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Abstract
Background and Aims: Oral lichen planus (OLP) is an autoimmune chronic disease which is frequently related to some general
diseases. The aim of this study is to analyze and compare the general features and clinical signs of OLP associated with diabetes
mellitus. Material and Method: Twenty female patients suffering from OLP were enrolled in this study. They were examined and
diagnosed following a clinical examination; and histologically, as well. The demographic and clinical features were collected from
the medical charts. Results: In group 1 (OLP patients with diabetes) the oral complaints of pain and burning sensations were more
frequently found compared to group 2 (OLP patients with nodiabetes). Diabetes patients showed an OLP clinical polymorphism –
many clinical forms (p<0.05). The ulcerative type of oral lichen planus was found in group 1 only (4 from 10 cases). Conclusions:
This study showed there is a higher frequency of oral complaints and ulcerative clinical form of OLP in diabetes patients.

Keywords: diabetes, lichen planus, oral lesions.

Background and Aims
Lichen planus is a chronic mucocutaneous disease with unknown etiology. It
affects middle aged-adults, with a higher frequency in women. The oral lichen planus
(OLP) is the mucosal analogous of cutaneous
lichen planus and has an incidence estimated
up to 2.2% [1].
The OLP pathogenesis is not completely known. Immune cells such as type
T, macrophages, and Langerhan cells which
induce apoptosis of oral keratinocytes are
involved in the pathogenesis and progression
of the disease [2].
The oral symptoms vary from reduced
symptomatic lesions such as keratosis with
white papules, reticular, or plaque-like pattern
to painful and disturbing lesions as atrophy,
erosion, ulcers, or bullae [3].

The OLP has some periods of flare-up
and remission of the oral lesions and symptoms
during its evolution. Complete healing is rare
and all-life follow-up of these patients is recommended in order to avoid malignant transformation of OLP (rate of 1–2%) [3].
There are described some risk factors
for OLP such as stress and anxiety. Moreover,
the association between OLP and some general
diseases such as diabetes mellitus, autoimmune
thyroiditis, hepatitis C, and other immune disorders are frequently found [2].
Even the OLP is an autoimmune disease
and the keratinocytes showing alterations of
the membrane, enzymatic activity, and carbohydrate expression; it is also suggestive for a
metabolic hormonal connection [4].
The association between OLP and diabetes was first mentioned in the 1960s and was confirmed later in many studies [5]. The incidence
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of diabetes in OLP patients ranges from 14–85%
according to the methodological line of every
study [4].
A meta-analysis of OLP prevalence in diabetes patients determined a strong link between
both diseases. Moreover, the risk of OLP in diabetes patients was found higher than in controls
[6]. This higher risk supports the hypothesis of
related pathogenesis between both diseases. The
association between OLP and diabetes is considered by other authors as being full of controversy [5]. This is based on the idea that drugs used
for diabetes can induce oral lichenoid lesions.
The difference between OLP and oral lichenoid
lesions is based on clinical and histological features. On the other hand, the Grinspan’s syndrome described as OLP with diabetes mellitus
and hypertension has also some controversies
about its pathogenesis and the drug involvement
during the metabolic conversion [7]. However,
speaking about diabetes mellitus only, there are
some oral cavity disorders frequently associated
with diabetes and observed in common dental
practice such as fungal infections, salivary hypofunction or periodontal diseases [8].
Since there are some inconsistent findings regarding OLP and diabetes in the literature, the present study aims to emphases some
differences concerning OLP clinico-pathological aspects in diabetes patients compared to
non-diabetic.

Material and Method
Study design and patients selection
This retrospective case-control study was
developed on 20 female patients diagnosed with
OLP who came in the clinic of Oral Pathology Discipline, Faculty of Dental Medicine, Carol Davila
University of Medicine and Pharmacy, Bucharest,
Romania. The patients were divided in two groups:
1 – OLP patients who also suffered from diabetes
mellitus and 2 – OLP patients who did not have diabetes. The main selection criteria were the gender
and age: female, above 50 years. The diagnosis of
OLP was established by clinical and histological criteria in order to exclude other diseases [1].
304

The plasma glucose and HbA1 were
measured and included in the diagnosis criteria
for diabetes mellitus. In case of patients previously
diagnosed with diabetes, the medical records,
including laboratory tests, were analyzed.
Cases of Grinspan’s syndrome were
excluded from the present analysis. Moreover,
patients with dysplastic changes or malignant
lesions were also excluded.
All the patients included in this study
signed an informed consent form, in accordance
with the principles of Helsinki declaration. The
study protocol was also approved by the Ethic
Committee of Carol Davila University.

Data collection
The demographic data (age, gender), medical history, clinical and histo-pathological features
were collected from the medical records. The personal data and the medical (and or surgical) history such as education level, smoking habit, main
reason for the first medical appointment, and the
onset details of the OLP lesions (e.g., the exact
location on the oral mucosa, the clinical type of
OLP) were also collected from the medical records.
The clinical forms of OLP were classified
as follows: keratotic (reticular and/or plaqueslike lesions), associated (keratotic and atrophic
lesions), atrophic (mostly atrophic lesions), and
ulcerative. All lesions were photographed and
stored for later evaluation.
The mycological exams (exudate) of the
oral lesion were also analyzed. The main features
of OLP such as hyperkeratosis, basal cell vacuolization in the epithelium, and a specific bandlike lymphocyte inﬁltrate in the corion were
followed in the histopathology. One main role of
histopathology in OLP was to detect the lack of
epithelial dysplasia.

Statistical analysis
The data were entered into a computer
using SPSS software, version 16 (SPSS Inc., Chicago, IL, USA). The correspondence analysis
was performed in order to establish a possible
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link between diabetes mellitus and OLP clinical
forms.

Table 1: Characteristics of the 20 women enrolled in
the study.
Characteristics

N

Age

Results
The age of patients (women only) selected
for this study ranged from 50–73 years; mean age
was 62.9 years.
The main characteristics of the entire sample (both study groups) are shown in table no. 1.
Patients from the first group said they felt
burning sensation (six cases), pain (three cases),
and one of them had no symptoms. In group 2, six
patients reported no symptoms, two had burning
sensation and two had pain.
One patient had diabetes type 1 and nine
had diabetes types 2 group 1, eight of them being
previously known with type 2 diabetes and two
were diagnosed during OLP investigations. Six
diabetes patients from group no. 1 were not under
medical monitoring.
There were also some other general diseases in this study that were associated with OLP.
The main disease was tiroiditis. In this study
tiroiditis was present in three patients of group
no. 1 and five patients from group no. 2.
The fungal test was positive for Candida
in six patients in group no. 1 and in three cases in
group no. 2.
The OLP lesions were found as follows: on
both side (right and left) of buccal mucosa (90%

50‑60 years

6

61‑70 years

8

>71 years

6

Education*
Medium
High

16
4

Location
Urban

19

Rural

1

Diabetes
Yes

10

No

10

Smoking habit
Non-smokers

14

Former smokers

4

Smokers

2

Total

20

Medium – at least high school; High – university
diploma
*

in group no. 1 and 70% in group no. 2), tongue
mucosa (50% in group 1 and 40% in group 2) and
on gingiva (Fig 1).
The figure no. 2 shows number of cases of
every OLP type. The ulcerative form was the most

Figure 1: Oral sites involved in OLP lesions.

© 2020 The Authors
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Figure 2: Clinical forms of OLP– number of cases.

common in group no. 1(40%) (Fig 3 a, b, c, d), followed by the associated type (30%). The keratotic
form of OLP was the most frequently found in
group no. 2(80%), (Fig 4 a, b, c).

Correspondence analysis was performed in order to establish a link between
diabetes and OLP clinical forms. The polymorphism of OLP clinical forms (all four

B

A

C

Figure 3: Clinical lesions of OLP in a type 2 diabetes patient; A and
C – bilateral ulcerative lesions; B – bilateral ulcerative lesions of the
tongue mucosa; D – histological aspect of the buccal lesions diagnosed as OLP.Hematoxylin-eosin 40x.

D

A

B
C

Figure 4: Clinical and histopathological images of OLP in a non-diabetes patient; A and B – bilateral keratotic
lesions; C – Histopathological aspect of the OLP lesions. Hematoxylin-eosin 20x.
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clinical forms) was present in diabetes patients
(p<0.05).

Discussion
OLP is a chronic autoimmune disease
with few periods of remission when the lesions
tend to regress. The main (global) prevalence of
OLP is near 1% with a geographical variation [9].
Only women were selected for this study
since women suffer more frequently from OLP
[10]. Moreover, the diabetes in association with
OLP was reported more frequently in women [11],
and, as it is well known, type 2 diabetes is more
common in women [12].
The prevalence of OLP in diabetes
patients is reported to be lower (under 4%) [12],
but the prevalence of diabetes in OLP patients
varies between 0.5% and 9.3% [6].
Most patients enrolled in our study were
retired and/or had a low level of education.
In the present study the smoking habit
was found in 10%, smoking being a risk factor for
OLP in diabetes patients [6].
Almost all of our patients had type 2 diabetes. Some authors suggest that type 1 diabetes
is more characteristic to be in association with
OLP, as it is considered to be an autoimmune
disease.
Many studies showed that oral signs/
complains are very different [13]. These symptoms were found in most of our OLP patients
with diabetes but only in few patients with OLP
and no diabetes. The burning sensation of the
oral mucosa was reported by some authors as
the most frequent complaint in diabetes patients
[8]. This is mainly connected with the peripheral neuropathic disturbances. The symptoms
are very important because they determine the
patient to ask for medical care and to receive
an accurate diagnosis and a proper treatment.
Another possible cause for these symptoms may
be the oral candidiasis which can be frequently
found in the OLP patients with diabetes compared to their counterparts. Moreover, the association between a reduced salivary flow rate and
oral candidiasis are frequently noticed in diabetes patients [8].
© 2020 The Authors

The OLP clinical signs were frequently
found in both groups on the buccal mucosa (bilateral) this being in line with other OLP studies [14]
and considered to be typical for the OLP [3]. The
tongue mucosa was the second most common site
involved but no differences were found on this
between both groups.
The ulcerative form of OLP was more frequently found in diabetes patients (four patients)
when compared to non-diabetes patients. This
finding is also noticed by Bagan et al. in their
study developed on 72 patients where they
reported a higher prevalence of atrophic and
ulcerative lesions of OLP in patients with diabetes compared to patients with no diabetes
[15]. A possible explanation for the presence of
OLP ulcerative lesions in diabetes patients may
be due to an increased period of healing which
increase chances to be detected on time on the
oral mucosa. Moreover, from six patients with
uncontrolled diabetes, three of them presented
ulcerative type of OLP.
The drug reaction is one of the important
elements for the differential diagnosis of OLP in
diabetes patients. It can appear on the oral mucosa
as a side effect of medication for diabetes or antihypertensive medication. The clinical features show
similarities with OLP but histopathology shows
some important differences. In cases of lichenoid
drug reaction, the inflammatory infiltrate of the
connective layer has plasma cells and neutrophils
[3]. The histopathology confirmed that all patients
from our study suffered from OLP.

Conclusions
This study showed there is a higher frequency of oral complaints and ulcerative clinical forms of OLP in diabetes patients compared
to non-diabetes. The frequency of oral sites
involved was not influenced by the presence of
diabetes. However, further investigation on a
higher sample must be made.
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Abstract
The Aim of the Study: is to focus on mitochondrial dysfunction, in the context of NASH, mitochondrial function in stem cells is
likely to be impaired. Materials and Methods: Mesenchymal stem cell separated of peripheral blood from diabetes 2 type (DT2)
patients was collected in the context of a clinical protocol authorized by the local Ethics Committee of Ukraine Association of Biobank (Ukraine), with a license from the Ministry of Health of Ukraine 04/10/2018 №1813 and 27/03/2019 №1231 by the national
competent authority for biobank cord blood, cell and, tissue therapy. The study population (n = 96) was represented by diabetic
patients from SI «ZIGUS NAMSU» in Kharkiv, Ukraine, and healthy volunteers. Patients were divided into two groups: group I
consisted of patients with diabetes 2 type (DT2), group II - patients with DT2 complicated course of NASH (DT2 + NASH). The
control group consisted of 25 conditionally healthy persons (men and women) of the same age. Conclusion: In the modern scientific space, various directions have been proposed in the diagnosis of metabolic syndrome and the treatment of D2T.

Introduction
Metabolic syndrome and finally diabetes 2 type (DT2) as a result of progressive obesity, insulin resistance, abnormal cholesterol
or triglyceride levels are newfound problems
in the current endocrinology. As reported by
the International Diabetes Federation, in the
entire world 382 million of adults (8.3%) are
living with diabetes; the number is estimated
to increase to 592 million in the next 20 years.
More than 260 million people will be afflicted
globally by 2022 [1–2].

Two main and interacting components
determine the normal level of glucose in the
blood, this is the reaction to insulin of skeletal
muscle and liver, production of insulin by beta
cells of the pancreas, under the influence of
glucose. Therefore, two levels of defect have been
identified, insulin resistance and progression to
hyperglycemia. Modern data integrating these
two hypotheses have a common, new direction
inherent in the development of T2DM –
mitochondrial dysfunction. [3–4].
Hepatic dysfunction in the form of nonalcoholic fatty liver disease (NAFLD) is commonly
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observed in patients with T2DM [5–8]. Whether
NAFLD is a cause or consequence of the diabetic
pathology remains a topic of contention; however,
the alterations in hepatic energy substrate metabolism and mitochondrial function in T2DM patients
with NAFLD are well characterized. Decreased
insulin sensitivity of the liver accompanied by
increased hepatic fat storage are two such major
metabolic changes found in the diabetic patients
[9–11]. Mitochondria-intrinsic perturbations in
obese, insulin-resistant patients with nonalcoholic
steatohepatitis (NASH) include lower maximal respiration, increased mitochondrial uncoupling, and
increased proton leak [12]. These findings are further strengthened by the observation of decreased
ATP content and turnover in the T2DM liver [13–15].
Currently, significant progress has been
made in the implementation of the anti-beta
strategy, both at the clinical level and at the level
of the national health system. The study of the
metabolic syndrome and the search for an effective
treatment for diabetes enable physicians to more
deeply implement preclinical diagnostic correlates
that allow the prevention of diabetes development
at the primary level. Most effective in treatment
includes e.g., glucagon-like peptide (GLP-1) mimetic,
dipeptidyl-peptidase-4 (DPP-4) inhibitors, sodium
glucose transporter-2 (SGLT2) inhibitors, but also
surgical gastric correction, diet-related therapy,
such as calorie restriction and finally mesenchymal
stem cells application [5–8]. The other half of the
20th century has become a new stage in diabetes
patients, so Friedenstein, and the knowledge about
MSC is gaining biomedical significance in the natural sciences of biosystems. Unique cytophysiological
properties of this stem cell population have led to
developing a concept, in which their clinical application is consequently implemented [16–19].
The study focused on mitochondrial
dysfunction was performed to unveil novel
metabolism-related clues that may shed light on
pathophysiology of T2D.

Materials and methods
The study population (n = 96) was represented by diabetic patients from SI «ZIGUS
NAMSU» in Kharkiv, Ukraine, and healthy
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volunteers. All participants received and signed
the informed consent, and the Ethical Committee approved the study. Mesenchymal stem
cell separated of peripheral blood from T2DM
patients was collected in the context of a clinical
protocol authorized by the local Ethics Committee of Ukraine Association of Biobank (Ukraine),
with a license from the Ministry of Health of
Ukraine 04/10/2018 №1813 and 27/03/2019 №1231
by the national competent authority for biobank
cord blood, cell, and tissue therapy.
The mean age of patients in the study was
61±6,3 years. Gender data: 56 (58,3%) – male, 40
(41,7%) – female. All studied patients had T2DM
in anamnesis and met the World Health Organization diabetes and glucose intolerance criteria
such as fasting plasma glucose(FPG) ≥126 mg/dL
(7.0 mmol/L) or 2-hour oral glucose tolerance
test (OGTT) plasma glucose ≥200 mg/dL (11.1
mmol/L), as well as polydipsia and polyuria in
complex of symptoms.
Inclusion criteria: ability to read, understand, fill in and sign written informed consent;
mentally healthy and ability to carry out the procedures of the study protocol; clinical history of
type 2 diabetes mellitus (T2DM) according to the
Expert Committee on the Diagnosis and classification of diabetes mellitus; the start of diseases
of T2DM disease at ≥70 years of age; T2DM duration ≥5 and ≤15 years at the time of consent signature; level of C-peptide 0.28–2.1 ng/mL; HbA1c
≥ 7.1; patients must have been treated with SMT
for minimum of five months prior to randomization. The injection insulin dose and metformin
doses should be stable over the four months prior
to randomization total insulin daily dose (TDD)
at time of randomization should not exceed 1.0
units/day/kg; HbA1c≥7.1 and ≤9.0%.
Depending on the persistence of signs of
hepatic dysfunction patients were divided in two
groups: group I – patients with DT2, group II –
patients with DT2 and NASH (DT2+NASH). The
control group consisted of 25 healthy male and
female comparable with age.
Exclusion criteria: insulin requirements
of >1.0 units/day/kg; HbA1c >9.1%. (at the time of
consent signature); C-reactive protein >2.85; arterial hypertension: SBP >160 mmHg or DBP >100
mmHg; evidence of renal dysfunction, serum
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creatinine >1.6 mg/dl; proteinuria >290 mg/day;
evidence of acute coronary syndrome in past 8
months and/or cardiovascular disease on physical exam.
For female exclusion criteria – pregnancy
and/or presently breast-feeding, or unwillingness to use effective contraceptive measures for
the duration of the study.
The exclusion criteria in men and women
are- active infection including hepatitis C and B,
HIV, or Tuberculosis. A history of coagulopathy
and/or Factor V deficiency by INR>1.3, PTT>38,
PT>13, or medical condition requiring long-term
anticoagulant therapy.

Cell culture
All patients gave their written informed
consent. MSCs were isolated from peripheral
blood (PB) from method magnetic-separated
in used automatic system AutoMACS, seeding
50,000 mononucleotide cells/cm2 in RPMI (1x)
+GlutaMAX medium (Gibco Life Technologies,
Canada) supplemented with 10% fetal bovine
serum (FBS; Thermo Fisher Scientific), in CELLdisc™ a range of cell culture surfaces from 1,000
cm2 up to 1 square meter.
The cultures were incubated at 37°C, 20%
O2, 5% CO2 with used automatic system FibraStage
(New Brunswick Scientific, USA). Medium changes
were performed twice a week. Two weeks after initial seeding, primary MSC colonies were detached
with a 10 min incubation at 37°C with Trypsine-
EDTA 0.05% (Gibco Life Technologies, Canada) and
replated at 4200 cells/cm2 in the same medium. Passage 6 MSCs were used for all experiments.
The characterization and standardization
of MSCs are as plastic-adherent and spindle-shape,
expression of antigen markers (CD73+, CD90+,
CD105+, and CD45−, CD34−, CD14−, CD79−) on
their surface and differentiation potential [19].

Live cell imaging
For identification of mitochondrial
localization, cells were loaded with 200nMMitotracker Green FM in RPMI medium (no phenol
© 2020 The Authors

red) in HBSS (Sigma-Aldrich). The images were
obtained using a Zeiss LSM 400, a compact confocal scanning microscope equipped with 40X oil
immersion objective.
The 488 nm was used to excite PKH26
Red Fluorescent Cell Linker (Kit for General Cell
Membrane Labeling). Sigma′s PKH26 dye is a
red fluorescent cell labeling dye used for both in
vitro/in vivo live cell imaging which was measured between 505 and 530 nm. All data presented
were obtained from at least five coverslips and
two to three different cell preparations.
For measurements of mitochondrial
membrane potential (ΔΨm), cells plated on 22
mm glass coverslips were loaded for 30 min
at room temperature with 25 nMtetramethylrhodaminemethylester (TMRM; Invitrogen) in a
HEPES buffered saline solution (HBSS) composed
of 156 mM NaCl, three mMKCl, two mM MgSO4,
1.25 mM KH2PO4, two mM CaCl2, 10 mM glucose and 10 mM HEPES; pH adjusted to 7.35 with
NaOH. The dye remained present in the media at
the time of recording. The TMRM is used in the
redistribution mode to assess ΔΨm, and therefore
a reduction in TMRM fluorescence represents
mitochondrial depolarization.
For measurement of mitochondrial ROS
production, cells were pre-incubated with Red
DND-99 (L7528) and 75 nMMitoTracker® Green
FM® for 10 min at room temperature measurements were produced using 580 nm excitation
and emission above 600 nm.

Measurement of NADH/FAD redox index
The NADH auto-fluorescence was measured using an epifluorescence inverted microscope with a 20X fluorite objective. Excitation
light at a wavelength of 350 nm was provided
by a Xenon arc lamp, the beam passing through
a monochromator (Life Technologies (ThermoFisher) EVOS XL Inverted Imaging Digital
Microscope). Emitted fluorescence light was
reflected through a 455 nm long-pass filter to
a All EVOS® fluorescence imaging systems and
the Countess® II FL Automated Cell Counter
(Thermo Scientific EVOS Light Cube, DAPI)
and digitized. Imaging data were collected
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and analyzed using software from EVOS®. FAD
auto-fluorescence was monitored using a Zeiss
710 VIS CLSM equipped with a META detection
system and a 40x oil immersion objective. Excitation was using the 454 nm Argon laser line
and fluorescence was measured from 505 to 550
nm. Illumination intensity was kept to a minimum (at 0.1–0.2% of laser output) to avoid phototoxicity and the pinhole set to give an optical
slice of ~2 µm. FAD and NADH redox indexes
and mitochondrial pools were estimated
according the method described in Bartolome
et al [8].

ATP assay method in MSCs
ATP was measured by luciferin-luciferase
technique [29, 30] in which the amount of light
generated by the reaction of ATP with recombinant luciferase is dependent on the ATP concentration. Sensitivity was augmented by addition
of the D-luciferin to the luciferase. A 50 μl sample of MSCs, lysed with TCA 10% (tricoloroaceticacid) and neutralized with KOH 1 M and diluted
with hepes buffer 100 mM pH 7.8 (1:64), injected
into a cuvette containing 10 μlluciferin (sigma),
10 μl Mgso4, 10 μlluciferase (1 mg/ml). The peak
light efflux from cuvette to which either known
ATP standards or samples are added was determined using a luminometer (Sirius tube Luminometer, Berthold Detection System, Germany),
a ATP standard curve was obtained on the day of
each experiment.

Data and statistical analysis
Statistical tests: unpaired two-tailed
Student’s tests were performed using Medical
Statistica 8.5 and Statistica 8.0 Microsoft Excel
software (USA). Differences were considered statistically significant with p-value <0.01. Results
are expressed as means ± standard error of the
mean (SEM.).

Results
MSCs are taken from 96 diabetic patients
who were diagnosed according to American Diabetes Association Guideline 2011 [35]. The baseline
characteristic data are summarized in Table 1. In
addition, MSCs of 25 healthy human volunteers
with equal sex for all was sampled. Average ages
for normal control individuals without medication and history of diabetes disease was 37.7 ± 4.9.
Changes in TMRM fluorescence showed a
significant decrease in basal ΔΨm in patients with
complicated TD2 MSC NASH, so the patients
with TD2 MSC showed a significant decrease in
mitochondrial membrane potential (p <0.001).
Thus, in the TD2+NASH MSC group ΔΨm was
reduced to 61.2 ± 3.2% (n = 36; p<0.001), while in
the group of patients with diabetes mellitus this
indicator was a bit higher – 75.4 ± 3.7% respectively (n = 50; p <0.001). Control group had ΔΨm
MSC 85.2 ± 3.1% (n = 25).This data indicates possible mitochondrial impairment in mesenchymal
stem cells in patients with TD2+NASH.

Table 1: Content ATP/ADP and mitochondrial membrane potential in MSCs group comparison,
as shown in this table the difference between groups are significant (P-value <0.001)
Normal

Diabetes 2 type

Diabetes 2 type complicated
course of NASH

N

25

50

36

BMI

25

37

41, 2

ATP/ADP

2.94 ± 0.11

5.03 ± 0.37

5.03 ± 0.37

HbA1C%

4.86 ± 0.13

4.09 ± 0.08

4.09 ± 0.08

FBS

84.05 ± 2.5

76 ± 0.94

76 ± 0.94

Mitochondrial (ΔΨm)

85.2 ± 3.1%

75.4 ± 3.7%

61.2 ± 3.2%

Normal

Note: P value < 0.001; BMI – Body Mass Index [weight/(height)2] = kg/m2; FBS – fasting blood sugar.
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The results of study showed the
expression of MSCs surface antigens CD with
patients TD2 higher with accompanying NASH.
So, we found that MSCs showed significantly
decreased expression of CD90 by 96% that was
also observed in patients TD2 higher with accompanying NASH.
So, in TD2 and NASH group, decreased
CD105 surface antigens expression to 4% (n =
36; p<0.001) comparing to 81% (n = 25) of control
group respectively that affected the properties
stem cell. Based on the results obtained, we can
make the assumption that progress of NASH with
patients TD2 impairs the mitochondrial function
of MSC (Fig. 1).
The total mitochondrial pool of NADH in
MSCs with patients DT2 complicated course of
NASH was also higher (p = 0.001) than in patients
DT2 with level (60.3 ± 4.7%, n = 50) and control
group with level (92.0 ± 5.5%, n = 25, (p<0.001)),
indicating increased substrate availability for
complex I in these cells (Fig. 2).
Quantification of the NADH redox index
in MSCs from control and patient DT2, as measured with the mitochondria-specific probe

established significant differences (p = 0.001)
between the MSCs control group and group
patients TD2 accompanying NASH, patients of
TD2.

Discussion
The results of study showed that the
decreased level of CD34 in progenitor stem cells
and MSCs is associated with diabetes progression. In the healthy group patients MSCs in
undifferentiated state in their positions (pools)
remain stable. Despite “trigger” like pro-inflammatory cytokines IL-1 and/or IL-6, INF-α and
growth factors VEGEF, TGEF are able to mobilize
MSCs and induce their proliferation and homing
the decrease in level MSC contributes impairment of all tissue regeneration [12–13].
Interestingly the by results of study MSCs
cells in patients with TD2 were characterized
by increased expression of CD44, working as an
immune cell receptor involved.
Research conducted by Kodama and colleagues in experimental study revealed that CD44

Figure 1: The expression of antigen marker MSCs with patient’s DT2 and control group.
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Figure 2: Quantification of the NADH redox index in MSCs from control and patient DT2.

was up regulated in white adipose tissue of obese,
diabetic mice.
The same way, CD44 knockout mice fed a
high fat diet, did not develop TD2 and/or obesity.
The up regulation of CD44 led to migration and
infiltration of activated immune cells, increasing
the inflammation in adipose tissue; in addition,
it was also confirmed that MS adipose tissue was
enriched in macrophages secreting IL-1, IL-6 and
TNF-alpha. Both obesity and TD2 strongly affect
MSC morphology, including actin cytoskeleton
organization [14–17].
The NASH affected the expression of
patients TD2 MSCs surface antigens, as substantial reduction of CD90, CD105, and CD73 levels
was observed. We found that TD2+NASH of MSCs
showing significantly decreased expression of
CD90 was also observed in patients suffering from
TD2. The pro-inflammatory environment of adipose tissue negatively affects MSC stemness.
Stem cell metabolism is a great novel area
for research. Changes in mechanisms of energy
production in stem cell influence physiology and
the course of the disease. Specifically, metabolism as well as changes in energy production has
been associated with stem cell self-renewal and
differentiation control [10–11].
Living cells are continuously exposed to
the harmful effect of exogenous or endogenous
reactive oxygen species (ROS). These highly reactive molecules, radicals and non-radicals, have
the ability to capture electrons from molecules
they come in contact with, including proteins
and nucleic acids, leading in consequence to
314

cell damage. Besides, oxidative stress may cause
non-specific, post-translational protein modifications, leading to aggregate formation. Being
the main source of ROS in cells mitochondrial
respiratory complexes I and III are most susceptible to electron leakage, resulting in H2O2 formation. In addition, under certain conditions, the
electron flux can be intensified, as in increased
energetic demand during endurance exercises.
On the other hand, mitochondrial function may
decrease during aging or degenerative and metabolic diseases.
New evidences indicate the valuable role
of mitochondrial dysfunction in the progression of NASH and T2D [18]. The conditions of
hyperglycemia and high insulin tolerance lead to
imbalances in ROS detoxication inside the cell,
resulting in free oxygen radicals-mediated damage in both pathologies. It appears that the accumulation of defective mitochondria contributes
to the reduced insulin secretion by β-cells [19‑20].
It was shown that MSCs exhibited
decreased mitochondrial membrane potential.
The ATP/ADP rebalance in these cells was probably activated by excessive amount of ROS and
damaged mitochondria, which led to nutrient
and ATP deprivation.

Conclusion
The health of patients strongly affects the
status of MSCs. Those cells isolated from patients
with type 2 diabetes (TD2) or from patients
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with TD2 accompanied by the NASH have the
increased incidence of apoptosis, autophagy,
accumulation of free radical molecules, and
mitochondria deterioration. The mitochondrial
membrane potential observed in these cells may
be a protective mechanism that provides energy
and building blocks to restore cellular homeostasis and control oxidative damage.
Based on presented data, our conclusion is that crucial metabolic aspects of TD2 are
indeed recapitulated at the systemic level and
perspective therapeutic application of MSC isolated from TD2 patients may be limited due to
their dysfunctionality.
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Abstract
Positive association between hypoglycemia and psychosis has been reported by many of the researchers and health care professionals. In our study case, we have reported a 65-year-old woman who diabetes mellitus with co morbidities for the past 20 years.
For the last 10 days, she had experienced psychosis symptoms which showed abnormal behavior. As per the diagnosis by the physicians, inadequate insulin therapy may lead to hyperglycemic stage and psychosis symptoms. In order to prevent mental illness
and as the best treatment for psychosis in diabetes patients, insulin therapy must be administered to the patient at the right time
and needs regular follow up. In some of the cases it was also noted that, if the patients were left untreated they developed chronic
mental illness with short term dementia.

Keywords: Abnormal behavior, Glucose disturbance, Mental health, Metabolic pathway.

Introduction
Diabetes mellitus is a metabolic disease
characterized by high plasma glucose which if
not controlled in time results in multiple micro
and macro vascular complications. The prevalence of diabetes mellitus is increasing worldwide and affected 382 million people in 2013
and is expected to rise to 592 million by 2035
[1–2]. Long term left untreated it is recognized
as the leading cause of end stage renal disease,
non traumatic lower limb amputations, blindness, and a major cause of cardiovascular disease and stroke.
Mental illness and diabetes mellitus
are closely linked. Type 2 diabetic patients
with chronic hyperglycemia show abnormal
behavior with aging. Depression and psychotic behavior are very well noticed in type 2

diabetes patients. The risk factor of schizophrenia or bipolar illness in diabetic patients is two
to three times more than in the general population [3–7]. Diabetes mellitus and other metabolic
risk factors may also change human behavior.
However, association between diabetes mellitus
and psychosis has not been reported in our studied population. We present the case of a female
patient suffering from type 2 diabetes mellitus,
who developed recurrent episodes of short lasting psychosis that are associated with metabolic
syndrome.

Case Presentation
A 65-year-old female patient from rural
area near Mullana was presented in the Emergency Department of the Hospital, having

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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Figure 1: MRI of 65-years-old women showing normal brain

co-morbidies and acute onset psychotic illness
for the past 10 days. The patient had a history of
type 2 diabetes mellitus from last 20 years and
hypertension since 10 years with coronary artery
disease and congestive heart failure. She also had
grade 4 diabetic nephropathy and with diabetic
foot on left leg. Since last 10 days the patient was
complaining of shortness of breath and swelling in bilateral lower limbs. From detailed case
study – according to New York Heart Association
© 2020 The Authors

guidelines, the patient had grade 4 dyspnoea with
experience of Orthopenia, Paroxysmal Nocturnal
Dyspnoea, and decreased urine output. Detailed
exploration of the history revealed that she had
experienced one to two similar psychotic episodes in the evening since last 10 days with each
episode of being of 2 hrs duration. Over the last
two months, she exhibited symptoms like agitation, abusive language, emotional labiality, smiling and muttering to herself, irrelevant talking,
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poor self-care, decreased sleep, decreased
appetite, and angry outbursts. During these episodes, there was no clouding of consciousness,
disorientation, or disturbances in cognitive
functions. After being admitted in hospital, we
observed that psychosis episodes occurred every
day at the same time during which, she exhibited
symptoms like agitation, abusive language, irrelevant talking and angry outbursts with no other
symptoms. At other times, she also experienced
negative thoughts and false belief. Apart from
psychotic illness, patient had fever, chest pain,
palpitation and hypoglycemia four days back.
The psychosis symptoms had no correlation
with any substance abuse, fever, and infection.
There was no family history of mental illness.
The patient usually takes vegetarian diet and no
wrong habit was observed.

Result
On day 1, the blood sugar level was maintained (148 mg/dl), the blood pressure level was
found to be 160/90 mm Hg, respiratory rate was
34 per minute and the pulse rate was 96/minute.
On day 2, blood sugar level was found to be 212
mg/dl. The physician’s opinion was taken and
insulin was administered as advised. Then, after
three hours, blood sugar came down to the normal level. In the evening, nurse again checked
the blood glucose level; it was 264 mg/dl. These
observations were noted regularly for four days
from the date of admission and we observed
that, only in evening, the blood sugar level was
high and psychosis episodes were also observed
at the same time. She also had increased speech
outbreak and complaint of threat to her life by
the people around her. After every episode, the
patient could not remember her activity which
she had a few hours back. All other lab results
regarding diagnosis including ketoacidosis were
within normal range. Magnetic resonance imaging (MRI) revealed no abnormality in the brain.
In general, pallor, cyanosis, and clubbing were
absent. During physical examination, it was
found that the patient had gangrene in left foot
with big toe edema with cellulites. During CNS
examination, the plantar was flexor and pupils
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show mild dilated. Drug management concerned
regular use of oral tablet with combination of
glimepiride 2 mg + metformin 500 mg + voglibose 200 mg prescribed by the physician and the
patient was taking these medicine since last 20
years. Additionally, insulin was also started to
normalize blood sugar levels as per requirement.
Psychotic symptoms were resolved over the
period of one week. No psychotropic drugs were
prescribed. After two months following this episode, patient was again presented in OPD with
similar psychotic symptoms and this again was
due to non-compliance of drug therapy and insulin intake. The patient was made stable by slow
administration of injection haloperidol over 5
min along with ascitalopram 10 mg and zolpidem
5 mg at bed time. Regular insulin was on sliding
scale every six hourly. It was noted that, psychotic
illness has temporal positive association between
insulin therapy and rise in blood glucose levels in
the normal range of 300 mg/dl. Following this, a
final diagnosis was considered as diabetes mellitus induced psychosis and the patient was alerted
by the physician about the importance of insulin
and anti-diabetic drug.

Discussion
It is well established that there is a co-
relationship between hypoglycemia and psychosis which sometimes leads to depression.
Many of the studies trying to establish regarding
abnormal behavior in diabetic mellitus patients
induces psychosis [8–9]. We observed a very rare
case in which hyperglycemia induced psychosis in a chronic patient which likely contributes
to the lack of evidence based information on
the mechanism of action in positive association
manner. It may be possible that due to multiple
pathogenesis, the metabolic disturbance may
develop abnormal behavior especially in the
hyperglycemic stage which is due to production
of Advanced Glycation End products via stress
radicals including polyol pathway, AGE pathway,
thiamine metabolism pathway, hexamine pathway, PKC pathway and oxidative stress pathway
[10–12]. Several studies reported about the control of hyperglycemia which is targeted at certain
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point in various mechanisms and this may be
well defined to understand the exact association
theory between psychosis and hyperglycemia.

