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Abstract

Background: Linagliptin is an anti-diabetic drug that claims no adverse effects and treatment of 
gestational diabetes mellitus (GDM) demands a safe anti-diabetic medication. Therefore, this study 
investigates the anti-diabetic efϐicacy of linagliptin in an induced GDM.

Materials and methods: Thirty-two matured female rats (100 - 200 g) were utilized. Sixteen 
non-pregnant/diabetic animals were fed with a normal diet and sixteen rats were fed with a high-
fat (HFD), mated at the estrous stage in 2:1, and pregnancy was conϐirmed with a spermatozoa in a 
vaginal smear. The pregnant rats were intraperitoneally injected with a single dose (30 mg/kgb. wt)
of streptozotocin (STZ) to induce GDM. The animals were grouped into 4 groups, 8 rats/groups. 
Group I: control; Group II: control + 10 mg/kgb.wt linagliptin; Group III: GDM; Group IV: GDM + 10 
mg/kgb.wt linagliptin. The animals were sacriϐiced after 14 days of treatment. Blood samples were 
collected for biochemical parameters.

Results: Fasting blood glucose (FBG) insulin, glycated hemoglobin (HbA1c), total cholesterol 
(TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C), malondialdehyde (MDA), 
interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-alpha (TNF-α) levels 
signiϐicant (p < 0.05) elevated in GDM rats, with signiϐicant reduction in high-density lipoprotein-
cholesterol (HDL-C), catalase (CAT), superoxide dismutase (SOD) and reduced glutathione (GSH). 
Linagliptin administration signiϐicantly (p < 0.05) decreased the FBG, insulin, HbA1c, TC, TG, LDL-C, 
MDA, IL-6, IL-1β, and TNF-α and ameliorates the HDL-C, CAT, SOD, and GSH levels signiϐicantly.

Conclusion: Linagliptin remarkably showed anti-hyperglycemic, anti-oxidative, and anti-
inϐlammatory properties. Linagliptin could be a promising drug for hyperglycemia treatment during 
gestation.

preterm birth, CVD, T2DM, and GDM in the child [3]. The 
increase in the progression of GDM has been associated with 
maternal age, obesity, family history of T2DM, and polycystic 
ovary syndrome (PCOS) [4]. 

Oxidative stress induced by chronic hyperglycemia triggers 
many cascade events resulting in tissue injury, pathological 
conditions, and the development of GDM [5,6]. The oxidative 
stress-induced inϐlammatory response causes the release 
of inϐlammatory cytokines that block insulin to regulate 
glucose metabolism and lead to insulin resistance and GDM 
manifestation [7,8].

Currently, GDM treatment includes insulin therapy and 

Introduction
Globally, it is estimated that around 537 million people are 

currently living with diabetes, with projections expected to 
increase to more than 643 million people by 2030 [1].

Gestational diabetes mellitus (GDM) is an independent 
type of diabetes deϐined as glucose intolerance with ϐirst 
recognition during 2nd and 3rd trimesters of pregnancy 
and resolves after birth [2]. GDM is one of the most common 
medical complications of pregnancy which can lead to serious 
adverse health effects for the mother and child including 
increased cesarean delivery, type 2 diabetes (T2DM) and 
cardiovascular disease (CVD) in the mother and future obesity, 
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the estrous stage were mated overnight with a matured active 
male at a ratio of 2:1 manner. The presence of a copulatory 
plug was used to conϐirm mating in the animals and a vaginal 
smear was done to afϐirm the presence of spermatozoa using 
a microscope. The date sperm was observed in the vaginal 
smear was considered as day 0 of pregnancy.

The pregnant animals were fasted overnight for 12 hours 
after conϐirmation of pregnancy and injected with a freshly 
prepared single dose of streptozotocin (STZ) (30 mg/kgb. wt).
The rats were given a 2% glucose solution to avert drug-
induced hypoglycemia death and diabetes induction was 
conϐirmed in the pregnant rats after 72 hours of STZ injection 
using the pricked tail vein blood on a glucometer (Accu-chek). 
Pregnant rats with fasting blood glucose levels ≥200 mg/dL 
were selected and used as GDM models in this experiment. 

Animal grouping

Sixteen GDM rats and sixteen non-pregnant/diabetic rats 
were included. The non-pregnant/diabetic rats and GDM rats 
are grouped into four groups, 8 rats/group as follows: 

Group 1: Normal control (non-pregnant/diabetic rats + 
distilled water)

Group 2: Normal control + 10 mg/kgb. wt linagliptin

Group 3: GDM rats + distilled water

Group 4: GDM rats + 10 mg/kgb. wt linagliptin.

