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Summary 
Investigation determines the beneficial effect of bergaptol against 
gestational diabetes (GD). Gestational diabetes was induced in 
female rats and treated them with bergaptol 20 and 40 mg/kg for 
eighteen days. Effect of bergaptol was assessed on blood glucose 
and insulin level in GD rat. Inflammatory mediators and oxidative 
stress parameters were also assessed in GD rats. Moreover, 
mRNA expression of INSR, NF-κB, Akt and GSK-3β were assessed 
in the GD rats by qRT-PCR method. In silico network 
pharmacology study was performed, along with gene ontology 
and egg pathway to assessed the targets of bergaptol, molecular 
docking study was also performed for the confirmation of 
possible pathway involved in the management of GD. Blood 
glucose and insulin level was significantly reduces in the blood 
bergaptol treated group than GD group of rats. Treatment with 
bergaptol ameliorates the altered level of mediators of 
inflammation and oxidative stress parameters in GD rats. There 
was significant reduction in the mRNA expression of NF-κB and 
GSK-3β and increase in expression of INSR and Akt in the tissue 
homogenate of bergaptol treated GD rats. Docking study shows 
effective binding strength of bergaptol individually with INSR,  
NF-κB, Akt and GSK-3β -protein targets. In conclusion, data of 
investigation suggest that bergaptol improves the sensitivity of 
insulin receptor in GD, as it reduces parameters of oxidative 
stress and inflammatory mediators by regulating INSR/NF-
κB/Akt/GSK-3β pathway. 
 
Key words 
Gestational diabetes • Bergaptol • Insulin resistance • 
Inflammation • Oxidative stress 
 
 

Corresponding author 
D. Yang, Department of Obstetrics, Hospital of Chengdu 
University of Traditional Chinese Medicine, Chengdu, 610072, 
China. E-mail: yangdan424@outlook.com 
 
Introduction 
 

Gestational diabetes (GD) is a type of diabetes, 
insulin resistance occur at the time of pregnancy, higher 
prevalence rate with mortality [1]. However pathogenesis 
of GD is yet to be fully understood. Insulin resistance 
develop due to secretion of placental hormones in 
pregnancy, antagonizes insulin. Blood glucose level 
enhances in the patient suffering from GD, which also 
associated with type 2 diabetes, fetal abnormalities, and 
high blood pressure [2]. Therapeutic interventions 
available for the management of GD majorly focus on the 
regulation of blood glucose, which alone incompatible to 
effective treatment and thus need to develop alternative 
therapy for the management of it. Recent report evident 
that dysregulation of insulin signalling in GD occurs due 
to chronic inflammation, contribute in development of 
insulin resistance [3]. Phosphorylation of insulin receptor 
substrate-1 activated by TNF-α, which alter the insulin 
signalling [4]. Moreover, parameters of inflammatory 
pathway such as NF-κB and TLR4 also contribute in the 
development of GD [5]. Thus, targeting inflammatory 
pathway could be used for the management of GD. 

Supportive and alternative therapy gain the 
importance for the effective management of several 
diseases including diabetes and GD. Bergaptol is 
abundantly present in citrus plant also known as 
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furocoumarin [6]. Reported investigation shows anti-
inflammatory and antitumor activity of bergaptol [7,8], it 
reported to show protective effect against 
neuroinflammation and neuronal injury by regulating 
JAK2/STAT3/p65 pathway [9]. Moreover, bergaptol has 
shown antioxidant, anti-osteoporosis and 
antihyperlipidemic property on the basis of reduction of 
oxidative stress and inflammatory mediators [10-12]. 
Plants such as Ficus religiosa, Ducrosia anethifolia 
Boiss, lemon peel and Exocarpium citri Grandis contain 
bergaptol has shown promising effect against 
hyperlipidaemia and diabetes, promotes lipolysis [13-17]. 
These evidences support for the assessment of bergaptol 
effect on GD. 
 
Material and Methods 
 
Gestational diabetes induction 

Animal protocol was approved by institutional 
animal ethical committee of Chengdu University  
of Traditional Chinese Medicine, China 
(650/05/C/CPCSEA/09). Healthy female SD rats  
(180-210 g) were housed under controlled condition  
as per guideline. Animals were feed with high fat diet for 
the duration of eight-week [18], Female rats were mated 
with male rats by keeping them in cage at 2:1 ratio and 
presence of sperm in vagina confirm by observing it in 
microscope, the day is counted as day 0 of protocol. Later 
STZ (25 mg/kg) was injected i.p. after 12 h of fasting 
[19], blood glucose was estimated for 72 h. Rats with 
200 mg/dl of blood glucose considered as GD. 

Pregnant female rats with GD were separated in 
to five different groups (n=6/group) such as control 
group, GD group, bergaptol 20 and 40 mg/kg group 
receives bergaptol 20 and 40 mg/kg [9] for the duration 
of 18 days. Standard (STD) group receives metformin 
100 mg/kg, p.o. for the duration of 18 days. Blood was 
withdrawn from retro orbital pluxes for the estimation of 
biochemical parameters at the end of protocol. 
 