Conclusion and limitations
From our case, it is clear to define, how
important it is to treat a diabetic patient at the
right time otherwise the patient may develop psychosis. There might be a correlationship between
high blood sugar level and mental illness. In our
present study, we noticed that, patients having inadequate control of blood sugar level had
problem with symptoms of psychosis. Our case
highlights the importance of insulin in diabetes
patient with mental illness. Hyperglycemia exacerbates the psychosis symptoms and as suggested
by the physicians, the patient was administered
insulin and was relieved immediately from psychosis symptoms. This is the first case observed
in our OPD which is well established by the follow up of the patients during the treatment.
Proper medication and regular follow up may
prevent mental illness in diabetes patients. Clinicians could be faced with problems due to some
of the cognitive impairment symptoms as these
symptoms could also be observed in many other
underlying and undetected clinical conditions.
As this patient is having multiple complications,
we strictly recommended the use of latest a diagnostic tool like genomic study; it can help in the
treatment of psychosis in acute diabetic patients.
Further, we strictly did a follow-up of this patient
for analyzing the exact cause and to observe any
change in physical and mental behavior in the
presence of drugs. Lastly, we conclude that this
study will help further for analyzing different
patients who are at risk for the development of
psychosis.
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Abstract
Introduction: Bisphenol A (BPA) is a substance used in the packaging of food and beverages. It can bind to estrogen receptors
with destructive consequences. Exendin-4 is a 39-amino acid peptide that bonds with GLP-1 receptors and stimulates insulin
secretion. In this study, we aimed to explore the effect of exendin-4 on resolving BPA side effects. Materials and Method: We
tested the effects of five concentrations of exendin-4 alone in combination with BPA on insulin secretion from isolated islets in
in-vitro assay. Following in-vivo part of an examination, both BPA and exendin-4 were prescribed alone. Then, in combination for
20 days, next blood glucose, plasma insulin level, and Pdx1 and GLUT2 gene expression were examined. Result: Studies showed
that BPA increased the blood glucose level, whereas exendin-4 was useful in removing these symptoms. Quantitative real-time
polymerase chain reaction results (PCR) showed that BPA decreased the expression level of Pdx1 and GLUT2 genes in pancreatic tissue, whereas exendin-4 had a preventive role. In an in-vitro experiment, BPA increased the percentage of apoptotic cells,
whereas exendin-4 restrained it. Conclusion: We observed evidence, such as a decrease in apoptosis in pancreatic islet cells and
increase in Pdx1 and GLUT2 gene expression in the pancreas tissue. This can be an indication of the protective and supportive
effects of exendin-4 on the pancreatic tissue, as well as the prevention of hyperglycemia in this assay.

Keywords: Bisphenol A, exendin-4, GLUT2, Pdx1.

Introduction
Diabetes is a prevalent disorder characterized by high blood glucose and is now-adays increasingly recognized as a serious public
health concern worldwide. Several studies have

reported that the biological function of estrogen
mediated through two separate nuclear receptors, including estrogen receptor α (ERα) and
estrogen receptor β (ERβ), which are a part of the
super family of nuclear receptors [1, 2]. There are
various literature evidences which recognizes the
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importance of estrogen receptors as an impressive
molecule in glucose homeostasis, health, and metabolic disorders [3–5], so that ERα knockout mice
gets afflicted with obesity and insulin resistance
[6]. Nowadays, humans are inadvertently exposed
to phenolic estrogen substances and endocrine
disrupting chemicals (EDC), which lead to endocrine disorders [7] Bisphenol A (BPA), also known
as a phenolic estrogen, is one of the most widely
used substances in polycarbonate plastics, lining of canned foods and beverage bottles [8, 9].
BPA has been an object of research since 1970. As
a common EDC, BPA intervenes with classical
and non-classical estrogen receptors and through
inappropriate activation of estrogen receptors,
interferes in problems, such as type ΙΙ diabetes
and metabolic disorders [9, 10]. A primary concern is an easy displacement of BPA from canned
food linings and plastic containers to their contents, and finally to the human body [11]. Recently,
researchers have shown a direct relation between
high urinary levels of BPA (>4.2 ng/mL) and type
2 diabetes]. What is known about BPA is based
largely upon its ability to bind to estrogen receptors. Because estrogen receptors (ERα and ERβ)
exist in beta cells, exposure to BPA is considered
as a cause of glucose homeostasis disturbance [13].
Details of BPA effects on glucose metabolism are
not well clarified, but several pathways, such as
irregularity in insulin secretion through the mitochondria, cause damage and induce insulin resistance associated with oxidative stress attributed
to BPA [14, 15]. In addition, BPA contributes to the
development of hyperglycemia, down regulation
of insulin receptors and insulin resistance [9, 15].
Glucagon-like peptide-1 (GLP-1) is a peptide hormone primarily released from intestinal L cells. GLP-1 plays a significant role in
post-prandial insulin secretion, promoting insulin sensitivity, inhibiting glucagon secretion,
and enhancing beta cell mass and insulin expression. GLP-1 has a short half-life and is rapidly
degraded by dipeptidyl peptidase-4 (DPP-4) (16).
The agonists of GLP-1R are new classes of drugs
for type 2 diabetes. Exendin-4 is a 39-amino acid
peptide that is extracted from the saliva of the
Gila, a large lizard of North America, and has
a 53% homology to GLP-1. The effects of exendin-4 on the human body are like those of GLP-1,
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though there are some differences, such as longer
half-life and greater strength. Exendin-4 has been
proven to enhance proliferating properties of
pancreatic beta cells and prevents beta cell death
in hyperglycemia and endoplasmic reticulum
stress. Based on this evidence, exendin-4 is not an
analogue of GLP-1 and, in fact, the joint activities
of these two proteins in glucose regulation relate
to their common organs in the pancreas [17, 18].
Various studies confirm the glucose homeostasis properties, beta cell mass protection, and
neogenesis of pancreatic duct cells by exendin-4
[19–21]. Pdx1 is a transcription factor essential for
pancreatic evolution and beta cells maturation.
In addition to contributing to the survival of beta
cells, Pdx1 also plays a role in enhancing insulin
secretion, somatostatin, and beta-cell responses,
so that any mutation leads to a variety of pancreatic-related diseases [22, 23]. Glut2 is an effective
sensor and vector for glucose and is expressed on
the plasma membrane of beta cells of the pancreas, liver, small intestine, and hypothalamus.
Any disorder in the function of this protein has
a negative effect on glucose homeostasis and
disrupts the production of insulin from the beta
cells [24].
A study in 2015 by J P. Tiano demonstrated
significant synergistic effects of estrogen (E2)
and GLP-1 on GSIS betterment. The study also
reported that conjugated E2-GLP-1, by synergistic
effects can play a role in preventing type 2 diabetes. One of mechanisms attributed to this process
was inhibition of glucose production by liver [25].
Other similar studies have reported that simultaneous treatment with estrogen receptor agonists
and GLP-1 improves insulin sensitivity in the
liver tissue [26–28]. Since bisphenol is a substance
that can bind to estrogen receptors and exendin-4
is a strong agonist of the GLP-1 receptors, therefore, in the present study, we have chosen to prescribe these two substances together.
In this study, an effective insulin tropic
concentration of exendin-4 on isolated islets was
selected and the islet cell apoptosis rate was evaluated in vitro. Further, the preventive effects
of exendin-4 on glucose homeostasis and Pdx1
(pancreatic and duodenal homebox 1) and GLUT2
(glucose transporter 2) gene expression disturbed
by BPA were evaluated.
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Materials and Method
NMRI male mice with 25–30 g body
weight was purchased from the animal house
at the Ahvaz Jundishapur University of Medical Sciences. Animals were accommodated in
BPA-free cages at 22°C ± 2°C, under a standard 12
h light/12 hour dark cycle with ad libitum access
to food and tap water. All protocols executed
were compatible with standards of animal care,
demonstrated by the ethics commission (CMRC96) of the Ahvaz Jundishapur University of Medical Sciences (Ahvaz, Iran). The anesthesia and
euthanasia methods used in the current experiment were based on the method described by
Carter et al. in 2009 [29], and on AVMA Guidelines for the Euthanasia of Animals, 2013 edition.
We used male mice in the present study to elude
the disconcerting effect of circulating estrogens
in females. It should be noted that many studies
on BPA have been performed on male laboratory
specimens [30, 31], and cases involving female
animals, mostly have been studied in the field of
fertility and embryos [32, 33].
Our previous published study of BPA and
exendin-4 had been focused on body weight,
triglyceride, total cholesterol, LDL-cholesterol
(LDLc), VLDL-cholesterol (VLDL–c) in plasma
and also catalase (CAT), glutathione peroxidase
(GPX), and superoxide dismutase (SOD) activity
in pancreas tissue [34].

In-vitro protocol
About eight hours fasted intact mice were
euthanized with an IP injection of ketamine
(60 mg/kg) and xylazine (10 mg/kg) mixture. To
expose all peritoneal cavity organs, the abdomen was cut surgically in a V shape. The common bile duct (CBD) near the small intestine
junction was clamped, and 5 mL collagenase-p
(Roche, Germany) was dissolved in 1.4 mg/mL
concentration of Hank’s balanced salt solution
which was injected in the CBD junction of cystic and left hepatic ducts. After the pancreas
started swelling, it was removed and allowed to
digest at 37°C for 8–11 min. Further, digested tissue was centrifuged for 2 min at 1200 rpm, and
© 2020 The Authors

the supernatant was discarded and all tubes were
filled with Hank’s solution. The rinse procedure
was repeated 3–4 times. The islets were separated by hand picking under a stereo microscope
and incubated at RPMI 1640+L-glutamine (Gibco
Company, Germany) that was supplemented with
5 mM D glucose, 10% fetal bovine serum (FBS)
(Gibco Company, Germany), 100 u/mL penicillin,
and 100 μg/mL streptomycin (Gibco Company,
Germany). Based on a previous experiment, 100
µg/L concentration of BPA (Sigma Aldrich Company, Germany) was selected for the in-vitro
study [8, 31, 35].

Glucose stimulating insulin secretion
To select an effective concentration of
exendin-4, first, five different concentrations of
exendin-4 (2, 4, 8, 16 and 32 nM) were examined
in the in-vitro condition (Sigma Aldrich Company, Germany. Cat No 141758-74-9, more than
97% purity). During the in-vitro experiment, the
islets of different mice were pooled, and then
divided into 12 groups so that each group has
seven replicates each with five islets (Table 1).
All groups were incubated at 37°C with 95% O2
and 5% CO2 for 24 h. Next, the islets in different
groups were washed with Hank’s solution, and all
groups were incubated in three concentrations of
glucose (2.8, 5.6, and 16.7 mM) for 60 min. Finally,
the supernatant was collected and insulin secretion assessed using enzyme-linked immunosorbent assay (ELISA) method (Insulin ELISA Kit,
Monobind, Inc, USA, code: 8525–300).

Apoptosis assay
After a dose response experiment of exendin-4 at the beginning of current study, the 4 nM
concentration of exendin-4 determined as the
selective insulinotropic dose in the in-vitro part
and 4 nmol/kg/d of exendin-4 prescribe in the
in-vivo experiment. Further glibenclamide is one
of the most widely used drug as positive control
group [36, 37] To evaluate islet cells wellness, isolated islets were pooled in culture medium and
divided into five groups so that each group has
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Table 1: In vitro groups for insulin secretion
Number

Description

1.

Control (culture media)

2.

2 nM exe-4 (media with 2 nM concentration of exendin4)

3.

4 nM exe-4 group (media with 4 nM concentration of exendin4)

4.

8 nM exe-4 group (media with 8 nM concentration of exendin4)

5.

16 nM exe-4 group (media with 16 nM concentration of exendin-4)

6.

32 nM exe-4 group (media with 32 nM concentration of exendin-4)

7.

BPA group (media with 100 µg/l concentration of BPA)

8.

BPA + 2nM exe-4 group (media with 2 nM concentration of
exendin-4 and 100 µg/L concentration of BPA)

9.

BPA + 4nM exe-4 group (media with 4 nM concentration of
exendin-4 and 100 µg/L concentration of BPA)

10.

BPA + 8 nM exe-4 group (media with 8 nM concentration of
exendin-4 and 100 µg/L concentration of BPA)

11.

BPA + 16nM exe-4 group (media with 16 nM concentration of
exendin-4 and 100 µg/L concentration of BPA)

12.

BPA + 32nM exe-4 group (media with 32 nM concentration of
exendin-4 and 100 µg/L concentration of BPA)

four replicates with 10 islet: 1) control group (culture media), 2) BPA group (culture media with 100
µg/L concentration of BPA [9, 31, 35]), 3) the BPA
+ glibenclamide (Gb) group (culture media with
3 mg/L concentration of Gb and 100 µg/L concentration of BPA), 4) the BPA + exe-4 group (culture media with 4 nM concentration of exendin-4
and 100 µg/L concentration of BPA), 5) the exe-4
group (culture media with 4 nM concentration
of exendin-4). Further, 11 mM of glucose concentration was established for all groups because
the minimum rate of apoptosis and maximum
viability rate of rodent islet cell occurs at this
concentration [38]. Islets were incubated at 37 °C
with 95% O2 and 5% CO2 for 48 hour. The medium
was replaced with a fresh one every 24 hour.
After this period, the medium was removed and
the cells washed with phosphate buffer saline.
Then trypsin was used for intracellular junction
destruction. Next, the percentages of apoptosis of islet cells were measured using Annexin V
Apoptosis detection kit FITC (According to the
instructions, eBioscience, Cat 88-8005) and flow
cytometry. Finally, the data were analyzed using
the Win Med 2.9 software.
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In-vivo protocol
In total, 40 adults, 2.5–3 months aged NMRI
male mice were acclimatized for one week in a standard room. The mice were divided into five experimental groups (Table 2). The control group received
solvent every day, BPA group received 100 µg/kg/d
BPA for 20 days, the BPA + Gb group received 100 µg/
kg/d BPA for 10 days and co-administration of 3 mg/
kg/d Gb and BPA in the last 10 days, BPA + exendin-4 group received 100 µg/kg/d BPA for 10 days
and co-administration of 4 nmol/kg/d exendin-4
and BPA in the last 10 days, and exendin-4 group
received 4 nmol/kg/d exendin-4 for 20 days. BPA
solvent was ethyl alcohol with a final concentration
of 0.1%, exendin-4 and the glibenclamide solvent
was distilled water. To induce disturbance, BPA
was injected subcutaneously in order to ensure better absorption and, according to previous studies,
there was no significant difference in plasma levels of BPA with different prescribing methods [39].
Exendin-4 was administered by IP injection, and
glibenclamide was administered orally once daily.
Our treatment period was chosen based on our earlier studies [40].
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Table 2: In vivo experimental groups
Groups/Days

Days 1–10

Days 11–20

1

Control

Solvent

Solvent

2

BPA

BPA

BPA

3

BPA + glibenclamide

BPA

BPA + glibenclamide

4

BPA + exendin-4

BPA

BPA + exendin-4

5

Exendin-4

Exendin-4

Exendin-4

Blood collection and biochemical assay
After treatment duration, mice were
anesthetized with intraperitoneal injections of
ketamine (60–80 mg/kg) and xylazine (10 mg/kg)
mixture. The blood glucose level was measured
through blood sampling from the tail by glucometer after 8–9 hours of fasting. Next, a cardiac
puncture was performed to get more blood, and
then plasma was separated by centrifugation
(4000 rpm, 10–12 min). Enzyme-linked immunosorbent assay kit (Insulin ELISA Kit, Monobind, Inc, USA, code: 8525–300) was used to assay
the plasma insulin level. The within-assay and
between-assay coefficients of variation were 4.3%
and 9.5%, respectively. Blood samples from the
heart and pancreas tissue were rapidly removed
and frozen in liquid nitrogen.

Quantitative real-time polymerase chain reaction (PCR)
RNA was extracted from homogenized
pancreas tissues of five different groups using Qiagen RNeasy Plus Mini Kit (Cat 74134 USA); Thermo
Scientific kit (K1621 USA) was used for cDNA

synthesis. To perform quantitative real-time PCR,
Thermo Scientific Maxima SYBR Green/ROX
qPCR Master Mix2X (K0221 USA) was used. For
Pdx1, GLUT2, and β-actin mRNA expression, the
following primer sequence was used, according to
the Suzuki study (Table 3) [41]: Quantitative realtime PCR (95°C for 10 min, followed by 40 cycles of
denaturation at 95°C for 15 s, annealing and extension at 60°C for 30 s) performed with ABI plus
(7000 PCR instrument, Applied Biosystems US).
The level of these gene expressions normalized to
β-actin as a housekeeping gene. The results were
based on the 2-ΔΔCT method and relative quantification. The mean expression value of the control
group was considered as one.

Statistical analysis
Before statistical analysis, normal distribution and homogeneity of the variances were
evaluated using Levene’s test, then by using oneway analysis of variance followed by Tukey’s
as post hoc test and was presented in figures as
mean ± SEM. Differences were considered statistically significant at P values <0.05.

Table 3: Primers used for real-time PCR
Gene

Primer

Sequence (5ʹ-3ʹ)

PCR length

Pdx1

Pdx1 Forward

CCG AGA GAC ACA TCA AAA TCT GG

80 bp

Pdx1 Reverse

CCC GCT ACT ACG TTT CTT ATC TTC C

GLUT2 Forward

TTG ACT GGA GCC CTC TTG ATG

GLUT2 Reverse

CAC TTC GTC CAG CAA TGA TGA

β-ACTIN Forward

GGC CAA CCG TGA AAA GAT GA

β-ACTIN Reverse

CAC AGC CTG GAT GGC TAC GT

GLUT2
β-ACTIN

© 2020 The Authors
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Result and Discussion
Results
In-vitro results

The effect of different concentration of exendin-4 alone and in
combination with BPA on glucose-stimulated insulin secretion
(GSIS), in vitro
Exendin-4 in five different concentrations and three various doses of glucose (Table 1)
increased the insulin secretion from isolated
islets, but the highest values were at 4 nM concentration (p<0.001 in comparison with the control group, Table 4). At higher values of exendin-4
(>4 nM of exendin-4), insulin secretion from
isolated islets was less. BPA reduced by approximately 31% the amount of insulin secretion from
isolated islets in comparison with the control
group and this reduction, only at 16.7 mM concentration of glucose was significant (p<0.01).
The concomitant use of exendin-4 with BPA elevated insulin secretion and could increase the
level of insulin secretion to the same level of the
control group (Table 4).

Islet cells apoptosis
Apoptosis will be detected initially by
staining the cells with Annexin V and propidium Iodide solution followed by flow cytometry
analysis. In the chart provided by flow cytometry (dot plot chart), the upper left quadrant displayed necrosis, whereas the left lower quadrant
displayed the healthy cells. The upper right quadrant revealed dead cells and the lower right quadrant displayed early stage of apoptosis of cells,
which in the current experiment are reported
as apoptotic cell (Fig. 2). [42]. The evaluation of
apoptosis results showed that in the BPA group,
the percentage of apoptosis in islet cells was significantly increased (p<0.001) and the percentage of healthy cells were obviously decreased
(p<0.001), compared to the control group. As
expected, there are similarities between control
group and exendin-4 group in the percentage of
apoptosis, so that exendin-4 group showed the
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lowest percentage of apoptosis. The study of the
percentage of normal cells by flow cytometry
revealed that BPA significantly reduced the level
of normal cells, and in co-administration of BPA
and exendin-4, reduction in normal cell count
did not occur (Fig. 1).

In-vivo results

Fasting blood glucose (FBG)
BPA increased fasting blood glucose
compared with control (p < 0.001), and co-
administration of exendin-4 with BPA modified
blood glucose levels. The results of BPA+ exendin-4 group were similar to those of the BPA +
Gb group, and using exendin-4 alone in a 20-day
period had no effect on fasting blood glucose
(Fig. 3).

Plasma insulin level
Plasma insulin level in the BPA group significantly reduced (p<0.01) in comparison with
the control group, and co-administration of BPA
with exendin-4 significantly increased the level
of insulin in comparison with the control group
(p<0.01) and BPA (p<0.001) group (Fig. 4).

Pdx1 and GLUT2 gene expression
Quantitative real-time PCR results of
pancreatic tissue showed that BPA significantly
decreased (p<0.05) the level of Pdx1/β-Actin
expression in comparison with the control
group. Conversely, in the group where BPA was
administered in combination with exendin-4, the
expression level of Pdx1/β-Actin showed a significant increase (p<0.05) in comparison with the
BPA group. Moreover, in the exendin-4 group, the
expression level of Pdx1/β-Actin increased significantly (p<0.001) in comparison with the control
group (Fig. 5). QRTPCR results of GLUT2/β-Actin
gene expression in different groups showed that
BPA significantly (p<0.01) reduces the level of
gene expression. The co-administration of BPA
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0.11 ±
0.004

0.13 ±
0.004

5.6mM
Glucose

16.7mM
glucose

0.13 ±
0.011

0.11 ±
0.007

0.11 ±
0.008

2nM
exe-4

0.2 ±
0.32***

0.16 ±
0.01***

0.12 ±
0.007

4nM
exe-4

0.12 ±
0.007

0.12 ±
0.008*

0.12 ±
0.015

8nM
exe-4

0.12 ±
0.009

0.12 ±
0.014*

0.12 ±
0.025*

16nM
exe-4

0.12 ±
0.01

0.12 ±
0.009*

0.12 ±
0.013*

32nM
exe-4

0.08 ±
0.005**

0.08 ±
0.002

0.07 ±
0.005

BPA

0.10 ±
0.007

0.09 ±
0.005

0.07 ±
0.007

BPA+2nM
exe-4

0.12 ±
0.018#

0.11 ±
0.023#

0.08 ±
0.01

BPA+4nM
exe-4

0.09 ±
0.007
0.09 ±
0.013
0.10 ±
0.014

0.11 ±
0.004#
0.11 ±
0.003#

BPA+16nM
exe-4

0.12 ±
0.014*#

BPA+8nM
exe-4

Insulin secretion ng/ml/islet/60 min from isolated islet after 24 hour incubation in different concentration of exendin-4 and 100 µg/L BPA and
then incubation in three doses of glucose for 60 min. All groups compared with its relative control group in terms glucose concentration.
*p<0.05, **p<0.01, ***p<0.001 vs. control group. #p<0.05 vs. BPA group. Data are expressed as mean ± SEM.

0.09 ±
0.004

2.8mM
Glucose

control

Table 4: In vitro insulin secretion

0.10 ±
0.004

0.09 ±
0.004

0.07 ±
0.014

BPA+32nM
exe-4
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Figure 1: Effect of BPA and exendin-4, alone and together, on pancreatic islet cell Apoptosis (A) and healthy (B) after 48 h
incubation of intact islets in five in vitro groups. **p<0.01, *** p<0.001 vs. control. #p<0.05, ##p<0.01, ### p<0.001 vs.
BPA group. Data is expressed as mean ± SEM, based on the percentage provided by flow cytometry (n = 4).

and exendin-4 compensates for this reduction
similar to the control group. In the exendin-4
group, there was a significant (p<0.001) increase
in GLUT2/β-Actin gene expression than in the
control and BPA groups (Fig. 6).

Discussion
This study aimed to evaluate the effects
of exendin-4 on glucose homeostasis and gene
expression complicated by BPA. This paper
first reported about exendin-4 effects on GSIS
improvement, and also highest values of insulin
secretion at doses of 5.6 and 16.7 mM of glucose
and the finding is in agreement with Niu B et al.
findings [43]. Consistent with our study, Padmasekar et al. observed that exendin-4 increased
insulin secretion from INS-1E cells and isolated
islets of mouse in a dose-dependent manner
[44]. Several studies have shown that phenolic
328

estrogen induces morphological changes in isolated islets and impairs the amount and content
of insulin secretion [45–47]. In addition, BPA disrupts the endocrine system through interaction
with the ER and through other pathways, including those of oxidative stress [40, 46, 48], insulin
signaling disturbance [49], and beta cell apoptosis
[13, 40]. A recent literature has emerged that the
effect of BPA on insulin secretion has an inverse
U shape in a dose-dependent manner. At doses
as low as 100 pM–1 nM of BPA, insulin secretion
increases, but higher doses of exendin-4 induced
decrease in the content and secretion of insulin from islets [50]. It is interesting to note that,
an increase in the amount of insulin released
in response to glucose stimulation in the presence of BPA, as seen in some literature, is due to
the depletion of high content of insulin in beta
cells [51]. As mentioned in the prior studies, just
because there is no significant reduction in insulin secretion in BPA group, we cannot ignore its
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Figure 2: Apoptosis dot plot. (A) Control; (B) BPA; (C) BPA + Gb; (D) BPA + EX4; (E) EX4. X axis indicates the cells bind
to annexin V and Y axis indicates the cells bind to propidium iodide (PI). The upper left quadrant display necrosis,
whereas the left lower quadrant displays the healthy cells. The upper right quadrant revealed dead cells and the
lower right quadrant display early stage of apoptosis cells.

damaging effects on GSIS. Further, in current
examination insulin secretion showed a decreasing trend at doses of exendin-4 increased >4
nM/L. This chosen concentration of exendin-4 in
our study is in agreement with those of the others studies on exendin-4 and its effects on insulin
resistance, serum glucose and insulin, lipid profile and antioxidant level [52, 53].
Another important finding was that
BPA induced a high percentage of apoptosis in
© 2020 The Authors

pancreatic islet cells and, it has been said that the
amount of healthy cells in the islands has been
significantly reduced in BPA group. Also, in this
study, the exendin-4 recipient groups showed
a very little percentage of apoptosis and the
amount of healthy cell was significantly higher.
In the study of the effects of bisphenol on pancreatic function, in 2013, Liu et al. demonstrated
that functional abnormality occurred in beta
cells, could be attributed to BPA impacts on beta
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Figure 3: Effect of BPA and exendin-4, singly and together, on fasting blood glucose in five in vivo groups. *p<0.05, ***
p<0.001 vs. control. ### p<0.001 vs. BPA group. Data is expressed as mean ± SEM.

Figure 4: Effect of BPA and exendin-4, singly and together, on plasma insulin level in five in vivo groups. ** p<0.01 vs.
control. # p<0.05, ### p<0.001 vs. BPA group. Data is expressed as mean ± SEM.

cell apoptosis [54]. Several pathways have been
demonstrated as intermediaries for cell apoptosis. Studies by Song et al. have shown that BPA by
coupling with ER, induces the stimulatory effect
on insulin secretion, and increasing demand for
insulin can cause mitochondrial dysfunction in
pancreatic beta cells, [46] and over-repetition of
330

these stages resulted in apoptosis of beta cells [55].
Previous studies have reported that exendin-4
by inhibiting mitogen-activated protein kinase
kinase 7 and 4 (MKK7 & 4) and reducing G-protein-coupled receptor 40 (GPR40) expression can
prevent from apoptosis of beta cells [56]. MKK
isoforms are involved in signal transduction
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Figure 5: Effect of BPA and exendin-4, singly and together on Pdx1/βActin relative expression ratio in five in vivo groups.
* p<0.05, vs. control. # p<0.05, ### p<0.001 vs. BPA group. Data is expressed as mean ± SEM.

Figure 6: Effect of BPA and exendin-4, alone and together, on GLUT2/βActin relative expression ratio in five in vivo
groups. ** p<0.01, *** p<0.01 vs. control. ### p<0.001 vs. BPA group. Data is expressed as mean ± SEM.

mediating the cellular responses to proinflammatory cytokines, and environmental stresses
[57]. GPR40 plays an important role in obesity
and type 2 diabetes, and also in over expression of
GPR40 in beta cells leading to diabetes [58]. Carlessi R, et al. in 2015 noted the effects of exendin-4
on improving the health of beta cell by reducing the pancreatic inflammation and oxidative
© 2020 The Authors

stress, which leads to reduction in ER stress and
likelihood of cell death [59].
In the in-vivo conditions, it was observed
that BPA had significantly (p<0.001) increased
fasting blood glucose levels in the groups receiving it. Several studies investigating that, BPA
causes insulin resistance and hyperglycemia
by down regulating insulin receptors, glucose
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transporter and reducing their function (9, 50,
60). As noted in the results, exendin-4 was able
to prevent hyperglycemia induced by BPA, and in
this case was equal to glibenclamide. Data from
several sources have identified that exendin-4
differentiates pancreatic duct cells into insulin producing cells [61–63]. Conversely, a different study concluded that the glucose lowering
effect of exendin-4 in normal, non-diabetic mice
appeared did not correlate with increased beta
cell mass or insulin secretion [64].
Contrary to what we found, in a different work by Angle et al., BPA caused an increase
in plasma insulin level [65] but there were differences in dose and duration of that treatment in
our protocol, whereas the findings of D’Cruz et al.
were similar to our findings in the current and in
our previous experiment [40, 66]. Current knowledge about BPA is equivocal and the duration and
dose of exposure are important factors in establishing the type and severity of complications.
Further, in the current experiment, alone exendin-4 significantly increased plasma insulin levels. Consistent with our findings, several studies
indicated that exendin-4 improved glucose tolerance by elevating plasma insulin levels [67–69].
GLUT2 plays an essential role in GSIS
in pancreas β-cells by facilitating the entrance
of glucose into the cells [70]. Another study by
Moshtagh et al. on adipose-derived tissue stem
cells showed that exendin-4 induced expression
of Pdx1 and GLUT2 in differentiated cells [71]. In
a different work, Chen et al. observed that activation of some cascade pathways in pancreatic
β-cells may be important for GLUT2 gene transcription induction by exendin-4, indicating
that exendin-4 by activating the CaMKK/CaMKIV cascade (calcium/calmodulin-dependent
(CaM) kinase cascade) plays an important role in
GK and GLUT2 expression and improvement of
insulin secretion in pancreatic β-cells [72]. Recent
evidence documented that exendin-4 progress
the expression of some important transcription factors, such as Pdx1 and Glut2, suggesting
that exendin-4 facilitates differentiation of R1
embryonic stem cells into insulin-producing cells
during regeneration [73]. Based on Johnson’s
studies, the over expression of GLUT2 may be
secondary to the up regulation of Pdx1, because
332

Pdx1is a β-cell master gene that has been shown
to regulate GLUT2 transcription in β-cells [74,
75]. After increasing of GLUT2 expression in the
pancreas and subsequently increasing the glucose transport from beta cells, a signal will be
produced, and consequently, insulin secretion
will be increased and blood glucose level will be
decreased to an extent that glucose homeostasis
will be established. Conversely, if it is assumed
that GLUT2 also shows over expressed in the
intestinal lumen and other tissues, such as kidney tubules; the increase in the absorption and
reabsorption of glucose in the blood will also
cause more release of insulin from pancreatic
beta cells. This can be taken into account in the
dramatic increase in insulin levels in groups that
received exendin-4.

Conclusions
The purpose of the current study was to
determine the effective insulin tropic amount
of exendin-4 in the In-vitro and its generalization to the In-vivo, as well as healing effects of
exendin-4 on the biochemical and genetic parameters in terms of our existing conditions. These
finding suggest that BPA causes increase in the
blood glucose level, and also decrease the Pdx1
and GLUT2 gene expression in pancreatic tissue,
whereas exendin-4 revealed a preventive role in
these cases. This research provides a framework
for future study in more potential mechanistic
insights of the signaling pathways and more protein and gene evaluation.
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Abstract
Background and Aims: The abnormalities of incretin effects have been established as major determinants of insulin secretion and
sensitivity which starts early in prediabetes. However, the pathophysiology of these states with incretin in Bangladeshi population
has only been started to be investigated. The present study was undertaken to explore the association of glucose dependent insulinotropic polypeptide (GIP) with glycemic and insulinemic status in impaired glucose tolerance (IGT). Material and M
 ethods:
The analytic observational study was conducted under a case-control design with age and body mass index (BMI) matched 51 IGT
and 47 control subjects. Serum C-peptide and GIP were measured by enzyme linked immunosorbent assay (ELISA). Insulin secretory capacity (HOMA-%B) and insulin sensitivity (HOMA-%S) were calculated by homeostasis model assessment. Results: IGT
subjects showed significantly higher serum fasting GIP (FGIP) level compared to controls [pgm/ml, 74.2 (10.0–190.0) vs. 49.6 (6.1–
278.0), (p= 0.001)]. There was no significant difference of post glucose GIP (PGIP) in the study subjects, however, the ratio analysis
revealed reduced secretion of PGIP to FGIP (p<0.001), and fasting C-peptide (FC-peptide) to FGIP (p< 0.05), respectively in IGT.
In addition, serum PGIP and 2 h postload serum glucose (2 h PG) ratio was also significantly reduced in IGT compared to controls
[7.00 (2.87–18.42) vs. 10.08 (1.88–23.25), (p<0.01)]. In multiple regression, a significant positive association between FC-peptide
and FGIP (p<0.01) and negative association between FGIP and HOMA-%S (p= 0.05) were demonstrated. Conclusion: The incretin
effect of GIP is diminished in IGT and it is associated with insulin resistance in Bangladeshi type 2 diabetic population.

Keywords: Glucose dependent insulinotropic polypeptide (GIP), Insulin secretion, IGT, Insulin sensitivity.

Background and Aims
Diabetes mellitus (DM) is a major
health burden all over the world increasing
to epidemic levels particularly in the developing countries [1]. The pathophysiology as
well as risk factors of the disorder has shown
considerable heterogeneity depending on

racial, environmental, demographic, socioeconomic, and cultural factors [2]. GIP, one of the
primary incretin hormone secreted from the
intestine [3, 4], stimulates insulin secretion in
a glucose-dependent manner [5–7]. Approximately 70% of the overall post-prandial insulin
response to glucose is mediated by GIP with the
help of glucagon-like peptide-1 (GLP-1), another
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member of the incretion hormone family [8].
Moreover, GIP stimulates proinsulin gene transcription and translation [9, 10], and act as a
β-cell mitogenic and anti-apoptotic factor [11].
Incretin defects have been found to be associated with type 2 diabetes mellitus (T2DM) from
its early stage [12]; however, the causal relationship between incretin and T2DM has still remain
controversial as the studies have shown variable
results [12–15]. One of the approaches to resolve
the issue is to investigate the incretin hormone
profile in subjects with impaired fasting glucose
(IFG) and (IGT) who are considered to have a prediabetes status with a progression rate of 5 to 10
percent to DM every annum [16].
Bangladesh now ranks 10th in the total
number of diabetic population with vast majority
being of T2DM and the number is increasing very
rapidly [1]. Studies on prediabetic subjects have
shown that both the basic defects of T2DM, i.e.
insulin secretory abnormality and insulin resistance, are present in Bangladeshi IFG and IGT
subjects in variable degrees [17] with the secretory
defect being highly predominant in the former
group [18]. The association of incretin hormones
with insulin secretion or insulin sensitivity has so
far not been investigated in any of the prediabetic
groups. Thus, the present study was undertaken
to investigate whether basal and post stimulatory
GIP profile has any relation with glycemic and
insulinemic status.

Materials and Methods

Study design and subjects
An observational study with a case-control design was conducted in the biomedical
research group, department of Biochemistry &
Cell Biology, Bangladesh Institute of Research
and Rehabilitation in Diabetes, Endocrine and
Metabolic Disorders (BIRDEM), Dhaka, Bangladesh. Voluntarily agreed adult subjects with
age ranging from 30 to 55 years, were included
after taking informed consent and a total number of 51 IGT subjects and 47 control subjects
were recruited in the study. The two groups
were matched for age and BMI. Diabetes and
© 2020 The Authors

prediabetes were diagnosed following WHO
Group Study criteria [19]. Subjects with serious
co-morbid diseases like severe infection, stroke,
myocardial infarction, major surgery, malabsorption, history of using drugs significantly
affecting glucose metabolism (glucocorticoids,
oral contraceptives containing levonorgestrel or
high dose estrogen, phenytoin and high dose thiazide diuretics etc.) and pregnant women were
excluded. All subjects underwent standard procedures of anthropometric measurements like body
weight, height, waist and hip circumference (WC
and HC).

