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Abstract

Type 2 diabetes mellitus (T2DM), one of the most common metabolic diseases, is caused by a mix of
insulin-sensitive tissues' inadequate response to insulin and pancreatic B-cells' impaired insulin secretion. Adipsin
is involved in preserving the homeostasis of adipose tissues and enhancing insulin secretion in response to glucose.
Adipose tissue secretes adipokines, which are cell-signaling proteins that have been connected to various
pathologies as well as a low-grade state of inflammation. Although the regulation of energy homeostasis is a well-
established function of the obesity hormone leptin, there is increasing evidence that leptin is also essential for
glycaemic control. The hormone leptin is a 167-residue peptide produced by the Lep gene. Adipose tissue is the
main source of its secretion. Leptin levels in the blood are undetectable when the Lep gene is functionally
inactivated. To increase the precision of disease prediction, offer fresh perspectives on pathophysiology, and aid
in the prevention of type 2 diabetes in the future, a validated novel biomarker is necessary. Targeting endogenous
proteins has led to the development of several more advanced diagnostic techniques, with adipsin being one of
the most promising targets. Therefore, the aim of this review study is to assess the effects of DPP-4 inhibitors on
adipsin and leptin in T2DM. The function of DPP-4 (DPP4) inhibitors has changed in recent years. DPP-4
inhibitors do not result in hypoglycemia or weight gain, have a good safety profile, an anti-inflammatory profile,
and do not need dose escalation. It can also be used with older diabetic patients and patients with certain forms of
chronic kidney disease. Adipsin has the potential to become an early novel biomarker in patients with T2DM.
Keywords: Adipsin, Dipeptidyl Peptidase-4, Leptin, Type 2 Diabetes Mellitus.

Introduction

One of the most prevalent metabolic diseases resembling obesity and favoring IR and chronic

in the world is type 2 diabetes mellitus (T2DM), and
its development is primarily brought on by a
combination of two main factors: The tissues'
incapacity to respond to insulin and the inefficiency
of pancreatic B-cells in secreting it . For insulin
release and action to precisely meet the metabolic
demand, the molecular mechanisms underlying
insulin synthesis, release, and tissue response must
be tightly regulated @. Therefore, malfunctions in
any of the underlying processes could lead to the
development of type 2 diabetes and a metabolic
imbalance ®). Though both processes occur early in
the pathogenesis and contribute to the development
of the disease, B-cell dysfunction is usually more
severe than insulin resistance (IR). Polonsky et al @),
indicated that more complex interactions between
the environment and various molecular pathways
related to cell biology may be the cause of the
dysfunction of B-cells in type 2 diabetes.
Hyperglycemia and hyperlipidemia are
frequently present in an over nutritional state,

inflammation. IR is used to characterize a decrease
in the metabolic response of insulin-responsive cells
to insulin or, at the systemic level, a decreased or
weakened response of blood glucose levels to
insulin that is circulating ©). Both hereditary and
environmental factors influence the development of
type 2 diabetes, and while their relative
contributions vary from case to case, the disease is
believed to begin when the combined effects of both
factors exceed an established threshold.
Combinations of lifestyle factors like obesity,
overeating, and inactivity with genetic factors that
affect insulin secretion and insulin resistance lead to
type 2 diabetes. Based on twin family studies, type
2 diabetic complications have a 40% heritability rate
®. With a body-mass index [BMI] of >30 kg/m2,
obesity is the greatest risk factor for type 2 diabetes
and is linked to metabolic disorders that cause IR .

The prevalence of obesity has exploded
globally and is getting out of control. As obesity
rates rise, obesity - related conditions like type 2
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diabetes are also becoming more prevalent. It
becomes especially important to understand the
pathophysiological mechanisms linking obesity to
type 2 diabetes in order to prevent and treat obesity-
related diabetes (8). Obesity raises the risk of type 2
diabetes, particularly when linked to the pathologic
expansion of visceral white adipose tissue (VWAT).
Over 75-90% of patients with type 2 diabetes are
overweight or obese, depending on their race. The
term "diabesity" supports the strong correlation
between obesity and type 2 diabetes” ©). Research
have shown that adipose tissue secretes a variety of
bioactive substances known as adipokines, and that
it is an endocrine organ capable of storing fat as well
10,19 Adipose tissue was first discovered in 1987 as
the primary location for the metabolism of sex
steroids 2 and the endocrine factor adipsin (2
which is significantly down-regulated in obese rats.
Adipose tissue was firmly established as an
endocrine organ in 1994 with the detection and
characterization of leptin %, Adipokines can be
classified as either "anti-inflammatory adipokines"
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or "proinflammatory adipokines"; the former have a
protective and advantageous function, while the
later encourage inflammation and insulin resistance
(14), Pathogenic alterations result from an imbalance
between pro- and anti-inflammatory adipokines.
Patients with obesity and type 2 diabetes, for
instance, usually have changed adipokine profiles,
which increases metabolic risk and affects insulin
sensitivity ©. White and brown adipocytes are the
two primary subtypes of adipocytes. White
adipocytes, also known as white adipose tissue, are
the most common type of adipocytes in the human
body (WAT) Figure 1. Adipose tissue produces
several cytokines such as omentin, adipsin, leptin,
adiponectin, retinol-binding protein 4 (RBP4),
monocyte chemoattractant protein-1 (MCP-1),
plasminogen activator inhibitor-1 (PAI-1), resistin,
and adiponectin @518, In this review, will focus on
two types of adipokines, adipsin and leptin, the
effects of DPP-4 inhibitor on these two parameters
in type 2 diabetic patients.
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Figure 1. Role of adipose tissue in the pathogenesis of type 2 diabetes mellitus ©.

Adipsin

One of the primary proteins that adipocytes
express is the adipokine adipsin @9, It was first
identified as complement factor D in 1987 and is an
essential component of the complement system 9,
This 28-kilo Dalton protein belongs to the serine
protease family and is present in cell lines of mouse
embryonic fibroblasts (3T3) @9, In response to
glucose, it increases insulin secretion and protects
the homeostasis of adipose tissue since it
incorporates into an enzymatic cascade during this
process, which releases the anaphylatoxins C3a and
C5a as well as the C5—-C9 membrane attack complex
@D, The majority of adipsin is produced by adipose
tissue (AT) cells and there are correlations between
circulating adipsin and measures of obesity and

glucose metabolism. The release of complement
factor C3a, which is stimulated by adipsin, has been
demonstrated to increase the production of insulin in
pancreatic R-cells. Individuals suffering from 3-cell
failure and type 2 diabetes (T2D) have lower serum
concentrations of adipsin 2. Moreover, adipsin
promotes triglyceride synthesis and glucose
absorption in adipocytes V. Elevated blood glucose
levels resulting from pancreatic B-cell dysfunction
and / or insulin resistance are hallmarks of type 2
diabetes mellitus @®. It has been reported that
adipsin preserves B-cell function, which is critical
for increasing insulin secretion @4, A study by
Gomez-Banoy et al. 2019, @ found that restoring
adipsin in diabetic mice preserved B-cell mass by
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enhancing B-cell survival and protecting B-cell
transcriptional identity in addition to improving
hyperglycemia. Furthermore, a higher adipsin level
is linked to a decreased risk of diabetes in
individuals. Individuals with T2DM who have
recently been diagnosed with diabetes exhibit lower
adipsin levels; and there was negative a correlation
between homeostatic model assessment for insulin
resistance  (HOMA-IR) and adipsin. It was
determined that the expression of inflammatory
cytokines, such as IL-17, in T2DM may be the cause
of the negative association #2. Adipsin's plasma
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Figure 2. Role of adipsin in type 2 diabetes mellitus 7,