Daily feed and water intake were recorded. Body weight 
and fasting blood glucose levels were determined weekly. The 
treatment of the animals lasted for 14 days.

Oral glucose tolerance test

The animals were fasted overnight (14 hours) and were 
intra-gastrically administered with a glucose solution (2.0 g/kg).

Animals' blood glucose level was checked at consecutive 
intervals of 0, 30, 60, 90, and 120 m in with a glucometer and 
recorded.

lifestyle interventions, such as diet and exercise but insulin 
resistance often accompanies insulin therapy and widely 
known promising anti-diabetic drugs, such as metformin and 
glyburide still face the drawback of long-term safety for the 
mother and child [9].

Linagliptin is a xanthine-based, highly potent, and long-
acting non-peptidomimetic DPP-4 inhibitor that is well 
tolerated in T2DM patients [10]. Linagliptin has been shown 
to attenuate fat accumulation, inhibit cytokine inϐiltration, 
and prevent hepatic steatosis progression in addition to 
insulin sensitivity and glycemic index enhancement [11]. 
Linagliptin has demonstrated hypoglycemic properties and 
non-adverse effects on the cardiac of diabetic patients [12]. 
Also, research has shown that linagliptin monotherapy for 
diabetes displayed no negative effects and claimed to exhibit 
mild to moderate side effects such as diarrhea, coughing, 
nasopharyngitis, urinary tract infection, and hyperlipidemia 
when administered with other anti-diabetic medications [13]. 
However, the mono-pharmacological efϐicacy of linagliptin 
on abnormal hyperglycemia during gestation has not been 
proven. Therefore, this research investigates the linagliptin 
therapeutic properties in streptozotocin (STZ)-induced GDM 
rats’ model.

Materials and methods
Drugs and chemicals

Glucose, citrate buffer, phosphate-buffered saline, normal 
saline, streptozotocin, linagliptin, distilled water.

Experimental animals

Thirty-two adult female Wistar rats weighing 100 - 200g 
were utilized. The animals were kept in a clean polypropylene 
cage for two weeks to acclimatize with access to standard 
feed and water ad libitum under a pathogen-free hygienic 
environment (25 ± 2ºC ), relative humidity (50 ± 5%) and 12:12 
hours light/dark cycles. All experimental procedures followed 
the National Institutes of Health (NIH) Guide for the Care and 
Use of Laboratory Animals protocol and approved by the 
Faculty of Basic Medical Science Ethics Research Committee of 
Ladoke Akintola University of Technology (Ethical Approval 
Number: ERCFBMSLAUTECH/062/08/2024) 

High-fat diet feed formulation 

Composition of High Fat Diet according to Akinlade, et al. [14]
(Table 1).

Animal mating and induction of GDM

After acclimatization, sixteen rats were fed a high-fat diet 
(HFD) for 8 weeks. The blood glucose levels were checked after 
being fed with HFD and rats with fasting blood glucose levels 
>120 mg/dL were excluded before determining the estrous 
stage. The animals were subjected to overnight fasting and the 
estrous stage was determined with a vaginal smear. Animals at 

Table 1: Composition of High Fat Diet according to Akinlade, et al. [14].

Dietary components Control 
diet High-fat diet 

Energy (Kcal/g) 3.00 6.4

Calorie percentage

Carbohydrate 60 30

Fat 15 65

Protein 25 5

Weight percentage 

Carbohydrate
Fat

15
25

40
45

Protein 60 15

Materials Standard 
chow diet

maize, wheat offal, groundnut cake, soya meal,  
palm kernel cake/ oil, bone meal, methionine, 

lysine, salt, ϐinisher premix, coupled
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control and control treated with linagliptin. Administration 
of 10 mg/kgb.wt linagliptin to the GDM group signiϐicantly 
decreased the feed and water intake when compared with the 
GDM untreated group (Figure 1 B, C).

Eff ect of linagliptin on oral glucose tolerance in HFD/
STZ-induced GDM rats

The rats with GDM had a signiϐicant (p < 0.05) increase 
in oral glucose tolerance when compared with control and 
control administered with linagliptin. Treatment of GDM 
rats with linagliptin signiϐicantly diminished the oral glucose 
tolerance levels in comparison with untreated GDM group 
(Figure 2).