Biochemical analysis
After overnight fasting (8–14 h), blood
samples were collected by venipuncture to assess
the biochemical tests including fasting and 2 h
post-load (75 g glucose) glucose. All tests were
measured by standard laboratory methods using
a conventional automated analyzer (Dimension
XL® clinical chemistry system, Siemens Healthcare Diagnostics Inc. USA). Serum C-peptide and
serum GIP were measured by ELISA technique
using commercial kits (DRG-International,
Germany). For beta cell assessment, insulin
secretory capacity (HOMA-%B) and insulin sensitivity (HOMA-%S) were estimated by homeostasis model assessment using HOMA-SIGMA
software.

Statistical Analysis
Data were expressed as mean ± standard
deviation (SD) and/or median (range) wherever appropriate. Comparison of mean values
between two groups was tested using either Student’s ‘t’ test (Unpaired) or Mann-Whitney ‘U’
test. Bivariate correlation analysis was done by
using Spearman’s correlation analysis. Univariate regression analysis was performed taking
C-peptide and HOMA-%S as dependent variable
and others as independent/confounding variables as appropriate. All statistical measures were
performed using statistical package for social science (SPSS) for windows version 11.5.
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Table 1: Anthropometric and clinical characteristics of the study subjects.
Variables

Control (n = 47)

IGT (n = 51)

z/p value

40±6

41±5

0.673/0.502

24.0±2.9

24.0±3.5

0.570/0.955

0.88±0.05

0.92±0.08

2.340/0.02

FSG (mmol/l)

5.2 (4.1–6.0)

5.3 (4.4–6.0)

0.502/0.615

2 h PG (mmol/l)

6.3 (4.8–7.8)

9.3 (7.9–11.0)

8.502/0.001

FC-pep (pmol/l)

0.64 (0.18–1.62)

0.68 (0.21–1.39)

1.000/0.310

HOMA-%B

117.0 (58.4–461.0)

117.0 (39.4–455.0)

0.109/0.914

HOMA-%S

71.0 (27.0–247.0)

65.0 (22.0–222.0)

1.890/0.050

FGIP (pgm/ml)

49.6 (6.1–278.0)

74.2 (10.0–189.9)

3.30/0.001

PGIP (pgm/ml)

267.0 (37.8–700.4)

255.0 (131.0–616.3)

0.175/0.861

5.958/0.001

6.205/0.001

Age (yrs)
BMI (kg/m )
2

WHR

z/p value of FGIP and PGIP

Results were expressed as mean ± SD or median (range). Unpaired Student’s ‘t’ test and Mann –Whitney U test
were performed to compare between groups and the test of significance at 5% significance level. n, number of
subjects; IGT, impaired glucose tolerance; BMI, body mass index; WHR, waist hip ratio; FSG, fasting serum
glucose; 2 h PG, 2 hour post-load (75 g) glucose; serum glucose; FC-pep, fasting C-peptide; HOMA-%B, β cell
secretory capacity; HOMA-%S, insulin sensitivity by homeostasis model assessment; FGIP, fasting serum glucose
dependent insulinotropic polypeptide; PGIP, post glucose serum glucose dependent insulinotropic polypeptide.

Results

Characteristics of the study subjects
The clinical characteristics of the controls
and subjects with isolated IGT are shown in Table 1.
Two groups were matched for age and BMI (p =
0.955). The IGT group showed significantly higher
WHR as compared to the control group [(0.92±0.08
vs. 0.88±0.05), p = 0.02]. IGT subjects had reduced
HOMA-%S index compared to controls [65.0 (22.0–
222.0) vs. 71.0 (27.0–247.0), p = 0.050], but HOMA-%B
was not significantly different between the groups
(Table 1). Fasting GIP was significantly higher in
subjects with IGT compared to controls [pgm/ml;
74.2 (10.0–189.9) vs. 49.6 (6.1–278.0), p = 0.001]. In
contrast, subjects with normal glucose tolerance
and IGT did not show any significant difference in
post glucose GIP levels (p = 0.861) (Table 1).

C-peptide, glucose and GIP ratios of the study
subjects
Subjects with IGT exhibited significantly
reduced serum fasting C-peptide and fasting GIP
338

ratio than the control subjects [0.037 (0.009–
0.251) vs. 0.045 (0.009–0.205), p = 0.050)] but
fasting C-peptide-glucose ratio was comparable
(Table 2). The fasting GIP/glucose ratio was significantly higher in IGT [3.53 (0.41–7.96) vs. 2.26
(0.29–11.26), p=0.002]; however, postglucose GIP/
glucose was significantly lower in IGT compared
to controls [7.0 (2.87–18.42) vs. 10.08 (1.88–23.25),
p<0.01]. Similarly, the ratio of post glucose GIP
with fasting GIP was significantly lower in IGT
compared to controls [3.47 (0.98–22.0) vs. 5.14
(0.96–19.85), p < 0.01] (Table 2).

Multiple regression analysis of the association of
C-peptide and HOMA-%S with variables of interest
of the study subjects:
On regression analysis, a significant
positive association was found between fasting
C-peptide and fasting GIP (p < 0.01) (Table 3).
A significant negative association was
found between fasting GIP and insulin sensitivity
(HOMA-%S) (p = 0.05) (Table 4).
No significant association was found
between fasting glucose and fasting GIP in both
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© 2020 The Authors

Rom J Diabetes Nutr Metab Dis. 2020; volume 27, issue 4
Table 2: C-peptide, Glucose and GIP ratios of the study subjects.
Variables

Control (n = 47)

IGT (n = 51)

z/p value

FC-pep : FSG

0.120 (0.04–0.30)

0.123 (0.03–0.29)

0.639/0.523

FC-pep : FGIP

0.045 (0.009–0.205)

0.037 (0.009–0.251)

1.95/0.050

FGIP : FSG

2.26 (0.29–11.26)

3.53 (0.41–7.96)

3.07/0.002

PGIP : PSG

10.08 (1.88–23.25)

7.00 (2.87–18.42)

4.46/0.001

PGIP : FGIP

5.14 (0.96–19.85)

3.47 (0.98–22.0)

4.469/0.001

Results were expressed as median (range). Mann-Whitney U test was performed and the test of significance at 5%
significance level. n number of subjects; IGT, impaired glucose tolerance; FC-pep, fasting C-peptide; FSG, fasting
serum glucose. FGIP, fasting glucose dependent insulinotropic polypeptide; 2 h PG, 2-hour post-load serum
glucose; PGIP, post glucose serum glucose dependent insulinotropic polypeptide.
Table 3: Multiple regression analysis of the association of fasting C-peptide with variables of interest of the study
subjects.
Variables

Model 1
p

β

Intercept
FGIP (pgm/ml)

Model 2
p

β

0.001
0.343

Model 3
p

β

0.215

0.002

FSG (mmol/l)

Model 4

0.767

0.882

0.307

0.006

0.306

0.006

0.298

0.009

0.177

0.106

0.147

0.189

0.136

0.242

0.124

0.258

0.113

0.327

–0.042

0.732

WHR
Group
Adjusted R2

p

β

0.106

0.125

0.129

0.118

Standardized regression coefficients (β) were given with the level of significance. R2 for adjusted R square
(Multiple coefficient of determination). FSG, fasting serum glucose; FGIP, fasting GIP; WHR, waist to hip ratio.
Table 4: Multiple regression analysis of the association of HOMA-%S with variables of interest of the study subjects.
Variables

Model 1
p

β

Intercept
FGIP (ng/ml)

Model 2
p

β

0.001
–0.253

0.024

WHR

Model 3

0.109

0.052

0.153

–0.246

0.028

–0.218

0.050

–0.106

0.338

–0.066

0.573

0.121

0.319

Group
Adjusted R2

p

β

0.051

0.051

The level of significance at p<0.05.

simple correlation and multiple regression (data
not shown).

Discussion
This study investigated the association of
GIP with insulin secretion and sensitivity in Bangladeshi IGT subjects. The present study reveals
© 2020 The Authors

that GIP secretion is up regulated in the fasting
state. This is evident both in terms of absolute
GIP and C-peptide to GIP ratio values at the fasting state when compared between control and
IGT groups (Table 2). The importance of GIP
has mostly been conceived in relation to nutrient intake [7, 20–25], but its role in the maintenance of glucose homeostasis in the fasting state
has been discussed less. In the present study,
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fasting serum glucose level does not differentiate
between control and IGT groups with a minimal
rise in fasting C-peptide levels in the later group.
The secretory capacity of the pancreatic β cells
is not significantly different between the two
groups. However, data showed that insulin sensitivity, as assessed by HOMA-%S, is compromised
in IGT subjects. Under these conditions it will be
important to explore whether raise of serum GIP
plays any role in preventing the rise of fasting
serum glucose in the IGT group.
Our data is comparable with a previous
study [26] that revealed hypersecretion of GIP at
fasting state but normal secretion of plasma insulin in IGT subjects. Nonetheless, after 40 minutes of OGTT, plasma insulin level was increased
with a later rise of C-peptide value. But they have
reported normal plasma insulin concomitant with
decreased GIP level in T2DM. The pathophysiology lies here that long term insulin receptor resistance leads to defective signaling of the glucose
sensing genes both in β-cells and GIP secretory K
cells of the duodenum resulting in β-cell failure
and dysregulation of GIP, respectively.
Although the present work has demonstrated the significantly higher FGIP value in
IGT compared to controls and both the groups
showed acute rise in the GIP values in response
to oral glucose load, the difference between two
groups were totally lost at the postprandial state.
There was a proportionately higher rise of GIP
values (about 5 times) in the controls compared
to a blunted response (about 3.5 times) in IGT
subjects at the corresponding state (Table 2).
The abnormality is also evident on ratio analysis where post glucose GIP to 2 h post-load serum
glucose (PGIP : 2 h PG) is significantly lower (p <
0.001) in the IGT group compared to controls.
In support of the finding in univariate analysis, multiple regression analysis reveals a much
stronger association of FC-pep with FGIP (p<0.001)
as compared to weaker association with HOMA-%S
on adjusting the confounding variables of fasting
glucose, waist-hip ratio (WHR) and presence of
diabetes. Accordingly, it seems that FGIP has much
more relevance to the insulin secretory pathway, as
reported by some authors [14–15, 26], compared to
the insulin action pathway. Nevertheless, further
studies are required to clarify these issues.
340

Analysis of the anthropometric data in
the present study shows that the IGT subjects
do not have generalized obesity as evident by
no difference in BMI between control and IGT
groups. IGT, however, is associated with central
obesity (p=0.02). The finding is comparable with
the observations in a previous study conducted
on the same as well as in other population [18,
27]. Central obesity is known to be more specifically related to the increased secretion of adipocytokines [28–30] (like resistin and adiponectin)
and inflammatory markers (like hs-CRP) which,
in turn, are associated with insulin resistance.
Thus, consistent finding of central obesity in the
IGT population can be a central issue in designing
preventing campaigns for reducing abdominal
fat through lifestyle and dietary modifications.
The limitations of the study were lack
of various groups of impaired glucose regulation (such as IFG and combined IFG & IGT).
Postglucose-load serum C-peptide was not analyzed, and glucagon like peptide-1(GLP-1) and
GIP were not studied together to estimate their
relative contribution in insulin secretion and
sensitivity.

Conclusion
In conclusion, the IGT subjects have insulin resistance but their pancreatic B cell function
seems to be still uncompromised. GIP secretion
in IGT is up regulated at the fasting state and
it has a blunted response to oral glucose in this
disorder. GIP does not have any association with
insulin secretion in IGT, but it has an association
with insulin resistance.
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Abstract
Background: Diabetes mellitus is the most common metabolic disorder characterized by metabolic abnormalities and long
term complications. Diabetic foot ulcer(DFU) is an important complication of diabetes mellitus. It contributes to major source
of morbidity and mortality among chronic diabetic patients. Aim: To find out the utility of fibrinogen, Prothrombin time (PT)
and Activated Partial Thromboplastin Time(APTT) as diagnostic markers to assess the severity of Diabetic foot ulcer. Materials
and Methods: 60 subjects admitted with diabetic ulcer of foot 60 control subjects with diabetes mellitus but without DFU were
included in the study. Fibrinogen, Prothrombin time(PT) and Activated Partial thromboplastin time(APTT) were measured in the
samples collected from the subjects. Results: The mean level of fibrinogen among cases was 452.3±136.4 and among cases was
306.5=/-79.6 respectively and there was statistically significant difference between the two groups. (p value=0.0001). Prothrombin time (PT) showed mean value of 16.68±4.2 sec among cases and 12.5±1.6 sec among controls and the difference was statistically significant (p value=0.0001). APTT showed mean value of 36.2±7.07 sec among cases compared to 34±7.3sec among controls
but the difference was not statistically significant (p value=0.24). ROC analysis shows that the area under the curve for HbA1c
fibrinogen is 0.758 and 0.760 respectively. Conclusion: Fibrinogen and prothrombin time is found to have a significant difference
between DFU patients and control subjects in the diagnosis of diabetic foot ulcer.

Keywords: Diabetic Foot Ulcer, Fibrinogen, Prothrombin time, Activated Partial Thromboplastin time.

Background and Aims
Diabetes mellitus is the most common
endocrine disorder characterized by metabolic
abnormalities and long-term complications. The
Diabetes Federation of India has estimated that
the number of diabetes patients in India will be
about 550 million by 2030 [1, 2].
This disease is associated with many
microvascular and macrovascular complications. Eighty percent of deaths among diabetic

patients are contributed by thrombotic events,
while cardiac problems contribute up to 75%,
with the remaining 25% caused due to peripheral vascular events and cerebrovascular
complications [9].
Patients with diabetes have a 25% chance
of developing diabetic foot ulcers in the future
[3]. It is a complication with a mortality rate of
approximately 16%, an amputation rate of 25%,
and a 3-year mortality rate after amputation is
37% [4].
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Diabetic Foot Ulcers (DFU) is a major
complication in chronic diabetics with severe consequences [5]. Diabetic foot ulcers development
occurs due to the simultaneous effects of many
risk factors among which peripheral neuropathy and peripheral arterial disease play a major
role [6, 7, 8]. Peripheral arterial disease affects
the tibial and peroneal arteries in the calf region.
Endothelial dysfunction and smooth muscle cell
abnormalities develop in the peripheral arteries
due to the uncontrolled hyperglycemic status,
which contributes to the development of DFU.
Diabetes is a pro-coagulant state where there is an
increase in the levels of pro-coagulants like fibrinogen and other clotting factors such as I, VII, IX,
XII and Von will brand factor [9]. So, in recent
years, the role of hemostatic factors in the development of microvascular and macrovascular complications in diabetes has achieved great interest.
Plasma fibrinogen is an important component of
the coagulation cascade as well as a major determinant of blood viscosity and blood flow, which
in turn is a major determinant of the progress of
diabetic foot [10]. Fibrinogen is an inflammatory
marker linked to the development of atherosclerosis, thrombosis, and vascular complications in
Diabetes mellitus. The complications caused by
increased fibrinogen levels are cardiovascular disease, cerebrovascular accidents, and peripheral
vascular diseases [11].
Prothrombin time and Activated partial
thromboplastin time are two tests used to assess
the extrinsic and intrinsic pathways of coagulation. They are analyzed to find out bleeding or
clotting tendencies. Studies have shown that levels of these markers are raised among diabetic
patients when compared to normal individuals.
The diagnosis of diabetic foot ulcers is mainly
based on clinical and radiological methods.
Although the literature states variations in coagulation profile in Diabetic foot ulcers, there has
not been much research on them in this part of
the country.
This study aims to find out the levels of
fibrinogen, PT, and APTT among DFU patients,
and to find out whether there is any correlation
between plasma fibrinogen levels with the levels
of HbA1c in diabetic foot ulcers subjects among
South Indian population.
© 2020 The Authors

Material and Method
Ethical approval of the study protocol
Prior to commencing the study, the
approval of the Ethical Committee of the Institute was obtained. It was a case control study conducted from June 2019 to August 2019 for a time
period of three months.
Study population: The study population was
selected from among patients attending to the
Surgery Department of Chettinad Academy of
Research and Education.
Study design and patients: This was a case control study with 60 diabetic foot ulcers patients
of both sexes, aged between 30–70 years, who
attended the Surgery OPD of Chettinad Hospital and Research Institute (CHRI) and 60
age and sex matched patients with H/O Diabetes mellitus but without diabetic foot ulcer as
controls.
Inclusion criteria: Subjects of both sexes admitted
with C/O diabetic foot ulcers at the Department
of Surgery, Chettinad Hospital and Research
Institute, Kelambakkam.

Exclusion criteria
1.
2.
3.
4.

Those patients with H/O intake of anti platelet drugs, lipid lowering drugs.
History
of
prior
treatment
with
corticosteroids.
Patients with hematological or euplastic
disorders.
Those who had undergone recent surgeries,
hyperthyroidism, cancer, pregnancy.

Laboratory, anthropometric and clinical
data collection
After obtaining consent, DFU subjects
were grouped based on the Wagner’s classification of diabetic foot with the help of the treating plastic surgeon. Height and weight were
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The DFU subjects are classified based on
the severity of diabetic foot is by Wagner’s classification which is as follows:

measured and BMI was calculated using the
formula: Weight in Kg/(Height in Meters)2.
5 ml of blood was collected from each patient
in sodium citrate tube of light blue colored and
violet-colored vacutainers. Fibrinogen, PT and
APTT, and HbA1c were measured on the same
day. Samples were stored at –20oC for the duration of the study.
Fibrinogen was measured by the turbidimetric method in a CA-50 machine in the pathology laboratory. Reference interval – 246–306 mg/dl.
Prothrombin Time (PT) and activated
partial Thromboplastin Time (APTT) were measured in Pathology Laboratory using the photo
optical method in a Sysmex CA-50 machine.
The reference interval for prothrombin time
is 11–12 seconds and for APPT it is 26–40 seconds. Hemoglobin levels were measured using
cyan-met hemoglobin method in the Beckman
Coulter Automated Machine in the pathology
laboratory.
HbA1c was estimated in the D-10 machine
based on the high performance liquid chromatographic (HPLC) principle in the biochemistry laboratory. Reference interval: 4.6–5.4%.

Class 1: Foot at risk;
Class 2: Superficial ulcers;
Class 3: Deep ulcers without osteitis;
Class 4: Deep ulcers with osteitis;
Class 5: Localized gangrene;
Class 6: Extensive gangrene

Statistical analysis
Sample size was calculated under the
guidance of a statistician. SPSS software version
21 was used to analyze the results. SPSS version
21 was utilized for the statistical analysis. Paired
t-test was used to compare the variables between
the cases and controls. Pearson’s correlation analysis was done to analyze the correlation between
HbA1c and fibrinogen, PT and APTT. The diagnostic performance was assessed using receiver operating characteristic curve (ROC curve). P value less
than 0.05 was considered to be significant.

Table 1: Paired T test done to find out the difference in the variables between the DFU cases and the
normal healthy controls (p value<0.05 is significant).
Variables
Demographic details
Age(Years)

Cases

Control

Mean

SD

Mean

SD

56.85±10.8

10.8

54±10

10

p value
0.14

Sex- Female (%)

23%

30%

—

Male (%)

67%

70%

—

Height(cm)

168.67±4.64

4.64

167.2

3.90

0.059

Weight(cm)

79.43

7.12

69.30

4.00

<0.0001*

BMI

27.8

1.51

24.63

0.8

<0.0001*

Duration of diabetes(years)

7.78

5.44

6.87

4.66

0.3

12.25

2.47

11.6

2.3

0.56

9.5

2.7

6.7

2.5

0.05*

Prothrombin time (PT) (sec)

16.68

4.4

12.5

1.6

0.0001*

Activated Partial thromboplastin
time (APTT) (sec)

36.16

7.07

34.45

7.3

0.24

Fibrinogen (mg/dl)

452.3

136.4

306.65

79.6

0.0001*

Laboratory parameters
Hemoglobin (g/dl)
HbA1c (%)

HbA1c –Glycated hemoglobin.
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Fibrinogen levels (mg/dl) –Grade -1-320.56, Grade-II-417.25, GradeIII-548.99, Grade IV-570.5

Figure 1: Shows the mean value of fibrinogen (mg/dl) in the different grades of diabetic foot ulcers.

Results
Demographic variables and laboratory
variables between the cases and controls were
compared using paired test (Table 1). Among
the cases, 12 belonged to Grade I group, 18 to
Grade II, 25 to Grade III, and 5 to Grade IV group.
The mean fibrinogen levels in Group I was
320.56±105.25, Group II was 417.25±82, Group III
was 548.99±122.2, and Grade IV was 570.4±150.68
respectively (Fig. 1). The fibrinogen levels were
found to be higher as the grade of DFU increases.
The mean level of fibrinogen among cases was
452.3±136.4 and among controls was 306.5±79.6
respectively, and there was statistically

significant difference between the two groups
(p value = 0.0001). Prothrombin time (PT) showed
mean value of 16.68±4.2 sec among cases and
12.5±1.6 sec among controls and was statistically
significant (p value = 0.0001). APTT showed mean
value of 36.2±7.07 sec among cases compared to
34±7.3 sec among controls but the difference was
not statistically significant (p value = 0.24). (Fig.
2) depicts the levels of PT, APTT, and fibrinogen
among DFU cases and controls. Pearson’s correlation analysis between HbA1c and fibrinogen
levels showed that there was significant positive
correlation between HbA1c and fibrinogen levels among DFU patients with correlation coefficient (r value of 0.759) (Fig. 3). The correlation

Figure 2: Shows the mean value of PT, APTT and fibrinogen among the DFU patients and diabetes patients
without DFU.

© 2020 The Authors
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Figure 3: Scatter plot between HbA1c and fibrinogen levels among DFU patients.

Table 2: Shows the correlation analysis of variables (HbA1c and PT, HbA1c and APTT, HbA1c and Fibrinogen)
(p value <0.05 is significant).
Correlation
analysis
HbA1c

PT
(r value)

p value

APTT
(r value)

P value

Fibrinogen
(r value)

p
value

0.184

0.162

0.017*

0.89

0.75

0.00*

PT-Prothrombin Time, APTT-Activated Partial Thromboplastin time, HbA1c-Glycated Hemoglobin.

Figure 4: ROC curve of fibrinogen showing its ability to diagnose diabetic foot ulcers (DFU).
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between HbA1c and PT and APTT was not found
to be significant (r = 0.184, p value = 0.162), (r =
0.017, p value = 0.9). The correlation coefficients
between HbA1c and fibrinogen values in Grade
I was (r value = 0.561) (p value = 0.072), Grade II
(r value = 0.704) (p value = 0.00), Grade III (r value
= 0.860) (p value = 0.00), Grade IV (r value = 0.413)
(p value = 0.49). Correlation analysis between
HbA1c and PT showed a negative correlation
coefficient of r = 0.18, HbA1c and APTT showed a
correlation coefficient of r = 0.017 but was not statistically significant (Table 2). ROC analysis shows
that the area under the curve for HbA1c fibrinogen is 0.758 and 0.760 respectively, but PT and
APTT doesn’t show much significance (Fig. 4).

Discussion
Diabetes is a disease characterized by
enhanced activation of the coagulation profile
and disturbances in the integrity of the vascular
epithelium. Glycated hemoglobin (HbA1c) gives
us an idea of the diabetic control of patients
for the last three months. The mean value of
HbA1c was found to be higher among diabetic
foot ulcers patients (9.5) when compared to the
diabetic controls with. Glycated hemoglobin
was found to have a positive correlation with
plasma fibrinogen levels. This finding is in
accordance to the study done by Madan et al.
among Japanese school children, who found
out a significant association between fibrinogen and HbA1c [12].
The correlation between glycemic control and fibrinogen levels in this study could
be because glycated fibrinogen is less susceptible to degradation by plasmin and the relative
insulin deficiency in Type-II Diabetes mellitus
causes an imbalance in the protein synthesis,
leading to a 29% decrease in albumin synthesis and 50% increase in synthesis of fibrinogen
synthesis [13].
Our results have shown that the fibrinogen levels increased with the increase in the
grade of DFU, which was on par with the studies
done by Rattan et al., and Li et al., who also found
out that fibrinogen levels increased with increase
in severity of DFU [14, 15]. Weigelt et al., showed
© 2020 The Authors

that there was no significant difference in the
levels of fibrinogen between the different grades
of DFU [16].
Fibrinogen plays an important role in
thrombosis, development of subclinical atherosclerosis, formation of fibrin clot. The
coagulation cascade is activated by hyperglycemia, leading to hyperfibrinogenemia. This
leads to an increase in fibrinogen degradation
products, which will inturn stimulate the synthesis of fibrinogen from the liver. The various mechanism by which fibrinogen has been
found to promote thrombosis are that hyperfibrinogenemia increases plasma viscosity,
induces aggregation of RBC, causes platelet
aggregation, forms fibrin and fibrinogen degradation products (FDPs) which in turn bind
LDL and sequester more fibrinogen which in
turn stimulate smooth cell proliferation and
migration. [17, 18]. ROC (Receiver operating
curve) curve shows that fibrinogen also shows
higher specificity and sensitivity to diagnose
diabetic foot ulcers when compared with PT
and APTT.
Prothrombin time was found to be higher
than the reference interval among diabetic foot
ulcers patients. APTT levels were found to be
within normal limits. But when compared with
the control group, the levels were lower than the
cases and were found to be statistically significant. Studies done by Alao O et al are on par with
this study showing prolonged PT and APTT levels among diabetic foot ulcers patients. Our study
did not show much correlation between HbA1c
and PT, APTT [19]. Studies by Collier et al. have
shown that the levels of PT and APTT among diabetic foot ulcers patients were within the normal
reference range but were lower when compared
with the control group [20].
Diabetes is a pro-coagulant state. The
variations among the coagulation profile have
only been partially understood. Plasma fibrinogen levels were significantly elevated among diabetic foot ulcers patients, and gradually increased
as the ulcer grade increased, but prothrombin
time, activated partial thromboplastin time
showed no particular significance. More extensive studies are required to use it as a marker for
assessing the severity of DFU.
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Conclusions

of diabetic foot infections. Clinical infectious diseases. 54(12),
132–173, 2012.

This study was conducted among patients
with diabetic foot ulcers to assess the correlation between HbA1c and plasma fibrinogen level,
PT and APTT. We found that the fibrinogen levels increased with an increase in the grade of
DFU. There was a significant positive correlation between HbA1c levels and fibrinogen among
Grade 2 and Grade 3 classes of DFU. Prothrombin
time also showed significant difference between
the two groups. Fibrinogen and Prothrombin
time were found to have a promising role in the
diagnosis of diabetic foot ulcers. With further
studies, we can utilize these markers as screening
tools to assess hyper coagulable states of diabetes
mellitus.
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Abstract
Introduction: Diabetes are the most common diseases in the world and is related to nutritional status and lifestyle. The purpose
of this study was to investigate the simultaneous effect of resistance training and vitamin D supplementation on plasma CRP
and tumor necrosis factor alpha (TNF-α) levels in overweight healthy women. Method: The participants were randomly divided
into four groups including: (1) placebo, (2) resistance training (RT), (3) vitamin D, and (4) RT + vitamin D. Interventions were
performed for 8 weeks (3 days per week), consisting of resistance training protocol (60% 1-RM) and taking vitamin D (1000 IU/
day). Fasting blood samples were collected 48 hours before and after the interventions. Result: A significant decrease in CRP
was reported among the studied groups (p=0.001, F=11.4). These changes showed a difference between RT+ vitamin D compared
to other groups. The CRP values of the RTand vitamin D groups were also significantly lower than the placebo group (p=0.03).
TNF-α was significantly decreased among the studied groups (p=0.003, F = 5.4). These changes showed a difference between
the RT + vitamin D group compared to other groups. TNF-α was significantly lower in the RTand vitamin D groups than in the
placebo group (p=0.03). Conclusion: The findings of this study confirm that adaptation to resistance training, if combined with
vitamin D intake, has significant effects on decreasing inflammatory biomarkers at rest. In addition, TNF-α alteration appears to
be less effective than resistance training, which may be due to eccentric contractions caused by resistance training.

Keywords: Exercise rehabilitation, Inflammation, Post-exhaust, Resistance Training, Supplementation.

Introduction
Obesity, poor nutrition and sedentary
life style, and systemic inflammation are important communication for diseases and the most
important reason is the secretion of cytokines
and inflammatory agents caused by adipose tissue [1, 2]. Researchers are looking for the best and
least risky ways to control overweight and reduce
adipose tissue. Nutritional controls, medications,
and regular exercise or combinations of these
techniques are highly recommended [2]. Obesity
is associated with chronic inflammation, which is
characterized by the infiltration of immune cells
into adipocytes that contribute to the release of

cytokines which induce inflammation, which, in
turn, leads to inflammatory signaling pathways
[1]. Cytokines are a group of low-molecular-weight
regulatory proteins secreted by adipose tissue,
white blood cells, and other types of body cells.
Cytokines generally act as intracellular messenger
molecules that initiate specific biological activities
after binding to a receptor on the target cells [3–5].
Cytokines may require other physiological functions to play a role in inflammatory
responses especially if they are secreted from adipose tissue [3, 4, 6, 7]. Cytokine is a generic title
and is specifically called adipokine if expressed
by adipose tissue. Most evidence suggests that
the presence of mild inflammation in obesity is

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Kallantar N and Fatolahi H Exercise and vitamin D affect inflammation

associated with changes in the levels of several
circulating biomarkers, such as increases in
plasma C-reactive protein (CRP) and tumor
necrosis factor alpha (TNF-α) [3–7].
Regular exercise is one of the methods recommended to reduce inflammation biomarkers
including TNF-α and CRP [8–9]. These findings
were established in overweight and metabolic
syndrome [10]. Among all kinds of exercises,
resistance training has been shown to improve
CRP levels, although no integrated information is
available on TNF-α change [11]. Obese people have
been reported to be more prone to vitamin D deficiency and inflammation [12–14]. Inflammation
and metabolic syndrome develop in people who
have symptoms of obesity, diabetes, inflammation,
hypertension and dyslipidemia, which are reduced
by vitamin D supplementation [12–14]. Vitamin D is
one of the types of fat-soluble vitamins called calciferol. The ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3) are its metabolites [12–14].
In summary, some studies have investigated the concomitant effects of physical activity and vitamin D supplementation on various
domains of exercise physiology [15], but few studies have investigated the concurrent medication
effects of resistance exercise training and vitamin
D on inflammatory markers in overweight healthy
women. Differences in the methodology of these
limited studies also, make it difficult to come up
with an integrated viewpoint. There is not a clear
finding about the effective dose of vitamin D [12]. In

addition, there is no specific and effective method
for reducing inflammatory cytokines based on the
specificity principle of exercise training [11]. It has
to be noted that the tendency to perform resistance training in indoor spaces has increased and
this has led to the deprivation of sunlight. It is also
important to examine this issue in women’s health
because of their important role in family and community. Therefore, the aim of this study was to
evaluate the effect of vitamin D supplementation
with resistance training on inflammatory markers
in overweight healthy women.

Materials and Methods
A total of 103 university student women
were assessed for eligibility. Forty sedentary
overweight healthy women were equally divided
into four groups including: (1) placebo, (2) vitamin D, (3) resistance training (RT), and (4) resistance exercise + vitamin D (Table 1). There were
no serious side effects associated with regular
exercise, and no one withdrew due to side effects.
The participants were overweight (Table 1) and
their vitamin D levels were normal in the lower
extremities (Table 1) (reference range minimum
for health bone: 20–32 ng/ml), so they needed
to be prescribed daily vitamin D, according to
doctor’s prescription. Body mass index was calculated in kg/m2 using BMI equation through
measuring height (Seca 213, Germany recorded

Table 1: Anthropometric characteristics of the subjects and measured variables among the studied groups. Data
are presented by mean and standard deviation.
resistance
training (RT)

Groups

RT + vitamin D

Time

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Age

27.9±3.8

—

29.2±3.3

—

29.2±3.2

—

27.4±1.4

—

Height

162.2±4.8

—

161.4±4.08

—

162.2±3.4

—

163.8±6.1

—

Weight (kg)

71.4±3.7

70.4±4.05

70.9±4.2

70.2±5.3

69.1±4.8

68.9±3.1

72.6±6.1

72.4±6.2

BMI (kg/m2)

27.9±1.3

27.5±1.4

27.2±1.8

27±2.4

26.2±0.7

26.2±0.7

27.4±1.5

26.9±1.5

TNFα (ng/ml)

0.96±0.1

0.83±0.05

0.91±0.1

0.8±0.03

0.95±0.1

0.91±0.08

0.89±0.2

0.87±0.1

CRP (ng/ml)

3.01±0.82

1.96±0.71

2.93±0.5

2.61±0.63

2.99±0.62

2.67±0.62

2.98±0.52

2.91±0.46

23.7±1.3

28.2±1.6

22.9±1.2

24.7±1.8

23.6±1.7

27.2±1.5

22.8±1.4

23.4±1.3

25-OH-Vit
D (ng/ml)
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vitamin D
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to the nearest 0.1 cm.) and weight (SECA Digital
Scale Model 727: with precision of 2 g).
The participants were provided with
information and knowledge on how to conduct
the research stages. A questionnaire was used
to collect information about the physical activity and health of the participants. Consent form
was given to the participants. The introductory
program was held two weeks prior to the start of
intervention to attend the gym. Anthropometric
measurements were taken at a separate session.
The participants were familiarized with exercise
protocol, vitamin D supplementation, and blood
sampling timing.
Resistance training protocol (eight weeks
and three sessions per week) was performed by
50–60% 1-RM (three courses, 10 repeats, and a
2-minute rest between each movement). Exercises training included engaging chest, triceps
and shoulder (first session), abdomen and dorsalis (second session), and leg muscles (third
session). Major muscles using multiple joint
movements at first and single muscle movements
were applied at the end of each session (post
exhausting method). Vitamin D supplementation
groups (produced by the United Kingdom-Health
Aid Company) received 1000 IU/day, which was
administered for eight weeks. Blood samples
were collected 48 hours before and after the intervention. Fasting blood samples were collected at
the laboratory at 8 a.m. Resistance exercises were
held at 5 p.m. Vitamin D was prescribed daily
along with lunch.
Fasting blood samples were discharged
into tubes containing EDTA. The samples were
centrifuged at 4°C for 15 minutes at a speed of
10,000 rpm. Isolated plasma was stored at –70°C
and used to measure the research variables. The
plasma CRP and TNF-α levels were measured
using a particle enhanced turbidimetris assay
(Roche, Germany) and an enzyme-linked immune
sorbent assay (ELISA. eBioscience, Austria) respectively, according to the manufacturer instruction.
The LIAISON 25-OH Vitamin D TOTAL Assay
(DiaSorin) was used to measure plasma concentration of 25-hydroxyvitamin D (25(OH)D).
The Kolmogorov-Smirnov test was used
to determine the normal distribution of data.
The ANCOVA was used to test the research
© 2020 The Authors

hypotheses after determining the pre-test and
post-test differences. The sphericity of the data
was confirmed by performing variance analysis
(Mauchly’s Test of Sphericity). Tukey’spost hoc
test was used for between-group comparisons.
Statistical analyses were performed using SPSS 21
computer software at the significant level p≤0.05.

