Various co-excipients such 
as HPMC K100M, starch and CMC, were also studied. It was investigated that 
the release was enhanced49Atenolol and Glyburide were both encapsulated in 
hard gelatin capsule by direct compression method using Avicel, Lactose DC, 
Crospovidone and Magnesium Stearate in various ratios. Some formulations 
showed that can improve patient compliance by improving the ease of two drugs 
administration together 50 An enhancement on the solubility of glipizide was 
aroused after being dispersed with the help of the hydrophilic poloxamer, cy-
clodextrin, and povidone. The optimized candidate was further entrapped into 
non-effervescent floating tablets (NEFT) with the use of crospovidone and re-
lease retarding agents like HPMC and PEO. In-vitro buoyancy and release stud-
ies demonstrated that non-effervescent floating drug carriers can be a promising 
method so as to extent the gastric retention time and enhance bioavailability of 
glipizide51 Several systems incorporated Glibenclamide based on spray congeal-
ing were formulated with the use of sufficient excipients, solid at room tempera-
ture, as Myverol, Myvatex, Gelucire. Cremophor EL and Poloxamer 188 were 
selected as surfactants and PEG 4000 as co-solvent. Researchers believe that 
the spray congealing is an auspicious novel manufacturing technique of solid 
self-emulsifying systems52.

Microcapsules of gliclazide-deoxycholicacid using sodium alginate were studied 
for their efficiency and size, release kinetics, stability and swelling studies at vari-
ous pH and temperatures. The micro-carrier displayed colon-targeted delivery 
and the addition of deoxycholic acid prolonged gliclazide release suggesting its 
suitability for the sustained and targeted delivery of both molecules to the lower 
intestine53.

Meglitinides

Meglitinide (Figure 3) have a similar mechanism action to reduce glucose pro-
duction as sulfonylureas but they did not present similar chemical formula. They 
have a weaker binding affinity and faster dissociation from the sulfonylureas 
binding site54. The main analogues of Meglitinides are repaglinide, nateglinide 
and mitiglinide. 
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Figure 3: Chemical formula of Meglitinide

Pharmaceutical formulations for the delivery of Meglitinides

Repaglinide present very short half time limited such way its use. Consequently, 
preparing a controlled release formulation seems important issue. Sustained re-
lease pellets of Repaglinide comprised from Avicel, lactose and different polymers 
were synthesized via extrusion-spheronisation method. The optimized pellet was 
orally administrated to normal and diabetic rats, decreasing the blood glucose in 
both normal and diabetic rats throughout 8-12 h55. Nanoemulsion of repaglinide 
was characterized as a hopeful carrier for RPG for persistent hypoglycemic effect 
since showed better hypoglycemic effect in comparison to tablet formulation in 
experimental diabetic rats 56 Moreover, repaglinide encapsulated floating micro-
spheres were investigated as safe, economical and improved bioavailable formula-
tion showing important (p < 0.01) reduce in blood glucose in contrast to pure drug 
treated group 57.Repaglinide-loaded solid lipid nanoparticles (SLNs) were man-
ufactured with a variety of surfactants (Stearic acid and glyceryl mono stearate, 
phosphatidylcholin, Tween80, Pluronic F127, poly(vinyl alcohol) and poly(vinyl 
pyrrolidone) and characterized in vitro. It was resulted that the phosphatidyl-
cholin-based SLNs reveal extended drug release time and the highest loading ca-
pacity. The drug dissolution rate was slow from all formulations58. Nano-crystal 
formulations of repaglinide were manufactured using soluplus as a stabilizer and 
KolliphorE-TPGS as an oral absorption enhancer. Nano-crystal formulations re-
vealed significant (p < 0.001) hypoglycemic activity with faster onset (less than 30 
min) and prolonged duration (up to 8 h) compared to neat repaglinide59.

Thiazolidinediones

Thiazolidinediones (TZD) or glitazones, belong to the medications of type II dia-
betes. Their chemical structure consists of thiazolidine groups (Figure 4) which 
produce the main action of these active ingredients. Their mechanism of action 
involve activation of peroxisome proliferator-activated receptor (PPAR gamma), 
a nuclear receptor. This action change the transcription of several genes play a 
role in glucose and lipid metabolism and energy balance60. The main derivatives 
of TZDs are Pioglitazone, Rosiglitazone and Lobeglitazone.
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Figure 4: Chemical formula of pioglitazone

Pharmaceutical formulations for the delivery of Thiazolidinediones

Pioglitazone use for more than one year may have an increased danger to pro-
vide bladder cancer as FDA warned. However, some formulations are still under 
experimental design especially to prolong the release. 