Leptin

Adipose tissue secretes leptin, a 167-residue
peptide hormone that is the protein product of the
Lep gene. When the Lep gene is functionally
inactivated, the amount of leptin in the blood is
undetectable @®. Leptin travels via various pathways
to reach its targets in the bloodstream, which
includes the hypothalamus after it is released by
adipose tissue @. It has been documented that leptin
enters the brain by saturable transport across the
blood-brain barrier and direct transport through
circumventricular organs 9 and intake into the
choroid plexus and brain parenchyma, though the
precise mechanisms are still not entirely clear. When
leptin binds to its long- form receptor (LepRb), it
triggers a well-studied downstream signaling
pathway that controls both energy expenditure and
food intake @Y. Leptin regulates energy and glucose
homeostasis by targeting the central melanocortin
system 2,
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concentrations were discovered to be lower in
individuals with type 2 diabetes had impaired
glucose tolerance. This condition is linked to
glucose metabolism and the pancreatic (3-cells' first-
phase insulin secretion. Zhou et al. 2018, ©9),
showed that there is a positive correlation between
serum adipsin and homeostatic model assessment
for insulin resistance-beta (HOMA-B) as shown in

Figure 2
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In contrast, insulin is kept in granules and released
instantly when a suitable stimulus is received. The
rate of transcription and translation of the lep gene
determines how quickly leptin is released ©2),

The adipocyte does not have a traditional "triggered"
exocytic pathway; instead, it reacts in an inducible
manner, releasing factors after a delay of 15 to 30
minutes at the endoplasmic reticulum level ¢4,
Conversely, leptin levels in the blood are relatively
stable over the short term (from meal to meal) and
respond to different metabolic stimuli in hours rather
than minutes or seconds (assuming normal
physiological conditions) ®%. In the same way, the
daily regulation of food intake by leptin is still
unclear. Potent inducers of leptin secretion are
elevated levels of insulin and glucocorticoids. Due
to its role in adipose tissue inflammation, the
hormone leptin derived from adipocytes is also
referred to as an adipocytokine ©9, It carries out
many functions, the most essential of which is
preserving energy balance. This is achieved by
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increasing energy expenditure and decreasing
appetite or energy consumption. It is therefore
appropriately called the satiety hormone ©7. It
has been found that leptin regulates peripheral tissue
sensitivity and insulin secretion. Leptin is a potential
biomarker for assessing levels of insulin resistance
(IR) because hyperleptinemia, a reflection of leptin
resistance, plays a major role in the production of IR
in T2DM patients ©®. Moreover, it has been
suggested that leptin levels predict the onset of
metabolic syndrome and are unrelated to obesity ¢,
Activating the sympathetic nervous system in the
hypothalamus raises blood pressure in addition to its
effects on appetite and obesity ©%. The elevated
renal sympathetic tone observed in individuals who
are overweight is thought to be caused by elevated
levels of circulating leptin “9. Hypertension,
angiogenesis, and atherosclerosis are caused by
leptin 9, and thus leptin is useful as a biomarker for
early detection and diagnosis of metabolic syndrome
2 While the exact cause of metabolic syndrome
and its constituent parts remains unknown, two
known contributing factors are central obesity and
insulin resistance “3)., Type 2 diabetes and obesity
are characterized by leptin resistance, and there is a
positive relationship between leptin levels and body
fat mass “4),
Dipeptidyl peptidase 4 (DPP-4) and DPP-4
inhibitors

Dipeptidyl peptidase 4 is a type Il
transmembrane glycoprotein that is widely
expressed in the kidney, liver, pancreas, immune
system, and fat cells. It circulates in a soluble form.
Also, it is a serine protease and can cleave and
render inactive incretin hormones, such as glucagon-
like peptide 1 (GLP-1), and glucose-dependent
insulinotropic polypeptide (GIP) “®. Furthermore, it
has been demonstrated that DPP-4 directly promotes
inflammation in smooth muscle cells, macrophages,
and lymphocytes. Although its exact roles in the
metabolism of glucose and insulin are still unknown,
dipeptidyl peptidase 4 is an important player in these
processes “),

However, DPP-4 is an enzyme that breaks
down glucose-dependent insulinotropic polypeptide
(GIP) and GLP1, two incretin hormones, which act
to regulate postprandially glycaemic levels by
promoting pancreatic beta-cell insulin synthesis and
secretion and decreasing alfa-cell glucagon
secretion “). Moreover, GIP/GLP-1 promotes
satiety and reduces the need for extra food by
delaying stomach emptying and central nervous
system modulation. Glycaemic control is enhanced
by DPP-4 inhibitor by prolonging the duration of
circulating incretin hormone levels postprandially
and demonstrated the maintenance of pancreatic
beta-cell function by enhancing cell survival,
proliferation, differentiation, and stimulation 8,
First published in 1995, the hypothesis that a novel
endocrine-based approach involving the inhibition
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of the enzyme dipeptidyl peptidase-4 “9. The
mechanism of action as reported by Deacon et al.
1995 G included the selective pharmacological
inhibition of the physiological enzymatic
degradation of glucose-dependent insulinotropic
polypeptide (GIP) and glucagon-like peptide 1
(GLP1) causing the biologically active forms of both
hormones to accumulate.

Currently, T2DM is commonly treated with
DPP-4 inhibitors ©Y., DPP-4 inhibition was
investigated as a possible target for the treatment of
type 2 diabetes mellitus because of its ability to
prevent GLP-1 from being inactivated (T2DM) ©2),
Type 2 diabetes is associated with a persistent, low-
grade inflammation brought on by an excess of
visceral fat. Peripheral insulin sensitivity and
homeostatic glucose regulation are dysregulated as
a result of this inflammatory state. The onset and
severity of diabetes, obesity, chronic diabetic kidney
disease 3, cardiovascular  disorders, and
atherosclerosis are correlated with dipeptidyl
peptidase 4 activity 4.

There is no hypoglycemic effect of
dipeptidyl peptidase-4 inhibitor (DPP-4i) by itself.
However, their main mechanism of action against
hyperglycemia is to modify the amounts of
endogenous substrates. Following the inhibition of
DPP-4's catalytic activity, these substrates'
concentrations alter. The therapeutic effect of DPP-
4 inhibitor has been attributed, to this point, to GLP1
®9, It has been demonstrated that GLP1 is a
physiological DPP-4 substrate. Endogenous levels
of biologically active, intact peptides rise in vivo
upon DPP-4 inhibition and are linked to better
glucose homeostasis ©8 57, Glucose-dependent
insulin polypeptide (GIP), commonly referred to as
incretin, is another physiological substrate of DPP-
4; when DPP-4 activity is inhibited, GIP levels rise
®8), GIP appears to act differently on glucagon
secretion, but it increases insulin secretion in
pancreatic beta cells in a glucose-dependent manner,
identical to GLP-1 ®9),

First published in 1995, the theory that type
2 diabetes could be treated with a novel endocrine-
based strategy involving the inhibition of the
enzyme dipeptidyl peptidase-4 (DPP-4) 9, Deacon
et al. 1995 ®9), reported that the accumulation of the
biologically active forms of both hormones was
caused by specific pharmacological inhibition of the
physiological, enzymatic breakdown of glucagon-
like peptide 1 (GLP1l) and glucose-dependent
insulinotropic polypeptide (GIP). The primary goal
of the DPP-4 inhibitor concept was to develop a
medication with anti-hyperglycemic efficacy and
the major benefit of being relatively free from the
risk of hypoglycemia due to the incretin hormones'
glucose-dependent insulinotropic effect €9, The
majority of adipsin is produced by AT cells. Recent
research has revealed correlations between
circulating adipsin and measures of glucose
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metabolism and obesity ©63. It has been
demonstrated that adipsin stimulates the release of
complement factor C3a, which causes pancreatic -
cells to produce more insulin. Patients with R-cell
failure and type 2 diabetes (T2D) have lower serum
concentrations of adipsin ©%. Moreover, adipsin
promotes triglyceride synthesis and glucose
absorption in adipocytes.