Results
The research data and measured characteristics of the participants, including age,
height, weight, and BMI, are presented in Table 1.
The significant differences for vitamin D
levels were reported among the studied groups
after interventions (p=0.03, F=8.62). These
changes showed a difference between the vitamin D and RT + vitamin D groups compared to
the RT (p=0.03) and control (p=0.02) groups. The
significant differences forplasma CRP levelswere
reported amongthe studied groups (p=0.001,
F=11.4). These changes showed a difference
between the RT+ vitamin D compared to theRT
group (P=0.03), RT + vitamin D compared tothe
vitamin D group (p=0.001), RT + vitamin D compared to the placebo group (p=0.001) and RTcompared to the placebo group (p=0.03). In addition,
plasma TNF-αlevels were significantly different among the studied groups (p=0.003, F=5.4).
These changes showed a significant difference
between the RT + vitamin D group compared to
the vitamin D group (p = 0.03), RT + vitamin D
group compared to the placebo group (p = 0.003)
and RTcompared tothe placebo group (p = 0.03).
Despite some reductions for weight and BMI
variables, there was no significant difference
amongthe studied groups.

Discussion
The aim of this study was to evaluate the
effect of vitamin D supplementation with resistance training on plasma TNF-α and CRP levels in
overweight healthy women. In summary, in the
present study, combination of regular resistance
training with vitamin D supplementation significantly reduced the CRP and TNF-α rest levels.
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Figure 1: Plasma CRP level changes among the studied groups. Data are presented by mean and standard deviation. *Significant difference with other groups.

Figure 2: Plasma TNFα level changes among the studied groups. Data are presented by mean and standard deviation. *Significant difference with other groups.

The effect on the exercise training groups was
also greater than the vitamin D group. However,
the combination of resistance training and vitamin D showed a high decrease in plasma CRP and
TNF-α rest levels.
Several mechanisms have been proposed
to elucidate the inverse relationship between
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obesity and vitamin D that center around inflammation and include the role of adipokines, epigenetics, calcium, and adipose tissue type [16].
Simultaneous effects of vitamin D and calcium
on hsCRP and TNF-α reduction in metabolic
syndromehave been confirmed [17]. The association between calcium and vitamin D has been an
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important factor in improving glucose levels in
obese and overweight women who have ovarian
problems and vitamin D deficiency [18]. It has to
be noted that exercise increases calcium pump
function in the sarcoplasmic reticulum and is one
of the possible pathways to regulating glucose
entry into the muscle cell during exercise [19],
whereas increased TNF-α is one of the major factors of fatigue caused by resistance training [5].
However, this is likely reduced by adaptation to
resistance training.
Measuring the variables 48 hours after
training is also very effective. In many studies,
acute responses to exercise increased inflammatory responses, whereas the present study aimed
to evaluate the adaptation with interventions.
Since one of the major sources of inflammatory
cytokines is adipose tissue, vitamin D and resistance training may reduce the concentration of
inflammatory markers by reducing the body fat.
Although weight and BMI in the present study
did not show a significant decrease, it could also
be due to increased or maintained muscle mass
resulting from resistance training. However,
some studies have reported changes in inflammatory markers independent of adipose tissue
changes [20]. Low intensity exercise with 50%
strength training at four sessions per week in
postmenopausal and obese women decreased
weight and waist circumference but did not significantly change CRP and TNF-α levels [21].
It is likely that daily food intake interventions can also be effective on inflammation. Due to
the variety of research methods, the effect of daily
foods on the production of inflammatory markers
remains unknown [22]. There is limited information on the relationship between vitamin D receptors in metabolic syndrome and inflammation.
However, it has been suggested that Fokl-type
receptors are associated with moderate inflammation and insulin resistance [23]. It has also been
reported that vitamin D levels affect exercise performance through association with iron levels [24].
Therefore, the presence of female participants in
the study who are likely to have lower sports performance and lower iron levels compared to menwas effective in the results of this study.
The effect of vitamin D on reducing
inflammation has also been identified, but
© 2020 The Authors

the mechanisms of this effect are not fully
understood. Vitamin D has been reported to have
a modest effect on reducing inflammation in cardiovascular patients [25]. Meta-analysis studies
have not conclusively confirmed the therapeutic effect of vitamin D alone on improving metabolic syndrome and inflammatory biomarkers
[14]. Other articles that have even used a oneyear course of vitamin D treatment have shown
some inadequate efficacy of vitamin D treatment
alone, despite improving inflammatory markers
such as TNF-α, CRP, and IL-6 [26]. Inflammatory
markers of TNF-α, CRP, and IL-6, unlike metabolic syndrome indices, did not change significantly in response to low doses of vitamin D [27].
Patients who also used dyslipidemia medication
had improved vitamin D levels and subsequently
metabolic syndrome indices, but no significant
change in TNF-α levels was observed [28]. Probably one of the missing factors in this area is the
combination of vitamin D intake with regular
physical activity. An increase in vitamin D has
been observed in response to a long period of regular exercise and lifestyle modification [29].
This topic has been well demonstrated
with resistance training in obese and overweight
adults [30, 31]. Adaptation to combined physical
activity reduces CRP and TNF-α in healthy and
active individuals [32]. Physical activity, especially if exposed to the sunlight, can be effective in boosting vitamin D that leads to improve
athletic performance [33]. Therefore, reducing
inflammation may require higher doses of vitamin D and complementary therapies such as
regular physical activity. For example, changes
in CRP have been observed at high doses and
longer periods [34]. As mentioned, another reason for the improvement of inflammatory markers in the present study was the use of resistance
training as a supplement to vitamin D. Regarding the health status of participants, it is very
important in methodological studies as it was
mentioned.
The exercise training and vitamin D
supplementation have better effects on healthy
groups. It has been shown that lean people
have better improvement in low-dose (400–800
IU/d), moderate dose (1600–2400IU/d) and high
dose of vitamin D (3200–4800 IU) compared to
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obese. This may be due to differences in baseline
vitamin D levels [35]. Meta-analysis studies have
reported that vitamin D intake in overweight or
obese groups may not have a significant effect
on CRP and TNF-α [13]. Therefore, presence of
overweight healthy women may be one of the
reasons for the improvement of inflammatory
markers in the present study. Inflammatory
biomarkers may have a better response to exercise interventions in healthy individuals than
patients, especially for CRP [36]. Probably one
of the possible reasons for the better response
of CRP to TNF-α in the present study, which
has been reported in other studies, is the effect
of eccentric contractions induced by resistance
training on the increase of TNF-α [5]. Therefore,
attention to this issue is especially important in
weight loss in order to maintain muscle mass.
However, this condition is improved by adaptation to exercise.
A comparison between aerobic and resistance training and their effects on inflammation
in metabolic syndrome has been investigated.
Some studies have suggested that the effect of
aerobic activity on inflammatory biomarkers
reduction including CRP and TNF-α is better
than resistance training because of its direct
effect on adipose tissue lipolysis [37]. However,
TNF-α decreased significantly in response to aerobic training and CRP in response to both aerobic
training and combination of resistance training
and flexibility training [37]. In support of these
findings, it has been reported that changes in
TNF-α levels and adipose tissue in response to
aerobic exercise and CRP level in response to
resistance training were further reduced [38]. As
noted, TNF-α changes in response to resistance
training may be due to the eccentric contractions
and differences in the source of secretion. Therefore, it seems necessary to incorporate resistance
training or more intense training than the pattern of aerobic exercise to complete adaptations
from exercise training. It is also important to use
resistance training to stimulate intramuscular
signaling pathways by stimulating intramuscular
calcium pumps and simultaneously reducing adipose tissue and increasing or maintaining muscle
mass [19]. However, it has been shown that the
incorporation of resistance training specifically
354

has maximized the effect of regular aerobic
exercise on reducing inflammation [36].

Conclusion
There is a significant relationship
between weight control, vitamin D intake and
inflammation reduction. However, combining
regular physical activity with these interventions
increases the effectiveness on health. In fact,
weight loss is associated with changes in the levels of inflammatory biomarkers, including TNF-α
and CRP. It should be borne in mind that various
studies have examined these multiple approaches
on different variables that each biomarker has its
own signaling pathways. Each biomarker according to the secretion source can have a unique signaling pathway. It is likely that each signaling
pathway will have an optimal response to some
type of specific exercise. Therefore, considering different aspects of a particular variable and
the specificity principle of training are the most
important aspects of studies in the field of exercise physiology for future research.
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Abstract
Introduction: The aim of the present study was to evaluate the effect of purslane (P. oleracea) and Aquilaria malaccensis (A. malaccensis) methanol extracts against high-fructose and high-fat diet induced insulin-resistance, lipid peroxidation and tissues
dysfunction in rats. Material and Method: Females albino Wistar rats were divided into six groups (n=5) as control, Insulin
resistance rats (IR), IR+Po, IR+Am, IR+Po+Am and IR+Met groups. Insulin resistance (IR) in rats was induced by diet with a high
fructose (60% fructose) and a high fat diet (60% kcal fat) for 70 days. P. oleracea (Po) and A. malaccensis (Am) methanol extracts
and metformin drugs were supplemented orally (400 mg/kg bw, 200 mg/kg bw, and 300 mg/kg bw), respectively, for four weeks.
Methanol extracts of plants were prepared and phytochemicals were analyzed by standard methods. Blood glucose level, lipids
profile, lipid peroxidation and some biochemical parameters were assessed. Results: Obtained results revealed that IR induction
caused a significant increase in blood glucose, plasma and tissues lipids profile, urea and creatinine concentrations, GOT, GPT,
and ALP activities compared to the control group while total protein concentration was significantly lower. Additionally, there
was a significant increase of MDA level in IR group than those of the control. Methanol extracts of P. oleracea and A. malaccensis
treatment ensured a partial correction of the previous parameters. Conclusions: The results of the present investigation indicated that P. oleracea and A. malaccensis possesses the ability to control the lipid peroxidation and biochemical disruption associated with insulin resistance.

Keywords: A. malaccensis, High Fructose Diet, Insulin-resistance, P. oleracea, Rats.

Introduction
Insulin resistance is a common feature of
metabolic diseases and is the leading cause of type
2 diabetes (T2D). The prevalence of T2D worldwide is extremely high (8.8% of the world population) and is growing rapidly. In 2015, T2D killed
about 5 million people [1]. The pre-diabetic state
preceding T2D is characterized by obesity, insulin
resistance and as it has been demonstrated during
in the last decade, chronic low-grade inflammation [2], is manifested by a progressive increase in
insulinemia due to a lack of insulin signaling in

target metabolic organs, such as the liver, muscle
and adipose tissue [3]. Insulin resistance can be
broadly defined as insulin-reduced cellular reactivity, characterized by higher insulin levels needed
to maintain peripheral glucose levels [4]. Nutrition
characterizes a lifestyle element that can be measured, and that can directly impact health; consequently, defensive nutrition and weight control
should develop a main focus of consumers and prepared-food providers [5]. Food imbalance is a major
risk factor for many pathologies such as cardiovascular diseases, diabetes and obesity [6]. Oxidative
stress is an important pathogenic mechanism of

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).

Derouiche S et al. The effect of Purslane and Aquilaria malaccensis on insulin-resistance and lipid peroxidation in High-fructose diet Rats

the metabolic syndrome associated with insulin
resistance and plays a crucial role in the pathogenesis of various diseases [7]. Current treatment,
particularly with metformin, does not adequately
address the issue of insulin resistance. Therefore,
it is necessary to search for new agents with better
efficacy and minimal side effects [8]. Since ancient
times, herbs and plants have been used as medicines for many diseases, they are still considered as
the basis of a system of traditional medicine in different cultures [9]. Among these medicinal plants
is Portulaca oleracea which is a traditional vegetable is used by indigenous and tribal peoples in
many countries. It is known to contain many biologically active compounds and is also reported as
a source of many nutritional supplements [10]. On
the other hand, Aquilaria malaccensis is a species
of tropical plants of the family Thymelaeaceae [11].
It is one of the main sources of agar wood, which
provides clues about their pharmacological properties. Indeed, agar wood contains several bioactive compounds that now elegantly support their
use in traditional medicine [12]. Thus, the aim of
this study is to evaluate the modulatory effect of
the methanol extracts of Portulaca oleracea leaves
and the trunk bark of Aquilaria malaccensis against
high fructose and high fat diet induced insulin
resistance metabolic disturbance and lipid peroxidation in rats.

Materials and Methods

the leaves of Portulaca oleracea (P. oleracea) were
harvested in the region of El-Oued “Guemar” in
September 2016. The identity of plant was confirmed by a botanist at the herbarium in the
Department of biology, the University of El Oued.
The bark of A. malaccensis and leaves of P. oleracea were cleaned, dried in shade, powdered and
then stored in air tight container until the beginning of the experiment.

Preparation of methanol extracts
The crude samples (each 3.75 g) were
extracted by shaking with 25 ml of aqueous methanol (70:30) at 25 ° C for 48 h and filtered through
filter paper. The residues were re-extracted with
an additional 18.75 ml of aqueous methanol, as
described above, for 3 hours. After extraction,
the solvents were removed under low temperature (40 ° C) using a rotary evaporator.

Chemical characterization
Phytochemical Screening
Phytochemical tests were performed
on extracts prepared from the plant by qualitative characterization techniques using standard
screening test and phytochemical procedures.

Drugs and chemicals

Estimation of Total Phenol

Metformin was supplied in the form of
tablets (Metformine Zentiva tablets, SAIDAL
Group, Algiers, Algeria) and is given as a suspension in distilled water. Fructose was supplied
as powder (Biomax, Specialized Food Industry,
Algiers, Algeria). All other chemicals used in this
study are of fine analytical grade.

The polyphenols were determined by the
Folin-Ciocalteu method. This method, initially
described by Slinkard and Singleton [13], makes
it possible to know the total polyphenolic content
of a given sample. The sample of the methanol
extract of A. malaccensis or P. oleracea (0.5 ml)
and 2 ml of sodium carbonate (75 g/l) were added
to 2.5 ml of 10% (v/v) Folin- Ciocalteau with gallic
acid as standard. After 30 min of reaction at room
temperature, the absorbance was measured at
765 nm. The tests were carried out three times in
order to ensure the reproducibility of the results.
The total phenolic content was expressed in mg
equivalent of gallic acid per gram of sample.

Plant material
The plants used in this study are the bark
trunk of Aquilaria malaccensis (A. malaccensis)
which were purchased from the local market and
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Estimation of Total Flavonoids
Determination of the total flavonoid
content of the methanol extract of A. malaccensis and P. oleracea was carried out by the method
described by Lin and Tang [14]. 0.5 ml of a 2%
AlCl3–ethanol solution was added to 0.5 ml of
sample or standard. After 1 hour at room temperature, the absorbance was measured at 420
nm. Quercetin was used as a standard for plotting
the calibration curve. The tests were carried out
three times in order to ensure the reproducibility
of the results. The results were expressed in milligram equivalent to Quercetin per gram of sample.

In-vivo study
Animals and treatment
Adult female albino rats (aged between
8–10 weeks), weighing 200–270 g, were taken from
the animal house of Pasteur institute, Algeria.
They were placed in six groups of five rats each
and kept in animal house of Molecular and cellular
biology Department, University of El Oued, Algeria. Animals were adapted for two weeks under the
same laboratory conditions with a relative humidity 64.5% and room temperature of 25 ± 2 C°. After
acclimation period, the rats were fed with either a
high fructose diet, which is composed of 60% fructose (substituted for carbohydrates in the standard
laboratory diet) and a high fat diet (60% kcal fat,
20% kcal carbohydrates, 20% kcal protein) (HFFD),
or a normal chow diet (10% kcal fat, 70% kcal carbohydrates, 20% kcal protein) for 70 days. Mice
were kept on a photoperiod (12 hr light/12 hr dark)
and were fed ad libitum. After 60 days of feeding,
the HFFD fed rats showed obvious phenotypes of
insulin resistance (IR) compared to the normal
diet control group. We then randomly divided
them into six groups each containing five rats.
Group 1 (control group): animals were given normal diet served as control.
Group 2 (IR): insulin resistance rats were given
HFFD diet.
Group 3 (IR+Po): Insulin resistance rats were
given normal diet plus methanol extracts
© 2020 The Authors

of P. oleracea (400 mg kg–1 d-1) administered
orally.
Group 4 (IR+Am): Insulin resistance rats were
given HFFD diet plus methanol extracts
of A. malaccensis (200 mg. kg–1 .d–1) administered orally.
Group 5 (IR+Po+Am): Insulin resistance rats
were given HFFD diet plus both methanol
extracts of P. oleracea and A. malaccensis
administered orally.
Group 6 (IR+Met): Insulin resistance rats were
given HFFD diet plus Metformine (300
mg.kg–1. d–1) administered orally.
Animals were maintained in the appropriate experimental treatments for 30 days. Body
weight was recorded regularly. The experimental procedures were carried out according to the
National Institute of Health Guide-lines for Animal Care and approved by the Ethics Committee
of our Institution.

Blood collection and preparation of tissue samples
At the end of treatment, rats were fasted
for 16 hours, anaesthetized with chloroform by
inhalation, then rats were decapitated and blood
samples were transferred into ice cold centrifuge
tubes. The serum was prepared by centrifugation,
for 10 min at 3000 revolutions/min and utilized for
triglyceride, total cholesterol, HDL, urea, protein,
creatinine concentrations and GOT, GPT, and ALP
activities assays. The blood glucose was measured
by glucometer. Absolute liver and kidney weight
was determined while liver, kidney, and pancreas
were rapidly excised, weighed and stored at – 20°C
for lipid peroxidation analysis.

Measurement of biochemical parameters
The activities of glutamate-oxaloacetate transaminase (GOT), glutamate pyruvate
transaminase (GPT), alkaline phosphatase
(ALP) were determined using commercial
kits from Spinreact (Girona, Spain), triglyceride (TG), total cholesterol (TC), high density
lipoprotein (HDL), total proteins, urea, and
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creatinine concentrations were also measured
using commercial kits obtained from Spinreact
(Girona, Spain).

by the Student t-test to compare means among
the groups. Differences were considered statically significant at p<0.05.

Lipid peroxidation measurement

Results

Preparation of homogenates

Phytochemical screening, Phenolic and Flavonoid
Compounds

1g of liver, kidney or pancreas was
homogenized in 9 ml of buffer solution (phosphate buffer saline, pH=7.4). Homogenates were
centrifuged at 9000xg for 15 min at 4°C, and the
obtained supernatant was used for the determination of MDA parameter.

Estimation of Malondialdehyde (MDA) levels
Lipid peroxidation process was determined in supernatant of homogenate liver, kidney and pancreas tissues by the thiobarbituric
acid (TBA) method which estimates the malondialdehyde formation (MDA) according to Sastre
et al. (2000) [15]. Absorbance of TBA-MDA complex was determined at 530 nm and the level of
hepatic MDA was expressed as µmoL/mg protein.

Statistical Analysis
The present data was reported as Mean ±
SEM. The significance of differences was calculated by using 1-way analysis of variance followed

The results of phytochemical tests of various extracts which are presented in table 1 clearly
show that the extracts of P. oleracea and A. malaccensis are rich in secondary metabolites including
flavonoids tannins and saponins. From the results
of quantitative analysis shown in Table 1, it was
noted that the content of phenolic compound in the
methanol extract of P. oleracea and A. malaccensis
was very important which has 6.22 mg and 2.60 mg
GAE per g of dry extract of each plant respectively.
Similarly, Table 1 shows that the flavonoid content
in A. malaccensis and P. oleracea extract is important, which has 0.255 and 0.528 mg QE per g of the
dry extract of each plant, respectively.

Initial body weight, body weight gain and relative weight
of liver and kidney
Our results (Fig 1) show that the induction of insulin resistance causes a significant
increase (p<0.01) of weight gain in rats compared
to the control group. On the other hand, a significant decrease in weight gain is noticed in IR +Po

Table 1: Qualitative and quantitative analysis of phytochemical composition of
methanol extract of P. oleracea and A. malaccensis (+ presence)
P. oleracea

A. malaccensis

Flavonoids

+

+

Tannins

+

+

Alkaloids

+

+

Saponines

+

+

Glycosides

+

+

6.226±0.189

2.609±0.094

0.255±0.011

0.528±0.007

Compounds

Qualitative
Analysis

Quantitative
Analysis
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Total phenolic
(mg GAE/g extract)
Flavonoids
(mg QE/g extract)
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Figure 1: Mean body weight gain and relative liver and kidney weight of control and experimental rats. **p<0.01:
significantly different from control group. a p<0.05, b p<0.01: significantly different from IR group.

(p<0.05), IR+ Am (p<0.001), IR +Am+ Po (p<0.01)
and IR +Met (p<0.01) groups compared to the
IR group (Table 3). The results obtained show a
significant increase in the relative liver weight
(p<0.01) in the IR group compared to the control group, but no change in the relative kidney
weight. Treatment with P. oleracea and A. malaccensis extracts or both completely improves this
anomaly compared to the IR group.

Blood biochemical values
As seen from Table 2, blood glucose
level and serum lipid concentration was significantly altered which increased the level of glucose (p<0.01), cholesterol, triglycerides (p<0.001),
low density lipoprotein (LDL) (p<0.01), very
low density lipoprotein (VLDL) (p<0.001) liver

triglycerides (p<0.01), liver cholesterol (p< 0.001),
adipocytes triglycerides (p<0.001) and Adipocytes
cholesterol (p<0.05) at the end of the treatment
period in IR animals as compared to normal animals. Moreover, the results obtained show that
there is a significant improvement in the blood
glucose level, serum and tissues triglyceride, cholesterol, VLDL and LDL concentrations in the rats
treated with extract of P. oleracea (Po), A. malaccensis (Am), Po + Am and Metformin (Met) compared
to IR group while only treatment significantly
increases the HDL level compared to the IR group.

Liver and renal function markers
As indicated in Table 3, insulin resistance induced a renal dysfunction with a significant (p<0.05) increase in urea and creatinine

Table 2: Mean blood glucose and lipid profile in serum and tissues of control and experimental rats.
Control

IR

IR +Po

IR+ Am

IR +Am+
Po

IR +Met

101±2

182±4***

109±9.1b

109±8.2b

115±1.3*b

117±1.2**b

Serum TG (mg/dl)

83.5±6.4

177.2±4.5**

104±6. 49c

64.25±8.28c

73.50±5.42c

71.50±5.32c

Serum TC (mg/dl)

54.2±4.3

83.5±2.2**

51.7±2.2b

52.0±1.2b

54.7±1.9b

53.0±5.3b

Serum HDL (mg/dl)

17.6±0.8

15.1± 1*

17.0±0.2b

17.4±0.5b

16.4±0.9*

16.7±0.7

Serum LDL (mg/dl)

16.2±1.6

29.4±1.5 ***

15.6±2.8c

19.2±2.1c

19.5±0.03.5c

20.4±2.2*c

Serum VLDL (mg/dl)

16.7±1.3

35.44±0.9**

20.8±1.29c

12.85±1.65c

14.7±1.08c

14.3±1.06c

Liver TG (mg/g tissue)

5.13±0.27

9.18±0.27**

6.03±0.36

5.13±0.09c

5.76±0.27b

6.21±0.27*b

Liver CHL (mg/g tissue)

5.22±0.09

7.74±0.26***

5.76±0.18a

4.95±0.25b

5.85±0.17*b

6.39±0.18*a

10±0.8

50.8±2.9***

38.6±3.5***a

35.46±1.9***b

37.3±1.2***a

37.5±0.6***a

1.62±0.09

2. 88±0.16*

2.16±0.054a

1.80±0.09b

2.43±0.18*

2.25±0.09*

Groups
Blood Glucose (mg/dl)

Adipocytes TG (mg/g tissue)
Adipocytes CHL (mg/g tissue)

Data is expressed as Mean ± SEM, (n=5 animals/group).
*p<0.05, **p<0.01, ***p<0.001: significantly different from Normal group.
a
p<0.05, bp<0.01, cp<0.001: significantly different from IR group
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concentration and a significant decrease (p<0, 01)
of total protein concentration in rats of IR group
compared to controls. On the other hand, treatment with the methanol extract of P. oleracea (Po),
A. malaccensis (Am) or Po+Am corrects these disturbances compared to the untreated IR rats. For
liver function markers, the results showed a significant (p<0.05) increase in transaminases activities (GOT and GPT) and alkaline phosphatase in IR
group compared to control. In contrast, a significant decrease (p<0.05) of GOT and GPT activities
was reported under the effect of treatment with
extract of P. oleracea (Po) or A. malaccensis (Am)
and a decrease in ALP and GOT activities in the
group treated with Po + Am compared to untreated
IR rats. Regarding treatment with metformin,
results didn’t notice any significant improvement
in liver function in comparison with the IR group.

Lipid peroxidation marker
The obtained results (Fig. 2) showed
a significant increase (p<0.05) of lipid peroxidation in the liver, kidneys and pancreas in

insulin resistance (IR) group. While treatment
with P. oleracea (Po), A. malaccensis (Am) or Por
+ Aq leads to a significant reduction (p<0.05) in
hepatic, renal and pancreatic MDA levels compared to the IR group. Finally, there was only a
significant decrease in pancreatic MDA concentration in the metformin-treated rats compared
to the IR group.

Discussion
The results of the phytochemical analysis revealed that the methanol extract of dry
leaves of Portulaca oleracea and the trunk bark of
Aquilaria malaccensis contains several bioactive
compounds, including polyphenols, saponins,
tannins, alkaloids, and flavonoids. Dietary phytochemicals can act on one or more molecular
targets that relieve multiple pathological processes, including oxidative damage, epigenetic
alterations, chronic inflammation, active stimulators, inhibitors and growth terminators and
prevention of various diseases associated with
oxidative stress [16]. In our study, results showed

Table 3: Mean serum kidney function markers and enzymes activities in control and experimental rats.
Groups

Control

IR

IR +Po

IR+ Am

IR +Am+Po

IR +Met

Serum creatinine (mg/l)

8.3±0.15

10.40±0.47*

8.42±0.35a

8.15±0.22b

7.950±0.290a

7.900±0.10a

Serum urea (g/l)

0.58±0.03

0.87±0.04*

0.66±0.02*a

0.62±0.03b

0.715±0.04*a

0.64±0.05a

Serum protein (mg/l)

46.21±2.18

32.83±0.51**

38.78±1.11b

39.20±1.46b

34.02±1.06*

36.31±0.52*a

Serum ALP (U/l)

38.30±1.30

43.86±1.49*

38.13±2.36**

37.74±1.84

38.96±1.08

39.32±1.57

Serum GOT (U/l)

132.7±1.32

143.89±1.21 *

134.18±2.71

a

131.96±1.24

133.51±3.52

130.34±4.91a

Serum GPT (U/l)

36.42±1.4

53.12±0.9 **

33.06±2.76b

34.63±1.44b

31.16±3.05b

33.30±6.65

a

a

Data is expressed as Mean ± SEM, (n=5 animals/group).
*p<0.05, **p<0.01, ***p<0.001: significantly different from Normal group.
a
p<0.05, bp<0.01, cp<0.001: significantly different from IR group.

Figure 2: Mean MDA level in liver, kidney and pancreas tissues of control and experimental rats. *p<0.05, **p<0.01:
significantly different from control group. a p<0.05, b p<0.01: significantly different from IR group.
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that in rats receiving a high fat diet with high
fructose causes a significant increase in weight
gain and relative liver and kidney weight resulting in an obese phenotype. More consumption
of high energy content nutriments such as fructose and HFD leads to rise in the fat mass and fat
cell expansion [hypertrophy) without changing
food intake, producing the specific pathology
of obesity [17]. Also high proportion of lipids in
food can increase palatability and cause hyperphagia of animals leading to rapid weight gain
[18]. Treatment of insulin-resistant rats with
the methanol extract of P. oleracea and/ A. malaccensis induces a decrease in body weight gain.
The anti-obesity properties of plants can be
exerted according to different modes of action:
by direct effect on food intake by suppressing
appetite and inducing the feeling of satiety, a
reduction of lipid absorption, a reduction of
energy consumption, increased energy expenditure, decreased pre-adipocyte differentiation
and proliferation, decreased energy intake from
the gastrointestinal tract [19]. Our results show
a disruption of lipid and carbohydrate metabolism under the effect of HFFD regime. The
Cafeteria diet also leads to excessive development of adipose tissue which could be due to a
decrease in the ability to oxidize dietary lipids
and enlargement of adipocytes (hypertrophy).
In addition, fat accumulation is regulated by the
lipolysis cycle, lipogenesis [20]. This explains
the high level of triglycerides and cholesterols in
adipose tissue in diet-fed rats (HG + F] compared
with standard diet rats, this is consistent with
the BOCARSLY et al. (2010) study which shows
high fructose content causes characteristics of
obesity in rats, increased body weight and body
fat [21]. In rodents, a high-fructose diet leads to
the development of obesity insulin resistance,
suggesting that fructose is the main mediator of
glucose intolerance and insulin resistance [22].
Fructose has a less inducing mechanism of satiety than glucose / sucrose, and will also decrease
the sensitivity of the liver and peripheral tissues
to insulin which is explained as hyperglycemia
[23]. Treatment with A. malaccensis induces
a reduction in hyperglycemia and dyslipidemia, the anti-hyperglycemic agent and glucose
uptake enhancement activities of methanol
© 2020 The Authors

extracts of A. malaccensis are similar to those of
insulin [24]. In addition, A. malaccensis is rich in
flavonoids which is able to reduce the increase
in blood glucose levels and increase glucose
uptake in rat muscle more effectively than insulin [25]. Our results also showed that treatment
with P. oleracea exerts a hypoglycemic, hypolipedemic effect and significantly reduces weight
gain. The anti-hyperglycemic activity of P. oleracea can be attributed to the presence of polyphenols reported as a major role in the reduction
of diabetes that helps regulate plasma glucose
levels and hepatic glucose metabolism which
could inhibit digestive enzymes such as salivary
amylase, intestinal sucrose and α-glucosidase.
This reduced the action of digestibility and promoted the regeneration of pancreatic β cells and
increase the muscle glucose transporter [26].
The results show hepatic and renal dysfunction
and increase in lipid peroxidation induced by
fructose diet. Liver tissue lesions due to hyperlipidemia impair their transport function and
membrane permeability, leading to enzyme
leakage from cells, therefore, marked release
of GOT and GPT in the circulation indicates
severe damage to hepatic tissue membranes
[27]. Indeed, elevation of creatinine and urea
and decrease in protein may explain the diabetic
nephropathy which is the main determinant of
morbidity and mortality in patients with diabetes. Chronic hyperglycemia is a major initiator
of disruption of renal function [28]. High fructose and HFD has been identified to increase the
tissues mitochondrial reactive oxygen species
(ROS) production. Excessive ROS production
under insulin resistance/hyperglycemic conditions attacks local cell organelles, including
membrane lipids, resulting in lipid peroxidation
[29]. In contrast, treatment with P. oleracea and/
or A. malaccensis shows a significant decrease
in ASAT, ALAT and PAL activities and module
urea and creatinine concentrations compared
to insulin-resistance rats. This protective action
may be due to the improvement of fat accumulation in the liver and a rapid restoration of insulin sensitivity in the liver, at least at an early
stage of hepatic insulin resistance [30]. In fact,
the hypoglycaemic effects of two plants may be
associated with nephroprotection, flavonoids
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having a protective effect on renal dysfunction
in rats which were fed a high fructose diet, by
modulating the pathological pathways induced
insulin resistance.

Conclusion
In conclusion, this study clearly shows that
the Methanol extract of bark A. malaccensis and
leaves of P. oleracea possess the ability to control
the biochemical disruption associated with insulin
resistance, antioxidant action and protective activity on liver, kidney and pancreatic cells, which in
turn will improve the energy metabolism.
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Abstract
Background and Aims: Obesity is a serious and growing healthcare concern worldwide. It is associated with mortality and
co-morbidity. We aimed to determine serum concentrations of 8-hydroxy-2`-deoxyguanosine and their association with bodymass index in healthy individuals. Material and Method: Fifty-nine healthy individuals were recruited from public places in
this cross sectional study. Participants were divided into: obese group and non-obese group. Blood collected; serum and plasma
were prepared. Glucose and glycated hemoglobin were assayed by standard methods using commercial kits. 8-hydroxy-2`-deoxyguanosine was determined by enzyme-linked immunosorbent assay. Data were analyzed using software Statistical Packages for
the Social Sciences. Results: Data showed that median (interquartile levels) of serum 8-hydroxy-2`-deoxyguanosine was significantly higher in the obese subjects in comparison with controls. Moreover, a positive correlation was documented between level
of serum 8-hydroxy-2`-deoxyguanosine and body-mass index in study participants. Conclusions: The study findings suggest
that weight loss for obese individuals could reduce DNA damage and oxidative stress which underlie the pathogenesis of obesity-
associated metabolic disorders.

Keywords: Healthy individuals, Obesity, Oxidative DNA damage, Oxidative stress, Reactive oxygen species.

Background and Aims
Obesity is a serious and growing healthcare concern worldwide [1, 2]. The prevalence of
obesity was 55% in Europe, 46% in Eastern Mediterranean, 26.9% in Africa and 35.7% in USA [3, 4].
Obesity is associated with co-morbidities including: cardiovascular, diabetes mellitus, cancer,
hypertension and metabolic disorders [5]. Moreover, Flegal KM et al., [6] reported that high level
of obesity was associated with increased relative
risks of mortality, which is partially attributed
to increased risk for chronic diseases especially
when obesity starts at an early age [7]. One consequence of obesity is the insulin metabolic dysregulation for free fatty acids and glucose [8].

Cellular respiration and multiple enzyme
systems such as P450 monoxygenase system can
generate reactive radicals [9]. Although the human
body has defense mechanisms against these reactive radicals, sometimes they may not function
optimally and result in oxidative damage, as is
seen in obesity and its associated complications
[10–12]. In obese subjects, oxygen-derived radicals—such as reactive oxygen species (ROS)—and
decreased antioxidants disrupt the redox system
[13, 14]. ROS, oxygen-containing molecules with or
without unpaired electrons, are highly reactive in
tissues [15]. They oxidize macromolecules like lipids, proteins and DNA [11]. Thus, oxidative damage markers can be identified: malondialdehyde
for lipid peroxidation; advanced glycosylated end
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products for protein oxidative modification; and
8-hydroxy-2’-deoxyguoanosine (8-OHdG) for oxidatively modified products of DNA [16]. Different
forms of DNA damage in human include: single
strand breaks, double strand breaks, mis-pairing,
and base modification [17]. An example of the latter is 8-OHdG, which is an oxidized purine base
in DNA [18]. It is a sensitive biomarker for oxidative DNA damage [19]. Researchers documented
increased concentration of 8-OHdG in different
human specimens in many diseases including diabetes, cardiovascular, cancer etc [20].
Despite the huge literature of studying
8-OHdG in obesity associated co-morbidities, limited number of studies explored 8-OHdG in healthy
obese subjects. Herein, we hypothesized that obese
healthy individuals have increased serum 8-OHdG
than non-obese subjects. Therefore, the study
aims to determine serum 8-OHdG in healthy obese
individuals in comparison with non-obese healthy
individuals. We will also examine the relationship between 8-OHdG and body mass index (BMI)
among healthy obese individuals.

Materials and Methods
Study Design and participants
In this cross sectional study, fifty-nine
healthy individuals were recruited from public
places. Based on World Health Organization criteria of obesity [21], participants were further
divided into two group: obese group and nonobese group. The study excluded participants
who reported they had chronic diseases such as:
diabetes mellitus, hypertension, or cardiovascular disease. In addition, random blood glucose
levels <11.1 mmol/l and glycated hemoglobin
(HbA1c) <5.5% were considered as confirmatory
criteria to enroll participants in the study.