Insulin tolerance and glucose level test 

Insulin tolerance and glucose level test were 
performed on GD rats. In OGTT, glucose was 
administered i.p. after 6 h of fasting at a dose of 2 g/kg 
and blood was withdrawn from the retroorbital sinus at 
30, 60, 90 and 120 min after the administration of 
glucose, blood glucose level was estimated by 
autoanalyzer. In ITT, insulin (0.75 U/kg) was injected  
i.p. in rat by estimating the level of blood glucose at 30, 

60, 90 and 120 min after insulin administration. 
 
Estimation of lipid profile, insulin and C-reactive protein 
level 

Lipid profile level was estimated in the serum 
with autoanalyzer. Level of insulin in blood was 
estimated using ELISA kit as per the direction given in 
the kit. C-reactive protein level was also estimated in the 
blood using ELISA kit. 
 
Assessment of inflammatory cytokines and oxidative 
stress parameters 

Inflammatory cytokines such as IL-1β, IL-6, and 
TNF-α were estimated in the serum of GD rats with 
ELISA reader (Thermo Fisher Scientific Inc, USA) as per 
the direction given in its kit (ARG83004; arigoPLEX®, 
Taiwan). 

Parameters of oxidative stress such as MDA, 
SOD and GSH were estimated in the pancreatic tissue of 
GD rats. Okhawa et al., method was used to estimate the 
MDA level, biological samples were reacted with 
thiobarbituric acid and absorbance was estimated at 
a wavelength of 532 nm [20]. Misra and Fridovich 
reported method was used to estimate activity of SOD, 
biological samples were treated with epinephrine and 
absorbance was estimated at 480 nm to observe the 
alteration in activity of SOD [21]. Glutathione (GSH) 
level was estimated by treating 0.2 ml of tissue 
homogenate with DTNB (0.1 ml) and phosphate buffer 
(0.8 ml), absorbance was determined at 412 nm [22]. 
 
qRT-PCR analysis 

Expression of INSR, NF-κB, Akt and GSK-3β 
were assessed in the tissue homogenate of GD rats by 
Quantitative real-time PCR analysis. RNA was extracted 
out from the tissue homogenate with TRIzol reagent. Bio-
red iScript cDNA synthesis kit was used to synthesize the 
cDNA as per the direction given manufacturer of kit. 
qPCR study was performed to estimate the expression, as 
SYBR Green Select PCR Master Mix kit (9L), in each 
combination with cDNA (2L) and each primer (1L). List 
of primers used in the study shown in Table 1. 
Expression were performed in conditions like 95 °C, 
95 °C, and 50 °C temperature, the first hold for pre-
saturation, denaturation, and annealing holds was noted at 
15 min, 40 cycles in 10 s and 15 s, respectively. 
Thereafter reaction was hold finally at 72 °C for 60 s. 
Negative control was considered as separate response 
which do not includes cDNA in reaction. ΔΔCT values 
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was analysed the folds of increase in gene expression by 
comparing the value of ΔCT between experimental and 
control samples. 
 
In silico 
Molecular targets of bergaptol against Gestational 
Diabetes/Diabetes: Network pharmacology 

Structural information of bergaptol was taken from 
the PubChem and protein targets of it were searched from 
the SwissTarget database (http://swisstargetprediction.ch). 
Gene contributes in the development of Gestational 
Diabetes, which we took type 2 diabetes from DisGeNET 
database (https://disgenet.com). 

Protein targets overlap between type 2 
diabetes and bergaptol targets with Veeny 2.1. 
Common targets were applied to the multiple protein 
section of STRING database (https://string-db.org) to 
assess the PPI network, confidence score ≥0.7 was 
used to create the network. Moreover, Gene Ontology 
(GO) and KEGG enrichment analysis was performed 
to assess the pathway type 2 diabetes by SR plot 
(https://www.bioinformatics.com.cn). 
 
Assessment of bergaptol interaction with INSR, NF-κB, 
Akt and GSK-3β proteins: Molecular docking study 

PubChem compound database 
(https://pubchem.ncbi.nlm.nih.gov/) was used to retrieve 
the Metergoline structure. Selected protein i.e. INSR 
(PDB: 5h8h), NF-κB, Akt and GSK-3β was retrieved 
from the Protein Data Bank (PDB) 
(http://www.rcsb.org/pdb). Docking study was performed 
with Autodock Vina software, structure of 5h8h was 
prepared in Discovery Studio Visualizer v20.1.0.19295 
software, Dassault Systèmes: San Diego, CA, USA, 2020 
by removing Hetatms from the pdb. Polar-H atoms was 
added to the structure in autodock Vina software, grid for 
the binding of ligand was selected with Autogrid4. 
Binding energy and H-bond formation with amino acid of 
protein was assessed with Autodock Vina software. 
 
Statistical analysis 

Data are represented as mean ± SEM (n=6). 
Analysis of variance (ANOVA) was used for the 
comparison between different groups followed by post 
hoc Bonferroni test with GraphPad Prism, version 9.2 
(GraphPad Software Inc., Boston, MA, USA). p<0.05 
was considered statistically significant. 
 