Eff ect of linagliptin on insulin, HOMA-IR, fasting blood 
glucose, and glycated hemoglobin in HFD/STZ-induced 
GDM rats

GDM rats showed a signiϐicant increase (p < 0.001) in 
insulin, HOMA-IR, fasting blood glucose levels, and glycated 
hemoglobin when compared with normal control and control 
treated with linagliptin. Treatment of GDM rats with linagliptin 
10 mg/kgb.wt signiϐicantly decreased the insulin, HOMA-IR,
fasting blood glucose levels, and glycated hemoglobin 
compared to the GDM untreated group (Figure 3 A-D). 

Eff e ct of linagliptin on the lipid profi le in HFD/STZ-
induced GDM rats

The levels of TG, TC, and LDL were signiϐicantly increased 
(p < 0.05), and a signiϐicant decrease in HDL levels of the 
GDM group compared to the control and control treated 
with linagliptin. Treatment of the GDM group with linagliptin 
signiϐicantly decreased the levels of TG, TC, and LDL and 
increased the HDL level in comparison to the GDM untreated 
group (Table 2).

Eff e ct of linagliptin on oxidative stress biomarker and 
antioxidants in HFD/STZ-induced GDM rats

The GDM rats displayed a signiϐicant (p < 0.05) increase 
in CAT, GSH, and SOD levels and a signiϐicant increase in MDA 
 levels compared to the control and control administered with 
linagliptin. Treatment of GDM rats with linagliptin signiϐicantly 
increased the CAT, GSH, and SOD levels and decreased 
the MDA level in comparison to the GDM untreated group 
(Table 2).

Eff ect of linagliptin on infl ammatory cytokines in HFD/
STZ-induced GDM rats

The level of tumor necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6), and interleukin-1β (IL-1β) signiϐicantly 
(p < 0.05) increased in the GDM group compared to the control 
and control administered with linagliptin. Treatment of GDM 
rats with linagliptin signiϐicantly lessens the TNF-α, IL-6, and 
IL-1β levels compared to the GDM untreated group (Table 2).

Biochemical assay

After administering the last linagliptin dose, the animals 
were allowed to fast overnight (12 hours), then anesthetized 
with a single dose of ketamine (40 mg/kg) and xylazine 
(20 mg/kg) injected intraperitoneally and sacriϐiced by 
cervical dislocation. Blood samples were collected by cardiac 
puncture and centrifuged at 3500 rpm for 15 mins at - 4oC. 
The clear supernatant plasma retrieved was used for the 
biochemical parameters estimation. 

Glucose-oxidase/peroxidase (GOD-POD) method was used 
to measure the plasma fasting blood glucose level via a drop of 
pricked-tail blood on a glucometer.

The Homeostasis Model Assessment of insulin resistance 
(HOMA-IR) was utilized to assess insulin resistance. HOMA-
IR = fasting glucose (mmol/l) x fasting insulin (μU/ml) / 22.5 
Glycated hemoglobin (HbA1c) was determined using rats' 
HbA1c assay kit following the manufacturer's instructions.

Insulin, interleukin-6 (IL-6), interleukin-1β (IL-1β) tumor 
necrosis factor-alpha (TNF-α), malondialdehyde (MDA), 
superoxide dismutase (SOD), catalase (CAT) and reduced 
glutathione (GSH) levels were determined using Enzymes-
Linked Immunosorbent Assay (ELISA) with individual ELISA 
kits according to the manufacturer’s protocols.

Enzymatic colorimetric methods were used to estimate 
the total cholesterol (TC), triglycerides (TG), and high-density 
lipoprotein cholesterol (HDL-C) with commercially available 
kits, according to the manufacturer’s guidelines. Low-density 
lipoprotein cholesterol (LDL-C) was calculated based on the 
Friedewald et al equation: LDL-C= TC - (HDL-C + TG/5) [15].

Statistical analysis

The data was analyzed using GraphPad Prism (version 
10.2.0) and the results were expressed as the mean ± SEM and 
statistical comparisons among the groups were analyzed by 
one-way analysis of variance (ANOVA) followed by Tukey’s 
post-hoc test. A p < 0.05 was considered statistically signiϐicant.