Laboratory, anthropometric and clinical data collection
Body weight and height were measured for each participant. BMI was calculated
as body weight (kilogram) divided by height
(meter) squared. Participants with BMI ≥30 Kg/
© 2020 The Authors

m2 were classified as obese while those with BMI
<30 Kg/m2 were considered as non-obese.
After verbal consent, each participant
agreed to give blood samples in plain and heparinized vacutainers. Blood samples in vacutainers was allowed to clot, then centrifuged at 3000
rpm for 15 minutes to get serum. While blood in
heparinized vacutainers was spun at 3000 rpm
for 10 minutes to get plasma.
We used commercial kit manufactured
by Human Diagnostics, Wiesbaden, Germany
for measurement of blood glucose. The principle is based on Glucose oxidase-glucose peroxidase method. Kits based on immunoturbidmetric
method were used to assay HbA1c. They were purchased from Vital Diagnostic, Italy. The serum
levels of 8-OHdG were determined by using a
competitive enzyme-linked immunosorbent
assay kit which was obtained from the Northwest
Life Science Specialties, U.S.A

Statistical Analysis
IBM SPSS statistics (version 23) software
was used to analyze data. Variables were compared with the normal distribution using the
skewness/kurtosis measures. Nonparametric
methods were applied when data were not normally distributed. Descriptive statistics (mean ±
standard deviation or number (percentage)
were used for continuous or categorical variable
respectively. In addition, level of 8-OHdG was
expressed as median (interquartile) and mean ±
standard deviation.
Differences between the two groups
(obese vs. non-obese) were compared using chi
square, unpaired t-test or the Mann-Whitney
U-test where appropriate. Spearman correlation
test was performed to examine the relationship
BMI and 8-OHdG. We considered results to be significant at p<0.05.

Ethical Consideration
The study was conducted in accordance
with the Declaration of Helsinki. After thorough explanation of the goals of the study, each
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participant gave verbal consent. Participation
was voluntary and confidentiality of all participants was maintained as no names were
requested.

Results

Measurement of 8-OHdG in study participants
Table 2 shows that the median (interquartile levels) of 8-OHdG was significantly higher in
the obese group compared to controls (p<0.05).

Relation between BMI and 8-OHdG in study participants

Characteristics & Laboratory investigations of
study participants
Data show no significant difference in
the gender, age, education, and smoking status
(p>0.05) between the two groups. Although not
significant, apparently male represented the
majority of non-obese group while female did in
obese group. All participants in both groups had
blood glucose level and HbA1c within normal
range (Table 1).

Spearman correlation analysis shows
that BMI and 8-OHdG were significantly and positively correlated (r= 0.266, p=0.045) (Fig 1).

Discussion
Normal cellular metabolism as well as
pathophysiological process could result in production of oxidant species [22]. Oxidative damage

Table 1: Summarizes data for characteristics of the study participants.
Variable

Obese (n=23)

Non-obese (n=36)

p-value

Male, n (%)

9 (39.1)

21 (58.3)

0.150

Age, years

46.8±9.1

42.8±11.6

0.159

Weight, Kg

87.0±14.9

67.2±9.3

0.000*

Height, cm

153.4±20.5

163.8±7.1

0.007*

BMI, kg/m2

35.7±6.1

25.7±2.4

0.000*

Education,
University or high
Illiterate

6 (26.1)
8 (34.8)

16 (44.4)
10 (27.8)

0.276

Smoking, n (%)

5 (21.7)

5 (13.9)

0.433

Blood glucose, mmol/l

5.22±0.40

5.74±0.34

0.349

Hb A1c, %

4.7±0.30

5.2±0.24

0.201

Data are represented as mean± SD or number (%)
BMI: Body mass index; HbA1c: glycosylated hemoglobin

Table 2: Comparison of serum 8-OHdG levels between obese and non-obese groups.
Obese

8OHdG (ng/ml)

Non-obese

Means ± SD

Median (IQR)

Means ± SD

Median (IQR)

0.638±0.10*

0.51 (0.32–0.71)**

0.405±0.05

0.325 (0.19–0.49)

Data presented as mean ± SD, median (IQR).
8-OHdG: 8-hydroxy-2`-deoxyguanosine; IQR: interquartile range.
* p=0.025* , ** p= 0.023
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Figure 1: Positive correlation between level of serum 8-OHdG (ng/ml) and BMI (Kg/m2) in all participants
(r = 0.266*, p = 0.045)

to DNA is the most critical modification compared to other cellular biomolecules notably: proteins and lipids [23]. 8-OHdG is a DNA guanine
residue modification produced by ROS [24].
We have shown here that the median
(interquartile levels) of serum 8-OHdG was significantly higher in the obese subjects in comparison with controls (p<0.05). Moreover, data from
present study show a statistically significant positive correlation between level of serum 8-OHdG
(ng/ml) and BMI (Kg/m2) in study participants.
Obesity is a multifactorial complex progressive disorder that characterized by excessive
fat accumulation as a result of surplus caloric
intake or sedentary lifestyle [25]. In obese individuals, the adipose tissue is a source for ROS
that released into peripheral blood [26]. The
increased release of free fatty acids from over-accumulated fat leads to activation of NADPH
© 2020 The Authors

oxidase in adipocytes and ultimately in ROS production. NAD phosphate (NADPH) oxidase is an
enzyme involved in nutrient-based ROS generation [27]. Direct reaction of ROS with DNA produces a multiplicity of modifications of base and
sugar in DNA which if left unrepaired, can lead
to diseases [28, 29]. Also, the DNA damage could
induce inflammation in visceral adipose tissue
which result in development of systemic insulin
resistance and lipids dysregulation that accelerate various disease states in individuals with obesity [30]. In support for this approach, Dandona P
et al., reported significant reduction in ROS and
oxidative stress occurred in nondiabetic obese
subjects after short period of dietary restriction
and weight loss [31].
In agreement with our results, a
study reported a significant increase in serum
8-OHdG in obese subjects (848.5G103 pg/ml;
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p<0.001) compared with the lean subjects
(196.5G327 pg/ml) [32]. Another study reported
that patients with obesity present increased concentrations of oxidative stress by-products such
8-oxo-7,8-dihydro-2’-deoxyguanosine, which is
DNA oxidized and highly mutagenic base [33]. In
support to these findings, two studies reported
high level of mean DNA damage (measured by
the comet assay) in obese women compared with
non-obese women [34, 35].
Interestingly, Kocael A et al [36] reported
significantly (p<0.001) decreased levels of serum
8-OHdG in morbidly obese adults (BMI>40 Kg/m2)
after six months of bariatric surgery which concurrent with efficient weight loss. Authors concluded that the systemic oxidative DNA damage
was increased by the morbid obesity in spite that
pre- and postoperative serum levels did not correlate with their corresponding weight and
BMI. Another study reported increased serum
8-oxo-deoxyguanosine in morbid obese patients
when compared to controls and after one year of
bariatric surgery [37].
In contrary to our findings, Donmez-
Altuntas H et al., [38] reported that plasma concentrations of 8-OHdG in obese subjects were
lower compared with normal weight controls
(p<0.05). In addition, authors did not observe
significant correlation between plasma concentrations of 8-OHdG and BMI (p>0.05). They
attributed their findings to efficient repair of the
8-OHdG lesions by base-excision repair pathway.
Also, Sakano et al., [39] reported that urinary
8-OHdG was negatively associated with BMI in
healthy Japanese subjects.
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Abstract
Insertion deletion (I/D) polymorphism (rs4646994) in the angiotensin-converting enzyme (ACE) has a substantial effect on Coronary Heart Disease (CHD). The objective of this study was to investigate the association between the ACE gene polymorphism
and CHD in Iraqi patients with and without Type-2 Diabetes Mellitus (T2DM). The amplification of an Alu repetitive element
in an intron of the ACE has shown three potential genotypes of I/I and D/D as homozygous, and I/D as heterozygous. A total of
217 individuals participated in this study, and they were divided into three groups; Group 1 included 86 patients who had CHD
with T2DM, Group 2 included 78 patients who had CHD without T2DM, and Group 3 included 53 age and sex-matched healthy
individuals (as a control group). Genotyping of ACE (I/D) gene was performed using polymerase chain reaction (PCR) technique.
Our data showed a significantly high D/D genotype frequency in the ACE in CHD patients compared to the healthy individuals
(OR=4.39, CI 1.57223–12.2749, P<0.0048), whereas I/D genotype was not affected (OR=1.1009, CI 0.5540–2.1878). This suggested
that the D/D genotype is an independent risk factor for CHD in Iraqi patients with and without T2DM. We concluded that the D/D
genotype is implicated as a risk factor for CHD patients, in the Iraqi population. However, a larger sample size is needed to monitor the CHD patients and validate this study.

Keywords: Angiotensin converting enzyme, Coronary heart disease, Ischemic heart disease 2 Diabetes M
 ellitus.

Introduction
In coronary heart disease (CHD), fat
accumulates at the end of the atrium due to an
unusual metabolism of this substance. These
precipitated fats cause reduction of the arteries’
cavity, retarded blood flow, and consequently
leads to ischemic heart failure along with clinical symptoms such as angina. Because of the
high morbidity and death rate, CHD has become
one of the most dangerous cardiovascular diseases threatening people’s lives [1, 2]. Approximately, one third or more of all deaths in people

of 35 years old and older are due to this disease
[3]. The most common cause of ischemia is atherosclerosis, which is the consequence of dyslipidemia, causing a local decrease in blood-flow
through the heart muscle, as well as insufficient
heart muscle perfusion provided by the coronary
artery [4]. It occurs to individuals of all ages, but
is more common in the elderly, with males being
more susceptible than females. However, other
common risk factors are smoking, family history, high blood pressure, excessive weight gain,
diabetes, high alcohol consumption, little or no
exercise, stress, and high blood fat [5]. Symptom
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of Ischemic Heart Disease (IHD) includes angina
(severe chest pain during exertion) and heart
palpitation due to decrease or lack of exercise.
Diagnosis of the IHD is done through an electrocardiogram, cardiac stress test, blood tests,
or coronary angiography. For symptomatic
patients, a stress echocardiogram is used to diagnose obstructive coronary artery disease [6]. The
patient’s age, gender, coronary risk factors, and
the nature of chest pain are also important factors that determine the risk of CHD and facilitate
the diagnosis. Hence, the ECG exercise test is a
diagnostic test that needs to be performed accurately [7]. Partial or complete blocked arteries
cause angina or heart attack, respectively, due
to the gradual death of heart cells [8]. The actual
numbers of these anomalies vary from one country to other [9]. Each year, approximately 790,000
adults suffer from myocardial infarction (MI),
and 210,000 of them suffer from frequent heart
attacks [10]. Somatic angiotensin-I converting
enzyme (sACE) plays an essential role in regulating the blood pressure and electrolyte fluid
balance. It is a zinc protease that cleaves angiotensin-I (AngI), bradykinin, and a large group of
other signal peptides [11]. The ACE is expressed in
cells in the bone marrow and encoded angiotensin-converting enzyme (ACE). It converts angiotensin I to angiotensin II active peptide, leading
to increased hematopoietic stem cells [12]. Single
nucleotide polymorphisms (SNPs) of renin-angiotensin system (RAS) genes such as ACE, has
been shown to be linked strongly to cardiovascular disease (CVD) [13]. In CVD, one of the most
extensively studied genes was the ACE and I/D
polymorphism of ACE gene that strongly associated with the ACE activity [14].

Materials & Methods
Subjects
This study was designed as a case-control
survey comprising of 217 male subjects classified
into three groups. The group I had 86 patients
who had IHD with T2DM, the group II had 78
patients having IHD without T2DM, and the
group III had 53 apparently-healthy individuals
© 2020 The Authors

without any diseases, which were used as a
control group. Samples were collected from
Al-Hussein Medical City, Kerbala from December
1/2018 to July 31/2019. The biochemical parameter determinations and genetic analysis were
performed in the Department of Biochemistry, College of Medicine, University of Kerbala
and Laboratory of Al-Hussein Medical City. The
exclusion criteria were: (1) Female; (2) Type 1
diabetes mellitus; (3) Patients treated with catheterization; (4) Children. The inclusion criteria
were as follows: (1) The selected patients diagnosed with one of the following diseases: myocardial infarction (MI) with T2DM, MI without
T2DM, unstable angina with T2DM, unstable
angina without T2DM; (2) Adult male patients;
(3) Before performing catheterization; (4) With
or without risk factor: smoking, family history,
hypertension and T2DM. Informed consent was
taken from all subjects according to the Ethical Committee of the Kerbala Medical College,
who approved the study. Blood was drawn (5 ml)
through vein puncture from all participants. The
collected blood was divided into three parts: (1)
One milliliter of blood used for molecular analysis (DNA extraction), was collected in the EDTA
containing tube, (2) One milliliter used for HbA1c
analysis in the EDTA containing tube, (3) Three
milliliters of blood collected in a gel tube for biochemical analysis.

The ACE (I/D) polymorphism (rs4646994) detection by
polymerase chain reaction
DNA was extracted from the blood samples by the genomic DNA extraction Kit (Geneaid
Biotech Ltd., UK), according to the manufacturers’ protocol. Concentration and purity of isolated DNA was measured by a BioDrop (UK). The
existence of the I and D alleles of the ACE was
detected by PCR, according to the essay described
by Zmorzynski et al. [12)] The sequence of forward primer was 5’-CTG GAG ACC ACT CCC ATC
CTT TCT-3’, and the reverse primer was 5’-GAT
GTG GCC ATC ACA TTC GTC AGAT-3’. PCR reaction was performed with 100 ng DNA in a final
volume of 25 μl, containing 12.5 μl mastermix
(Promega, Madison, WI, USA), 1 μl of each primer
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(10 pmol). The PCR program for determining the
genotype of the ACE (I/D) (rs4646994) was done in
a thermal cycler (Biometra, Germany), with 95°C
initial denaturation for 5 minutes, and 35 cycles
of denaturation at 95°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C
for 40 seconds, and finally, one cycle at 72°C for 5
minutes. Lastly, 7 μl of amplicon was separated
by electrophoresis on a 2% agarose gel, containing safe stain and finally visualized by a transilluminator. The I allele manifested as a 490 bp band,
while the D allele was seen as a 190 bp band of
DNA, but I/D genotype, illustrated as two bands,
appeared at 490 bp and 190 bp as demonstrated in
Figure 1.
D/D genotype showed a single band with
190 bp, lane 2,4,7 homozygous; I/I genotype had a
single band with 490 bp, lane 1,3,5,9 homozygous;
and I/D genotype demonstrated two bands 190
and 490 bp, lane 6, 8 heterozygous; L is the indicated ladder.

Statistical analysis
A student t-test was applied to biochemical variables, in comparison with IHD patients
with polymorphism, and Chi-square test for categorical variables, using SPSS v.25. Fischer’s exact
test was used to assess the relationship of the ACE
I/D polymorphism with the risk factor. Also,
the quantitative information was shown as the
frequency or percentage values. Online website
(https://wpcalc.com/en/equilibrium-hardy-weinberg/) was used to evaluate the Hardy-Weinberg

equilibrium (HWE) and the Chi square test was
performed for determining the genotype frequencies in all groups. The statistical significance was considered at p<0.05. The analysis of
variance (ANOVA) was performed to analyze the
lipid profile parameters.

Results
164 males with CHD, with and without
T2DM, participated in the study, with a mean age
of 55.5 years, and 53 healthy individuals with a
mean age 46.5 years were considered as a control
group. Clinical characteristics at the time of diagnosis are listed in Table 1. All 217 individuals were
examined successfully for genotype analysis in
this work. The genotype frequencies of all groups
were confirmed by HWE test, as I/I, I/D and D/D
polymorphism in controls were 54.7%, 36% and
9.5% respectively and along with CHD, in T2DM
patients, were 52%, 16.3% and 31.4% respectively,
while CHD without T2DM were 84.6, 2.56, and
12.8, respectively, as shown in Table 2. No statistical significance was observed in allele frequency
between control and CHD patients’ groups. The
allele frequencies for both groups are listed in
Table 3. The frequency of I allele appeared higher
than D allele in both groups. In addition, an
association between CHD with T2DM and D/D
genotype was observed; OR =4.3932; p<0.0048 as
shown in Table 4. Furthermore, an association
between CHD without T2DM and I/D genotype
was shown; OR= 0.046; p<0.0001 as presented in
Table 5.

Figure 1: Genotypes of the ACE polymorphism (I/I, I/D and D/D)(rs4646994).
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Table 1: The characteristics of CHD patients and control group participated in the study.
I/I homozygous

I/D heterozygous

D/D homozygous

Control
Male (N)

53

29

19

5

Age (year)

47

43

49

59

Cholesterol mg/dL

143±30.5

134.99±33.7

154.1±22.8

149.37±25.67

TG mg/dL

77.6±16.9

78.15±17

77.889±16.75

73.3±220.3

HDL mg/dL

38±3

38.4±12.3

37.8±10.1

39.7±16.65

LDL mg/dL

92±3174

9.41±34.11

88.89±31.2

101.5±20.5

15.52±3.4

15.63±33.4

15.6±3.35

14.67±4.1

VLDL mg/dL

CHD with T2DM
Male (N)

86

45

14

27

Age (year)

57

54

69

66

Cholesterol (mg/dL)

176.6±44.3

188.2±45.9

148.7±33.6

171.8±40.1

TG (mg/dL)

187.26±12

201.5±91.8

125.4±19.4

195.6±83.6

HDL (mg/dL)

38.4±12.2

37.47±12.2

46.6±9.7

35.9±12.1

LDL (mg/dL)

135.2±33.84

137.88±33

141±37.6

127.6±33.16

31.4±11

34±13

25.47±5.7

30.2±7.8

VLDL (mg/dL)

CHD without T2DM
Male (N)

78

66

2

10

Age (year)

54

55

63

47

Cholesterol (mg/dL)

162.4±24.5

165.45±24.2

144.5±12.1

145.9±21.1

TG (mg/dL)

162.4±72.4

174±72.7

99.5±1.4

98.8±17.2

HDL (mg/dL)

34.7±6.2

34.9±6.22

31.8±4.3

34.2±6.5

LDL (mg/dL)

141.6±49.2

148±48.7

93±29.2

109.8±39.4

VLDL (mg/dL)

34.3±14.5

36.8±14.31

21.4±2

20.5±3.7

Furthermore, the biochemical parameters were assessed in the control group, in addition to both groups of CHD patients, with and
without T2DM, as demonstrated in table 6.

Discussion
Coronary heart disease is the most common polygenic disease that includes complex
interactions between genes and several biochemical risk factors, making it the leading cause of
death in many countries [15]. RAS has been recognized as a significant pathway for regulation
of blood pressure, in addition to kidney function
[16]. Therefore, the main aim of this study was
© 2020 The Authors

to investigate the association between the ACE
gene polymorphism and CHD in Iraqi patients,
with and without T2DM. According to the World
Health Organization (WHO), CHD represents
the first cause of death in Iraq with 18.5% of total
deaths. An extensive study suggested that polymorphisms in the constituents of RAS are significant in the development and consequences
of CHD, within T2DM populations [17, 18], in
addition to their role in atherosclerotic disease
and related vascular complications [19]. The
variation of ACE I/D in the intron 16 was shown
to be implicated in the risk of CHD, and the frequency of allele deletion (DD) has been found to
be higher in CHD with T2DM patients, relative
to those carry I/I or I/D alleles (OR=3.48, p<0.02;
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Table 2: The Hardy-Weinberg equilibrium for the ACE (I/D) polymorphism (rs4646994) in CHD patients
and control groups, according to the expected and observed values
I/I

I/D

D/D

Total (N)

HWE p-Value & X2

Observed

29 (54.7)

19 (36)

5 (9.5)

53

0.47

Expected

28

21

4

rs4646994
Control

MAF

0.51

0.27

CHD with T2DM
Observed

45 (52)

14 (16.3)

27 (31.4)

Expected

31.4

41.1

13.4

MAF

0.4
66 (84.6)

2 (2.56)

10 (12.8)

Expected

57.6

18.9

1.6

MAF

0.14

86

0.0001
37.41

CHD without T2DM
Observed (%)

78

0.0001
62.364

SNP exact test for Hardy-Weinberg equilibrium (n=217)

All Subjects

N I/I

N I/D

N D/D

NI

ND

p-Value

140

35

42

315

119

<0.0001

MAF: Minor allele frequency

Table 3: The comparison of the ACE I/D allele frequencies among CHD patients and control groups
Control N (%)
Total N=53

CHD Patients N (%)
Total N=164

p-value

I

77 (72.6)

238 (72.5)

0.9871

D

29 (27.4)

90 (27.4)

Total

106 (100)

328 (100)

Allele

OR=4.39, p<0.0048, respectively). No statistical
significance was observed for those who have
CHD without T2DM (OR=0.878, p<0.8; OR=1.4, p
value<0.55, respectively). The ACE allele frequencies in the healthy subjects were 72.6% for the
I allele and 27.4% for the D allele, while the frequencies in the CHD group were 72.5% and 27.4%
for the I and D alleles, respectively. Our results
are consistent with other studies related to polymorphism at the same position [20, 21], whereas,
Turkish and Gaza studies are not in line with our
results [18, 22]. The main reasons are differences
in both cases and healthy groups’ selection criteria, such as age, BMI, hypertension and others,
in addition to the risk of heritable factors in the
investigated samples, bewildered by the little
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information of parameters used. The usual factors like diabetes, obesity, and dyslipidemia have
been reported in relation to the ACE gene in many
issues [23]. Both, metabolic process and genetic
factors, are appearing to be linked to severity,
and susceptibility to, CHD [17]. In low- and middle-income countries, CHD deaths accounted for
80% of all deaths [24].
In general, the increase in age is associated with abnormalities in many arteries as
there are a number of age-dependent changes in
the structural components of the artery, which
will lead to an increase in the number of elderly
patients with heart disease [25]. Our results are
in alignment with previous studies that reported
on lipid metabolism disorders, suggesting an
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Table 4: The association between the ACE (I/D) genotypes and the risk of CHD with T2DM
Control
N= 53

CHD with T2DM
N= 86

OR
(95% CI)

II

29

45

1.00

ID

19

14

0.4749
0.2064 to 1.0926

0.0798

DD

5

27

3.4800
1.2029–0.0675

0.0214

24

41

1.1009
0.5540–2.1878

0.7838

II+ID

48

59

1.00

DD

5

27

4.3932
1.57231–2.2749

II+DD

34

72

1.00

ID

19

14

0.3480
0.1561–0.7758

Genotype

p value

Co-dominant

Dominant
ID+DD
Recessive
0.0048

Over dominant
0.0099

Table 5: The association between the ACE I/D genotypes and risk of CHD without T2DM
Control
N=53

CHD without T2DM
N= 78

OR
(95% CI)

II

29

66

1.00

ID

19

2

0.046
0.0101–0.2117

0.0001

DD

5

10

0.8788
0.2758–2.8003

0.8270

24

12

0.2197
0.0969–0.4984

0.0003

II+ID

48

68

1.00

DD

5

10

1.4118
0.4536–4.3938

II+DD

34

76

1.00

ID

19

2

0.0471
0.0104–0.2136

Genotype

P value

Co-dominant

Dominant
ID+DD
Recessive
0.5516

Over dominant

© 2020 The Authors
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Table 6: Biochemical characteristics of control and CHD with and without T2DM
Parameters

Mean±SE

Group Comparison

P-Value

HDL (mg/dL)

Control

CHD with T2DM

38.3±1.62

CHD without T2DM

.055

CHD without T2DM

.023

Control

CHD with T2DM

.000

92±4.36

CHD without T2DM

.000

CHD without T2DM

.300

Control

CHD with T2DM

.000

15.52±0.46

CHD without T2DM

.000

CHD without T2DM

.090

Control

CHD with T2DM

.000

77.6±2.32

CHD without T2DM

.000

CHD without T2DM

.023

0.928

CHD with T2DM
38.5±1.3
CHD without T2DM
34.75±0.7
LDL (mg/dL)

CHD with T2DM
135±3.65
CHD without T2DM
141.6±5.57
VLDL (mg/dL)

CHD with T2DM
31.4±1.2
CHD without T2DM
34.38±1.64
TG (mg/dL)

CHD with T2DM
187.25±9.2
CHD without T2DM
162.4±8.2
CH (mg/dL)

Control

CHD with T2DM

0.000

143.2±4.2

CHD without T2DM

0.002

176.6±4.7

CHD without T2DM

0.01

CHD without T2DM
162.4±2.8

CHD without T2DM

CHD with T2DM

Bold values are statistically significant.

essential role in atherosclerosis progress in CHD
patients. They appeared elevated in all lipid constituents except HDL that came with low levels.
In most countries, dyslipidemia is considered
important as a dynamic risk factor for atherosclerosis, and confirmed for CHD [26] where
lipid profiles’ disturbances in plasma lead to an
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increase susceptibility, causing CHD [27]. A number of mechanisms are suggested that clarify the
strong consequences of lipid profile on the CHD,
depending on the physiological role of lipids
[28]. HDL carries about 20% of the total plasma
cholesterol, transporting excess cholesterol
from the arterial wall’s foam macrophages to
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the liver [29], causing the outflow of cholesterol
from peripheral cells. A potent association exists
between low levels of HDL and the risk for atherosclerosis. On the other hand, LDL, as a major
atherogenic lipoprotein, supports cholesterol
accumulation in the vessel wall, causing a hindrance of blood flow.
Our work is relatively limited due to the
small sample size. We strongly suggest further
investigations on a larger number of cases that
may validate the significance of ACE I/D polymorphism in the pathobiology of CHD.

Conclusions
So, we have concluded that D/D genotype
of the ACE polymorphism (rs4646994) is associated with more than 4-fold higher predisposition to CHD. However, the dyslipidemia was also
implicated in the severity of CHD.
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Abstract
Introduction: A 49-year-old obese woman, medically free from any of chronic diseases, was newly diagnosed with Hashimoto’s
thyroiditis (HT) of unknown cause by the specialized internist endocrinologist. Methods: To manage the case, a modified autoimmune Paleo low-calorie diet (1200 kcal) was recommended for 6 months. The anthropometric measurements, body composition, fasting blood glucose, fasting insulin, non-HDL cholesterol, HDL, triglycerides (TG), thyroxine (T4), triiodothyronine (T3),
thyroid stimulating hormone (TSH), and thyroid peroxidase (TPO) were measured on basal level and every 30 days until day 180.
Results: Showed a significant (p < 0.05) reduction in body weight, body mass index, waist and hip circumference, waist to hip
ratio, fat mass, TG, non-HDL cholesterol, TSH, and TPO, while T3 and T4 remained within normal reference range. Also, there
was a significant elevation in the HDL cholesterol level with statistically non-significant (p > 0.05) decrease in fasting insulin.
Conclusion: The diet improves the TSH, TPO, anthropometric, body composition, HDL and non-HDL cholesterol levels. These
improvements will help the HT patients to improve their health and quality of life, as well as reduce inflammation, thyroxine
treatment dose, and risk for chronic diseases associated with future hypothyroidism.

Keywords: Autoimmune diet, Case report, Hashimoto thyroiditis.

Introduction
Goitrous autoimmune thyroiditis (AITD),
or Hashimoto’s thyroiditis (HT) was considered as one of the most common chronic human
autoimmune diseases responsible for considerable morbidity in women [1] especially if there
is genetic susceptibility together with environmental factors [2]. The presence of thyroid autoantibodies (TAbs) against two major thyroid
antigens, thyroid peroxidase (TPO) and thyroglobulin (Tg), in the patients’ sera is the principal biochemical characteristic of the disease [3].
The disease results in hypothyroidism due to the
gradual atrophy of thyroid tissue followed by the
invasion of the gland with lymphocytic cells,
follicular atrophy, and hyperemia accompanied

by oncocytic metaplasia of follicular cells [4].
According to previous studies, antithyroid antibodies were found to be high in patients with
undiagnosed celiac disease. However, committing to a six-month gluten free diet reduced
antibody titers and showed lower autoimmune
response [5]. Furthermore, when patients with
celiac disease and hypothyroidism follow a gluten-free diet, they show improvements in food
and medications absorption as a result of intestinal healing, thereby needing lower doses of thyroid medication [6].
The effects of a gluten-free diet on
patients who have autoimmune disease (ATD) but
not celiac disease have not been evaluated yet.
In spite that some researchers report observing
benefits in patients, this remains controversial.

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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Also, the new dietary protocol called the
autoimmune protocol (AIP) [7] which was used to
help people with autoimmune diseases, such as
the inflammatory bowel disease is hard to follow
for many patients as well as it may not be helpful
for all cases of HT. Also, previous studies did not
study the effect of AIP diet on HT patient anthropometric and body composition. Therefore, I
planned a special diet which is a mixture of Paleo,
gluten-free, and vegan diet and examined the
effect of this diet on newly diagnosed HT patient
anthropometry, body composition, insulin, lipid
profile, and thyroid function test including TPO.

Case report
A 49-year-old woman, married and with
three children, non-smoker, non-alcoholic, and
medically free from any chronic diseases was
newly diagnosed with HT of unknown cause by
the specialized internist endocrinologist. She
was medically insured at King Abdullah University Hospital and an assistant professor of clinical nutrition. She sought medical advice after
she noticed her body weight started to increase
although her usual food intake had not changed,
as well as fogginess, constipation, and consistent
fatigue. The woman decided to follow a special
diet designed by her for six months and not taking any medications.
The patient blood test findings at diagnosis (basal) are shown in Table 1. The insulin
and fasting blood glucose (FBG) data were within
the normal reference range, 9.97 mIU/L and
5.78 mmol/L respectively. The total cholesterol,
low-density lipoprotein cholesterol (LDL), and
triglycerides (TG) were elevated above normal,
while the high-density lipoprotein cholesterol
(HDL) was extremely low. In addition, the thyroid
function test and the thyroperoxidase antibodies were tested and the basal results revealed that
the patient has a positive TPO (945) and elevated
thyroid stimulating hormone (TSH), while the
triiodothyronine (T3) and the thyroxine (T4) levels
were within the normal reference range (Table 1).
In addition, the patient anthropometric
and body composition was analyzed at diagnosis.
The woman was obese when diagnosed: her body
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mass index (BMI) was 30.47 kg/m2 and her waist
to hip ratio (WHR) was 0.9 (Table 1).
Before diagnosis, the patient ate every
kind of food and never followed a dietary program. On average, she usually consumed about
2000 Kcal/day. Also, she took nutrition supplements of 1000 mg Omega-3 daily and one-a-day
tablets for menopausal woman, which contained
multivitamin/multimineral and soybean isoflavonesfrom extract as 60 mg.
Before designing the interventional diet,
the woman’s energy requirements were calculated by giving 30–35 Kcal/day for each kilogram
(kg) of the ideal body weight (IBW) [8]. The estimated energy requirement (EER) ranged between
1770–2065 Kcal/day and it was allocated into 50%
for carbohydrates, 15% for protein, and 35% for
fat [9]. Thus, the requirements ranged between
(221–258 g/day) for carbohydrates, (66.4–77.4 g/
day) for protein, and (68.8–80.3g/day) for fat.
The interventional diet was designed to
provide a total energy of 1200 Kcal/day, 150 g/day
of carbohydrates, 45 g/day of protein and 47 g/day
from fat. The patient was advised to take three
main meals and two snacks; around 240 Kcal
breakfast, 480 Kcal on lunch, 320 Kcal on dinner
and around 80 Kcal for each snack. Generally, the
meals’ calories were translated into food menus
and these menus were prepared to be a mixture
of Paleo, gluten-free, and vegan diet (modified
autoimmune Paleo diet, (MAIPD). In these menus
all wheat-based bread and pasta, and all foods
containing gluten – such as cereals, baked goods,
snack foods, alcoholic beverages – were avoided.
All canned and processed foods, caffeine, seaweed, high glycemic index food, soy, beans and
legumes, cruciferous vegetables, and nightshades
were also avoided. On the other hand, eggs,
plain dairy products, meat and fish, fats and oils,
nuts and seeds, corn, quinoa, rice, herbs, spices,
fruits, and vegetables, except the cruciferous and
nightshades, were allowed.
All the blood tests, anthropometric and
body composition analysis were repeated every
30 days after starting the dietary intervention for
a total of six times throughout the study on days
30, 60, 90, 120, 150, and 180.
Over the dietary intervention, results
revealed a positive improvement in her
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Table 1: Changes of anthropometry, body composition and biochemical parameters over time for a woman
with Hashimoto thyroiditis and received medical nutritional therapy.
Days of dietary plan follow up
Variable
Age (years)

Basal

30

60

90

120

150

180

49.0

49.1

49.2

49.3

49.4

49.5

49.6

Anthropometric measurements
Weight (Kg)

86.0

83.0

79.50

76.5

74.00

72.0

70.0

Height (Cm)

168.0

168.0

168.0

168.0

168.0

168.0

168.0

BMI (kg/m2)

30.47

29.41

28.17

27.10

26.22

25.51

24.80

Waist circumference (cm)

106.0

102.0

96.0

91.0

88.0

85.0

83.0

Hip circumference (cm)

118.0

115.0

112.0

109.0

107.0

106.0

105.0

WHR

0.90

0.87

0.86

0.83

0.82

0.80

0.79

Body composition
Fat mass %

37.5

34.5

31.7

28.8

27.0

26.1

25.3

Fat free mass %

62.5

65.5

68.3

71.2

73.0

73.9

74.7

Total body water %

45.2

47.6

49.3

51.7

52.6

53.8

55.0

Dry lean weight %

13.8

13.5

13.2

13.0

12.8

12.6

12.4

Biochemical measurements
Insulin (mIU/L)

9.97

9.30

7.94

7.77

7.56

7.50

7.3

Fasting blood glucose (mmol/L)

5.78

5.70

5.66

5.50

5.60

5.44

5.35

Total cholesterol (mmol/L)

8.47

7.10

6.50

5.90

5.24

4.67

4.32

LDL (mmol/L)

6.30

6.15

5.76

4.89

4.63

4.20

3.97

HDL (mmol/L)

0.77

0.85

0.98

1.10

1.24

1.29

1.34

Triglycerides (mmol/L)

2.70

2.51

2.23

2.00

1.88

1.73

1.62

Triiodothyronine T3 (pmol/L)

5.23

4.74

4.30

4.23

4.10

4.38

4.01

Thyroxine T4 (pmol/L)

10.67

11.81

13.20

14.33

14.77

13.16

16.52

Thyroid stimulating hormone TSH (mIU/L)

5.33

4.51

3.30

3.00

2.63

1.36

0.81

TPO (positive)

954

940

865

725

612

543

423

anthropometric and body composition. Insulin and FBG decreased significantly (7.3 mIU/L,
5.35 mmol/L) but remained within the normal
range. The patient’s total cholesterol, LDL, and TG
levels decreased and the HDL level was increased
significantly. In addition, the TSH and the TPO levels significantly decreased while the T3 and T4 levels remain within normal reference range (Table 1).