 

Results 
 
Bergaptol ameliorate body weight 

Body weight was observed in bergaptol treated 
GD rats on 0th, 7th, 14th and 18th day of protocol as shown 
in Figure 1. There was improvement in the body weight 
of all the group than control group of rats on the 0th day 
of protocol, this improvement in body weight of all the 
group rats occur due to feed of high fat diet for the 
duration of eight weeks excluding control group which 
receives normal diet. Body weight was increased 
significantly (p<0.01) in GD group than control group of 
rats on 7th, 14th and 18th day of STZ administration. 
Treatment with bergaptol and STD drug attenuates 
increased body weight of GD rats on 7th, 14th and 18th day 
of protocol. 
 
Bergaptol ameliorates insulin intolerance and glucose 
level 

Level of blood glucose and insulin was 
estimated in bergaptol treated GD rats as shown in 
Figure 2A-D. Glucose tolerance was performed by 
estimating blood glucose level at 0, 30, 60, 90 and 
120 min after administration of glucose. Level of glucose 
was significantly enhances in GD group than control 
group rats, which was reversed in bergaptol treated group 
(Fig. 2A). Insulin intolerance test also shows less 
reduction in level of blood glucose at 30, 60, 90 and 
120 min after the administration of insulin in GD group 
than control group, bergaptol treated group shows 
significant reduction in glucose level than GD group of 
rats (Fig. 2B). Moreover, level of blood glucose and 
insulin was estimated at the end of protocol, Treatment 
with bergaptol ameliorates altered level of blood glucose 
and insulin in GD group of rats (Fig. 2C-D). 
 
Bergaptol ameliorates altered level of total cholesterol, 
triglyceride and HDL-cholesterol 

Total cholesterol and triglyceride level were 
observed to be enhanced to 5.99±0.10 and 
3.43±0.09 mmol/l in the serum of GD group than control 
group (TC: 1.95±0.05 mmol/l and TG: 0.55±0.05 mmol/l) 
respectively. Treatment with bergaptol significantly 
reduces the level of TC (2.94±0.11 mmol/l) and TG 
(1.19±0.03 mmol/l) than GD group of rats. Moreover, 
HDL-cholesterol level reduces up to 0.41±0.03 mmol/l in 
GD group than control group (1.48±0.05 mmol/l) of rats, 
which was enhanced up to 1.11±0.04 mmol/l in bergaptol 
treated GD rats (Fig. 3A-C). 
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Bergaptol ameliorates altered level of inflammatory 
mediators 

Factors involved in the inflammation were 
estimated in the serum of bergaptol treated GD rats shown 
in Figure 4A, B. Cytokines like IL-1β, IL-6 and TNF-α 
were enhanced up to 291.36±4.68, 352.5±5.53 and 
380.78±6.67 pg/ml respectively in the serum of GD group 
than control group (IL-1β: 14.19±1.55 pg/ml; IL-6: 
15.03±1.54 pg/ml and TNF-α: 20.86±0.94 pg/ml). 
Treatment with bergaptol significantly reduces the level of 
IL-1β (74.15±2.39 pg/ml), IL-6 (64.6±2.64 pg/ml) and 
TNF-α (78.91±3.69 pg/ml) in GD rats (Fig. 4A). CRP was 
enhanced significantly (p<0.001) up to 738.39±6.47 µg/l 
compared to control group (260.34±6.7 µg/l), which was 
reduced in bergaptol treated GD rats up to 
320.29±10.36 µg/l as shown in Figure 4B. 
 
Bergaptol ameliorates altered level of oxidative stress 
parameters 

Parameters of oxidative stress were estimated in 
the pancreatic tissue homogenate of bergaptol treated 
GD rats. Activity of SOD and GSH was reduced up to 
6.73±0.12 U/mg and 411.85±8.23 U/g of tissue protein 
respectively in GD group than control group rats, which 
was improved up to SOD: 15.27±0.26 U/mg and GSH: 
695.33±13.29 U/g of tissue protein in bergaptol treated 
GD rats. However, level of MDA (14.89±0.39 µM/mg) 
was enhanced in GD group than control group 
(5.72±0.08 µM/mg). Treatment with bergaptol 
significantly reduces MDA level up to 7.58±0.15 µM/mg 
in the pancreatic tissue of GD rats (Fig. 5). 
 
Bergaptol ameliorates altered expression of INSR/NF-
κB/Akt/GSK3β 

Assessment of bergaptol effect was observed on 
the mRNA expression of INSR, NF-κB, Akt and GSK-3β 
in the tissue homogenate of GD rats as shown in Figure 6. 
mRNA expression of INSR and Akt were observed to be 
reduced and mRNA expression of NF-κB and GSK-3β 
were significantly enhanced in the tissue homogenate of 
GD group than control group of rats. Treatment with 
bergaptol ameliorates the altered mRNA expression of 
INSR, NF-κB, Akt and GSK-3β in the tissue homogenate 
of GD rats. 
 