DPP-4 inhibitors, adipsin and leptin

Insulin resistance and the onset of type 2
diabetes are linked to elevated leptin levels. High
levels of leptin have also been linked to
microvascular complications, cardiac autonomic
dysfunction, and a higher chance of cardiovascular
events in those who have type 2 diabetes (T2DM)
©9), In this case, leptin levels were linked to carotid
atherosclerosis in T2DM patients, as determined by
carotid intima-media thickness (CIMT), as well as
the existence and severity of silent MI ©9),
Additionally, T2DM patients with elevated leptin
levels have higher rates of obesity, hypertension,
MetS, and endothelial dysfunction ©”. Notably, it
was shown that leptin levels in T2DM patients and
healthy individuals decreased after an oral fat
tolerance meal. According to Petersen et al. 2016
©8) in animal diabetes models, leptin replacement
therapy has been demonstrated to decrease liver
gluconeogenesis, lipolysis, and fasting
hyperglycemia; in lipodystrophy patients, it has also
been shown to improve liver and muscle insulin
resistance. Data on dipeptidyl peptidase-4 (DPP-4)
inhibitors are limited to sitagliptin, which has been
demonstrated to lower serum leptin levels in studies
involving both humans and animals €% 70,
Additionally, in the liver of mice, metformin can
enhance the expression of leptin receptors and lower
leptin concentrations in T2DM patients V. All
things considered, hyperleptinemia has been linked
to insulin resistance, type 2 diabetes, and
complications from diabetic vascular disease.
Several antidiabetic  medications, such as
pioglitazone, metformin, sitagliptin, empagliflozin
and liraglutide, have been shown to decrease leptin
levels; however, it is unclear what clinical
consequences, if any, may result from this
medication effect (/2.

The previously mentioned links between
leptin and both cardiometabolic and non-cardiac
vascular diseases may be partially accounted for by
the pathophysiological mechanisms that leptin
influences and predisposes to these conditions, such
as insulin resistance, oxidative stress, endothelial
dysfunction, vascular inflammation, and cardiac
remodeling.

Overall, there is a correlation between leptin
levels and the existence, severity, and extent of
CHD. As demonstrated in, high leptin levels were
also linked to the occurrence, severity, and
unfavorable clinical outcomes of both ischemic and
hemorrhagic strokes.
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Evidence exists to associate leptin levels with CHD,
PAD, carotid artery disease, stroke, CKD, and
T2DM, as well as their presence, severity, and/or
prognosis. Angiogenesis, arteriosclerosis,
thrombosis, inflammation, and atherosclerosis are
all facilitated by leptin. Their levels may be affected
by a number of medications, including antidiabetic
and statns, as well as lifestyle changes as shown in

To determine whether leptin is an
acceptable therapeutic target, more investigation is
required. In T2DM rats, treatment with metformin,
sitagliptin, and liraglutide as a monotherapy resulted
in improved blood glucose levels. The mechanism
by which these anti-diabetic medications increase
insulin sensitivity may involve lipid reduction,
adipocytokine serum level correction, and a
decrease in retinol-binding protein 4 (RBP-4) serum
concentration. Additionally, T2DM patients may
benefit from the body mass decreasing effect in the
liraglutide-treated group . It's interesting to note
that at 20 and 30 mg/kg, sitagliptin considerably
improved fatty liver and metabolic syndrome. It
enhanced the release of adipokines and reduced
inflammation in white adipose tissue. Additionally,
it stimulated the phosphorylation of ACC and
AMPK in the liver, which enhanced fatty acid
metabolism. Stabilization of plasma GLP-1 levels
also helped to improve metabolic complications
(16, 74)

Additionally, vildagliptin (DPP-4 inhibitor)
improves leptin, cholesterol, triglycerides, and other
serum parameters in high-fat diet (HFD) mice in
addition to glycemic control. Vildagliptin also
inhibits high fat and fetuin-A mediated DPP-4
expression, intracellular lipid accumulation and
improves insulin secretory defects in pancreatic beta
cells. Vildagliptin is known to have an effect on
glycemic control by increasing the half-life of GLP-
1 and GIP, which are known to enhance pancreatic
B-cell insulin secretion and reduce blood glucose,
HbAlc, glucagon secretion, and liver glucose
production ®. The improvement in glycemic
control brought about by DPP-4 inhibition can
account for some of the other effects, such as the
decrease in triglycerides, cholesterol, and leptin (7).
DPP-4 inhibitors have been shown in several studies
to lower blood triglycerides and cholesterol in both
humans and rodents 7. In non-alcoholic fatty
liver disease (NAFLD) patients with T2DM, various
types of DPP-4 inhibitors, including sitagliptin,
vildagliptin, and alogliptin, have been studied, the
beneficial effects of these DPP-4 inhibitors on
NAFLD remain controversial despite conflicting
results @ 8 The pharmacokinetic profile of
linagliptin, a different kind of DPP-4 inhibitors,
differs from that of the three DPP-4 inhibitors
eliminated by the kidneys. It has a high exposure in
hepatic tissue and is primarily eliminated unaltered
through bile ®2. In animal models of NAFLD and
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diabetes, linagliptin was shown to have anti-
inflammatory and anti-steatotic properties © 84,
Unfortunately, there isn't any data on human
subjects at this time. Moreover, the improvement in
insulin resistance may also be due to modulation of
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serum concentration of adipocytokines (i.e.,
increased plasma adiponectin and decreased plasma
leptin), which may also be a potential mechanism for
the beneficial cardiovascular effects of metformin
and sitagliptin %),

Table 1. Comparison of effects of oral hypoglycemic drugs on leptin.