Discussion
It is widely known that thyroid dysfunction
affects the patient’s physical and mental well-being
and decreases the personal health-related quality of
© 2020 The Authors

life [10]. Results from this prospective, longitudinal
case study revealed that the MAIP weight reducing
diet was helpful in improving the anthropometric,
body composition, and biochemical data of the HT
patient. The significant decreases in body weight,
BMI, WHR, fat mass, and fasting insulin are associated with minimizing the risk of type 2 diabetes and cardiovascular diseases (CVD). Recently,
a study reported that total homocysteine as independent risk factor for CVD is positively associated
with BMI, WHR, and fat mass [11]. By the time of
dietary intervention, the reductions in anthropometric measures and fat mass were correlated with
the reductions in TSH and TPO. These findings
are in line with Marzullo et al [12], although other
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studies reported conflicting results regarding the
correlations between body weight, BMI, fat mass
percentage, and the thyroid function [12–15].
It is more common among hypothyroidism patients to suffer from dyslipidemia [16].
However, the mechanism of how thyroid gland
hormones can influence lipid profile is not yet
clear [17]. In this case study, total cholesterol,
LDL, and TG were significantly reduced and HDL
was significantly elevated. These findings assure
the effect of the diet not only on anthropometry
and body composition but also on lipid profile
of hypothyroidism patients. On the contrary, in
a dietary interventional randomized controlled
study conducted on subclinical hypothyroidism,
children who followed a diet consisting of 300 ml
of full fat milk and 5 grams butter on each slice of
bread daily, green vegetables five times per week
and beef three times per week for 6 months did
not report significant effects on the participants’
lipid profile at the end of the study, though slight,
non-significant increases in total cholesterol,
LDL and HDL levels and a decrease in TG and
total cholesterol/HDL over time were observed in
the intervention group [18].
Dietary interventions improve the symptoms of autoimmune thyroid dysfunction and
may eliminate the symptoms and the disease.
For instance, gluten-free diet with vitamin and
minerals supplements was used for a patient
diagnosed with HT, celiac disease, and diabetes,
to improve his clinical symptoms and laboratory
results [19]. Another study compared patients on
thyroxin treatment but not adhering to gluten-free
diet with patients only following gluten-free diet
and found that gluten-free diet patients were able
to normalize their TSH levels without taking T4
supplementation [20]. Others suggested the use of
the Paleolithic-style diet to prevent HT [21]. Therefore, the improvements in clinical and biochemical
prognosis of HT can be explained by the using of
the caloric restriction MAIPD to lower the intestinal and the thyroid gland inflammation.
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Abstract
Background and Aims: Whey protein is a natural product with an anti-hyperglycemic effect. This study aimed to evaluate the
possible therapeutic effect of different concentration of whey protein compared to vildagliptin on Type 2 diabetes mellitus (T2DM)
rat model and to clarify the underlying molecular mechanisms. Material and Method: Sixty male Wistar rats were divided into
six groups: normal control, diabetes control, vildagliptin treated diabetic group, whey protein 10%, 20%, and 40% treated groups.
Results: each of vildagliptin and whey protein exhibited anti-hyperglycemic and insulinotropic effect in diabetic rats; however
the effects obtained by 40% whey protein was comparable to that of vildagliptin. The biochemical results were supported by the
histopathological finding which showed significant increase in the number of β-cells in both vildagliptin and 40% whey protein
versus the control group. Interestingly, 40% Whey protein was superior to vildagliptin in increasing the level of muscle insulin receptor tyrosine kinase (IRTK) thereby increasing sensitivity to insulin. Conclusion: the anti-hyperglycemic effect of whey
protein was concentration-dependent and mediated by increasing intestinal incretin hormones, muscle (IRTK), and number of
β-cells. 40% whey protein was comparable to vildagliptin as antihyperglycemic drug proved to have an insulin-sensitizing effect.
It could be used safely as a substitute for diabetic patients.

Keywords: Incretin, incretin hormones, muscle; Type 2 diabetes mellitus.

Background and Aims
Type 2 diabetes mellitus (T2DM) is considered one of the most popular metabolic disorders. T2DM can contribute to early mortality
and micro- and macro-vascular complications,
including stroke, myocardial infarction, and loss
of vision [1].
The decline of β-cell function in T2DM
has been associated with the pathophysiological changes of impaired action of incretin
hormones, which are secreted from the intestine in response to glucose intake [2]. Incretin hormones include glucose-dependent
insulinotropic polypeptide (GIP) and glucagon
like peptide-1 (GLP-1) which are responsible for

stimulation of insulin secretion after glucose
ingestion a
 ndinhibits g
 lucagon release [3].
Dipeptidyl peptidase-4 (DPP4) inhibitors
are an oral hypoglycemic agent. DPP4 inhibitors
stimulate insulin secretion and inhibit glucagon
release by elevating endogenous GLP-1 and GIP
levels without risk of hypoglycemia [4]. Besides,
DPP4 inhibitors improve pancreatic β-cell function by stimulating the proliferation of β-cells
and inhibition of apoptosis [5]. Currently, many
DPP4 inhibitors are approved for the treatment
of T2DM, including saxagliptin, sitagliptin, and
vildagliptin [6].
Vildagliptin elevates GIP and GLP-1 by
inhibiting DPP-4, leading to improve in both
fasting blood glucose (FBG) and postprandial
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blood glucose (PBG) [4]. Vildagliptin increases
insulin secretion and pancreatic insulin stores.
Moreover, vildagliptin can increase β-cell mass
and ratio [7]. On the other hand, vildagliptin has
some adverse effects, including headache, cough,
nasopharyngitis, fever, constipation, and gastrointestinal discomfort [8, 9].
Whey protein has insulinogenic properties as it contains a high level of branched-chain
amino acids especially leucine, which are associated with the glucoregulatory effect [10]. This
insulinotropic effect of whey is due to the direct
effect of amino acids on β-cells to secrete insulin
and stimulate incretin, as it inhibits the action of
DPP-4, so reducing PBG [11]. Also, whey protein
helps to improve inflammation and oxidative
stress, which play a critical role in developing diabetes complications [12].
The insulin receptors contain a tyrosine kinase enzyme. Binding of insulin to the α
subunit of the receptor activates the β subunit,
which leads to autophosphorylation and activation of tyrosine kinase [13]. Insulin promotes the
uptake of blood glucose into the skeletal muscle after binding with insulin receptor tyrosine
kinase (IRTK). Skeletal muscle is responsible for
85% of insulin-enhanced uptake of glucose from
the blood and it is the principal tissue responsible
for reducing blood glucose level [14].
The current study was conducted to highlight the effect of different concentrations of
whey protein (10%, 20%, and 40%) as an antidiabetic agent compared to vildagliptin against highfat diet and streptozotocin (HFD/STZ) induced
T2DM in rats and to clarify the possible molecular
mechanisms underlying whey protein action.

Material and Method
Animal model
Sixty male Wistar rats weighing 90–110 g
at approximately five weeks of age were obtained
from the National Research Center, Giza, Egypt.
The rats were weighed and housed in aluminum
cages for two weeks under identical environmental conditions for adaptation and allowed free
access to normal chow diet and water.
© 2020 The Authors

Experimental design
The study was performed under the
guidelines for the care and use of laboratory animals and approved by the Research Ethics Committee of Faculty of Pharmacy, Tanta University,
Egypt. After the acclimatization period, rats
were weighed and randomly divided into two
major groups: normal control group (n=10), and
diabetic (n=50). The untreated normal control
group was maintained on the control diet and
water ad libitum and received a single i.p. dose
of the formulation containing the vehicle (0.1 M
sodium citrate buffer 0.25 mL/kg). The diabetic
rats received HFD for two weeks and then 35 mg/
kg STZ injection to develop T2DM model (HFD/
STZ). The STZ injection is a single i.p. dose of
STZ (Sigma Aldrich®, USA) dissolved in 0.1 M
sodium citrate buffer, pH 4.5. That model aimed
to develop T2DM pathology progression, and
insulin resistance or hypoinsulinemia, in a condensed timeline [15]. The composition of the control diet and HFD are shown in Table 1.
After three days, STZ induced β-cell-
toxicity and induces experimental diabetes. STZ
is capable of producing fatal hypoglycemia as a
result of massive pancreatic insulin release so,
the rats were maintained on 5% glucose solution
via their drinkers for the 24 hour following STZ
administration to prevent hypoglycemia [16].
Blood glucose was tested using a blood
glucose meter (Accu-Chek Performa; Roche
Diagnostics®, USA). All rats with blood glucose
concentrations greater than 16.7 mmol/l were
considered to be diabetic and were selected for
further research according to the American Diabetes Association [17]. Diabetic rats were further
randomly divided into five subgroups (n=10);
Group 1: untreated diabetic group received 1 mL
of the formulation containing the vehicle. Group
2: vildagliptin (Novartis International AG®, Switzerland) treated group received 1 mL of the formulation vildagliptin (10 mg/kg) once a day via
oral gavage for four consecutive weeks [18].
Groups 3, 4 and 5: whey protein 10%, 20%
and 40% treated groups respectively received
1mL of the formulation containing whey protein
(1 mL/100 g) once a day via oral gavage for four
consecutive weeks. Whey protein was obtained
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Table 1: The composition of the control diet and high
fat diet (HFD)
Diet
components

Control
diet

HFD

3

4

protein

22

20 (casein)

Fat

12

45 (lard)

Carbohydrate

66

35 (corn starch,
maltodextrin, and
sucrose)

Energy per day
(Kcal/g)
Calorie percent:

Determination of serum insulin level
Serum insulin concentration was measured by rat insulin ELISA kit, obtained from
MLbio Biotechnology®, China. The concentration
of insulin was determined according to manufacturer procedure and expressed as µIU/mL. Insulin resistance was determined by homeostasis
model assessment-insulin resistance (HOMA-IR)
index described by Matthews et al [19], which was
calculated as follows:
HOMA-IR =

from Optimum Company®, USA and was dissolved in distilled water to prepare the different
concentrations (10%, 20%, and 40%).

Specimen collection
At the end of the experiment, rats were
weighed and the blood was withdrawn from the
eye veins after overnight food deprivation for
determination of FBG. The remaining blood was
immediately centrifuged for 15 minute at 3000
rpm and serum was stored at -80°C for the determination of fasting insulin. The fasted rats were
allowed to eat and the PBG was determined after
two hour. Rats were then sacrificed and their
pancreas, small intestines, and skeletal muscles
were dissected. The fresh pancreas was washed
twice in ice-cold saline dried on clean paper towels and kept in formalin solution for histopathological examination. The small intestine was
kept frozen at -80°C till the determination of the
concentration of GIP and GLP-1. Skeletal muscles
were kept frozen at -80°C till the measurement of
IRTK concentration.

Determination of blood glucose concentration
Accu-Chek advantage capillary glucose
meter (Roche Diagnostics®, Germany) was used
for the immediate determination of FBG and PBG
in whole blood using the noble metal electrode
strip.
388

FBG (mg/dL) X fasting insulin (µU/mL)
405

Determination of glucose dependent insulinotropic
polypeptide (GIP) in the small intestine
It was determined in small intestine tissue by rat GIP ELISA kit obtained from MLbio
Biotechnology®, China. The concentration of GIP
was determined according to the manufacturer
procedure and was expressed as pg\g tissue.

Determination of glucagon like peptide-1 (GLP-1)
in the small intestine
It was determined in the rat’s small intestine tissue by rat GLP-1 ELISA kit obtained from
MLbio Biotechnology®, China. The concentration
of GLP-1 was determined according to the manufacturer procedure and was expressed as pg\g tissue.

Determination of insulin receptor tyrosine kinase (IRTK)
in skeletal muscles
Rat IRTK ELISA kit obtained from MLbio
Biotechnology®, China was used to measure IRTK
in rat skeletal muscles. The concentration of
IRTK was determined according to the manufacturer procedure and was expressed as pg\g tissue.

Histopathological examination
Transverse pancreas sections were carefully embedded in molten paraffin and kept
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under freezing plates to allow the paraffin to
solidify. Cross sections (5 µm thick) of the fixed
tissues were cut. These sections were stained
with hematoxylin and eosin (H&E) stain for
general histopathological examination. Images
were viewed and recorded using Olympus
microscope equipped with spot digital camera
using computer program MATLAB software
by abroad certified pathologist in Pathology
Department, Faculty of Veterinary Medicine,
Mansoura University, Mansoura, Egypt. The
investigator performing the histological evaluation was blind to biochemical results and treatment allocation.

Statistical analysis
Analysis of data was performed with
the statistical package for social science (SPSS)
software version 22 [20]. Data are presented as
% change and mean ± SEM. Statistical comparison among groups was performed using oneway analysis of variance (ANOVA) using Fisher’s
least-significant differences (LSD) method for
comparison between two groups. Statistical significance was set at p< 0.05.

Results
Effect of whey protein and vildagliptin on blood glucose,
insulin level, and HOMA-IR
Diabetic control rats showed a significant increase (p<0.05) in the level of FBG and PBG
(189.3±1.78 mg/dL and 335.2±17.9 mg/dL, respectively) versus the normal control group (86±1.86
mg/dL and 120±3 mg/dL, respectively). Treatment
with vildagliptin significantly decreased (p<0.05)
FBG and PBG level (92.8±1.5 mg/dL and 128.1±21 mg/
dL, respectively) versus the diabetic control group.
Treatment with 10%, 20% and 40% whey protein
significantly decreased (p<0.05) FBG level (158.8±1.6
mg/dL, 126.4±1.9 mg/dL, and 79.6±1.27mg/dL,
respectively) compared to the diabetic control
group. Besides, treatment with 10%, 20% and 40%
whey protein significantly decreased (p<0.05) PBG
level (184.7±1.82 mg/dL, 151.6±2.71 mg/dL, and
© 2020 The Authors

122.4±2.43 mg/dL, respectively) compared to the
diabetic control group (Fig. 1A & B).
Injection with STZ caused a significant
decrease (p<0.05) in fasting blood insulin level
in the diabetic group (7.39±0.02µIU/mL) versus the normal control group (8.81±0.06µIU/
mL). Treatment with vildagliptin significantly
increased (p<0.05) the level of fasting insulin
(8.83±0.05µIU/mL) versus the diabetic control group. Treatment with 10%, 20% and 40%
whey protein significantly increased (p<0.05)
the level of fasting insulin (7.83±0.05µIU/mL,
8.36±0.03µIU/mL, and 9.37±0.03µIU/mL, respectively) versus the diabetic control group (Fig. 1C).
HOMA-IR values were calculated for the
estimation of insulin resistance in the different groups. Injection with STZ caused a significant increase (p<0.05) in the HOMA-IR value
of the diabetic group (3.46±0.1)versus the normal control group (1.87±0.03). Treatment with
vildagliptin significantly decreased (p<0.05)
HOMA-IR value (2.01±0.1) compared to the diabetic control group. Treatment with 10%, 20%
and 40% whey protein significantly decreased
(p<0.05) HOMA-IR value (3.071±0.03, 2.608±0.04,
and 1.842±0.03, respectively) compared to the
diabetic control group (Fig. 1D). Interestingly,
40% whey protein group showed a reduction in
the blood glucose and HOMA-IR value to a level
comparable to that of the normal control group
(Fig. 1).

Effect of whey protein and vildagliptin on intestinal GIP
and GLP-1 concentrations
The diabetic control group showed a significant decrease (p<0.05) in GIP concentration
(3.64±0.12 ng/g) versus the normal control group
(6.16±0.12 ng/g). Treatment with vildagliptin
showed a significant increase (p<0.05) in GIP concentration (18.8±0.13 ng/g) versus the diabetic
control group. Treatment with 10%, 20%, and 40%
whey protein significantly increased (p<0.05) GIP
concentration (7.71±0.18 ng/g, 12.12±0.32 ng/g,
and 14.82±0.24 ng/g, respectively) versus the diabetic control group (Fig. 2A).
The diabetic control group showed
a significant decrease (p<0.05) in GLP-1
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Figure 1: (A) Fasting blood glucose level in rat groups. (B) Postprandial blood glucose level in rat groups. (C) Fasting insulin level in the serum of rat groups. (D) HOMA-IR in rats groups. Data are presented as mean ± SEM (n= 10/
group), significance was set at p<0.05; a: Significant versus normal control group, b: Significant versus diabetic
control group, c: Significant versus vildagliptin group, d: Significant versus 40% whey protein group, e: Significant versus 20% whey protein group.

concentration (9.22±0.37 pg/g) versus the normal control group (13.41±0.22 pg/g). Treatment
with vildagliptin showed a significant increase
(p<0.05) in GLP-1 concentration (33.38±0.64
pg/g) versus the diabetic control group. Treatment with 10%, 20% and 40% whey protein
significantly increased (p<0.05)GLP-1 concentration (16.95±0.6 pg/g, 24.24±0.54 pg/g, and
28.55±0.29 pg/g, respectively) versus the diabetic
control group (Fig. 2B).

Effect of whey protein and vildagliptin on IRTK
in skeletal muscles
Injection with STZ caused a significant
decrease (p<0.05) in IRTK concentration in skeletal muscles isolated from the diabetic control group (1340±92.74 pg/g) versus the normal
390

control group (2583±85 pg/g). Treatment with
vildagliptin showed a non-significant increase
in IRTK concentration (1488±101 pg/g) versus the
diabetic control group. On the other hand, treatment with 10%, 20% and 40% whey protein significantly (p<0.05) increased IRTK concentration
(2130±181.2 pg/g, 3168±90.45 pg/g, and 4273±82.28
pg/g, respectively) versus the diabetic control
group (Fig. 2C).

Effect of whey protein and vildagliptin
on the histopathology of the pancreas
By using MATLAB software the number of
β-cells per islet can be determined. Injection with
STZ caused a significant decrease (p<0.05) in the
number of β-cells (27.33±2.23) versus the normal
control rats (172.2± 9.86) (Fig. 2D). The sections
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Figure 2: (A) Concentration of intestinal GIP in rats groups. (B) Concentration of Intestinal GLP-1 in rats groups.
(C) Concentration of insulin receptor tyrosine kinase in skeletal muscles of rats groups. (D) Number of β-cells
of the pancreases per islet in rats groups. Data are presented as mean ± SEM (n= 10/group), significance was set
at p<0.05; a: Significant versus normal control group, b: Significant versus diabetic control group, c: Significant
versus vildagliptin group, d: Significant versus 40% whey protein group, e: Significant versus 20% whey protein
group.

from the pancreas of the normal control group
showed normal islets of Langerhans containing
normal population of α and β-cells, normal blood
capillaries embedded in exocrine portion with
normal intercalated duct (Fig. 3A). The sections
from the pancreas of the diabetes control group
showed signs of inflammation indicated by the
deposition of pale eosinophilic amyloid substance
in islets of Langerhans with degeneration and
necrosis of β-cells, normal exocrine portion of
the pancreas, and normal intercalated duct lined
by simple cuboidal epithelium (Fig. 3B).
Treatment with vildagliptin or 40% whey
protein showed a significant increase (p<0.05) in
the number of β-cells as shown by the large proportion and number of islet cells and restoring
the histological architecture of islets of Langerhans (Fig. 3C and D). Treatment with 20% whey
© 2020 The Authors

protein showed significant increase (p<0.05) in
the number of β-cells and moderate restoring
of the histological architecture of islets of Langerhans with mild deposition amyloid substance
(Fig. 2D and Fig. 3E).
On the other hand, the section from the
pancreas of 10% whey protein treated group
showed the presence of amyloid substance with
mild restoration of β-cells of islets of Langerhans
which is non-significant when compared to the
diabetic group (Fig. 2D and Fig. 3F).

Discussion
The prevalence of diabetes is increasing around the world, affecting approximately
424.9x106 people in 2017 and expected to increase
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Figure 3: Sections from the pancreas (H&E, 400x) of (A) normal control group showing normal islets of Langerhans containing a population of α and β-cells (arrow) and were all present in their normal proportions. (B) diabetic control group showing deposition of pale eosinophilic amyloid substance in islets of Langerhans (arrow)
with degeneration and necrosis of β-cells. The dimension and the number of cells in each islet of Langerhans were
also reduced. (C) vildagliptin treated group showing an increase in the number of β-cells (arrow) and restoring
the histological architecture of islets of Langerhans, The number and size of islet of Langerhans were increased as
compared to the diabetic control group. The number of cells in each islet was also increased. (D) 40% whey protein
treated group showing an increase in the number of β-cells (arrow) and restoring the histological architecture of
islets of Langerhans. The islets are present with a large proportion and number of islet cells. (E) 20% whey protein treated group showing a mild increase in the number of β-cells (arrow) and a mild restoring the histological
architecture of islets of Langerhans with mild deposition amyloid substance. (F) 10% whey protein treated group
showing a small increase in the number of β-cells (arrow) with necrosis of β-cells and a mild deposition amyloid
substance.

to 628.6 x106 in 2045 [21]. Nowadays, alternative
and complementary medicine provide us with
many natural products, including whey protein
which approved its therapeutic value in reducing
blood glucose levels in diabetes [12]. This study
was conducted to compare the therapeutic effects
of different concentrations of whey protein (10–
20%, and 40%) with vildagliptin (DPP4 inhibitor)
in T2DM rat model and to clarify the molecular
mechanisms underlying whey protein action.
Experimental T2DM was induced in
the present study in male Wistar rats by (HFD/
392

STZ) and the diabetes control group showed a
significant elevation of both FBG and PBG versus
normal controls. Diabetes induction was also evidenced by the histopathological changes of the
pancreas which showed deposition of pale eosinophilic amyloid substance and vacuolizations in
islets of Langerhans with degeneration and necrosis of β-cells. The number of β-cells per islets in
the diabetes control group was significantly lower
than that of the normal control group.
Our findings demonstrate that treatment
with vildagliptin or whey protein 10%-20%-40%)
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reversed the effect of STZ significantly on blood
glucose levels in diabetic control rats. Our study
showed that treatment with whey protein significantly decreased FBG and PBG in a concentration-dependent manner and 40% whey protein
decreased the level of blood glucose to a level
comparable or lower than that of vildagliptin
treated group. Our results were in agreement
with King et al [11] who reported that a small dose
of whey protein before meals improves PBG in
men with T2DM.
These results were matched with our
observed histopathological findings as the section of the pancreas of vildagliptin or 40% whey
protein treated group showed a significant
increase in the number of β-cells as shown by the
large proportion and number of islet cells and
restoring the histological architecture of islets
of Langerhans. Treatment with 20% showed an
increase in the number of β-cells and moderate
restoring of the histological architecture of islets
of Langerhans with mild deposition amyloid substance. While the pancreas of 10% whey protein
group showed the presence of amyloid substance
with mild restoration of β-cells of islets of Langerhans which is non-significant when compared
to the diabetic group.
In our study, we determined the number of β-cells per islets by MATLAB software.
Herein, treatment with vildagliptin or whey protein (20%-40%) showed a significant increase in
the number of β-cells versus the diabetic control
group. Our study showed that treatment with
whey protein (10%-20%-40%) increased the number of β-cells in a concentration-dependent manner and 40% whey protein increased the number
of β-cells to a level significantly higher than that
of vildagliptin treated group. Our results were
in agreement with Argun-Kurum et al [22] who
showed that vildagliptin promotes proliferation
of islet cell and rearranges the morphology of
islet in diabetic rats.
As shown by our results, injection with
STZ caused a significant decrease in fasting blood
insulin levels in the diabetic group versus the normal control group. Treatment with vildagliptin
or whey protein (10%-20%-40%) significantly
reversed the effect of STZ on insulin secretion.
Interestingly our results showed that treatment
© 2020 The Authors

with whey protein significantly increased insulin
secretion in a concentration-dependent manner and 40% whey protein increased the level of
blood insulin to a level significantly higher than
that of the vildagliptin treated group. This goes
with the results reported by Wildova et al [23]
who found that oral administration of whey protein increases the serum C-peptide in diabetic
patients.
For the estimation of insulin resistance,
we calculated HOMA-IR values in the different
groups. Our results showed that injection with
STZ caused a significant increase in the HOMA-IR
value of the diabetic group versus the normal
control group while treatment with vildagliptin
or whey protein (10%-20%-40%) significantly
decreased HOMA-IR value compared to the diabetic control group. Our results were in line with
Tong et al [24] who reported that the supplementation of 15% whey protein significantly decreases
HOMA-IR in non-obese IR rats.
The incretin (GIP and GLP-1) increase
insulin secretion after oral ingestion of carbohydrate [3]. In the present study, the diabetic
control group showed a significant decrease in
GIP and GLP-1 concentration versus the normal
control group. Furthermore, treatment with
vildagliptin or whey protein (10%-20%-40%)
showed a significant increase in GIP and GLP-1
concentration versus the diabetic control group.
Moreover, treatment with whey protein significantly increased GIP and GLP-1 levels in a concentration-dependent manner. In support of our
finding, Giezenaar et al [25] demonstrated that
whey protein causes an increase in concentrations of insulin, GIP and GLP-1 in older men and
women.
One of the mechanisms of insulin to
decrease blood glucose is to induce glucose uptake
by the skeletal muscles via activation of IRTK
[26]. In the current study, injection with STZ
caused a significant decrease in IRTK concentration in skeletal muscles isolated from the diabetic
control group versus the normal control group.
Our study showed for the first time that, treatment with whey protein (10%-20%-40%) showed
a significant increase in IRTK concentration versus the diabetic control group and vildagliptin
treated group. Besides, the increment in
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skeletal muscle content of IRTK due to whey
protein treatment is concentration-dependent.

Conclusion
The
insulinotropic
and
anti-
hyperglycemic effect of whey protein in T2DM rats
is concentration-dependent which could be mediated by increasing each of intestinal concentration
of incretin hormones (GIP and GLP-1), skeletal
muscle content of IRTK, and number of β-cells of
the pancreas. Our results showed that 40% whey
protein was comparable to vildagliptin in lowering blood glucose level and HOMA-IR value and
increasing insulin secretion. However, 40% whey
protein was superior to vildagliptin in increasing
the level of muscle IRTK thereby increasing muscle sensitivity to insulin. Being a natural product,
40% whey protein could be used safely as a substitute for synthetic drugs for the treatment of T2DM
patients. Future clinical studies are recommended
to investigate the beneficial therapeutic efficacy of
40% whey protein over vildagliptin.
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Abstract
Background and Aims: Oral antidiabetic drugs, including Dipeptidyl Peptidase 4 Inhibitors (DPP4i), are the mainstay for therapeutic management of type 2 diabetes mellitus (T2DM). We aimed to describe the prescribing pattern of DPP4i agents and to
assess the achievement of the target HbA1c levels among current DPP4i users at a Malaysian University teaching hospital. Material
and Method: A retrospective cross-sectional study was conducted in the outpatient diabetes clinic of a university teaching hospital in Pahang, Malaysia. The data included adults with T2DM who received DPP4i prescriptions at least three months before
December 2019 and reported data of HbA1c after at least three months from the index date. Evaluation of the DPP4i prescribing
patterns referred to the national clinical practice guidelines. Results: 140 cases were included. Sitagliptin 50 mg is the most commonly prescribed DPP4i regimen (72.1%), and its combination therapy with metformin contributed to 67.1% of the total DPP4i
prescriptions. About 35% of patients achieved their target HbA1c levels after at least three months on DPP-4 inhibitors therapy.
There was no significant association between the type of DPP4i and the target HbA1c achievement (p=0.205). Conclusions: DPP4i
medications were more prescribed as combination therapy with metformin, compared to monotherapy except for vildagliptin.
Gliclazide was the most common co-prescribed OAD with vildagliptin. Barriers to achieving optimal glycemic control for patients
on OAD, particularly DPP4i, need further investigations.

Keywords: Dipeptidyl Peptidase 4 Inhibitors, glycemic control, Malaysia, Oral antidiabetic drugs, type 2
diabetes mellitus.

Background and Aims
Diabetes mellitus remains one of the major
concerns in Malaysia with a reported prevalence
of 17.5% in 2015, the majority of them are type 2
diabetes mellitus (T2DM) cases [1]. The pharmacotherapy of T2DM is directed towards alleviating the symptoms, achieving the target glycemic

levels of patients, and preventing complications
[2]. One of the common markers used in monitoring the glycemic level is Hemoglobin A1c (HbA1c),
which gives a long term profile of diabetes control [3]. Oral antidiabetic drugs (OAD), including
Dipeptidyl Peptidase 4 Inhibitors (DPP4i), are
the mainstay for the therapeutic management
of patients with T2DM. Through their impact
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on elevating incretin hormones, DPP4i showed
clinical significance to stimulate insulin release
among patients with T2DM [4]. The use of DPP4i
agents (sitagliptin, vildagliptin, linagliptin, and
saxagliptin) in combination with other OADs or
insulin is widely accepted because of their established tolerability and safety profiles [2].
In a study aimed to assess the effectiveness
of DPP4i in clinical practice, the findings highlighted that sitagliptin use was associated with
a significant reduction in HbA1c over the first
six months in a pattern consistent with reported
observations from clinical trials [5]. In addition,
a systematic review looked at the extent of effectiveness of T2DM add-on therapies; the significant impact of DPP4i agents on attaining glycemic
control was reported [6]. Furthermore, the use of
DPP4i among patients with T2DM who had high
cardiovascular and renal risk seems to be safe,
and newer agents, e.g., linagliptin, may even be
offered for renal patients with no need for dose
adjustment [7]. Therefore, previous findings have
underpinned a significant association between
the use of DPP4i among patients with T2DM who
were concurrently receiving cardiovascular medications such as beta-blockers and aspirin [8].
In most of the diabetes clinical guidelines,
there are recommendations for the preferred use
of specific OAD agents based on patients’ characteristics and comorbidities [9]. Therefore, it
is essential to investigate the quality use of OAD
in the clinical setting by reporting the prescribing patterns and the associated achievement of
favorable outcomes. In this research, we aimed to
describe the prescription pattern of DPP4i among
outpatients with T2DM at a university teaching
hospital. Also, the assessment of the DPP4i use
concerning the level of achievement of target
HbA1c values was performed.

Material and Method
Study design and patients
A retrospective cross-sectional study
was conducted. The data of patients receiving
DPP4i in IIUMMC was collected from the hospital database through a prescribing period from
© 2020 The Authors

March to September 2019 to ensure that the data
of the latest HbA1c level of the patients could be
obtained. We included data of adults with T2DM
who received DPP4i prescriptions at least three
months before the data collection and reported
HbA1c after at least three months from the
index date. Patients who received new in-ward
DPP4i prescriptions and those who did not have
reported HbA1c after at least three months
from the index date were excluded. Initially,
1218 prescriptions of DPP4i during the period of
data collection were screened. Following further exclusion of the in-ward prescriptions and
patients not in line with the inclusion criteria,
191 prescriptions were identified. By considering the availability of the HbA1c results after at
least three months, the final sample included 140
patients.

Outcome Measures
The assessment of the DPP4i use and the
associated glycemic control achievement was
determined according to the target levels classified by the Ministry of Health in the clinical
practice guidelines (CPG) Management of Type 2
Diabetes Mellitus (5th Edition), as shown in
Table 1.

Ethical Requirements
The study proposal has obtained ethical
approval from the university institutional review
board, IIUM Research Ethics Committee (IREC),
before starting the data collection procedures.
The study approval ID was IREC 2019–229. All
ethical considerations were strictly abided by the
research team throughout the research process.

Statistical analysis
Descriptive statistical analysis using frequencies and mean value for characteristics of
the study population and HbA1c was used. In
addition, inferential statistics using Chi-Square
Test was employed to test for any significant
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Table 1: Target HbA1clevels according to patients’ characteristics and underlying conditions [2].
Individualized HbA1ctargets and patients’ profile
Tight (6.0–6.5%)

6.6–7.0%

Less tight (7.1–8.0%)

• Newly diagnosed
• Younger age
• Healthier (long life expectancy, no CVD
complications)
• Low risk of hypoglycemia

• All others

• Comorbidities (coronary disease, heart
failure, renal failure, liver dysfunction)
• Short life expectancy
• Prone to hypoglycemia

association between the DPP4i types, prescribing pattern with the achievement of glycaemic
control. The significant association was denoted
at (p<0.05). All analyses were done using Statistical Package for the Social Sciences (SPSS)
version 23.

Results
From the finally included sample of 140
patients receiving DPP4i in IIUMMC outpatient
pharmacy, 61 patients were female, and 137 of
them were Malay race. About 90% of participants received DPP4i as a combination therapy
with other OAD. It was observed that 41.4% of
males and 30.7% of female patients were given
sitagliptin 50 mg. In comparison, the least prescribed DPP4i was vildagliptin 50 mg, with a percentage of 4.3% and 8.6% for females and males,
respectively. There were no statistically significant differences between gender, race, and the
type of prescribed DPP4i. Besides, most of the
T2DM patients prescribed with DPP4i were in the
age group of 58–67 years old (40%). There were
no statistically significant differences between
the age groups of the patients and the type of
prescribed DPP4i. A large proportion of patients
who were prescribed with sitagliptin 50 mg were
overweight. normal. Meanwhile, obese patients
were receiving more prescriptions of sitagliptin
100 mg. Figure 1 shows a graphical presentation
of the prescribed DPP4i regimens according to
the patients’ body mass index (BMI). There was
a statistically significant difference between the
patient’s BMI and the type of prescribed DPP4i
(p-value = 0.024). The prescribing pattern of
DPP4i concerning patients’ characteristics is
illustrated in Table 2.
398

Co-administered drugs with DPP4i
The findings showed that statin (85.7%)
was the most frequently co-administered drug
with DPP4i of the patients who were prescribed
both statin and DPP4i. Next, antihypertensive
therapy (72.9%) was the second most common
co-administered drug with DPP4i. Besides, vitamins and supplements were found in 40% of the
DPP4i prescriptions with a relatively higher percentage among vildagliptin users. Other medications, such as antiplatelet therapy and proton
pump inhibitors, were also often co-administered
with DPP4i in 35.8% and 20.7% of prescriptions,
respectively. A similar percentage of patients (10%)
were reported for anti-gout and anti-epileptic
medications. Concerning the co-administered
DM pharmacotherapy, metformin (64.1%) was the
most common co-administered OAD with DPP4i,
followed by gliclazide, and empagliflozin with
reported percentages of 43.6% and 22.1%, respectively. For patients who were taking sitagliptin
50 mg and 100 mg, the most common co-administered OAD is metformin with a percentage of
47.9% and 12.9%, respectively. Meanwhile, gliclazide is the most common co-administered OAD
for patients prescribed with vildagliptin 50 mg.
Also, the most common insulin co-administered
to the DPP4i receivers was Insulin Detemir
(17.1%). In comparison, Ryzodeg “Insulin degludec 2.56 mg, insulin aspart 1.05 mg per ml” (2%)
was the least common co-administered insulin
among patients on DPP4i prescriptions.