Insilico assessment of potential targets and pathways of 
bergaptol against type 2 diabetes: Network Pharmacology 

Potential targets of bergaptol was assessed from the 
database for therapeutic potential against insulin resistance 

i.e. type 2 diabetes, which clinically matches to GD. 
Bergaptol (PubChem CID: 5280371; Molecular weight: 
202.16 g/mol) was assessed from PubChem NCBI site to 
identify simple (C1=CC(=O)OC2=CC3=C(C=CO3) 
C(=C21)O) and CAS number is 486-60-2. Prediction of 
molecular targets of bergaptol was assessed from 
SwissTarget database and 100 protein targets were 
identified, with ≥0.1 probability for the binding of bergaptol, 
which is given below in Table 2. 

Gene involved in the development of type 2 
diabetes was assessed from DisGeNET database and it 
was observed that 3078 number of gene relate to it. 
Mapping of molecular targets of bergaptol with identified 
gene was performed with Veeny 2.1. and 57 common 
targets were identified, which shows overlapping of 
molecular targets of bergaptol and gene involved in the 
development of type 2 diabetes (Fig. 7A). These mapped 
genes were used to construct the PPI network with the 
confidence of 0.7 using STRING database online server. 
There are 57 nodes, 106 edges of average nodes degree 
3.72 and avg. local clustering coefficient: 0.467 as shown 
in Figure 7B. 

GO analysis and Kegg pathway was performed on 
potential targets of bergaptol for the management of type 2 
diabetes. Specifically, 47 targets were observed in 
GO analysis, observation shows INSR, NF-κB, Akt, GSK-
3 and Raf, which regulates insulin signalling and insulin 
resistance pathway, these pathways contribute in the 
development of specifically type 2 diabetes (Fig. 8A-C). 
Identified targets such as INSR, NF-κB, Akt, GSK-3 and 
Raf from GO analysis were further assessed for binding 
with bergaptol by molecular docking study. 
 
Assessment of bergaptol interaction with INSR, NF-κB, 
Akt and GSK-3β protein: Molecular docking study 

Hydrogen bond formation with protein residue 
and binding energy was assessed in protein-ligand 
complex as shown in Table 3. We observed that 
Bergaptol binds with INSR, NF-κB, Akt and GSK-3β 
proteins with maximum energy at binding energy of -6.1, 
-6.6, -8.2 and -6.9 kcal/mol respectively and interacted 
with four protein residue INSR (ASP-A:10833, ASN-A: 
1097), NF-κB (LEU-A:384, ASN-A:467), Akt (GLU-
A:315, GLY-A:335) and GSK-3β (ASN-A:64) proteins. 
Moreover, 2D molecular structure of ligand-protein 
complex is represented in Figure 9A-D). 
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Table 1. Primer details. 
 

Sr. No. Primer Forward Reverse 

1 INSR AGATGAGAGGTGCAGTGTGGCT GGTTCCTTTGGCTCTTGCCACA 
2 NF-κB GCTGCCAAAGAAGGACACGACA GGCAGGCTATTGCTCATCACAG 
3 Akt GAGATGGATGCGTCTACAACCC TCCACTTGCCTTCTCTCGAACC 
4 GSK-3β GAGCCACTGATTACACGTCCAG CCAACTGATCCACACCACTGTC 

 
 

 
 
Fig. 1. Bergaptol attenuates body weight of GD rats on 0th, 7th, 14th and 18th day of protocol. Mean ± SEM (n=6); ### p<0.001 than 
control group; *** p<0.001 than GD group. 
 
 

 
 
Fig. 2. Bergaptol ameliorates insulin and blood glucose level in GD rats. (A) Glucose tolerance test; (B) Insulin intolerance test;  
(C) Assessment of blood glucose level; (D) Assessment of insulin level. Mean ± SEM (n=6); ### p<0.001 than control group; 
*** p<0.001 than GD group. 
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Fig. 3. Bergaptol ameliorates the altered level lipid profile in the serum of GD rats. (A) Total cholesterol; (B) Triglyceride; (C) High 
density lipoprotein. Mean ± SEM (n=6); ### p<0.001 than control group; *** p<0.001 than GD group. 
 

 
 
Fig. 4. Bergaptol ameliorates the altered level of inflammatory mediators in the serum of GD rats. (A) Inflammatory cytokines level in 
the serum of GD rats; (B) C-reactive protein level in the serum of GD rats. Mean ± SEM (n=6); ### p<0.001 than control group; 
*** p<0.001 than GD group. 
 

 
 
Fig. 5. Bergaptol ameliorates the altered level of oxidative stress parameters in the tissue homogenate of GD rats. (A) SOD; (B) MDA; 
(C) GSH. Mean ± SEM (n=6); ### p<0.001 than control group; *** p<0.001 than GD group. 
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Fig. 6. Bergaptol ameliorates the altered 
mRNA expression of INSR, NF-κB, Akt 
and GSK-3β in the tissue homogenate of 
GD rats. Mean ± SEM (n=6); 
### p<0.001 than control group; 
*** p<0.001 than GD group. 