Study Oral Type of | Therapy Therapy Results
(year) | hypoglycemic | study regimen period
agent (weeks)
Wei et | DPP-4 Randomized | Not specified Not Did not modify leptin and have
al 2021 | inhibitors controlled specified no  benefit compared to
89 trials traditional antidiabetic drugs
Komor | Linagliptin Clinical, Linagliptin 5 52 There is no enhanced
izono Metformin patients with | mg/day added effectiveness of linagliptin on
et al T2DM and | to metformin T2DM with NAFLD patients
2021 non-alcoholic | 750 mg/ day.
S fatty  liver | Metformin up
disease to 1500 mg 2-3
times/day
Awal et | Linagliptin Clinical, Metformin  1- 12 Linagliptin improves CD34+
al Placebo patients with | 2 g/day and/or (biomarker  of  endothelial
2020 T2DM and | Insulin  with function), so it may improve
9 chronic Smg/day renal function compared to a
kidney Linagliptin or matched placebo
disease placebo
Schiap | Vildagliptin Clinical, Metformin 4 Vildagliptin decreased C-peptide
accassa | Metformin obese type 2 | 850mg two and LDL, and increased peptide-
et al diabetic times/day 1 and ADP.
2019 women Vildagliptin Metformin decreased TC, LDL-
) 50mg two ¢, HDL-c, and DPP-4, with
times/day increased TNF-a (unexpected).
Takeshi | Alogliptin Clinical, type | Alogliptin 25 12 Alogliptin ~ increased  body
ta et al 2 diabetic | mg/ day weight.
2019 Metfomin patients Metformin Metformin  decreased  body
©0 1,000 mg, two weight.
times/ day
Takihat | Sitagliptin Clinical, type | Sitagliptin 50 24 Luseogliflozin was more
aetal | Luseogliflozin | 2 diabetic | mg  for 12 effective in decreasing HbAlc
2019 patients weeks levels than sitagliptin.
©D Luseogliflozin
for 12 weeks
Dore et | Saxagliptin Clinical, type | Metformin 1-2 12 Saxagliptin improved the
al 2018 2 diabetic | g/day with function of CD34+ cells, renal
©2) Placebo patients with | Saxagliptin function metabolic parameters,
no known | Smg/day or and arterial stiffness compared to
CVD. placebo placebo
Matsus | Sitagliptin Clinical, type | Sitagliptin 50 12 Sitagliptin exhibits more
hima et 2 diabetic | mg/day hypoglycemic effects compared
al 2016 | Voglibose patients Voglibose 0.6 to voglibose
©3) mg three
times/day
Kato et | Sitagliptin Clinical, type | Sitagliptin 24 Both drugs have the same
al 2015 2 diabetic | 50mg/day glycemic effect while sitagliptin
69 Glimepiride patients with | Glimepiride decreased THL and total body fat.
a fatty liver or | Img/day
BMI>25kg/m
2
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Continued tablel.
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Takeshita | Vildaglipti | Clinical, type | Vildagliptin 50mg

et al | n 2 diabetic | two times/day
2015 ©9 patients Liraglutide 0.9mg
Liraglutide /day

12 Liraglutide has a greater effect
on decreasing HbAlc and
BMI than vildagliptin.
Vildagliptin ~ decreased C-
peptide and increased ADP.

Takeshita | Sitagliptin | Clinical, type | Sitagliptin
et al 2 diabetic | 50mg/day
2015 ©9 [ Mitiglinide | patients

treated with
rapid-acting

16 Both drugs increased HbAlc
and decreased C-peptide.
Mitiglinide increased FBS
while sitagliptin has no effect
on it.

insulin Sitagliptin decreased HDL-C
analog and ADP while increasing TG.
Conclusion References
Recent research has revealed correlations 1. Roden M, Shulman GI. The integrative biology

between the levels of circulating adipsin and
indicators of glucose metabolism and obesity. It has

the potential to become an early novel biomarker in 2.

patients with T2DM. Although there are no studies
available for the effect of DPP-4 inhibitors on
adipsin level in type 2 diabetic patients. However,

there may be a positive or synergistic or additional 3.

effect since both of them increase insulin secretion
which aids in treatment of T2DM. In regards to
leptin, there is evidence in type 2 diabetes that
elevated leptin levels are associated with an
increased risk of cardiovascular  disease,
microvascular ~ complications, and  cardiac

autonomic dysfunction. Fortunately, one of Dpp-4's 4.

effects (sitagliptin, vildagliptin and linagliptin) is a
reduction in leptin levels, which helps people with
type 2 diabetes. Interestingly, no study available on
the effect of (saxagliptin and alogliptin) on leptin
level.

Acknowledgment 5.

The authors are thankful to university of
Mosul/College of Pharmacy.

Conflicts of Interest

No conflict of interest was declared by the 6.
authors.
Funding

The authors received no financial support for 7

the research, authorship and/or publication of this
article.
Ethics Statements

Review article. Ethical approval not
applicable.

Author Contribution 8.

Study conception and design: M. Sura, F.
Zainab.; data collection: M. Sura; analysis and
interpretation of results: M. Sura, M. Jehan.; draft
manuscript preparation: M. Sura, F. Zainab. All
authors reviewed the results and approved the final
version of the manuscript.

of type 2 diabetes. Nature. 2019;576(7785):51-
60. https://doi.org/10.1038/s41586-019-1797-8
Sylow L, Tokarz VL, Richter EA, Klip A. The
many actions of insulin in skeletal muscle, the
paramount tissue determining glycemia. Cell
Metabolism. 2021;33(4):758-80.

Lima JE, Moreira NC, Sakamoto-Hojo ET.
Mechanisms underlying the pathophysiology of
type 2 diabetes: From risk factors to oxidative
stress, metabolic dysfunction, and
hyperglycemia. Mutation Research/Genetic
Toxicology and Environmental Mutagenesis.
2022;874:503437.

Halban PA, Polonsky KS, Bowden DW,
Hawkins MA, Ling C, Mather KJ, et al. p-cell
failure in type 2 diabetes: postulated mechanisms
and prospects for prevention and treatment.
Diabetes Care. 2014;37(6):1751-8. https:/ doi
.org /10.2337/dc14-0396.

Czech MP. Insulin action and resistance in
obesity and type 2 diabetes. Nat Med.
2017;23(7):804-14. https:// doi. org/ 10. 1038/
nm.4350.

Cole JB, Florez JC. Genetics of diabetes mellitus
and diabetes complications. Nat Rev Nephrol.
2020;16(7):377-90. https:// doi. org/10. 1038/
s41581-020-0278-5.

. Barber TM, Kyrou I, Randeva HS, Weickert

MO. Mechanisms of Insulin Resistance at the
Crossroad of Obesity with Associated Metabolic
Abnormalities and Cognitive Dysfunction.
International Journal of Molecular Sciences.
2021;22(2):546.

Mohajan D, Mohajan HK. Obesity and Its
Related Diseases: A New Escalating Alarming in
Global Health. Journal of Innovations in Medical
Research. 2023;2(3):12-23.


https://doi.org/10.1038/s41586-019-1797-8

Iraqi J Pharm Sci, Vol.34(4) 2025

9. Lee M-W, Lee M, Oh K-J. Adipose Tissue-
Derived Signatures for Obesity and Type 2
Diabetes:  Adipokines, Batokines and
MicroRNAs. Journal of clinical medicine.
2019;8(6):854.

10. Galic S, Oakhill JS, Steinberg GR. Adipose
tissue as an endocrine organ. Molecular and
cellular endocrinology. 2010;316(2):129-39.

11. Mohammed MK, Fathi ZH, Mohammad JA.
Effects of Angiotensin Receptor Blockers on
Apelin and Visfatin in Hypertension. Al- Anbar
Medical Journal. 2024. https:// doi. org/ 10. 33
091/amj.2024.146572.1565

12.Flier JS, Cook KS, Usher P, Spiegelman BM.
Severely impaired adipsin expression in genetic
and acquired obesity. Science. 1987; 237
(4813):405-8.

13.Zhang Y, Proenca R, Maffei M, Barone M,
Leopold L, Friedman JM. Positional cloning of
the mouse obese gene and its human homologue.
Nature. 1994;372(6505):425-32.

14. Fathi Z, Younus Z, Mahmood S, Mohammad J.
Levels of adiponectin, malondialdehyde and
lipid profile in women with polycystic ovary
syndrome. ACTA Pharmaceutica Sciencia.
2024;62(1). https://doi.org/10.23893/1307-2080
.APS6203.