Achievement of glycemic control
As an indicator of glycemic control in
T2DM patients, the HbA1c levels of the included
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Table 2: Prescribing pattern of DPP4i with patients’ characteristics
Type of DPP-4 inhibitors

Variable

Total

Sitagliptin 50 mg

Sitagliptin 100 mg

Vildagliptin 50 mg

Prescription pattern
Monotherapy
Combination therapy

7 (5.0%)
94 (67.1%)

0
21 (15.0%)

7 (5.0%)
11 (7.9%)

Gender
Female
Male

43 (30.7%)
58 (41.4%)

12 (8.6%)
9 (6.4%)

6 (4.3%)
12 (8.6%)

Race
Malay
Chinese
Indian

99 (70.7%)
0
2 (1.4%)

21 (15.0%)
0
0

17 (12.1%)
1 (0.7%)
0

Age
28–37 years
38–47 years
48–57 years
58–67 years
68–77 years
78–87 years

2 (1.4%)
9 (6.4%)
27 (19.3%)
41 (29.3%)
20 (14.3%)
2 (1.4%)

0
1 (0.7%)
7 (5.0%)
10 (7.1%)
3 (2.1%)
0

0
2 (1.4%)
5 (3.6%)
5 (3.6%)
3 (2.1%)
3 (2.1%)

2 (1.4%)
12 (8.6%)
39 (27.9%)
56 (40%)
26 (18.6%)
5 (3.6%)

Body Mass Index (BMI)
<18 (underweight)
18.5–24.9 (normal)
25–29.9 (overweight)
>30 (obese)

0
23 (16.4%)
41 (29.3%)
31 (22.1%)

0
3 (2.1%)
5 (3.6%)
11 (7.9%)

0
5 (3.6%)
5 (3.6%)
3 (3.6%)

0
31 (22.1%)
51 (36.4%)
45 (32.1%)

14 (10%)
126 (90%)
61 (43.6%)
79 (56.4%)
137 (97%)
1 (0.7%)
2 (1.4%)

45
18.5-24.9 (normal)
25-29.9 (overweight)
>30 (obese)

40
35
30
25
20
15
10
5
0
Sitagliptin 50 mg

Sitagliptin 100 mg

Vildagliptin 50 mg

Figure 1: Prescribing pattern of DPP-4 inhibitors according to the BMI of the patient

patients were recorded. The mean values of
HbA1c before the initiation of DPP-4 inhibitor
therapy, after three months and six months,
were 9.0 ± 2.2, 8.0 ± 2.0, and 8.2 ± 1.9, respectively.
The result shows that 35% (N=49) of the patients
taking DPP-4 inhibitors achieved within target
values of HbA1c. Table 3 shows the overall association of DPP4i regimens with their reported
HbA1c measures.
© 2020 The Authors

Among those 101 patients who are on current sitagliptin 50 mg prescription, only 36.6% of
them manage to reach the HbA1c target, whereby
the patients who were given combination therapy with other OAD contributed the highest percentage (22.8%). Also, about 45% of patients who
were taking vildagliptin 50 mg had achieved the
HbA1c target; of them, 33.3% were on monotherapy. Table 4 demonstrates the details of the
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Table 3: Target achievement of the HbA1c levels.
Type of DPP-4
inhibitors

HbA1clevel within the target

HbA1clevel out of the target

Frequency

Percentage (%)

Frequency

Percentage (%)

Sitagliptin 50 mg

37

26.4

64

45.8

Sitagliptin 100 mg

4

2.9

17

12.1

Vildagliptin 50 mg

8

5.7

10

7.1

49

35.0

91

65.0

Total

Table 4: Target of HbA1c level achieved with the use of DPP-4 inhibitors.
Percentage of patients that reach the HbA1c target (%)
Prescribing pattern

Sitagliptin 50 mg
(n= 37 out of 101)

Sitagliptin 100 mg
(n= 4 out of 21)

Vildagliptin 50 mg
(n= 8 out of 18)

Monotherapy

5.9

0

33.3

Combination therapy with insulin only

2.0

0

11.1

Combination therapy with other OAD only

22.8

19.0

0

Combination with insulin and other OAD

5.9

0

0

Percentage of patients reach HbA1c target (%)

36.6

19.0

44.4

Table 5: A summary of variables with a significant
association with the type of DPP4i
Variables

P-value
(p<0.05)

Prescription pattern

0.000

Body Mass Index (BMI)

0.024

Co-administered drug (vitamin and
supplement)

0.008

Co-administered OADs (metformin)

0.000

prescribed DPP4i patterns within the cases that
have achieved HbA1c values. Finally, the variables listed in Table 5 showed statistically significant association with the type of the prescribed
DPP4i

Discussion
Type of DPP-4 Inhibitors Therapy Commonly Prescribed
in the Study Setting
Sitagliptin and vildagliptin were the
only two types of prescribed DPP4i in the study
400

setting. Overall results showed more prescriptions of DPP4i combination therapy compared to
monotherapy. It might be explained by the superior HbA1c reduction of sitagliptin/metformin
combination compared to monotherapy of each
drug [10]. Also, it was reported that the use of
sitagliptin 100 mg as add-on therapy to 1000 mg
metformin reduced HbA1c by 0.9% over 24 weeks
among Chinese patients with T2DM following
inadequate glycemic control with metformin
alone [11]. Moreover, it is well established that
metformin is the mainstay in the monotherapy treatment initiation, and other OAD, e.g.,
DPP4i, will be considered in case of inadequate
control [2]. Therefore, the patterns observed
in this study seem to be in line with the clinical
guidelines.
Vildagliptin was the least prescribed
DPP4i among our study participants despite the
evidence that its associated HbA1c reduction was
comparable to that of sitagliptin [12]. Also, the
percentage of patients on vildagliptin monotherapy was relatively higher than that of siltagliptin
monotherapy. In contrast, a previous study
reported an overall low utilization of vildagliptin
monotherapy [8]. The prescribing of DPP4i
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monotherapy could be noticed among patients
with renal problems and those with severe heart
failure in whom metformin therapy will not be
an appropriate therapeutic choice [13].

Common Co-Administered Drugs with
DPP-4 Inhibitors
Vildagliptin was frequently prescribed
for the patient receiving calcitriol or ferrous
fumarate supplement. The dosage of vildagliptin
should be halved from 100 mg twice daily to
50 mg once daily in a patient with moderate
to severe renal impairment [14]. Although our
work did not trace for the concurrent comorbidities extensively, it is noticeable that these
supplements for vitamin D deficiency and
iron-deficiency anemia can be seen in a patient
with chronic kidney disease (CKD). Moreover,
vildagliptin is more preferred in a patient with
CKD compared to sitagliptin due to its favorable
pharmacokinetic properties [14, 15]. Only 23% of
orally ingested vildagliptin excreted unchanged
in the urine, whereas most of the ingested sitagliptin exclusively excreted unchanged in the
urine [14].
Next, DPP4i was frequently prescribed
in combination therapy with gliclazide in line
with the recommendations of CPG on the management of T2DM [2]. Gliclazide is a preferred
sulfonylurea as a second-line OAD because of its
relatively safer CV profile for and less incidence
of hypoglycemia compared to the other sulfonylureas [16]. In contrast, glibenclamide has
shown an undesirable effect on type 2 diabetes
mellitus patients with coronary artery disease
[17]. From the medications screening, it was
clear that many patients had a comorbid cardiovascular disease, which could explain the frequent use of DPP4i in combination therapy with
gliclazide.

Type of the Prescribed DPP4i among Patients
with Different BMI
According to the statistics released by the
National Diabetes Registry Report in 2012, 83.4%
© 2020 The Authors

of the diabetic patients were also overweight or
obese [2]. Thus, a prescriber needs to consider
the impact of OAD on weight gain. According to
the national clinical practice guidelines for the
management of T2DM, metformin is the firstline agent for patients with normal, overweight,
and obese BMI. DPP-4 inhibitor is considered a
second-line choice for normal and overweight
patients and the fourth line in obese [2]. The
findings showed frequent use of sitagliptin,
which is preferred in overweight patients compared to thiazolidinediones and sulphonylureas due to its weight neutral properties [5].
However, for obese patients, other antidiabetic
agents such as SGLT2i and GLP-1 receptor antagonists that could promote better glycemic control in obese patients compared to sitagliptin
[18]. It is suggested that the choice of the add-on
OAD therapies should consider the individual
patients’ conditions carefully to give the optimal glycemic control and avoid unwanted health
outcomes.

The Level of HbA1c Target Achievement with DPP-4
Inhibitors Therapy
Overall, the use of both sitagliptin and
vildagliptin can achieve glycemic control. Based
on the previous study, 66% of patients who
received sitagliptin 100 mg as combination therapy with metformin 2000 mg achieved HbA1c
target less than 7% [19]. In comparison with our
findings, the prescribed doses were relatively
lower. Nevertheless, a still considerable number
of patients on sitagliptin combination therapy
could achieve glycemic control.
Among the relatively low number of cases
on vildagliptin therapy, the majority has achieved
the target HbA1c. This was consistent with prior
evidence regarding the extent of attaining target
HbA1c after four months on vildagliptin monotherapy [20]. With greater focus, it has been
reported in our findings that a more substantial proportion of patients failed to achieve target HbA1c. Considering the lack of investigation
of all the barriers related to the achievement of
target HbA1c, we could only suggest that better glycemic control could be achieved through
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addressing patients’ non-compliance to medications, insufficient treatment, and non-adherence
to therapeutic lifestyle changes.

Conclusions
The DPP4i were more prescribed as combination therapy, mainly with metformin, compared to monotherapy except for vildagliptin.
Gliclazide was the most common co-administered OAD with vildagliptin. Overall, only onethird of patients prescribed with DPP4i were able
to achieve target HbA1c values. Barriers to achieving optimal glycemic control for patients on OAD,
particularly DPP4i, need further investigations.

Limitations
There were several limitations upon the
completion of this research. One limitation was
time constraints because of the short period specified for executing all data collection procedures.
Also, there was a difficulty in accessing the data of
patients before they started to receive diabetes care
in the hospital, which may affect the accuracy of
the data related to the exact date of DPP4i initiation.
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Abstract
Diabetic kidney disease (DKD) is a common and serious microvascular complication of diabetes mellitus (DM), which is characterized by an elevated urinary albumin excretion rate, elevated blood pressure, and declined renal function. Approximately
30–40% of DM patients will develop DKD, which is the leading cause of end-stage renal disease (ESRD) and renal failure. Genetic
factors appear critical in DKD pathogenesis based upon the evidence including aggregation in families, variable incidence rates
of DKD between different races, and the highly heritable nature of diabetic renal clinic and histologic changes. Each 10-mmHg
increase in mean systolic blood pressure (BP) was associated with a 15% increase in the hazard ratio for development of both
micro- and macroalbuminuria and impaired kidney function defined as eGFR<60 ml/min per 1.73 m2 or doubling of the blood creatinine level. Broadly, a baseline systolic BP >140 mmHg in patients with DM2 has been associated with higher risk of ESRD and
death. The ACE genes may predict diabetic nephropathy in some groups, the rate of progression and the antiproteinuric response
to ACE inhibitors.

Keywords: ACE genes, diabetic kidney disease, diabetes mellitus, hypertension, genetic susceptibility.

Diabetic kidney diseases definition
Diabetic kidney disease (DKD) is one of the
major chronic complications of diabetes, associated with significant morbidity and mortality,
with rates of hospitalization three times higher
in patients with DKD than in patients without
renal complication [1]. In diabetic kidney disease,
the progressive decline of glomerular filtration
rate (GFR) towards end stage renal disease (ESRD)
which is associated with increased mortality, is
mainly due to cardiovascular causes [2]. It is postulated that reduced renal function is by itself an
indicator of high cardiovascular mortality risk.
[3]. DKD is a clinical syndrome characterized

by: increased urinary albumin excretion rate
(UAER) that is confirmed on at least two occasions three months apart; progressive decline
in the glomerular filtration rate (GFR); elevated
arterial blood pressure without other renal disease or heart failure [4, 5]. UAER is defined as an
excretion rate below 20 µg/min or 30 mg/24 hours
[5]. An excretion rate between 20‑200 µg/min and
30–300 mg/24 hours defines microalbuminuria or
more recently named “moderately increased albuminuria” [6]. An excretion rate >200 micrograme
(300 mg/24 hours) is named macroalbuminuria or
conformed recently to recommendations “severe
increased albuminuria” [6]. An alternative method
of detecting microalbuminuria is measurement
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of the albumin/creatinine ratio in a spot urine
specimen: a ratio between 30–300 mg albumin/g
creatinine is well correlated with 24-hours collections, and is now the preferred screening test
for diabetic kidney disease [7]. Microalbuminuria as a marker of glomerular damage predicts
the development of overt nephropathy without
specific interventions in approximately 80% of
insulin-dependent diabetes mellitus, and 20–40%
of patients with non-insulin-dependent diabetes
mellitus. Moderately increased albuminuria is
also a marker of increased cardiovascular morbidity and mortality in patients with either type
1 diabetes (T1DM) or type 2 diabetes (T2DM).
Some evidence also indicates that moderately
increased albuminuria may predict cardiovascular events and perhaps early renal damage in
patients with essential hypertension [8]. GFR is
calculated using MDRD and CKD-EPI equations
[6]. Characteristic structural and functional
changes in diabetic kidney disease include hyperfiltration, renal and glomerular hypertrophy,
mesangial cell hypertrophy and matrix accumulation, glomerular basal membrane thickening, and functional alteration in glomerular
filtration barriers. Factors responsible for these
typical changes are hyperglycemia, advanced
glycosylation end-products (AGEs), growth factors, cytokines, and glomerular hypertension
[9]. DKD pathogenesis involves both genetic and
environmental factors represented by older age,
male sex, smoking status, and ethnic background
(African-American, Native American, and Mexican-American people have a much higher risk
-three- to six-fold increase – of developing endstage renal disease in the setting of diabetes compared with white Caucasian subjects) [10]. The
genetic risk of DKD is influenced by the combined
effects of variation at an undetermined number
of genomic sites, some with a predisposing and
some with a protective effect [11, 12]. The screening for DKD should be performed at diagnosis
in T2DM and five years after initial diagnosis in
T1DM with a urinary albumin/creatinine ratio
and serum creatinine. The patients with diabetes mellitus whose GRF decline rate is exceeding 10 ml/min/year or is lower than 30 ml/min
should be referred immediately for nephrological
exam.
404

Hypertension in diabetes mellitus
Hypertension in diabetes mellitus may
be due to one of the following reasons: the metabolic syndrome (hypertension, obesity, atherosclerosis, and dyslipidemia); secondary to
complications of diabetes mellitus; due to endocrine disorders and drugs, and coincidental
(essential arterial hypertension and isolated
systolic hypertension). The renin-angiotensin-
aldosterone system (RAS), natriuretic peptides
system (NPS), Endothelin I, Bradykinins and NO
are important regulators of fluid and electrolytes homeostasis. The balance between different endogenous vasoconstrictors (angiotensin II,
norepinephrine, endothelin-1) and vasodilators
(natriuretic peptides, bradykinin, adrenomedullin, and NO) is alterated in diabetes patients and
predisposes to hypertension and microvascular
diseases, including diabetic kidney disease. The
existence of intricating mechanisms between
hypertension and hyperglycemia is sustained by
two observations:
•

•

the diabetic patients, especially after onset of
chronic complications, have a higher prevalence of hypertension than non-diabetic controls [13];
the risk of diabetic kidney disease increases
in subjects with a family history for hypertension or cardiovascular disease [14, 15].

It is estimated that the risk for loss of
renal function is several times higher in hypertensive diabetic patients than in hypertensive
nondiabetic patients [15]. In patients with newly
diagnosed DM2, treating to a target BP of <150/85
mmHg over a median of 15 years resulted in a
significant 37% risk reduction of microvascular
complications compared with that in patients
treated to a target of <180/105 mmHg. Each
10-mmHg increase in mean systolic BP was associated with a 15% increase in the hazard ratio for
development of both micro- and macroalbuminuria and impaired kidney function defined as
eGFR <60 ml/min per 1.73 m2 or doubling of the
blood creatinine level [16]. Broadly, a baseline
systolic BP >140 mmHg in patients with DM2 has
been associated with higher risk of ESRD and
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death [17, 18]. The natural history of hypertension
differs markedly between T1DM and T2DM. In
insulin-dependent diabetes mellitus patients the
blood pressure is usually normal at presentation
and remains normal for the first 5‑10 years, but
increases with the appearance of diabetic kidney
disease. To the non-insulin-dependent diabetes mellitus patients, elevated blood pressure is
usually present at diagnosis or diabetes, or may
develop thereafter [19]. Systemic hypertension is
an early phenomenon in diabetic kidney disease.
Furthermore, nocturnal blood pressure elevation
(“non-dippers”) occurs more frequently in insulin-dependent diabetes mellitus and non-insulindependent diabetes mellitus patients with
diabetic kidney disease. Also, exaggerated blood
pressure response to exercise has been reported
in long-standing insulin-dependent diabetes mellitus patients with microangiopathy. Finally, the
increase in glomerular pressure consequent to
nephron adaptation may be accentuated with concomitant diabetes [9]. The risk for progression for
DKD is reduced with reduction of blood pressure
to less than 130‑140/80‑85 mmHg and optimization of HbA1c. In the last 25 years ,the hypothesis
that renin -angiotensin system (RAS) inhibitors,
either inhibitors of the angiotensin-converting
enzyme (ACE-I) or angiotensin receptors blockers
(ARB) prevent the development or slow the progression of diabetic kidney disease was intensely
studied [20‑23]. Clinical and experimental data
reveal that blocking RAS with ACE-Is or ARBs
reduces transition from microalbuminuria to
proteinuria. What do we do, now? We think that
Is rationale To use an anti-hypertensive with
renal protective agents with dual blockade; in
fact, neither ACE-Is or ARBs can completely suppress the RAS, because of the “escape” phenomenon: alterate nonACE-dependent pathways
(chymase) for angiotensinogen activation to
angiotensin II. These mechanisms are probably
responsible for the return of angiotensin II levels
back to baseline after six to nine months of ACE-I
treatment [24]. A multitude of association studies
of blood pressure candidate genes was performed;
we resume five physiological genes classes: reninangiotensin-aldosterone system(RAS), sodium
volume, sympathetic nervous system, vascular
and metabolic systems [25, 26].
© 2020 The Authors

Genetic susceptibility to diebetic kidney disease
DKD is a complex, multifactorial syndrome, which develops when environmental
risk factors operate on a pool of genetic variants
that confers individual susceptibility to disease.
A high number of genes are considered candidates for DKD, an explanation for this high number resides in the intrinsic complexity of the
pathophysiology of diabetic renal injury (Table 1
and 2). The number of DKD candidate genes will
increase in the following years while more data
regarding the cellular and molecular pathophysiology of the initial phases of DKD will become
available. According to the presumed molecular
mechanism of their encoded protein, these genes
are grouped into:
•

•

•

•
•
•

Blood pressure regulation genes: Angiotensin Converting Enzyme-ACE, Angiotensinogen-AGT, Angiotensin Receptors-AGTR,
Aldosterone Syntetase-CYP11B2, Endothelin
and Endothelin Receptors, Plasma Kallikrein
Bradykinin Receptors, Nitric Oxide Synthetases-NOS2A, NOS3;
Growth factors and angiogenesis factors:
Vascular Endothelial Growth Factor-VEGF,
Erythropoetin, TGFβ;
Metabolism genes: Aldolase Reductase-AKR1B1,
AGE Receptor-AGER, Apolipoproteins, Methylenetetrahydrofolate reductase-MTHFR;
Cytokines and inflammation genes: IL-1.
IL6, IL18, ICAM1, MCP1, TNFα;
Oxidative stress: Nitric Oxide Synthetases,
Glutathione Peroxidase-GPX, Catalase-CAT;
Genes with other function: HSPG2-Heparin
sulfate Proteoglycan which Is involved in glomerular structure, GREM1 which is involved
in cell growth, UNC13B thought to be involved
in apoptosis).

In the last two decades, the attention has
focused on genetic susceptibility to renal injury
from elevated blood pressure. According to Churchill et al [27], an experimental animal model of
renal injury caused by hypertension suggests
that nephropathy susceptible genes exist, but
genes have not yet been identified. In humans,
the familial clustering of hypertensive renal
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Table 1: Candidate genes for DKD: adapted after [31]
Gene Class

Gene

Location

Loci

Population

Cytokines and
growth factors

Adiponectin

3q

ADIPOQ

Danish, Finnish, Type 1 DN
French

IGF-1

12q23.2

IGF1

White

Type 1 DN

IGF-binding protein 1

7p14

IGFBP1

White

Type 2 DN

TGF-β receptor II

3p24.1

TGFβR2

White

Type 1 DN

TGF-β receptor III

1p22.1

TGFβR3

White

Type 1 DN

Collagen type IV, α I

7q32.1

COL4AI

White

Type 1 DN

Laminin, α 4

6q21

LAMA4

White

Type 1 DN

Laminin, γ 1

1q25.3

LAMCI

White

Type 1 DN

Tissue inhibitor of
metalloproteinase 3

22q12.3

TIMP3

White

Type 1 DN

Matrix metalloproteinase 9 20q13.12

MMP9

White

Type 1 DN

Carnosinase

18q22.3

CNDP1

White

Type 2 DN

17q12

HNF1B1/
TCF2

White

Type 1 DN

Neuropilin 1

10p11.22

NRPI

White

Type 1 DN

Protein kinase C β 1

16p12.1

PRKCBI

White

Type 1 DN

SMAD, mothers against
DPP homolog 3

15q22.33

SMAD3

White

Type 1 DN

Upstream transcription
factor 1

1q23.3

USFI

White

Type 1 DN

Angiotensin II receptor,
type 1

3q24

AGTR1

White

Type 1 DN

Aquaporin 1

7p14.3

AQP1

White

Type 1 DN

B-cell leukemia/lymphoma 18q21.33
2 (bcl-2) proto-oncogene

BCL2

White

Type 1 DN

Catalase

11p13

CAT

White

Type 1 DN

Glutathione peroxidase 1

3p21.3

GPXI

White

Type 1 DN

Lipoprotein lipase

8p21.3

LPL

White

Type 1 DN

Cytochrome b, α
polypeptide

16q24.3

p22phox

White

Type 1 DN

Angiotensin-converting
enzyme

17q23

ACE

White

Type 1 DN,
Type 2 DN

Inflammatory factors Engulfment and cell
motility factor

7p14

ELMO1

Japanese, Black

Type 2 DN

Endothelial function
and oxidative stress

Nitric oxide synthase 3

7q36.1

NOS3

Japanese, White

DN, Type 1 DN

Superoxide dismutase 2

6q25

SOD2

Caucasian,
Korean,
Japanese

Type 1 DN,
Type 2 DN

Apolipoprotein E

19q

ApoE

White

Extracellular matrix
components

Matrix
metalloproteinases
and dipeptidases

Transcription factors HNF1B1/transcription
factor 2, hepatic (MODY5)

Renal function and
renin angiotensin
system components

Lipid metabolism
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Phenotype

Type 1 DN,
Type 2 DN

© 2020 The Authors
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Table 2: Genome-wide linkage scans for diabetic kidney disease: adapted after [31]
Chromosome
3q

7q

7p

10q

18q

Region

Maximum
LOD

13

Population

Study

Phenotype

Characteristics

4.55

Black

Sibling
pairs

Type 2 DN

Age at ESRD onset

21.3

2.67

Finnish

Discordant
sibling
pairs

Type 1 DN

25.1

3.1

White

Discordant
sibling
pairs

Type 1 DN

12.3

1.84

West
African

Sibling
pairs

Type 2 DN

CC

21.1

(6.0 × 10−4)

White

90% sibling
pairs

Predominantly
type 2 DN

ACR

21.3

(6.0 × 10−5)

Black

90% sibling
pairs

Predominantly
type 2 DN

Nephropathy

33

2.04 to 2.73

Pima Indian

Sibling
pairs

Type 2 DN

Nephropathy and
retinopathy

36.2

3.1

94% white

Families

Type 2 DN

ACR

(99 cM)

(1.1 × 10−4)

White

90% sibling
pairs

Predominantly
type 2 DN

Nephropathy

21.3

4

94% white

Sibling
pairs

Type 2 DN

CC-GFR

32.1

3.59

Black

Sibling
pairs

Type 2 DN

Age at diabetes
onset

(12 cM)

(1.6 × 10−4)

American
Indian

90% sibling
pairs

Predominantly
type 2 DN

ACR

(78 cM)

(1.0 × 10−3)

Mexican
American

90% sibling
pairs

Predominantly
type 2 DN

GFR

23.31

3.1

94% white

Sibling
pairs

Type 2 DN

Diabetic/
nondiabetic; CCGFR

26

2.47

Black

Sibling
pairs

Type 2 DN

Age at ESRD onset

22.1

3.72

Black

Sibling
pairs

Type 2 DN

Age at diabetes
onset

22.1

(3.15 × 10−2)

White

Discordant
sibling
pairs

Predominantly
type 2 DN

Nephropathy

22.3–23

6.1

Turkish

Families

Type 2 DN

Nephropathy

disease and the identification of polymorphism
in the renin-angiotensin-aldosteron system gene
components support the idea of genetic susceptibility to hypertensive renal injury in diabetic
nephropathy [28]. Krolewski et al [29] identified
a region on the long arm of chromosome 3 in the
© 2020 The Authors

vicinity of the angiotensin II type-1 receptor gene
that harbors a locus with major effects. In addition, they have demonstrated minor effects of the
insertion allele in the ACE gene and the T-allele
at position 235 in the angiotensinogen gene on
the development on diabetic nephropathy; this
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finding must be confirmed in other family-based
studies.
Is susceptibility to diabetic nephropathy
the same as susceptibility to essential hypertension? Krolewski et al [29] identified some overlap.
Essential hypertension has a significant genetic
component with minor gene affects and these
authors postulated that the expression and penetrance of one of these minor genes for essential hypertension is changed in the presence of
hyperglycemia in such a way that carriers of that
disease allele, which must be a common one,
would develop diabetic nephropathy together
with their hypertension. Overactivity of the
natrium/kalium exchanger in the pathogenesis of diabetic nephropathy remains uncertain.
Demanine et al [30] presented the results of an
analysis of polymorphism in two areas of the
aldose reductase gene in normal healthy controls and in insulin-dependent diabetes mellitus
patients with nephropathy; this finding is incert
by others authors [29].
The kidney also plays a critical role in
the development of systemic hypertension.
The major alterations are sodium retention and
increased peripheral vascular resistance [28].
The molecular aspect of this phenomenon in
patients with diabetic nephropathy is not completely understood.
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Abstract
Objective: Published studies demonstrate that diagnosis with Type 2 diabetes (T2DM) places patients at risk of severe symptoms
and increased mortality from COVID-19. The literature was reviewed to understand emerging evidence. Method: A review of published studies on COVID-19 in patients with diabetes was conducted to identify the needs and optimal practice for the local population diagnosed with diabetes at risk of COVID-19. Key Findings: The combined sample was n=18746 where all patients were
diagnosed with T2DM and COVID-19. The severity of symptoms was reported in n=7646. Most reported were fever, (32%) cough
(26%), and chest tightness (8%). The causes of death were reported in n=3260. The main causes of death were: COVID-19 (76%),
acute respiratory distress (5%). Other comorbidities were reported in n= 6968. The most reported comorbidities were hypertension
(38%), cardiovascular (10%), and pulmonary disease (3%). Other risk factors were reported in n= 6968. Those most reported were
diabetes, (80%) cardiovascular abnormalities (10%), hyperglycemia not previously diagnosed as diabetes (9%). The reported effects
of antidiabetic medications on COVID-19 disease were reviewed for emerging evidence. Conclusions: Published studies underline
the importance of maintaining weight, glycemic control, good hydration, and exercising as much as possible. Patients need to be
informed to present to hospital promptly if developing COVID-19 symptoms. Normal T2DM therapy can be maintained in patients
with no, or mild, symptoms. On presentation to hospital with severe COVID-19 disease, diabetes control maybe maintained with
insulin, concurrent with hydration and metabolic parameters maintenance until the patient is recovered.

Keywords: Coronavirus, COVID-19, Diabetes Medications, Type 2 Diabetes.

Introduction
The disease caused by the novel coronavirus SARS-Cov-2 (COVID-19) is one of the
fastest spreading respiratory system transmitted conditions, and is currently responsible
for 13,141,232 cases with 7,660,786 recovered
and 573,344 deaths globally [1]. The disease
was declared a pandemic, triggering widespread simultaneous lockdowns around the
world, with a fluctuating mortality rate around
the globe [2]. Currently there is no cure for
COVID‑19, with a number of pharmacological
treatments currently undergoing clinical trials.
The virus enters the body via the respiratory
system causing a range of symptoms including

a high-grade fever, a new or continuous cough,
myalgia, gastrointestinal symptoms, and a
loss or change in taste or smell [3]. They range
from mild, to severe potentially life-threatening, causing hospitalization with pneumonia,
acute respiratory distress syndrome (ARDS),
multi-organ failure, and death [4].
Studies have described those with obesity, diabetes, and pre-existing cardiovascular
conditions as ‘at risk groups’ and they were
the basis of the recommendations on shielding
from the World Health Organisation (WHO)
[5]. Type 2 diabetes (T2DM) was one of the conditions classed as a risk factor to experience
severe COVID-19 symptoms with a higher death
rate especially in patients with poor glycemic
control [6].

© 2020 The Authors. Romanian Journal of Diabetes, Nutrition and Metabolic Diseases published by Sanatatea Press
Group on behalf of the Romanian Society of Diabetes Nutrition and Metabolic Diseases. This is an open access article
under the terms of the Creative Commons Attribution License (CC-BY-NC-ND 3.0).
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Method
A literature search was conducted using
ScienceDirect®, Google® scholar and PubMed®.
The search terms used were <coronavirus>, <diabetes> and <type 2 diabetes>. The search was limited to 2019 and 2020 (Fig 1). A total of 10 studies
were analyzed.
All articles were screened and reviewed to
fit the criteria to assess the association between
T2DM and COVID-19 (Appendix 1).
Owing to the lack of randomized controlled
trials, it was not possible to combine data from all
studies for meta-analysis, so only a narrative review
was possible on the information available (Table 1).

Results
All patients reported in the studies
selected had been diagnosed with T2DM and
COVID-19; there were four domains selected to
measure the studies risk of bias score:
1.
2.
3.
4.

The study reported on symptoms severity.
The study reported on causes of death.
The study reported on one or more other risk
factors e.g., hypertension, age, obesity, etc.
Diabetes medication continued.

The combined sample was n=18746 where
all patients were diagnosed with T2DM and

COVID-19. Severity of symptoms was reported in
n=7646, and the most reported symptoms were
fever, (32%) cough (26%), and chest tightness
(8%). Causes of death were reported in n=3260 by
Huang et al, [4], Zhu et al [6], and Roncon et al [8].
The main causes of death were: COVID-19 (76%)
and acute respiratory distress (ARD) (5%). Other
comorbidities were reported in n= 6968 by Huang
et al [4], Desai et al [11], and Zhou and Tan [12].
The most reported comorbidities were hypertension (38%), cardiovascular (10%), and pulmonary
disease (3%). Other risk factors were reported
in n= 6968 by Huang et al [4], Desai et al [11], and
Zhou and Tan [12]. The most reported risk factors
were diabetes, (80%) cardiovascular abnormalities (10%), hyperglycemia not previously diagnosed as diabetes (9%).
Diabetes medications were continued in
n= 3185 and stopped in n= 15561 patients. Some
medications used to treat diabetes were reported
to contribute to poorer outcomes, if risk mitigation was not considered [15]. The authors concluded that metformin was found to contribute
to dehydration leading to lactic acidosis and
acute kidney injury. They also concluded that the
sodium-glucose-co- transporter 2 inhibitors (e.g.,
canagliflozin, dapagliflozin, and empagliflozin)
should not be initiated or continued during the
COVID-19 infections as, in addition to increasing
the risk of dehydration and acute kidney injury,
they can cause ketoacidosis. Bornstein et al [15]
stated that glucagon-like peptide-1 receptor

Articles identified through search
(n=2630)
Articlesscreened (n=2630)

Articles excluded based on clinical
conditions reviewed(n=2500)

Articles further reviewed based on clinical
conditions reviewed (n=130)

Articles with full access (n=10)
Figure 1: Inclusion and exclusion criteria of literature used.

© 2020 The Authors
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Zhang
et al.,
20209

Cohort

Systematic
review

Roncon
et al.,
20208

Systematic
review

Huang
et al.,
20204

Systematic
review

Cohort

Zhu et al.,
20206

Kumar
et al.,
20207

Design

Reference

74

1382

114

6452

7336

Population

To assess
HbA1c in T2DM
patients with
COVID-19

IC admission in
T2DM patientsusing Newcastle
Ottawa quality
assessment
scale.

Assessing
studies with
patient with
COVID-19
in patient
hospitalized
in ICU

The need for
ICU, poor
outcome, severe
mortality
and disease
progression

Assessing blood
glucose levels
of T2DM with
COVID-19 and

Intervention

To describe characteristics
of COVID-19 patients
with type 2 diabetes
and to analyze risk
factors for severity

Twenty-seven patients (36.5%) were
severe and 10 patients (13.5%) died.

DM results showed to be the second
more frequent comorbidities. DM
patients had a significant increased
risk of ICU admission (OR: 2.79, 95 %
CI 1.85–4.22, p<0.0001, I2=46 %). In
471 patients (mean age 56.6 years, 294
males) analyzed for the secondary
outcome diabetic subjects resulted to
be at higher mortality risk (OR 3.21,
95 % CI 1.82–5.64, p < 0.0001, I2=16 %).

Diabetes was found to be significantly
associated with mortality of
COVID-19 with a pooled odds ratio
of 1.90 (95% CI: 1.37e2.64; p <0.01).
Diabetes was associated with severe
COVID-19 with a pooled odds ratio
of 2.75 (95% CI: 2.09e3.62; p<0.01).

Requiring invasive
ventilation, requiring ICU
care or progressive disease
or refractory disease

To assess the risk of
ICU admission and
morality risk in diabetic
COVID-19 patients.

T2DM was associated with composite
poor outcome (RR2.38 [1.88. 3.03].
p<0.001; 12 : 62%) and its subgroup
which comprised of mortality (RR
2.12[1.44, 3.11], p<0.001; 12:72%),
severe COVID-19 (RR 2.45 [1.79,
3.35], p<0.001: 12 :45%), ARDS
(RR 4.64 [1.86, 11.58], p=0.001; 12
:9%), and disease progression (RR
3.31 [1.08. 10.14], p=0.04; 12: 0%

Patients had higher mortality
(7.8% versus 2.7%: adjusted hazard
ratio, 1.49) with multiple organ
injury in comparison to those
patients that were nondiabetic

Mortality

Mortality, severe COVID-19,
acute respiratory distress
syndrome, ICU and
disease progression

Results

Measured outcomes

Appendix 1: Final selected papers list (Columns contains a quotation from papers)

T2DM patient showed to
be more susceptible to
COVID-19 in comparison
to the overall population
Zhang et al., 2020

Diabetic patients with
COVID-19 had an increased
risk of ICU admission with
a higher rate of mortality

Diabetic patient showed to
have a ‘two-fold increase
in mortality as well as
severity of COVID-19’
compared to those that had
no diagnosis of diabetes.
Kumar et al., 2020

Sever mortality rates
were observed in patient
with diabetes that were
diagnosed with COVID-19

Showed patient with
improved glycemic
control had better
outcome with COVID-19
in T2DM patients

Conclusion
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Cohort

Guo
et al.202013

Cohort

Cohort

Zhou and
Tan 202012

Wang et al
202014

Systematic
review

Cohort

Raoufi
et al.,
202010

Desai
et al.,
202011

Design

Reference

132

174

881

2084

117

Population

C- reactive protein test and
D-dimer test were used to
assess severity in patients

HbA1c was monitored in
patient alongside SaO2
Mortality rate was
also assessed

Bloods were
monitored to
assess severity
of corvid 19

Mortality

T2DM should be
considered as a risk factor
for a rapid progression and
deterioration in symptoms
in patients with COVID-19
High level of HbA1c is said
to cause inflammation and
hyper coagulation and low
saturation O2 in COVID-19
patients and the mortality
rate 27.7% higher in
patient with diabetes
Correlation analysis showed
that there was a linear negative
correlation between SaO2 and HbA1c
(r = −0.22, P = 0.01), while there
was a linear positive correlation
between serum ferritin, CRP, Fbg,
and ESR levels and HbA1c (p<0.05).

T2DM is seen to be a cocomorbidity causing severe
symptoms in COVID-19

The overall prevalence of
COVID-19 was shown to be
higher in elderly patient
with T2DM in comparison
to the younger population

COVID-19 patient without comorbidities but T2Dm were at higher
risk of severe pneumonia, release of
tissue injury related enzymes due to
dysregulation of glucose metabolism

56.6% (499/881) of the tests showed
abnormal BG levels, including
29.4% (58/197) of the pre-prandial
BG tests and 64.5% (441/ 684) of the
postprandial tests. 69.0% (20/29)
patients were considered with nonideal BG levels. And 10.3% (3/29) of the
patients suffered at least one episode
of hypoglycemia (b3.9 mmol/L).