 
Table 2. Protein targets of bergaptol screen from SwissTarget database. 
 

XDH CA5B PTK2 NQO1 GPR35 ALDH2 CA5A ALOX15 

ESR1 HSD17B3 KDR ALK ERBB2 
CDK5R1 

CDK5 
BACE1 AR 

ESR2 GSR PLK1 AXL AKR1B1 STS MAP3K8 MIF 

CA12 CYP1A2 CA6 DYRK1A 
CCND1 
CDK4 

MAOB BRAF PDE4D 

CA9 MAOA CA14 HTR2C PDGFRB APEX1 EPHB4 ABCB1 
CA7 CA2 CSNK2A1 ADORA2A FLT4 CYP1B1 HSPA1A ERN1 
CA13 CA1 MET METAP2 IGF1R PIM1 NUAK1 PTGS2 

ACHE 
TNNC1 
TNNT2 
TNNI3 

CA4 FYN INSR ERCC5 SQLE SLC16A3 

NFKB1 SRD5A1 PLK4 LCK 
CDK2 

CCNA1 
CCNA2 

FEN1 FGR OPRK1 

ALOX5 CA3 TEK F2 AURKB CNR1 LYN SIRT1 
CBR1 AKR1C3 AKT1 GRK6 GSK3B CNR2 KCNA5 PRKDC 
EGFR AKR1C1 AURKA BCHE SRC PON1 KCNA3 CYP1A1 
PCSK7 CYP2C9 DAO SHBG 

    
 

 
 
Fig. 7. Construction of common targets of interaction of bergaptol and type 2 diabetes along with assessment of network of these 
targets PPI. (A) Identification of intersection targets between bergaptol and type 2 diabetes. (B) 3D form of visualization of protein-
protein interaction (PPI) network of the 57 targeted genes type 2 diabetes. STRING Web server was used to construct the PPI network 
with threshold of 0.7. 
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Fig. 8. Assessment of fundamental mechanism of bergaptol for the management of type 2 diabetes through network pharmacology.  
(A) GO analysis of the target proteins of bergaptol on type 2 diabetes; (B) Kegg Pathway for insulin resistance formation of bergaptol 
against type 2 diabetes; (C) Kegg Pathway for insulin signalling formation of bergaptol against type 2 diabetes. 
 
 
Table 3. Ligand-protein interaction assessed for the estimation of H-bond formation with protein residue and binding energy. 
 

Sr. No. Ligand Protein Binding Energy (kcal/mol) Amino Acid 

1 

Bergaptol 

INSR -6.1 ASP-A:10833, ASN-A: 1097 
2 NF-κB -6.6 LEU-A:384, ASN-A:467 
3 Akt -8.2 GLU-A:315, GLY-A:335 
4 GSK-3β -6.9 ASN-A:64 
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Fig. 9. Assessment of bergaptol interaction with INSR, NF-κB, Akt and GSK-3β protein by molecular docking study. (A) Interaction of 
bergaptol with INSR protein; (B) Interaction of bergaptol with NF-κB protein; (C) Interaction of bergaptol with Akt protein;  
(D) Interaction of bergaptol with GSK-3β protein. 
 
 
Discussion 
 

Gestational diabetes resembles the clinical 
pathophysiology to type 2 diabetes, as insulin resistance 
and glucose tolerance involved in the pathogenesis of it. 
Prevalence rate is 14 %, which predicted to be gradually 
enhancing in developing countries [23]. Pregnancy is 
a specific situation to use of selected drugs including in 
the regulation of blood glucose too. Thus, there is need of 
development of alternative medicine for the management 
of GD and given report efforts the same by evaluating 
beneficial effect of bergaptol against GD. 

Weight gain is specifically characterized for the 
development of GD, as it is also one of the major causes 
of several disorder including diabetes specifically GD and 
type 2 diabetes [24]. Oral hypoglycaemic drugs 
i.e. metformin reduces the body weight while managing 
blood glucose in diabetic patients [25]. It is also evident 
that reduction of obesity reduces the quantity of white 
adipose tissue, which reduces body weight that also 
involved in the improvement of sensitivity of insulin 
receptor (IR) too [26]. Insulin resistance occurs due to 
loss of sensitivity of its receptor, which causes reduction 