N-Acyloxymethyl derivatives of pioglitazone were applied as extended-release 
injectable system. It was found that but acyroyloxymethyl derivative was effi-
ciently converted to pioglitazone as it was established from in vitro rat plasma 
with a half-life of less than 2 min at 37oC, whereas the level of enzymatic cleavage 
in rat plasma declined as the ester chain length improves for the longer acyloxy-
methyl derivatives. The researchers suggested that palmitoyloxymethyl deriva-
tive of pioglitazone can be potentially applied as injectable medication in order 
to treat diabetes61. Cyclodextrine complexes of glimepiride) and pioglitazone 
were studied in order to enhance drug release properties as it was finally proved 
right62. Further, an in-situ injectable and biodegradable triple-interpenetrating 
network (3XN) hydrogel, was developed in order to deliver rosiglitazone which 
was comprised from dextran, teleostean and N-carboxyethyl chitosan. The dis-
solution ability was reported as sustained for the model drug63.

Glucosidase Inhibitors

Alpha-glucosidase inhibitors are mainly delivered to the patients via oral route 
so as to decrease blood glucose. Alpha-Glucosidase Inhibitors inhibit alpha- glu-
cosidases that convert polysaccharide carbohydrates into monosaccharides in 
upper GI system. These drugs slow the absorption of glucose. Acarbose, was the 
first medication approved by FDA in 1995 and miglitol was following in 1996. 
Their use is quite limited because they must administer in multiple daily doses 
while some gastrointestinal (GI) side effects have been recorded. 

Pharmaceutical formulations for the delivery of a-Glucosidase 
Inhibitors

Researchers synthesized microspheres rosiglitazone maleate with desirable 
yields between 69 and 75%, high entrapment, precarious size distribution, and 
seductive target release as promising carrier for diabetes management64. Among 
others a-Glucosidase Inhibitors can be found in several plant extract. Literature 
findings indicate this opinion. Nineteen plants derived from Fabaceae family, 
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which were applied in Thai traditional medicine for DM management, showed 
α-glucosidase inhibitory activity via enzymatic reaction65. A commonly popular 
medicinal herb which exhibit α-glucosidase inhibitory activity is Radix Astra-
gali66. Pistagremic acid was isolated from the dried galls extract of P. integerrima 
showing which is the molecule for the antidiabetic property67.

Sodium-glucose transporter-2 inhibitors

The sodium-glucose transporter-2 (SGLT-2) inhibitors (SGLT-2i) have been 
newly categorized as antidiabetic agents. SGLT2 is a human protein in humans 
which inhibit the glucose reabsorption in the kidney, enhancing glucose excre-
tion, and finally decrease blood glucose levels. Canagliflozin (2013), dapagliflo-
zin (2014) and empagliflozin (2014) have taken approval from FDA and EMA 
for type II diabetes. Diabetic patients could control the glucose levels along with 
exercise and a healthy diet5,68–70. Furthermore, SGLT inhibitors could offer ad-
ditional options for the achievement of DM management. However, due to their 
new existence pharmaceutical technologists have not yet evaluated any formula-
tions related with such proteins.

Incretin based-therapies

Incretins consist a group of hormones (the two main are GLP-1 and glucose-
dependent insulinotropic peptide) produced by GI that raise insulin secretion in 
a glucose-dependent manner. Incretin-based therapies focused on GLP-1 con-
sider that native GLP-1 does not present high pharmacological value. This is be-
cause of the low half-time of GLP due to its degradation by the peptidase enzyme 
DPP-4. Two significant strategies have been proposed to control GLP-1-medi-
ated effects: the inhibition of DPP-4, improving the half-life of GLP-1 (DPP-4 
inhibitors) and use of glucagon-like peptide-1 receptor agonists (GLP-1 agonists) 
which can provide supra physiological stimulation of the GLP-1R.Incretin based 
strategies can enhance the glycemic control with low incidence of hypoglycemia 
and without fatten. According to some researchers DPP-4 and GLP-1 therapies 
are more advantageous than metformin71. Until now, formulations of incretin-
based therapies have not been found in the literature.