15.Jumaah YK, Fathi ZH, Mohammad JA.
Angiotensin-Converting Enzyme Inhibitors and
Adipokines: The Role of Visfatin and Apelin in
Cardiovascular Disease Management. Iraqi
Journal of Pharmacy. 2023;20(Supplementary
Issue 1):250-60.
https://doi.org/10.33899/iphr.2023.143923.1062

16.Fathi ZH, Mohammad JA, Mohammed MH.
Levels of Myeloperoxidase, Malondialdehyde
and Lipid Profile in Type 2 Diabetic Patients on
Metformin Versus Glibenclamide Therapy.
Systematic Reviews in Pharmacy.
2020;11(11):1777-82. https://doi.org /10. 31838
/srp.2020.11.248.

17.Mohammed M, Mohammad J, Fathi Z, Al-
Hamdany M, Alkazzaz N. Comparative
evaluation of cystatin C and neutrophil
gelatinase-associated lipocalin in patients with
thalassemia  major  versus  thalassemia
intermedia. Pharmacia. 2021;68(4):741-6. https:
//doi.org/10.3897/pharmacia.68.e71475.

18. Zainab H. Fathi, Jehan A. Mohammad, Marwah
H. Mohammed. Evaluation of the Vasoprotective
Effects of Metformin versus Glibenclamide in
Type 2 Diabetic Patients. Research Journal of
Pharmacy and Technology. 2021;14(12):6409-2.
https://doi .org / 10. 52711 / 0974-360X.2021
.01108.

19. Ohtsuki T, Satoh K, Shimizu T, Ikeda S, Kikuchi
N, Satoh T, et al. Identification of adipsin as a
novel prognostic biomarker in patients with
coronary artery disease. Journal of the American
Heart Association. 2019;8(23):e013716.

Adipsin and leptin in type 2 diabetes mellitus

20. Cook KS, Min HY, Johnson D, Chaplinsky RJ,
Flier JS, Hunt CR, et al. Adipsin: a circulating
serine protease homolog secreted by adipose
tissue and sciatic nerve. Science. 1987; 237
(4813):402-5.

21.Milek M, Moulla Y, Kern M, Stroh C, Dietrich
A, Schon MR, et al. Adipsin serum
concentrations and adipose tissue expression in
people with obesity and type 2 diabetes.
International Journal of Molecular Sciences.
2022;23(4):2222.

22. Wang J-S, Lee W-J, Lee I-T, Lin S-Y, Lee W-L,
Liang K-W, et al. Association between serum
adipsin levels and insulin resistance in subjects
with various degrees of glucose intolerance.
Journal of the Endocrine Society. 2019;3(2):403-
10.

23.Son J, Accili D. Reversing pancreatic B-cell
dedifferentiation in the treatment of type 2
diabetes. Experimental & Molecular Medicine.
2023;55(8):1652-8.

24.Dalle S, Abderrahmani A, Renard E.
Pharmacological inhibitors of B-cell dysfunction
and death as therapeutics for diabetes. Frontiers
in Endocrinology. 2023;14:1076343.

25.Gomez-Banoy N, Guseh JS, Li G, Rubio-
Navarro A, Chen T, Poirier B, et al. Adipsin
preserves beta cells in diabetic mice and
associates with protection from type 2 diabetes
in humans. Nature medicine. 2019;25(11):1739-
47.

26.Zhou Q, Ge Q, Ding Y, Qu H, Wei H, Wu R, et
al. Relationship between serum adipsin and the
first phase of glucose-stimulated insulin
secretion in individuals with different glucose
tolerance. Journal of diabetes investigation.
2018;9(5):1128-34. https:// doi. org /10. 1111
/jdi.12819.

27.Kim J, Oh C-M, Kim H. The Interplay of
Adipokines and Pancreatic Beta Cells in
Metabolic Regulation and Diabetes.
Biomedicines. 2023;11(9):2589.

28. Childs GV, Odle AK, MacNicol MC, MacNicol
AM. The importance of leptin to reproduction.
Endocrinology. 2021;162(2):bgaa204.

29.Fujita Y, Yamashita T. The effects of leptin on
glial cells in neurological diseases. Frontiers in
neuroscience. 2019;13:828.

30. Chmielewski A, Hubert T, Descamps A, Mazur
D, Daoudi M, Ciofi P, et al. Preclinical
Assessment of Leptin Transport into the
Cerebrospinal Fluid in Diet-Induced Obese
Minipigs. Obesity (Silver Spring, Md).
2019;27(6):950-6. https:// doi. org /10. 1002/
oby.22465.

31. Cakir I, Diaz-Martinez M, Lining Pan P, Welch
EB, Patel S, Ghamari-Langroudi M. Leptin
receptor signaling in Siml-expressing neurons
regulates body temperature and adaptive



https://doi.org/10.23893/1307-2080%20.APS6203
https://doi.org/10.23893/1307-2080%20.APS6203
https://doi.org/10.33899/iphr.2023.143923.1062
https://doi.org/10.3897/pharmacia.68.e71475
https://doi.org/10.3897/pharmacia.68.e71475

Iraqi J Pharm Sci, Vol.34(4) 2025

thermogenesis. Endocrinology. 2019; 160 (4)
:863 -79.

32.Caron A, Lee S, Elmquist JK, Gautron L. Leptin
and brain—adipose crosstalks. Nature Reviews
Neuroscience. 2018;19(3):153-65.

33.Lee MJ, Fried SK. Integration of hormonal and
nutrient signals that regulate leptin synthesis and
secretion. Am J Physiol Endocrinol Metab.
2009;296(6):E1230-8. https:// doi. org/ 10. 1152
/ajpendo.90927.2008.

34.Wu Q, LiB, LiJ, Sun S, Yuan J, Sun S. Cancer-
associated adipocytes as immunomodulators in
cancer. Biomarker Research. 2021;9(1):1-21.

35.Romano N, Lafont C, Campos P, Guillou A,
Fiordelisio T, Hodson DJ, et al. Median
eminence blood flow influences food intake by
regulating ghrelin access to the metabolic brain.
JCI insight. 2023;8(3).

36.Mello JDC, Gomes LEM, Silva JF, Siqueira
NSN, Pascoal LB, Martinez CAR, et al. The role
of chemokines and adipokines as biomarkers of
Crohn’s disease activity: a systematic review of
the literature. American Journal of Translational
Research. 2021;13(8):8561.

37.0bradovic M, Sudar-Milovanovic E, Soskic S,
Essack M, Arya S, Stewart AJ, et al. Leptin and
obesity: role and clinical implication. Frontiers
in endocrinology. 2021;12:585887.

38. Moonishaa TM, Nanda SK, Shamraj M, Sivaa R,
Sivakumar P, Ravichandran K. Evaluation of
leptin as a marker of insulin resistance in type 2
diabetes mellitus. International Journal of
Applied and Basic Medical Research.
2017;7(3):176.

39.Choi JR, Kim JY, Huh JH, Kim SH, Koh SB.
Contribution of obesity as an effect regulator to
an association between serum leptin and incident
metabolic syndrome. Clinica Chimica Acta.
2018;487:275-80.

40.Hall JE, do Carmo JM, da Silva AA, Wang Z,
Hall ME. Obesity, kidney dysfunction and
hypertension: mechanistic links. Nature reviews
nephrology. 2019;15(6):367-85.

41. Srikanthan K, Feyh A, Visweshwar H, Shapiro
JI, Sodhi K. Systematic Review of Metabolic
Syndrome Biomarkers: A Panel for Early
Detection, Management, and Risk Stratification
in the West Virginian Population. Int J Med Sci.
2016;13(1):25-38.https:/ /doi.org /10.7150 /ijms.
13800.