in the formation of GLUT, reduces utilization of glucose, 
which promotes the level of blood insulin in GD and 
type 2 diabetes [27]. Drugs used for the management of 
GD promotes the sensitivity of IR, which enhances the 
utilization of glucose and reduces the blood glucose level 
[28]. There are several derivatives of furanocoumarins 
has several potential therapeutic potentials on the 
regulation of blood glucose and obesity management 
[29], however bergaptol has not investigated for it yet. 
Bergaptol has shown anti-inflammatory, antioxidant and 
antihyperlipidemic properties [7,9,10], which involve in 
the weight gain and regulation of insulin sensitivity. 
Given investigation depict that body weight of bergaptol 
treated rats were significantly reduced than GD group 
rats. There was significant reduction in the level of blood 
glucose (GTT and at the end of protocol) and insulin 
level in bergaptol treated GD rats. In insulin intolerance 
test, level of blood glucose significantly improved in 
bergaptol treated group than GD group of rats. Metformin 
reduces blood glucose, body weight and improves insulin 
sensitivity in diabetic patients and data of study also 
suggest the same. Bergaptol regulates these parameters 
similar to metformin in diabetic rats. 
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Dyslipidaemia is one of the major clinical 
features associated with metabolic disorders including 
diabetes, which involve in the development of diabetic 
complications. Glucose utilisation reduces in GD which 
alters the lipid level due to dysregulation of metabolic 
pathway [30]. Total cholesterol and triglyceride level 
enhances in the blood in the patients suffering from GD, 
moreover HDL reduces in patients suffering from GD 
[31]. Bergaptol reported to be bergaptol is present in 
essential oils of citrus peel call as furanocoumarins [6], 
which shows antihyperlipidemic effect by promoting 
lipolysis and reducing the cellular uptake of lipid [32]. 
These effect of furanocoumarins i.e. bergaptol contribute 
in the regulation of lipid level and our report also support 
that treatment with bergaptol attenuates altered lipid level 
in GD rats. 

Metabolism alteration enhances free radical level 
by promoting the production of cellular level of 
superoxide anions, which increases oxidative stress. 
MDA is a metabolic product of lipid by the process of 
lipid peroxidation, injury to the cell membrane, level of 
MDA enhances in GD [33]. SOD and GSH activity 
involved in the reduction of superoxide anions in the 
cells, which also altered in GD. These parameters of 
oxidative stress contribute in the dysregulation of cellular 
function, enhances inflammation process as NF-κB is 
reported to be activated by cytokine and oxidative stress 
which activate autoimmunity [34]. Further activation of 
NF-κB reduces the expression of Akt that enhances the 
expression of GSK-3β. This altered expression of gene 
reduces the production GLUT, which reduces the 
utilization of glucose lead to increase in the level of 
glucose [35]. Moreover, autoimmunity altered the 
sensitivity of IR, reduced insulin sensitivity decreases the 
expression of GLUT. 

Drugs used for the management of GD effect-
tively reduces oxidative stress and inflammatory 
cytokines, which also reported to be regulate the 
inflammatory pathway and thereby enhances the 

utilization of glucose [36]. Data of our report reveals that 
treatment with bergaptol ameliorates the altered level of 
inflammatory mediators and oxidative stress parameters 
in GD rats. In vivo study also suggest expression of 
INSR, NF-κB, Akt and GSK-3β regulated in the 
bergaptol treated GD rats. Moreover, network 
pharmacology study involve common targets of bergaptol 
and type 2 diabetes, which was further applied for gene 
ontology suggested INSR, NF-κB, Akt and GSK-3β 
targets for the insulin signalling and resistance both. 
These targets interacted with bergaptol ligand for the 
management of GD, as it resembles in pathogenic aspects 
of type 2 diabetes. Moreover, docking study also confirm 
the effective interaction of bergaptol with INSR, NF-κB, 
Akt and GSK-3β targets. 
 
Conclusions 
 

In conclusion, data of investigation suggest that 
bergaptol reduces blood glucose level in GD, as it 
reduces parameters of oxidative stress and inflammatory 
mediators by regulating INSR/NF-κB/Akt/GSK-3β 
pathway. Moreover, data of in silico also supports that 
bergaptol interact with these proteins and thereby 
regulates the insulin sensitivity and insulin signalling 
pathway. These evidences support that bergaptol could be 
used for the management of GD clinically. However, 
molecular mechanism along with chronic toxicity study 
and teratogenicity study of bergaptol needed to assess for 
the better healthcare management. 
 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
All the author of given review thankful to Chengdu 
University of Traditional Chinese Medicine, China for 
providing facility to conduct presented work. 

 
References 
 
1. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The Pathophysiology of Gestational Diabetes 

Mellitus. Int J Mol Sci 2018;19:3342. https://doi.org/10.3390/ijms19113342 
2. Quintanilla Rodriguez BS, Mahdy H. Gestational Diabetes. [Updated 2023 Aug 8]. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2024 Jan. 
3. Petersen MC, Shulman GI. Mechanisms of Insulin Action and Insulin Resistance. Physiol Rev 2018;98:2133-2223. 

https://doi.org/10.1152/physrev.00063.2017 



2025  Bergaptol Ameliorates Gestational Diabetes    103  
 

4. Catalano PM. Trying to understand gestational diabetes. Diabet Med 2014;31:273-281. 
https://doi.org/10.1111/dme.12381 

5. Feng H, Su R, Song Y, Wang C, Lin L, Ma J, Yang H. Positive Correlation between Enhanced Expression of 
TLR4/MyD88/NF-κB with Insulin Resistance in Placentae of Gestational Diabetes Mellitus. PLoS One 
2016;11:e0157185. https://doi.org/10.1371/journal.pone.0157185 