Dipeptidyl peptidase -4 Inhibitors

DPP-4 Inhibitors are oral hypoglycemic agents inhibit in DPP-4 enzyme and 
are not considered as the initial therapy for type II DM. Their applications and 
formulations are quite new, almost one decade. The first FDA approved drug 
was sitagliptin with the newest candidate of this class Omarigliptin being com-
mercially available in 2015. DPP-4I mechanism of action involve increment of 
incretin levels which hinder glucagon release, followed by insulin secretion, re-
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duced gastric emptying and decrement of blood glucose levels72,73. A recent study 
showed that patients with severe renal impairment may be improved after DPP-
4I administration74. Among other recorded side-effects such as pancreatitis, an-
gioedeama, anaphylaxis75at 2015 FDA warned that some patients could present 
sever joint pain. Consequently, safety of DPP-4 use is still under investigation 
although their numerous advantages.

Glucagon-like peptide-1 receptor agonists

These injectable analogues are also known as GLP-1 receptor agonists or in-
cretin mimetics. Their mechanism of action is to agonists the GLP-1 receptor. 
Nowadays, the approved agonists are: exenatide, liraglutide, lixisenatide (2016), 
abliglutide (2014) and dulaglutide. The main advantage of GLP over sulfonylu-
reas or meglitinides is that hypoglycemia can be avoided. On the contrary, these 
medications may affect the pancreas as DPP-4I drugs76,77.Up to date, two more 
agonists are under investigation taspoglutaide and semaglutide. Nonetheless, 
some undesirable adverse effects of GLP-1 receptor agonists include diarrhea, 
nausea, and vomiting. Additionally, hypoglycemia occurred in several cases dur-
ing clinical trials and it was related with concomitant insulin or insulin secreta-
gogues. Nowadays, all guidelines suggest GLP-1 receptor agonists as potential 
add-on therapy to metformin for patients with uncontrolled type II diabetes. It 
can be concluded that long-term safety of these drugs is unspecified given their 
limited time on the market78.

Future Perspectives

A number of potential therapies for DM are recently being investigated. The 
current insulin therapy includes subcutaneous injection, which regularly fails 
to emulate the glucose homeostasis that normal individuals eventuate. This fact 
generates numerous experiments in order to develop a safer and more effec-
tive non-invasive route for insulin delivery. It is widely reported that oral de-
livery is the most convenient administration route. However, insulin cannot be 
well absorbed orally because can be rapidly degrade via enzymatic cleavage in 
the gastrointestinal tract. Nanotechnology plays a key role in future marketed 
products. Several polymeric nanoparticles and nanocarriers such as liposomes, 
dendrimers and micelles have been studied in order to safely develop new medi-
cations79–81. The main properties of such nanoparticles are to present stability 
in gastrointestinal tract, be nontoxic and biocompatible as well as to be easily 
developed on a large scale. Moieties conjugation in order to prepare permeation-
enhanced properties and high bioavailability revealed promising results indicat-
ing that nanoparticle based systems for insulin delivery could be advantageous 
for DM managements. Among others, herbal plants possess therapeutic values 
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against DM. In fact, some ingredients of folklore medicinal plants seem to reveal 
hypoglycemic activity, antioxidant action and antidiabetic activity with desirable 
properties82–84.

CONCLUSION

Diabetes mellitus a metabolic disease and its management have aware the clini-
cians in all over the countries. In current status, a high number of populations 
have this disease which is related with the modern life style, unhealthy diet and 
sedentary life. The management of Diabetes Mellitus for Type I, is usually inject-
able insulin delivery in contrast to Type II which the majority of drugs are orally 
administered. Currently, the management of Type II diabetes focuses on glucose 
control via lowering of fasting and postprandial blood glucose and hemoglobin 
A(1c). In the foreseeable future, researchers believe that the replacement of sub-
cutaneous injections of insulin with nanocarriers could improve the quality of 
diabetic patients. Furthermore, reducing of blood sugar levels with active ingre-
dients of plants either as primary treatment or as adjunct therapy to conven-
tional medications is a hopeful therapy.
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