Results 
Eff ect of linagliptin on body weight in HFD/STZ-induced 
GDM rats

The GDM rats showed a slightly signiϐicant (p < 0.05) 
increase in body weight compared to normal control and a 
reduction in the body in comparison with the control treated 
with linagliptin. Oral gavage of GDM rats with 10 mg/kgb.wt 
had no signiϐicant difference in body weight in comparison 
with the GDM untreated group (Figure 1A). 

Eff ect of linagliptin on food and water intake in HFD/
STZ-induced GDM rats

There was a signiϐicant increase (p < 0.05) in feed and 
water intake of the GDM group when compared to the normal 
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Figure 1: Effect of linagliptin on (A) body weight (B) food intake (C) water intake in HFD/STZ-induced GDM rats. Values are expressed as mean ± SEM (n = 8). *signiϐicant at 
p < 0.05 compared with the control; *signiϐicant at p < 0.05 compared with control + linagliptin; #signiϐicant at p < 0.05 compared with GDM untreated group.
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Figure 2: Effect of linagliptin on oral glucose tolerance test in HFD/STZ-induced GDM rats. Values are expressed as mean ± SEM (n = 8). *signiϐicant at p < 0.001 compared with 
the control; *signiϐicant at p < 0.001compared with control + linagliptin; #signiϐicant at p < 0.001 compared with GDM untreated group.

Table 2: Effect of linagliptin on Lipid proϐile, Antioxidants, and Inϐlammatory cytokines in HFD/STZ-induced GDM rats.
Groups

 Parameters Normal control Control + 10 mg/kgb.wt linagliptin GDM control GDM + 10 mg/kgb.wt linagliptin

TC (mmol/l) 1.74 ± 0.19 1.72 ± 0.15 3.31 ± 0.39* 1.62 ± 0.05#

TG (mmol/l) 1.14 ± 0.08 1.36 ± 0.02 1.95 ± 0.14* 1.15 ± 0.06#

LDL-C (mmol/l) 0.87 ± 0.07 0.73 ± 0.09 1.28 ± 0.15* 0.55 ± 0.09#

HDL-C (mmol/l) 0.82 ± 0.11 0.72 ± 0.06 0.47 ± 0.03* 0.84 ± 0.06#

MDA (μM) 1.57 ± 0.26 1.63 ± 0.11 2.41 ± 0.25* 1.67 ± 0.19#

SOD (U/ml) 1.29 ± 0.08 1.25 ± 0.03 0.78 ± 0.19* 1.25 ± 0.08#

CAT (u/mg) 19.54 ± 2.01 18.81 ± 1.44 14.26 ± 0.58* 17.84 ± 1.72#

GSH (mM) 0.15 ± 0.01 0.17 ± 0.02 0.03 ± 0.00* 0.18 ± 0.03#
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Discussion
Gestational diabetes mellitus (GDM) is a common 

pregnancy complication with spontaneous hyperglycemia 
during pregnancy [16]. GDM occurs in more than 10% of 
pregnant women. The prevalence of GDM is increasing 
worldwide with elevated incidence of obesity and maternal 
age [17]. GDM had pathophysiology and similar features to 
T2DM. The mechanism of GDM is not clearly understood due 
to the complexity of pregnancy. In recent years, increasing 
studies have focused on the investigation of novel therapeutic 
strategies for GDM [18]. The present research investigated the 
anti-hyperglycemic potential of linagliptin in an induced GDM 
rats’ model.

Hyperglycemia, hyperinsulinemia, glucose intolerance, 
insulin resistance, and body weight gain are pregnancy-
related conditions linked with an elevated risk of parturition 
complications in gestational diabetes mellitus [19]. In accord 
with Abdel Aziz, et al. ϐindings [20], elevated blood glucose 
and reduced body weight gain accompanied by high HOMA-IR 
were manifested in the GDM of this study. However, linagliptin 
remarkably reduced blood glucose and attenuated insulin 
resistance as revealed by HOMA-IR results, this demonstrated 

that linagliptin facilitates insulin sensitivity in peripheral 
tissues for efϐicient glucose uptake, corroborating the ϐindings 
of Siddiqui, et al. [21]. Physiological change in body mass 
during gestation might be responsible for the non-signiϐicant 
difference in the body of diabetic rats administered with 
linagliptin, and non-structural proteolysis may be attributed 
to the body weight gain in non-gestation diabetic rats.