42.Shebl TH, Noor El Deen AA, Younis HA,
Soliman AM, Ashmawy AM, Ali MMN.
Relationship between serum leptin concentration
and insulin resistance syndrome in patients with
type 2 diabetes mellitus. Journal of Current
Medical Research and Practice. 2017;2(2):125-
32.

43. Srikanthan K, Feyh A, Visweshwar H, Shapiro
JI, Sodhi K. Systematic review of metabolic
syndrome biomarkers: a panel for -early

Adipsin and leptin in type 2 diabetes mellitus

detection, management, and risk stratification in
the West Virginian population. International
journal of medical sciences. 2016;13(1):25.

44.Friedman JM. Leptin and the endocrine control
of energy balance. Nature Metabolism.
2019;1(8):754-64.

45.Mentlein R. Dipeptidyl-peptidase IV (CD26)-
role in the inactivation of regulatory peptides.
Regulatory peptides. 1999;85(1):9-24.

46. Ghorpade DS, Ozcan L, Zheng Z, Nicoloro SM,
Shen'Y, Chen E, et al. Hepatocyte-secreted DPP4
in obesity promotes adipose inflammation and
insulin resistance. Nature. 2018;555(7698):673-
7.

47.Nauck MA, Meier JJ. Incretin hormones: Their
role in health and disease. Diabetes, Obesity and
Metabolism. 2018;20:5-21.

48.Liu X, Liu Y, Liu H, Li H, Yang J, Hu P, et al.
Dipeptidyl-peptidase-IV inhibitors, imigliptin
and alogliptin, improve Beta-cell function in
type 2 diabetes. Frontiers in Endocrinology.
2021;12:694390.

49. Holst JJ, Deacon CF. Inhibition of the activity of
dipeptidyl-peptidase IV as a treatment for type 2
diabetes. Diabetes. 1998;47(11):1663-70.

50.Deacon CF, Nauck MA, Toft-Nielsen M, Pridal
L, Willms B, Holst JJ. Both subcutaneously and
intravenously ~ administered  glucagon-like
peptide I are rapidly degraded from the NH2-
terminus in type II diabetic patients and in
healthy subjects. Diabetes. 1995;44(9):1126-31.
https://doi.org/10.2337/diab.44.9.1126.

51.Koufakis T, Zografou I, Doumas M, Kotsa K.
The Current Place of DPP4 Inhibitors in the
Evolving Landscape of Type 2 Diabetes
Management: Is It Time to Bid Adieu? American
Journal of Cardiovascular Drugs.
2023;23(6):601-8.

52.Fan L, Zhou W, Zhang L, Jiang D, Zhao Q, Liu
L. Sitagliptin protects against
hypoxia/reoxygenation (H/R)-induced cardiac
microvascular endothelial cell injury. American
journal of translational research.
2019;11(4):2099.

53. Wang X, Xiang J, Huang G, Kang L, Yang G, Wu
H, et al. Inhibition of Podocytes DPP4 Activity
Is a Potential Mechanism of Lobeliae Chinensis
Herba in Treating Diabetic Kidney Disease.
Front Pharmacol. 2021;12:779652. https:// doi.
org /10.3389/fphar.2021.779652.

54.Zheng TP, Liu YH, Yang LX, Qin SH, Liu HB.
Increased plasma dipeptidyl peptidase-4
activities are associated with high prevalence of
subclinical atherosclerosis in Chinese patients
with newly diagnosed type 2 diabetes: a cross-
sectional study. Atherosclerosis.
2015;242(2):580-8. https://doi. org/10. 1016/ j.
atherosclerosis .2015.07.042.

55.Xu Y, Fu EL, Clase CM, Mazhar F, Jardine MJ,
Carrero JJ. GLP-1 receptor agonist versus DPP-



https://doi.org/10.7150/ijms.13800
https://doi.org/10.7150/ijms.13800
https://doi.org/10.2337/diab.44.9.1126

Iraqi J Pharm Sci, Vol.34(4) 2025

4 inhibitor and kidney and cardiovascular
outcomes in clinical practice in type-2 diabetes.
Kidney International. 2022;101(2):360-8.

56.Bekiari E, Rizava C, Athanasiadou E,
Papatheodorou K, Liakos A, Karagiannis T, et al.
Systematic review and meta-analysis of
vildagliptin for treatment of type 2 diabetes.
Endocrine. 2016;52(3):458-80. https://doi .org/
10. 1007/s12020-015-0841-1.

57.Scott LJ. Sitagliptin: A Review in Type 2
Diabetes. Drugs. 2017;77(2):209-24. https:// doi.
org/10.1007/s40265-016-0686-9.

58.Sharma A, Paliwal G, Upadhyay N, Tiwari A.
Therapeutic stimulation of GLP-1 and GIP
protein with DPP-4 inhibitors for type-2 diabetes
treatment. Journal of diabetes and metabolic
disorders. 2015;14.

59.Sandoval D. Updating the role of a-cell
preproglucagon products on GLP-1 receptor—
mediated insulin secretion. Diabetes.
2020;69(11):2238-45.

60.Yin R, Xu Y, Wang X, Yang L, Zhao D. Role of
Dipeptidyl Peptidase 4 Inhibitors in Antidiabetic
Treatment. Molecules. 2022;27(10). https:// doi.
org /10.3390/molecules27103055.

61.Guo D, Liu J, Zhang P, Yang X, Liu D, Lin J, et
al. Adiposity Measurements and Metabolic
Syndrome Are Linked Through Circulating
Neuregulin 4 and Adipsin Levels in Obese
Adults.  Front Physiol. 2021;12:667330.
https://doi.org/10.3389/fphys.2021.667330.

62.Zhang J, Li K, Pan L, Teng F, Zhang P, Lin B, et
al. Association of circulating adipsin with
nonalcoholic fatty liver disease in obese adults:
a cross-sectional study. BMC Gastroenterol.
2021;21(1):131. https://doi.org/10.1186/s12876-
021-01721-9.

63. Tomasiuk R. Evaluation of Applicability of
Novel Markers of Metabolic Syndrome in Adult
Men. American Journal of Men's Health.
2022;16(4):1-10. https://doi. org/10. 1177/ 15 57
9883221108895.

64.Lo JC, Ljubicic S, Leibiger B, Kern M, Leibiger
IB, Moede T, et al. Adipsin is an adipokine that
improves f cell function in diabetes. Cell.
2014;158(1):41-53.
https://doi.org/10.1016/j.cell.2014.06.005.

65.Lai Y-R, Chen MH, Lin WC, Chiu W-C, Cheng
B-C, Chen J-F, et al. Leptin mediate central
obesity on the severity of cardiovascular
autonomic neuropathy in well-controlled type 2
diabetes and prediabetes. J Transl Med.
2020;18(1):396. https://doi.org/10.1186/s12967-
020-02559-7.

66. Wei W, Liu H, Qiu X, Zhang J, Huang J, Chen
H, et al. The association between serum adropin
and carotid atherosclerosis in patients with type
2 diabetes mellitus: a cross-sectional study.
Diabetol  Metab  Syndr.  2022;14(1):27.
https://doi.org/10.1186/s13098-022-00796-y.