6. Phucharoenrak P, Trachootham D. Bergaptol, a Major Furocoumarin in Citrus: Pharmacological Properties and 
Toxicity. Molecules 2024;29:713. https://doi.org/10.3390/molecules29030713 

7. Shen CY, Wang TX, Jiang JG, Huang CL and Zhu W. Bergaptol from blossoms of Citrus aurantium L. var. amara 
Engl inhibits LPS-induced inflammatory responses and ox-LDL-induced lipid deposition. Food Funct 
2020;11:4915-4926. https://doi.org/10.1039/C9FO00255C 

8. Ahmed S, Khan H, Aschner M, Mirzae H, Küpeli Akkol E, Capasso R. Anticancer Potential of Furanocoumarins: 
Mechanistic and Therapeutic Aspects. Int J Mol Sci 2020;21:5622. https://doi.org/10.3390/ijms21165622 

9. Wu J, Zhang J, Xie Q, He X, Guo Z, Zheng B, Wang S, Yang Q, Du C. Bergaptol Alleviates LPS-Induced 
Neuroinflammation, Neurological Damage and Cognitive Impairment via Regulating the JAK2/STAT3/p65 
Pathway. J Inflamm Res 2022;15:6199-6211. https://doi.org/10.2147/JIR.S383853 

10. Milanović Ž, Antonijević M, Đorović Jovanović J, Milenković D. Comparative Antiradical Activity and 
Molecular Docking Study of Bergaptol and Xanthotoxol. J Serb Soc Comput 2020;13:71-84. 
https://doi.org/10.24874/jsscm.2020.01.07 

11. Wu SS, Xu XX, Shi YY, Chen Y, Li YQ, Jiang SQ, Wang T, Li P, Li F. System pharmacology analysis to 
decipher the effect and mechanism of active ingredients combination from herb couple on rheumatoid arthritis in 
rats. J Ethnopharmacol 2022;288:114969. https://doi.org/10.1016/j.jep.2022.114969 

12. Ansari B, Singh M, Sharma S, Choudhary B, Mohseen M. Preclinical Antihyperlipidemic Effect of Herbalism 
against Lipid Elevating Agents: A Review. Biomed Pharmacol J 2020;13:1695-1707. 
https://doi.org/10.13005/bpj/2044 

13. Nucera S, Scarano F, Macrì R, Mollace R, Gliozzi M, Carresi C, Ruga S, Serra M, Tavernese A, Caminiti R, 
Coppoletta A, Cardamone A, Montalcini T, Pujia A, Palma E, Muscoli C, Barillà F, Musolino V, Mollace V. The 
Effect of an Innovative Combination of Bergamot Polyphenolic Fraction and Cynara cardunculus L. Extract on 
Weight Gain Reduction and Fat Browning in Obese Mice. Int J Mol Sci 2023;25:191. 
https://doi.org/10.3390/ijms25010191 

14. Shalaby NM, Abd-Alla HI, Aly HF, Albalawy MA, Shaker KH, Bouajila J. Preliminary in vitro and in vivo 
evaluation of antidiabetic activity of Ducrosia anethifolia Boiss. And its linear furanocoumarins. Biomed Res Int 
2014;2014:480545. https://doi.org/10.1155/2014/480545 

15. Pandit R, Phadke A, Jagtap A. Antidiabetic effect of Ficus religiosa extract in streptozotocin-induced diabetic rats. 
J Ethnopharmacol 2010;128:462-466. https://doi.org/10.1016/j.jep.2010.01.025 

16. Kong F, Ding Z, Zhang K, Duan W, Qin Y, Su Z, Bi Y. Optimization of extraction flavonoids from Exocarpium 
Citri Grandis and evaluation its hypoglycemic and hypolipidemic activities. J Ethnopharmacol 2020;262:113178. 
https://doi.org/10.1016/j.jep.2020.113178 

17. Pan Y, Tan J, Long X, Yi R, Zhao X, Park K-Y. Anti-obesity effect of fermented lemon peel on high-fat diet-
induced obese mice by modulating the inflammatory response. J Food Biochem 2022;46:e14200. 
https://doi.org/10.1111/jfbc.14200 

18. Chand S, Tripathi AS, Hasan T, Ganesh K, Cordero MAW, Yasir M, Zaki MEA, Tripathi P, Mohapatra L, 
Maurya RK. Geraniol reverses obesity by improving conversion of WAT to BAT in high fat diet induced obese 
rats by inhibiting HMGCoA reductase. Nutr Diabetes 2023;13:26. https://doi.org/10.1038/s41387-023-00254-2 

19. Chen F, Ge L, Jiang X, Lai Y, Huang P, Hua J, Lin Y, Lin Y, Jiang X. Construction of the experimental rat model 
of gestational diabetes. PLoS One 2022;17:e0273703. https://doi.org/10.1371/journal.pone.0273703 

20. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. 
Anal Biochem 1979;95:351-358. https://doi.org/10.1016/0003-2697(79)90738-3 