Glycated hemoglobin is a predictor of diabetes condition 
[16]. The elevated glycated hemoglobin level seen in GDM 
predicts a diabetic state. Linagliptin treatment decreased 
hemoglobin glycation, which could be attributed to the 
diminishing of circulating peripheral blood glucose and 
reduction of glucagon production, which stimulates hepatic 
gluconeogenesis, which accords with the report of Del Prato,
et al. [22].

Normal pregnancies are closely associated with temporary 
alterations in the lipid proϐile, including increased levels 
of total cholesterol, LDL, and HDL, and decreased levels of 
triglycerides [23]. Variations in the lipid proϐile of GDM women 
have been reported. Lipid levels and lipid hydroperoxide 
activities were greater in the third trimester in women with 
GDM [24]. Abnormally elevated plasma lipids that occur during 
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Figure 3: Effect of linagliptin on (A) plasma insulin (B) HOMA-IR (C) fasting blood glucose (D) glycated hemoglobin in HFD/STZ-induced GDM rats. Values are expressed as 
mean ± SEM (n = 8). ***signiϐicant at p < 0.001 compared with the control; ***signiϐicant at p < 0.05 compared with control + linagliptin; ###signiϐicant at p < 0.001 compared 
with GDM untreated group.
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a typical pregnancy are referred to as dyslipidemia [25]. The 
present ϐindings showed that the GDM rats had low HDL levels 
and increased fat contents. Nevertheless, the administration 
of linagliptin to the GDM rats successfully controlled the 
alterations in their lipid levels. These ϐindings corroborate the 
report of Zhou, et al. [26], on the positive effects of linagliptin 
on dyslipidemia in GDM rats.

The imbalance of cellular oxidants and antioxidants in 
favor of oxidants, resulting in a disturbance of redox signaling 
and/or molecular damage, is known as oxidative stress. 
Reactive oxygen species (ROS) are the byproducts of oxygen 
reduction. Reactive nitrogen species (RNS), in addition to 
ROS, signiϐicantly affect redox biology and consequently 
redox imbalance [27]. Several literature have demonstrated 
that hyperinsulinemia can increase the accumulation of free 
radicals and trigger oxidative stress damage to numerous 
organs [28]. During the gestational period, oxidative stress is 
considered low-grade or physiological since pregnancy has a 
high demand for oxygen from the mother, fetus, and placenta. 
The placenta, in turn, is an organ rich in mitochondria, 
resulting in greater production of reactive oxygen-nitrogen 
species (RONS) [6]. Despite its important physiological role, 
especially during pregnancy, the excessive production of RONS 
can override the antioxidant defense system, contributing 
to oxidative damage and thus causing considerable harm to 
women with GDM, from cell injury to death [29]. The present 
ϐindings showed an increased MDA level while diminishing 
antioxidants like GSH, SOD, and CAT levels in the GDM rats. 
Interestingly, linagliptin administration considerably reduced 
the MDA level and enhanced the antioxidant levels in the GDM 
rats and this aligned with Shen et al [30], on the antioxidant 
efϐicacy of linagliptin to ameliorate the oxidative stress 
progression in diabetes.

Inϐlammatory cytokines are associated with the 
progression of GDM. IL-1β and IL-6 both compromise insulin 
signaling and decrease glucose absorption in target tissues, 
contributing to insulin resistance and hyperglycemia [31]. 
The increased synthesis of inϐlammatory cytokines may be 
connected to insulin resistance. Previous research indicates 
a connection between increased production of inϐlammatory 
cytokines such as IL-1β, and IL-6 and insulin resistance along 
the course of GDM disease [32]. In line with Rathinam et al.'s 
ϐindings [33], elevated inϐlammatory cytokines IL-6 and IL-1β 
were established in the GDM model. It has been demonstrated 
that linagliptin therapy has anti-inϐlammatory properties 
to lower inϐlammatory cytokines in pathological conditions 
[34]. However, linagliptin administration down-regulates 
the upsurge in the expression of cytokines in the GDM model. 
This revealed the anti-inϐlammatory potential of linagliptin by 
suppressing the free radical-induced inϐlammatory cytokines 
expression in GDM and improving insulin sensitivity for 
glucose metabolism.

Conclusion
The current ϐindings showed linagliptin had anti-

hyperglycemic, anti-dyslipidemic, and anti-oxidative 
potentials on GDM. Linagliptin could be used as a safe 
medication for the management of hyperglycemia during 
gestation. However, no literature has elucidated any side 
effect of linagliptin on fetal outcome and further research 
should focus on the fetal outcome.
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