10

Adipsin and leptin in type 2 diabetes mellitus

67.Katsiki N, Mikhailidis DP, Banach M. Leptin,
cardiovascular diseases and type 2 diabetes
mellitus. Acta Pharmacol Sin. 2018;39(7):1176-
88. https://doi.org/10.1038/aps.2018.40.

68. Perry RJ, Petersen KF, Shulman GI. Pleotropic
effects of leptin to reverse insulin resistance and
diabetic ketoacidosis. Diabetologia. 2016 ;59 (5)
:933-7. https:// doi.org/ 10. 1007/ s00 125-016-
3909-4.

69. Wang X, Ke J, Zhu Y-j, Cao B, Yin R-1, Wang Y,
et al. Dipeptidyl peptidase-4 (DPP4) inhibitor
sitagliptin alleviates liver inflammation of
diabetic mice by acting as a ROS scavenger and
inhibiting the NFxB pathway. Cell Death
Discovery. 2021;7(1):236.
https://doi.org/10.1038/s41420-021-00625-7.

70. Zheng W, Zhou J, Song S, Kong W, Xia W, Chen
L, et al. Dipeptidyl-Peptidase 4 Inhibitor
Sitagliptin ~ Ameliorates  Hepatic  Insulin
Resistance by Modulating Inflammation and
Autophagy in ob/ob Mice. Int J Endocrinol.
2018;2018:8309723. https://doi. org/10. 1155
/2018/8309723.

71.Tang X, LiJ, Xiang W, Cui Y, Xie B, Wang X, et
al. Metformin increases hepatic leptin receptor
and decreases steatosis in mice. J Endocrinol.
2016;230(2):227-37. https:/ /doi. org/ 10. 1530/
joe -16-0142.

72.Derosa G, Carbone A, Franzetti I, Querci F,
Fogari E, Bianchi L, et al. Effects of a
combination of sitagliptin plus metformin vs
metformin monotherapy on glycemic control, 3-
cell function and insulin resistance in type 2
diabetic patients. Diabetes Res Clin Pract.
2012;98(1):51-60. https://doi. org/10. 1016 /.
diabres.2012.05.022.

73. Abbas NA, El. Salem A. Metformin, sitagliptin,
and liraglutide modulate serum retinol-binding
protein-4 level and adipocytokine production in
type 2 diabetes mellitus rat model. Canadian
Journal of Physiology and Pharmacology. 2018;
96(12):1226-31.

74. Prakash S, Rai U, Kosuru R, Tiwari V, Singh S.
Amelioration of diet-induced metabolic
syndrome and fatty liver with sitagliptin via
regulation of adipose tissue inflammation and
hepatic Adiponectin/AMPK levels in mice.
Biochimie. 2020;168:198-209.

75.Foley JE, Ahrén B. The Vildagliptin Experience
- 25 Years Since the Initiation of the Novartis
Glucagon-like  Peptide-1 Based Therapy
Programme and 10 Years Since the First
Vildagliptin Registration. European
endocrinology.2017;13(2):56-61. https:// doi .or
2/10.17925/e€.2017.13.02.56.

76. Ahrén B. Novel combination treatment of type 2
diabetes DPP-4 inhibition + metformin. Vascular
health and risk management. 2008;4(2):383-94.
https : // doi.org/10.2147/vhrm.s1944.



https://doi.org/10.3389/fphys.2021.667330
https://doi.org/10.1186/s12876-021-01721-9
https://doi.org/10.1186/s12876-021-01721-9
https://doi.org/10.1016/j.cell.2014.06.005
https://doi.org/10.1186/s12967-020-02559-7
https://doi.org/10.1186/s12967-020-02559-7
https://doi.org/10.1186/s13098-022-00796-y
https://doi.org/10.1038/aps.2018.40
https://doi.org/10.1038/s41420-021-00625-7
https://doi.org/10.1530/joe-16-0142
https://doi.org/10.1530/joe-16-0142
https://doi.org/10.2147/vhrm.s1944

Iraqi J Pharm Sci, Vol.34(4) 2025

77. Furuhashi M, Sakuma I, Morimoto T, Higashiura
Y, Sakai A, Matsumoto M, et al. Differential
Effects of DPP-4 Inhibitors, Anagliptin and
Sitagliptin, on PCSK9 Levels in Patients with
Type 2 Diabetes Mellitus who are Receiving
Statin Therapy. Journal of atherosclerosis and
thrombosis. 2022;29(1):24-37. https:// doi. org/
10.5551/jat.58396.

78. Saini K, Sharma S, Khan Y. DPP-4 inhibitors for
treating T2DM - hype or hope? an analysis based
on the current literature. Frontiers in Molecular
Biosciences. 2023;10. https:// doi. org /10. 3389
/fmolb.2023.1130625.

79. Piccirillo F, Mastroberardino S, Nusca A, Frau L,
Guarino L, Napoli N, et al. Novel Antidiabetic
Agents and Their Effects on Lipid Profile: A
Single Shot for Several Cardiovascular Targets.
Int J Mol Sci. 2023;24(12):10164.

80.Zhang T, Tong X, Zhang S, Wang D, Wang L,
Wang Q, et al. The Roles of Dipeptidyl Peptidase
4 (DPP4) and DPP4 Inhibitors in Different Lung
Diseases: New Evidence. Front Pharmacol.
2021;12:731453. https:// doi. org/ 10. 3389 /fp
har.2021.731453.

81.Meng J, Yan R, Zhang C, Bai X, Yang X, Yang
Y, et al. Dipeptidyl peptidase-4 inhibitors
alleviate cognitive dysfunction in type 2 diabetes
mellitus. Lipids Health Dis. 2023;22(1):219.
https://doi.org/10.1186/512944-023-01985-y.

82. Gallwitz B. Linagliptin—-A Novel Dipeptidyl
Peptidase Inhibitor for Type 2 Diabetes Therapy.
Clinical Medicine Insights: Endocrinology and
Diabetes. 2012;5:CMED.S7274. https:// doi. org
/10.4137/cmed.s7274.

83.Kim KS, Lee BW. Beneficial effect of anti-
diabetic drugs for nonalcoholic fatty liver
disease. Clinical and molecular hepatology.
2020;26(4):430-43. https:/ /doi.org /10.3350
/ecmh.2020.0137.

84.Zachou M, Flevari P, Nasiri-Ansari N,
Varytimiadis C, Kalaitzakis E, Kassi E, et al. The
role of anti-diabetic drugs in NAFLD. Have we
found the Holy Grail? A narrative review. Eur J
Clin Pharmacol. 2024;80(1):127-50. https:/ / doi.
org / 10.1007/s00228-023-03586-1.

85. Al-Kuraishy HM, Al-Gareeb Al, Albogami SM,
Jean-Marc S, Nadwa EH, Hafiz AA, et al
Potential Therapeutic Benefits of Metformin
Alone and in Combination with Sitagliptin in the
Management of Type 2 Diabetes Patients with
COVID-19. Pharmaceuticals (Basel). 2022
;15(11). https:// doi.org /10. 3390/ ph1 511 1361.

86. Wei X, Bai Y, Wang Z, Zheng X, Jin Z, Liu X.
Association between dipeptidyl peptidase-4
inhibitors use and leptin in type 2 diabetes
mellitus. Diabetol Metab Syndr. 2021;13(1):88.
https://doi.org/10.1186/s13098-021-00703-x.

87.Komorizono Y, Hosoyamada K, Imamura N,
Kajiya S, Hashiguchi Y, Ueyama N, et al.
Metformin dose increase versus added

11

Adipsin and leptin in type 2 diabetes mellitus

linagliptin in non-alcoholic fatty liver disease
and type 2 diabetes: An analysis of the J-LINK
study. Diabetes Obes Metab. 2021;23(3):832-7.
https://doi.org/10.1111/dom.14263.