21. Misra HP, Fridovich I. The Role of Superoxide Anion in the Autoxidation of Epinephrine and a Simple Assay for 
Superoxide Dismutase. J Biol Chem 1972;247:3170-3175. https://doi.org/10.1016/S0021-9258(19)45228-9 



104   Yu et al.  Vol. 74 
 
 
22. Gunzler WA, Flohé L: Glutathione peroxidase. In: Handbook of Methods for Oxygen Radical Research. 

GREENWALD RA (ed.), CRC Press, Boca Raton, Fla. 1985. 
23. Dłuski DF, Ruszała M, Rudziński G, Pożarowska K, Brzuszkiewicz K, Leszczyńska-Gorzelak B. Evolution of 

Gestational Diabetes Mellitus across Continents in 21st Century. Int J Environ Res Public Health 2022;19:15804. 
https://doi.org/10.3390/ijerph192315804 

24. Al-Goblan AS, Al-Alfi MA, Khan MZ. Mechanism linking diabetes mellitus and obesity. Diabetes Metab Syndr 
Obes 2014;7:587-591. https://doi.org/10.2147/DMSO.S67400 

25. Lazzaroni E, Ben Nasr M, Loretelli C, Pastore I, Plebani L, Lunati ME, Vallone L, Bolla AM, Rossi A, 
Montefusco L, Ippolito E, Berra C, D'Addio F, Zuccotti GV, Fiorina P. Anti-diabetic drugs and weight loss in 
patients with type 2 diabetes. Pharmacol Res 2021;171:105782. https://doi.org/10.1016/j.phrs.2021.105782 

26. Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest 2000;106:473-481. 
https://doi.org/10.1172/JCI10842 

27. Wilcox G. Insulin and insulin resistance. Clin Biochem Rev 2005;26:19-39. 
28. Herman R, Kravos NA, Jensterle M, Janež A, Dolžan V. Metformin and Insulin Resistance: A Review of the 

Underlying Mechanisms behind Changes in GLUT4-Mediated Glucose Transport. Int J Mol Sci 2022;23:1264. 
https://doi.org/10.3390/ijms23031264 

29. Shalaby NM, Abd-Alla HI, Aly HF, Albalawy MA, Shaker KH, Bouajila J. Preliminary in vitro and in vivo 
evaluation of antidiabetic activity of Ducrosia anethifolia Boiss. and its linear furanocoumarins. Biomed Res Int 
2014;2014:480545. https://doi.org/10.1155/2014/480545 

30. Zhang Z, Zhou Z, Li H. The role of lipid dysregulation in gestational diabetes mellitus: Early prediction and 
postpartum prognosis. J Diabetes Investig 2024;15:15-25. https://doi.org/10.1111/jdi.14119 

31. Barat S, Ghanbarpour A, Bouzari Z, Batebi Z. Triglyceride to HDL cholesterol ratio and risk for gestational 
diabetes and birth of a large-for-gestational-age newborn. Caspian J Intern Med 2018;9:368-375. 
https://doi.org/10.22088/cjim.9.4.368 

32. Pan Y, Tan J, Long X, Yi R, Zhao X, Park K-Y. Anti-obesity effect of fermented lemon peel on high-fat diet-
induced obese mice by modulating the inflammatory response. J Food Biochem 2022;46:e14200. 
https://doi.org/10.1111/jfbc.14200 

33. Haro Girón S, Monserrat Sanz J, Ortega MA, Garcia-Montero C, Fraile-Martínez O, Gómez-Lahoz AM, Boaru 
DL, de Leon-Oliva D, Guijarro LG, Atienza-Perez M, Diaz D, Lopez-Dolado E, Álvarez-Mon M. Prognostic 
Value of Malondialdehyde (MDA) in the Temporal Progression of Chronic Spinal Cord Injury. J Pers Med 
2023;13:626. https://doi.org/10.3390/jpm13040626 

34. de Mendonça ELSS, Fragoso MBT, de Oliveira JM, Xavier JA, Goulart MOF, de Oliveira ACM. Gestational 
Diabetes Mellitus: The Crosslink among Inflammation, Nitroxidative Stress, Intestinal Microbiota and Alternative 
Therapies. Antioxidants (Basel) 2022;11:129. https://doi.org/10.3390/antiox11010129 

35. Watanabe M, Abe N, Oshikiri Y, Stanbridge EJ, Kitagawa T. Selective growth inhibition by glycogen synthase 
kinase-3 inhibitors in tumorigenic HeLa hybrid cells is mediated through NF-κB-dependent GLUT3 expression. 
Oncogenesis 2012;1:e21. https://doi.org/10.1038/oncsis.2012.21 

36. Al-Ishaq RK, Abotaleb M, Kubatka P, Kajo K, Büsselberg D. Flavonoids and Their Anti-Diabetic Effects: 
Cellular Mechanisms and Effects to Improve Blood Sugar Levels. Biomolecules 2019;9:430. 
https://doi.org/10.3390/biom9090430 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