88. Awal HB, Nandula SR, Domingues CC, Dore FJ,
Kundu N, Brichacek B, et al. Linagliptin, when
compared to placebo, improves CD34+ve
endothelial progenitor cells in type 2 diabetes
subjects with chronic kidney disease taking
metformin and/or insulin: a randomized
controlled  trial.  Cardiovasc  Diabetol.
2020;19(1):72. https://doi.org/10.1186/s12933-
020-01046-z.

89. Schiapaccassa A, Maranhdo PA, de Souza M,
Panazzolo DG, Nogueira Neto JF, Bouskela E, et
al. 30-days effects of vildagliptin on vascular
function, plasma viscosity, inflammation,
oxidative stress, and intestinal peptides on drug-
naive women with diabetes and obesity: a
randomized head-to-head metformin-controlled
study. Diabetol Metab Syndr. 2019;11:70.
https://doi.org/10.1186/s13098-019-0466-2.

90. Takeshita Y, Kita Y, Kato KI, Kanamori T, Misu
H, Kaneko S, et al. Effects of metformin and
alogliptin on body composition in people with
type 2 diabetes. Journal of diabetes investigation.
2019;10(3):723-30.
https://doi.org/10.1111/jdi.12920.

91. Takihata M, Terauchi Y. The efficacy and safety
of luseogliflozin and sitagliptin depending on the
sequence of administration in patients with type
2 diabetes mellitus: a randomized controlled
pilot study. Expert Opin Pharmacother.
2019;20(17):2185-94.
https://doi.org/10.1080/14656566.2019.165671
7.

92.Dore FJ, Domingues CC, Ahmadi N, Kundu N,
Kropotova Y, Houston S, et al. The synergistic
effects of saxagliptin and metformin on CD34+
endothelial progenitor cells in early type 2
diabetes patients: a randomized clinical trial.
Cardiovasc Diabetol. 2018;17(1):65.
https://doi.org/10.1186/s12933-018-0709-9.

93. Matsushima Y, Takeshita Y, Kita Y, Otoda T,
Kato K, Toyama-Wakakuri H, et al. Pleiotropic
effects of sitagliptin versus voglibose in patients
with type 2 diabetes inadequately controlled via
diet and/or a single oral antihyperglycemic
agent: a multicenter, randomized trial. BMJ open
diabetes research & care. 2016;4(1):e000190.
https://doi.org/10.1136/bmjdre-2015-000190.

94.Kato H, Nagai Y, Ohta A, Tenjin A, Nakamura Y,
Tsukiyama H, et al. Effect of sitagliptin on
intrahepatic lipid content and body fat in patients
with type 2 diabetes. Diabetes Res Clin Pract.
2015;109(1):199-205.
https://doi.org/10.1016/j.diabres.2015.04.008.



https://doi.org/10.1186/s12944-023-01985-y
https://doi.org/10.3350/cmh.2020.0137
https://doi.org/10.3350/cmh.2020.0137
https://doi.org/10.1007/s00228-023-03586-1
https://doi.org/10.1007/s00228-023-03586-1
https://doi.org/10.1186/s13098-021-00703-x
https://doi.org/10.1111/dom.14263
https://doi.org/10.1186/s12933-020-01046-z
https://doi.org/10.1186/s12933-020-01046-z
https://doi.org/10.1186/s13098-019-0466-2
https://doi.org/10.1111/jdi.12920
https://doi.org/10.1080/14656566.2019.1656717
https://doi.org/10.1080/14656566.2019.1656717
https://doi.org/10.1186/s12933-018-0709-9
https://doi.org/10.1136/bmjdrc-2015-000190
https://doi.org/10.1016/j.diabres.2015.04.008

Iraqi J Pharm Sci, Vol.34(4) 2025 Adipsin and leptin in type 2 diabetes mellitus

95. Takeshita Y, Takamura T, Kita Y, Otoda T, Kato 96. Takeshita Y, Takamura T, Kita Y, Takazakura A,
K, Wakakuri H, et al. Vildagliptin vs liraglutide Kato K, Isobe Y, et al. Sitagliptin versus
as a second-line therapy switched from mitiglinide switched from mealtime dosing of a
sitagliptin-based regimens in patients with type rapid-acting insulin analog in patients with type
2 diabetes: A randomized, parallel-group study. 2 diabetes: a randomized, parallel-group study.
Journal of diabetes investigation. 2015;6(2):192- BMJ open diabetes research & care.
200. https://doi.org/10.1111/jdi.12269. 2015;3(1):e000122.https://doi.org/10.1136/ bmj

drc -2015-000122.

Jlia 1 SN £ 6l (e g Sl 13 & DPP-4 ciladia Ao g3 dadle Cilaals opialll g ¢ s)
daa) sa

Tole daaa la ol ae e 5 T A Gy e A (g

i ) GIad ¢ sal) ¢ Aladtl) Al Zaalalle sl LS and)
dadAl)

Adaal) Ao BN e TataV) o g 3e 0o o8 5l LYY Gl yaY) ST aal (T2DM) S8 ¢ sl (e 5 Sl ¢l
Ol g1 3180 3 5mi s Aiaall Aas) o)) 55 e Jaliadl g Grena¥) Ly Apuly S0 Ui WA (8 0l a1 51 8) Gl gl guaiSl)
Amitia et Alla ) A8l i (ml el Loy 5 o5 LOAT 0 5L) i g e o0 5 el pmaa) Ainal) Aas) 558 slall Al
sl (550 Oinll) o e ) s Alal llia o W) el anall () 5o sl Al Al g s 48U () 55 i ) (g a2 1 e Al
L 1Y (il Jaaall oo daall Taaa¥) cal s Leadiy i) e W& VTV Ge 5 le sa Gitlll (gaa aal) A Sl dus 8 oSaill
Js> By HhI Clea s iy (g ally 5l 483 30b 31 Gada sy il Cpa st oy Ladie aal) (8 (pall) < gise GLESS) (S Y
O a3l a3 830a 4 s Aadle 395 (55 mall (e cdiiall (B Y & il e g Sl (m se e Al 8 Bae Lusall 5 dpa sl L 1 5 i)
sac) gl Calaall ST aal na¥) ey Gua laaii SRY) Gando Sl G e uaell el ) Aalalall el ) Calagiud sal Lgiaa
DPP- e diila 5 & a5 il T2DM (8 Oilll 5 (o) e DPP-4 ildadie JUT i o8 daal yall dul all 038 (ge Caagl) o) cllal
oy e il g e el iy e il Ll 0351 8305 ol pll (B Sl el ) DPP-4 Sladie (5355 Y 5 Y1 & sind) (& (4 (DPP4
Lma JIS3H (o @ silay Gl paim el 5 s SV (5 Sl (oaim yo e Wl dalasiiad (S5 Ao jall s ) lind W 5 el dlima
T2DM ¢sibeg Gl (gaim sl d 5330 & n Adle anay O e 5,80 Adipsiin gl A all ISH al sl 00
Y s e g uSad) £13 O Cpnd « DPP-4 :dalidal) cilalgl)

12


https://doi.org/10.1111/jdi.12269
https://doi.org/10.1136/%20bmj%20drc%20%20-2015-000122
https://doi.org/10.1136/%20bmj%20drc%20%20-2015-000122