T2DM and corvid 19 patient with
a mean age >50 years was 13.2%
whereas other studies with relatively
younger patients mean age <50 years
had a pooled prevalence of 9.0%

Chest CT severity scores
were not significantly
different to patient that
were T2DM with Corvid-19
in comparison to nondiabetic COVID-19 patients

Chest CT severity scores were not
significantly different to patient
that were T2DM with COVID-19
in comparison to non-diabetic
COVID-19 patients Also, the
mortality and recovery rates were
similar between the two groups (p
= 0.54 and p = 0.85, respectively)

Chest CT scores were
defined by summation
of individual scores
from 5 lung lobes

Mortality rate

Conclusion

Results

Measured outcomes

To assess if
T2DM is a
risk factor of
COVID-19

Patient capillary
blood glucose
were taken to
assess severity

Assess COVID
-19 symptoms in
elderly patients

CT results, and
HbA1c values
were measured
to assess severity

Intervention
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Table 1: Risk of bias score
The study
reported
on
symptoms
severity

The
study
reported
on causes
of death

The study
reported
on one
or more
other risk
factors

Diabetes
medication
continued
or stopped

Total
score

Zhu et al.
20206

Yes

No

Yes

Continued

Huang.,
et al. 20204

Yes

No

Yes

Kumar
et al. 20207

Yes

Yes

Roncon
et al. 20208

Yes

Guo et al.
202013

Inclusion

Exclusion

3

T2DM and
COVID-19,
between
18 and 75
years of age

No electronic
record, pregnant,
has organ injury
or cancers,
laboratory results
not available

Not clear

2

T2DM and
COVID-19
and need
for ICU

Other comorbidities

No

Not clear

2

T2DM and
COVID-19

Not reported

Yes

Yes

Not clear

3

T2DM and
COVID-19
and need
for ICU

Not reported

Yes

Yes

Yes

Continued

4

T2DM and
COVID-19

Not reported

Raoufi
et al. 202010

No

No

Yes

Continued

2

T2DM and
COVID-19

Not reported

Wang
et al. 202014

Yes

No

Yes

Not clear

2

T2DM and
COVID-19

Not reported

Desai et al.
202011

No

No

Yes

Continued

2

T2DM and
COVID-19

Not reported

Zhang
et al. 20209

Yes

Yes

Yes

Not clear

3

T2DM and
COVID-19

Not reported

No

No

No

Continued

1

Reference

Zhou and
Tan 202012

agonists (e.g., insulin glargine with lixsenatide,
dulaglutide, exenatide-extended release, liraglutide, lixisenatide, and semaglutide) can be
continued subject to monitoring and correcting
dehydration. Dipeptidyl peptidase-4 inhibitors
(e.g., alogliptin, linagliptin, saxagliptin, and sitagliptin) were generally well tolerated and could
be continued [15]. Lastly, they reported that insulin was found to be the most beneficial and best
tolerated, and should always be continued.

Narrative analysis
Zhu et al [6] examined the association between glycemic control and outcome in
414

T2DM and
COVID-19

Not reported

patients with COVID-19 and pre-existing T2DM.
In their retrospective multi-center study, they
concluded that T2DM is a major co-morbidity of
COVID-19. Zhu et al [6] explained that glycemic
control in T2DM is an important factor in how an
individual is impacted with COVID-19 and when
poor, increased the likelihood of a severe presentation compared to those with no diabetes. Their
study also revealed that T2DM patient required
more time in intensive care units compared to
non-diabetic patients. A gender difference was
identified with males with T2DM at higher risk
than females. Paland Bhadada [2] discussed
the interaction between the two diseases and
reviewed how T2DM placed individuals at a disadvantage. They found a clear relationship between
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the two conditions and on how they combine to
precipitate a severe outcome in response to the
COVID-19 infection. They hypothesized that
the interaction occurs because of the “exagerated pro-inflammatory cytokine response and low
expression of angiotensin-converting enzyme 2
(ACE2)” enhancing the severity of the symptoms
caused by the virus. They also explain how SARSCov-2 causes worsening glycemic control. This
is postulated to be due to SARS-Cov-2 mediated
damage to pancreatic beta cells causing “augementation of insulin resistance through cytokines
and ferritin A and hypokalemia” [2]. The study by
Singh and Singh [16] supported Banerjeeh et al
[17] who focused on the relationship between
poor glycemic control and the increased risk of
severe presentation of COVID-19 symptoms.
Huang et al [4] concluded that COVID‑19
pneumonia was both more severe and more
often fatal in T2DM patients than in non-diabetic
patients. They described how other risk factors
alongside T2DM such as hypertension, particularly when influenced by age, could further
worsen the patient outcomes [4]. Zhang et al [9]
also reported that patients with uncontrolled
T2DM were more susceptible to COVID-19 infection, with higher mortality and severity of
symptoms.
Bouhanick et al [18] stated that “whilst
diabetes would not systemically increase the likelihood of being infected with COVID-19, once infected
patients with diabetes are likely to develop a severe
form of the disease”. The authors also highlighted the association of T2DM medication and
how it may impact the severity in symptoms
of COVID-19. They explain how dipeptidylpeptidase-4 inhibitors can “via the inflammatory
effect, play arole in the course of the infection or
in the occurrence of its complications” [18]. The
authors highlighted other T2DM medications
that should be used with caution or discontinued in patients with COVID-19. These included
ipeptidylpeptidase-4 inhibitors, glucagon like
peptide-1 agonists, sodium-glucose co-transporter 2 inhibitor, and metformin [18]. Mukherjee et al [19] concluded that “pioglitazone has more
potential for benefit than harm and can be continued
in people with T2DM and mild/moderate COVID-19”
unless contraindicated in the specific patient.
© 2020 The Authors

The pharmacology of the thiazolidinediones is
said to play a vital role against COVID-19 through
the moderation of host inflammatory responses
that are driving hyperinflammation [19].
Bornstein et al [15] explained the nature
and complexity of diabetes and how it is generally a primary risk factor for severe pneumonia
in up to 50% in a diabetic patients compared to
non-diabetic patients. The increased risk of
infection is postulated to be due to “defects in
innate immunity affecting phagocytosis, neutrophil chemotaxis and cell mediated immunity” [15].
In a meta-analysis, Kumar et al [7] described a
strong correlation between diabetes and severe
COVID-19 symptoms, from the pooled data of
16,003 patients, leading to a two-fold increase
in mortality and severity of COVID-19 as compared to non-diabetics. Roncon et al [8] further
explained that the diabetic patient is at higher
risk of ICU admission, poor short-term outcome, and poor survival rate due to exhibiting deteriorating, disabling, severe symptoms.
Raoufi et al [10] demonstrated that the chest
computed tomography score did not show a statistically significant difference between the two
groups.
Age is reported to impact outcome. Desai
et al [11] pooled data on various age groups to
understand the effect on patients with COVID-19
and T2DM. Their results revealed older patients
showed an increased chance both of contracting
COVID-19 and experiencing greater severity of
symptoms. They reported that a patient, mean
age <50 had a 9% chance of contracting COVID-19
compared to 13.2% for >50 years of age. They also
considered comorbidities such as cardiovascular complications, and reported that increasing
comorbidities alongside age may further impact
T2DM / COVID-19 patients. The retrospective
study of Guo et al [13] (n=174) found patients
with T2DM were at a higher risk of severe pneumonia compared to patients without other co-
morbidities. Patients were screened with chest
computed tomography (CT) alongside other
treatment measures. They determined that 24
of their 174 patients were at higher risk of pneumonia and “excessive uncontrolled inflammatory
responses” [13]. They concluded such patients
required closer attention and were to be reviewed

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org

415

Bibi N et al. Emerging evidence on the association between COVID-19 and Type 2 Diabetes

accordingly due to their potential for rapid
deterioration.
Zhou and Tan [12] reviewed the records of
881 patients concluding that diabetes and hyperglycemia can lead to higher secondary infection
risks and mortality and therefore, tight glycemic
control is essential in COVID-19 patients. Wang
et al [14], in a retrospective study of 132 patients,
found the mortality rate was higher in patients
with T2DM by 27.7% and that high HbA1c levels
were associated with inflammation, hypercoagulability, and low oxygen saturations. They
emphasized the importance of measuring HbA1c
levels post hospital admission to improve the
prognosis of COVID-19 [14]. They also explained
how COVID-19 potentially caused abnormal beta
cell damage and insulin resistance causing blood
glucose levels above their baseline in all patients.

Antidiabetic medication and COVID-19
Medications used to treat diabetes can
lead to further deterioration in COVID-19 due to
dehydration and renal injury. Banerjee et al [17]
highlighted how the pandemic may have had an
impact on glycemic control; reduced physical
activity, more chance of eating at home and of
consuming high energy take-away food affecting
weight and consequently their diabetes [17].
Bouhanick et al [18] reviewed the pharmacological characteristics of T2DM treatment
and the linkage to their effect on COVID-19. They
discussed dipeptidyl peptidase-4 (DPP-4) inhibitors and the potential increased risk of infection
through stimulating an ‘inflammatory immune
response through modifying the production of
several cytokines and chemokines’ [18]. They
noted that other studies agreed that DPP-4 inhibitors in T2DM patients, particularly sitagliptin,
increased the risk of upper respiratory tract and
lower urinary tract infections.
Nakhleh and Shehadeh [20] agreed that
T2DM medications may have deleterious effects
on patients presenting with COVID-19. However, they also noted how some T2DM treatment
may offer a protective role in COVID-19 related
lung injury [20]. Insulin is an effective treatment to continue in diabetic patients positive
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for COVID-19 as it inhibits the production of
pro-inflammatory factors preventing acute lung
injury. It also reduces the risk of developing diabetic ketoacidosis or hyperglycemic hyperosmolar states preventing further deterioration
of any acute lung injury and acute respiratory
distress [20].
Bornstein et al [15] stated that biguanides
and SGLT-2 inhibitors should be withheld in
patients with severe symptoms of COVID-19 to
prevent the risk of metabolic decompensation
[15]. They recommend that after cessation, insulin should be used for acute control. Conversely,
regarding the DDP-4 inhibitors, Bornstein et al
[15] differed from Bouhanick et al [18] by concluding they believed there was no convincing
evidence to suggest DDP-4 inhibitors should be
discontinued.
Ursini et al [21] focused on biguanides in
COVID-19 patients. Their article on “COVID‑19
and diabetes: Is metformin a friend or foe”
describes how metformin and other medications such as pioglitazone and liraglutide may
play a role in promoting the SARS-Cov-2 virus
entry into host cells, they are said to ‘work synergistically to increase the angiotensin converting enzyme-2 availability in the respiratory tract
promoting SARS-Cov-2 infection’ [21]. On the
other hand, the author expounds how these medications may be advantageous in maintaining the
optimal management of glycemic control and
therefore need to be monitored to assess whether
they are beneficial to be continued in patients
who are positive COVID-19 [21].
A scoping review by Wicaksana et al [22]
focused on the pharmacological management of
T2DM patients during the pandemic. They also
noted the importance of glycemic control and
the prevention of hypoglycemia. They advised
that adjustment of ‘sulfonylurea and insulin
dose may be necessary to prevent hypoglycemia’
and should be handled with caution in elderly
patients as they are more likely to have deteriorating glycemic control. They also explained
the importance of close glycemic control during
the COVID-19 pandemic due to the restrictions
imposed; the social distancing and lockdown
affecting individual weight, health, and mental state causing poorer glycemic control, and
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pressure on staff in hospitals overloaded with
Covid admissions [22].
Singh and Khunti [23] presented a concise
table on anti-diabetic medications that may have
a deleterious effect on patients diagnosed with
COVID-19. The table showed that Metformin,
Pioglitazone, Sulfonylurea, DPP-4 inhibitors,
SGLT-2 inhibitors, and GLP-1 receptor agonists
can all be continued in patients with mild to moderate COVID-19 disease but should be withheld in
those presenting with severe symptoms, whilst
insulin may be continued at any stage [23].
Mukherjee et al [19] analyzed the use of
pioglitazone in patients with COVID-19. They
explained how pioglitazone had potential for
more benefit than harm and could be continued as advised also for mild/moderate COVID-19
disease.
It appears clear that tight glycemic control appears advantageous, but must be weighed
against the risk of precipitating hypoglycemic
episodes.

current evidence. Clearly diabetes and particularly
T2DM are risk factors for worsening prognosis in
COVID-19. Based upon the above we believe the
current understanding of the evidence is:
1.

2.

3.

4.

Limitations

Patients diagnosed with T2DM in lockdown
need to the best of their ability, to maintain
good weight, good glycemic control, good
hydration, and remain physically active.
Practitioners should provide information
on the importance of early presentation to
healthcare providers if COVID-19 symptoms
are developing.
Following the treating practitioner’s directions where possible, but taking note of
the findings from previous studies. This
suggests most patients with no symptoms
or only mild symptoms of COVID-19 can
maintain their normal therapy in T2DM
patients.
Patients with severe COVID-19 symptoms,
on presentation to hospital, most probably
should have their oral therapy withheld
and replaced by insulin while hydration and
metabolic parameters are monitored until
the patient has recovered.
This, like all other aspects of COVID-19 management, remains a fast-moving field and
advice may change as more information
emerges.

COVID-19 is an extremely fast-moving
field, and it is important to try to learn lessons
as they emerge. However, most of the studies
reported collected data in the early phase of the
epidemic when many health services were overloaded and under pressure, whilst emerging data
was constantly modifying policies and practices.
It quickly became clear that T2DM is a major risk
factor for severe presentations of COVID-19, and
it is important that pharmacists learn the lessons of early experience in relation to diabetes
and anti-diabetic drugs. This review presents and
summarizes the information available at the time
of submission.

5.

Conclusion

Ethics clearance

Managing COVID-19 disease continues to
follow emerging evidence which appears almost
daily, but it is essential to pause and try to review
the best information available to date in order to
adapt and try to ensure our management reflect the

This is a review article based on data
already published in other research and does not
include any new real life data; so it is exempted
under the university and the UK health research
approval requirement.
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Abstract
Diabetes mellitus is a heterogeneous group of metabolic dysregulation that shares phenotype of hyperglycemia and for which
genetic and environmental risk factors act synergistically. Dietary acid load and low pH of interstitial fluid are the most important, factors reducing insulin sensitivity and making the body condition worse in Type 2 diabetes mellitus (T2DM). Several pharmacological classes of oral antidiabetic drugs (OADs) are actually reachable for the treatment of T2DM. These drugs are designed
especially to reduce blood glucose level but not necessary to improve insulin resistance. This latter with OADs side effects may
affect the whole therapeutic strategies of T2DM. The kind of diet can deeply affect the organism by the generation of acid or
base precursors. Indeed, foods such as meat, eggs, cheese, and grains increase the production of acid in the organism, while fruit
and vegetables are alkalizing. However, milk, fats and sugars are considered neutral, which have an insignificant effect on acid–
base balance. To save cell function, the pH of body fluids is maintained constant by various systems which became impaired
with increase in age and many pathological situations. This review proposes to highlight the effect of dietary acid load on the
pathogenesis and management of T2DM as well as on its influence on the heterogeneity of OADs responses observed in diabetic
patients.

Keywords: Diet acid–base load, Diabetes, Potential renal acid load (PRAL), Insulin resistance, drug response.

Introduction
Diabetes is a pandemic non-infectious
disease. It is a leading worldwide cause of
mortality and disability [1]. The international
prevalence data report that in 2017, 425 million
people were diagnosed as suffering from diabetes mellitus worldwide, and the number of people with diabetes mellitus is considered to rise
up to 629 million by 2045 [2]. However, more
than 90% of these patients are type 2 diabetes
(T2DM) [3]. The most important symptoms
of T2DM are hypoglycemia, which is complicated by insulin resistance resulting from
insulin hypersecretion caused by pancreatic
β-cell dysfunction [4]. Chronic hyperglycemia

results from glucose metabolism impairment in
cells, such as hepatocytes, adipocytes, skeletal
muscles, etc., frequently leading to irreversible
complications like: macro-and micro-vascular
complications, myocardial stroke, renal failure, peripheral neuropathy and blindness [5].
Numerous researchers are reached to develop
various types of glucose lowering drugs for
treatment of T2DM such as sulfonylurea, glucosidase inhibitors, biguanide, thiazolidine,
dipeptidyl-peptidase (PPD) IV inhibitors, sodium-glucose cotransporter 2 (SGLT2) inhibitors
[6]. Nevertheless, an extremely large number
of people are still suffering from T2DM. This
means that the above mentioned drugs are still
effective from a viewpoint of reduction of blood
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glucose level, but not on fully treated patients
suffering from T2DM with insulin resistance
[5]. Several publications have appeared in recent
years documenting the implication of dietary
acid load in the increasing risk of T2DM through
insulin resistance [6–9]. In addition, Puddu et al.
suggest that weak short-chain fatty acids (weak
organic acids) produced by bacterial fermentation in distal gut may stimulate the secretion of
glucagon-like peptide 1 (GLP-1) that improves
insulin resistance; however, the exact molecular
mechanism is still unclear [10].
Interstitial fluids provide a biochemical
medium for extracellular signaling molecules
such as neurotransmitters and hormones (insulin) to regulate cell function. However, variation of interstitial space composition disturbs
efficiency signal transduction of this signaling
molecule from extracellular cells domain to intracellular effective signal. Presence of weak pH
buffering molecules in interstitial fluids makes
pH homeostasis of this extracellular medium
vulnerable to proton load [5]. Under anerobic
conditions, glucose metabolism (glycolysis and
glycogenolysis) generates protons from lactic acid
(lactate−/H+) in adipose and skeletal muscle tissues [11]. Ketone bodies (β-hydroxybutyrate−/H+)
are other major sources of protons of fatty acid
in the liver cells [6, 12]. In contrast to interstitial
space, blood has a powerful pH buffering such
as albumin, hemoglobin, which keep the rigorous pH of blood at a range between 7.35 and
7.45. These facts mean that even if the pH of the
blood stays at normal value, pH of interstitial
space would deviate from the physiological range
under the effects of pathophysiological metabolic
conditions [5]. Disruption of pH homeostasis
in intra or extra cellular space has many consequences in cells metabolism or tissues affecting
mainly pH-sensitive membrane transporters,
metabolic enzymes (phosphofructokinase) and
hormones (insulin-receptor binding) [13].
Effective solutions are needed to slow or
reverse this situation, especially by acting in variable factors, including physical activity, weight
and diet. The role of lifestyle and nutrition in the
management and prevention of T2DM is very clear
through its effect on body weight and metabolic
control [2]. Furthermore, appropriate diet and
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several bioactive factors involved in regulating
organic acid production and proton clearance
may be vital for the prevention or improvement of
metabolic dysfunction linked with T2DM.
In this review article we try to highlight
the influence of alkaline/acid diet load on pH
homeostasis of body fluids, insulin resistance,
and on drug response of T2DM. Further, this
work proposes perspective therapies on the basis
of regulation of body fluid pH including diet.

Cells and interstitial pH space homeostasis
Chemical reactions in living organisms
are influenced mainly by pH. This latter affects
the charge of reactive groups of molecules and
enzymes within extracellular and intracellular
fluids (Table 1). The chemical activity or concentration of the H+ or hydronium ion (H3O+) is
remarkably small and stable, given the abundance of protons in body fluids [14]. Intracellular
pH (pHi) is an important constant of cytoplasmic
compartment which can touch approximately
all aspects of cell functions. pHi changing may
affect predominantly: pH-sensitive metabolic
enzymes [15], such as phosphofructokinase (a key
of glycolytic enzyme), polymerization, and cross-
linking of cytoskeletal proteins such as actin and
tubulin, the ability of muscle cells to generate
tension (muscle weakness), gap junctions, many
ion-selective channels, apoptosis, cell growth,
and proliferation signal and osmosis. Furthermore, fluctuation of intracellular pH also leads
to the change of cell responses to external informational factors, including neurotransmitters,
growth factors, and hormones like insulin. For
that, all cells are well-equipped with several
chemical defense systems to fight against pH
fluctuations. Indeed, to maintain a stable pHi,
tremendous cellular buffers are implicated to
regulate pHi supported by the activity of different categories of membrane bound transporters.
These transporters are classified into five types:
1. Proton pumps or H+-ATPases; 2. Cation/H+
exchangers, for example the alkalinizing Na+/H+
exchanger and the acidifying K+/H+ exchanger; 3.
Na+-organic anion co-transporters; 4. Cl–/organic
anion exchangers; and 5. HCO3– dependent
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transporters, such as the (Na++ HCO3–) /Cl– and
the Cl–/HCO3– exchangers and Na+-HCO3– co-
transporters [13].
As mentioned above, to maintain the
intracellular pH at physiological levels, the
acids generated in the intracellular medium is
extruded into the extracellular fluid (the interstitial space). The acidity of this latter is suggested
to be one of the most serious pathogenesis mechanisms leading to various diseases, including
tumor metastasis and diabetes mellitus [8, 9].
However, the organs directly linked to
the maintenance of acid base homeostasis are
lungs and kidneys, as well as a complex system
of buffers. The interaction of these mentioned
elements is required to save the arterial pH in
physiological ranges (7.35–7.45) [7]. This equilibrium is maintained via the involvement of
three interconnected mechanisms: blood and
tissue buffering processes (e.g., bicarbonate), the
redistribution of carbon dioxide (CO2) from the

blood to the lungs through respiration, and the
excretion of excess hydrogen ions from the blood
into the urine via kidneys. During every given
moment, the acid-base equilibrium is mostly
affected by cell metabolism (e.g., exercise), food
intake, and disease patterns which it is also considered to affect either acid generation (e.g.,
diabetic ketoacidosis) or excretion (e.g., renal
failure) [16].
Another mechanism is widely involved
in acid base balance of the body which we may
not ignore. Bone is a very large ion exchange buffer system which contains 99% of body calcium.
Furthermore, Barzel and Massey added that 80%
of the total body carbonate are in the hydration
shell. Then, the water surrounding bone, are 80%
of citrate and 35% of sodium, which can serve
to buffer the excess acid. Bone replies to acidity
by an acellular, physicochemical reaction with
the immediate release of carbonate, citrate and
sodium from the hydration shell. In response to

Table 1: pH of selected fluids, organs, and cell compartment.
Organ, fluid or
intracellular organelle

pH

References

Skin

Natural pH is between 4 and 6.5

[16]

Urine

4.6–8

[16]

Gastric

1.35–3.5

[16]

Bile

7.6–8.8

[16]

Pancreatic Fluid

8.8

[16]

Vaginal Fluid

<4.7

[16]

Cerebro-spinal Fluid

7.3

[16]

Serum venous

7.35

[16]

Serum arterial

7.4

[16]

6.35–7.35

[19]

Intracellular Fluid

6.0–7.2

[16]

Cis Golgi apparatus

6.7

[20]

Medial Golgi apparatus

6.3

[20]

Trans Golgi apparatus

6.0

[20]

Secretory vesicles

5.5

[20]

Early endosome

6.5

[20]

Late endosome

6

[20]

<5.5

[20]

7.5–8.0

[13]

Breast milk

Lysosome
Mitochondria
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chronic acid stress, such as imposed by an acid-ash
diet, cellular responses mobilize bone and calcium
as a buffer. An acid-ash diet is a diet that creates
acid in the process of its metabolisms [17].
Therefore, under physiological conditions (anaerobic stress) a little amount of pyruvate generated by glycolysis is converted to
lactate. However, the rest of pyruvate is transformed in the mitochondrial tricarboxylic acid
cycle (TCA) to produce CO2 (major sources for H+),
which is converted later into H+ and HCO3– by carbonic anhydrase. Further, in a similar situation,
to produce the same amount of ATP, glycolysis
pathway generates more protons than the both
metabolic ways (glycolysis and TCA cycle) in
normal condition. This explains that glycolysis
associated with mitochondrial TCA cycle impairment is more acidogenic than glycolysis followed
with full functional TCA cycle. Previous studies
also indicated a reduction of mitochondria function in persons with T2DM [5, 18] where the total
amount of H+ produced in these patients is much
larger than that in healthy subjects with normal
mitochondrial function [18].

Dietary and acid load Metabolism
Food is one of the main determinants of
endogenous acid production [5]. It defines the
formation of acids, alkalis or neutral biochemical species once absorbed and metabolized. Main
nutrient components liberating acid precursors are presented by phosphorus and proteins
(mostly the sulfur amino acids such as cysteine,
taurine, and methionine, in addition to cationic
amino acids like arginine and lysine). However,
some minerals such as potassium, magnesium
and calcium are considered to be an alkaline precursor [7].
From a practical point, the main so-called
“acidifiers” foods are generally of animal origin:
meat, fish, poultry, eggs, and shellfish. However, some proteins of plant origin, such as those
from cereals and legumes, containing many sulfur amino acids, have also a strong acidifying
power. Further, milk, by its high content of calcium (alkalizing), is considered neutral. Sugar
and lipids have a weak acidifying power and
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a little contribution in acid-base balance [21].
Conversely, the alkalizing foods are mainly the
fresh fruits and vegetables, which are particularly rich in magnesium and potassium. The
alkalizing power of food is in fact appreciated
by its potassium content [22]. So, the potatoes
and pumpkins, are rich in K+, and have a greater
anti-acidifying effect than apples and pears. In
practice, the acidifying or basifying power of diet
can be approached by two methods [23]:
The First PRAL (potential renal Acid load)
score was estimated using an algorithm described
by Remer and colleagues [24]: PRAL (mEq/d) =
0.4888 x protein intake (g/day) + 0.0366 x phosphorus (mg/day) – 0.0205 x potassium (mg/ day) –
0.0125 x calcium (mg/day) – 0.0263 x Magnesium
(mg/day). However, the NEAP (net endogenous
acid load) score was calculated using the formula described by Frassetto et al., [25]: estimated
NEAP (mEq/d) = [54.5 x protein intake (g/day) ÷
potassium intake (mEq/day)] – 10.2.
The values of the first equation describe
the acid or alkaline load produced by each food, it
is expressed by mEq/100 g. However, the second
formula result from the acidifying effect of sulfuric amino acids such as cysteine and methionine
contained in protein food and alkalizing action
of the mineral salts, anions of weak organic acids
and cationic amino acids mainly present in vegetable foods [7, 26].
The calculated PRAL and NEAP scores
obtained using the above equations were well
evaluated against both the PRAL and NEAP scores
assessed from 24-hour urine collections. In fact,
when the PRAL value for a type of food is less than
0, it is considered that this food enhances the pH
of body fluids (alkalinity) and, when it is more
than 0, that food tends to increase the production of acids in the body (acid load). Usually, foods
such as eggs, meat, cheese and grains increase the
production of acids in the body, while fruit and
vegetables are alkalizing diets [22] (Table 2). The
amount of discharged acid of proteins is widely
linked to the chemical nature and the ways which
the amino acids are metabolized. Indeed, some of
these are categorized as neutral, others as acidic,
and certain as alkaline. For example, histidine,
lysine, and arginine, are considered acidic when
metabolized, they generate hydrochloric acid, just
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Table 2: Nutrient content and estimated potential,
renal acid load of frequently consumed foods and
beverages (related to 100 g or ml of edible portion) [28].
PRAL (mEq)
100 g or mL

Food or food group
Beverages
Coca-Cola

0.4

Table 2: Coninued
Food or food group

PRAL (mEq)
100 g or mL

Bread, wheat flour, whole meat

1.8

Bread, white wheat

3.7

Rice, brown

1.5

Coffee, infusion, 5 minutes

–1.4

Rice, white, easy cook

4.6

Mineral Water (Volvic)

–0.1

Rice, white, easy cook, boiled

1.7

Mineral Water (Apollinaris)

–1.8

Spaghetti, white

6.5

Tea, Indian, infusion

–0.3

Spaghetti, whole meal

7.3

Red wine

–2.4

Wheat flour, white, plain

6.9

White wine, Dry

–1.2

Wheat flour, whole meal

8.2

Legumes

Fats and Oils
Butter
Margarine

0.6

Beans, green/french beans

–0.5

Lentils, green and brown,
whole, dried

3.5

Peas

1.2

Olive oil

0.0

Sunflower Seed oil

0.0

–3.1

Meat and meat product

Fish
Cod, fillet

7.1

Haddock

6.8

Trout, brown, steamed

10.8

Fruits, nuts, and fruit juices

Beef, lean only

7.8

Chicken, meat only

8.7

Corned beef, canned

13.2

Liver sausage

10.6

Rump steak, lean and fat

8.8

Apple juice, unsweetened

–2.2

Turkey, meat only

9.9

Apricots

–4.8

Veal, fillet

9.0

Bananas

5.5

Cherries

3.6

Grape juice, unsweetened

1.0

Kiwi fruit

–4.1

Lemon juice

–4.1

Lemon juice

–2.5

Orange juice, unsweetened

–2.9

Orange

–2.7

Peaches

–2.4

Peanuts, plain
Raisins
Strawberries
Walnuts
Water melon

Buttermilk

0.5

Camembert

14.6

Cheddar-type, reduced fat

26.4

Cheese, Gouda

18.6

Creams, fresh, sour

1.2

Eggs, chicken, whole

8.2

Eggs, yolk

23.4

Milk, whole evaporated

1.1

–21.0

Milk, whole pasteurized
and sterilized

0.7

–2.2

Yogurt, whole milk, fruit

1.2

6.8

Yogurt, whole milk, plain

1.5

8.3

–1.9

Grain products

Sugar, and sweets
Chocolates, milk

Bread, rye flour, mixed

4.0

Bread rye flour

4.1

© 2020 The Authors

Milk, dairy products, and eggs

Honey
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Table 2: Coninued
Food or food group

PRAL (mEq)
100 g or mL

Sugar, white

–0.1

Vegetables
Asparagus

–0.4

Broccoli, green

–1.2

Carrots, young

–4.9

Cauliflower

–4.0

Celery

–5.2

Cucumber

–0.8

Leeks

–1.8

Lettuce, average of 4 varieties

–2.5

Mushrooms, common

–1.4

Onions

–1.5

Peppers, capsicum, green

–1.4

Potatoes, old

–4.0

Radish, red

–3.7

Spinach

–14.0

Tomatoes

–3.1

Zucchini

–4.6

as methionine and cysteine, which contain sulfur and are transformed into sulfuric acid [22, 27].
Furthermore, the alkaline nutrients are generally
organic acids precursors such as citrate or bicarbonate releasers during their catabolism [23].

Cross link between Diet acid load balance
and Diabetes
As mentioned above, the endogenous acid
production is mainly dependent on the metabolism of food and widely varies with its nature. The
dietary acid load is eliminated by the functionally
normal kidney, which thus maintains the acid-base
balance. However this function of healthy kidneys becomes impaired with the increase in age.
Maintaining acid-base homeostasis are ensured by
neutralization of the number of milli-equivalent
of non-carbonic and non-volatile acids produced
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with an equal amount of protons before excretion
through the urine [26]. Data found that urine pH
also fell with age, and sex. In fact, women are
known to produce alkaline urine compared to
men at all ages. Obesity and diabetes had a lower
urinary pH when the prevalence of both increases
with age [29]. For that, the elderly people frequently
develop chronic low grade metabolic acidosis,
linked to lower retention of filtrate bicarbonates,
and a reduction of acid excretion, which results
in a decrease in capacity response to acid charge
compared to younger subjects. This low-grade metabolic acidosis, which progresses with age, is characterized by a lower limit of normal pH and plasma
bicarbonates value despite a positive balance sheet
of H+ ions [30]. Chauveau et al. [26] demonstrated
that a chronical uptake of high acid load food could
accentuate the development of this acidosis. They
added that the ingestion of alkaline diet rich in
potassium salts, provided by fruits and vegetables,
is able to prevent the low grade muscular metabolic
acidosis observed in the elderly subjects [26] and
reduces risk of developing T2DM [31].
Nevertheless, metabolic acidosis is also
associated with a defect of insulin-sensitivity and
an increase in the prevalence of glucose intolerance [32]. The underlying mechanisms would
likely result from insulin failure to link to its
peripheral receptor in interstitial space, as well
as a disruption of the intracellular PI3K signalling
pathway by acidosis, physiologically observed in
the downstream of insulin stimulation (Fig. 1) [23].
Vegetarians have significantly lower rates
of developing T2DM than do omnivores. This may
be partly explained by the greater BMI of omnivores compared with vegetarians [33]. In fact,
vegetable-based diets are rich in soluble fiber and
low glycemic index of carbohydrates (legumes,
whole grain products such as oats and barley, fruit
and vegetables) characterized by slow intestinal
absorption and minimal postprandial insulin
secretion, avoiding hyperinsulinemia and insulin resistance. Plant-based diets also demonstrate
favorable metabolic effects in other populations
[31]. However, meat and processed meat intake
alone was found to be an important risk factor for
diabetes even after adjustment for BMI. Higher
intakes of plant foods, such as vegetables, whole
grain foods, legumes, and nuts, but not fruit juice,
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Figure 1: pH homeostasis of the most cells involved in the physiological and pathological glucose metabolism. Living cells are actively releasing proton from the metabolism of
organic acid molecules that decide the pH of body fluid. Throughout metabolic tissues such as the skeletal muscles and adipose tissues, the glycolytic metabolism of glucose
and glycogen under anaerobic conditions produces lactic acid (lactate−/H+) while the excess of fatty acid metabolism of hepatocytes promotes the production of ketone bodies,
beta-hydroxybutyric and acetoacetate acids. Cells procures many ways to remove excess proton production to maintain pH homeostasis of cytosol, interstitial liquid and blood
system. These PH buffering mechanisms, are assisted by many co-transporters and proteins exchangers, Na+-driven Cl–/HCO3– exchanger (NDCBE) and Na+-HCO3– cotransporter (NBC) participate in uptake of HCO3– from interstitial space into intracellular. Monocarboxylate Transporter (MCT) and Na+/H+ Exchanger (NHE) remove proton from
the cytosol to the extracellular space supported indirectly by Na+/K+ ATPase pomp. In fact, protons were transported to circulation by endothelial cell transport systems.
Though, in comparison to intracellular fluid and blood (high pH buffer), the interstitial fluid may quickly become acidic due to its low pH buffering capacity such as proteins.
However, in skeletal muscle cells glucose and glycogen are the main energy substrates. Excessive glucose / glycogen consumption and aerobic metabolism deficiency induces
lactic acid production via the glycolysis pathway leading to interstitial pH depletion. This latter, affect the binding affinity of insulin to its receptor and the glucose uptake via
Glucose Transporter 4 (GLUT4). Weak interstitial fluid pH therefore induces insulin resistance and hyperglycemia by reducing insulin sensitivity to it receptor in skeletal
muscle cells. IR, insulin receptor; IRS, insulin receptor substrate; PI3 K, phosphoinositide-3-kinase; AS160, Act substrate, 160 kDa; CA, carbonic anhydrase; AQP, aquaporin.
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have been associated with a substantially lower
risk of insulin resistance and type 2 diabetes and
improved glycemic control in either normal or
insulin-resistant individuals [33] (Fig. 1).
Nonetheless, vegetables and fruits are
more than an excellent alkaline diet. Indeed,
legumes also supply organisms with a slow-
release carbohydrate and are rich in soluble
fiber and factors known to improve glycemic
control and overweight such as polyphenols. In
related references it was deduced that a decrease
in serum HbA1C levels in T2DM is correlated
strongly with decrease in body weight. In contrast, poorly planned vegetarian diets can be deficient in vitamin B12, calcium, vitamin D, zinc,
iron, and long-chain omega-3 fatty acids. Vegetarians need to incorporate into their diet foods
that provide adequate levels of these vitamins,
minerals, and omega-3 fatty acids [33]. Additionally, concerning glycemic responses to different
carbohydrate foods, there exists a relationship
between the rate of digestion of starchy foods in
vitro and the glycemic response to them in vivo.
These differences are linked to many factors that
influence the rate of digestion, including the
nature of the starch, the food form, the content
and type of dietary fiber, and the presence of the
so-called anti-nutrients [26]. In consequence,
because these factors are not adequately listed
in food tables, it is not possible to predict exactly
the glycemic effect or acid-base balance of a food
based only on its chemical composition.

Acid load and endocrine disorders
In addition to insulin resistance, many
other disturbances in endocrine metabolism
have been described. In fact, metabolic acidosis
is observed to increase glucocorticoid secretion
and decreases the accumulation of cortisol in
both plasma and urine [34, 35]. Excess cortisol in
metabolic acidosis can lead to insulin resistance,
proteolysis [31] and increase urinary ammonium excretion resulting from protein degradation pathway [36]. Further, a contemporary
acidogenic diet is also linked to excess cortisol
but bicarbonate administration is associated
with a significant reduction of plasma cortisol
426

level and free cortisol urinary excretion [31].
Likewise, diabetes acidosis is marked to decrease
circulating rate of IGF-1 due to peripheral growth
hormone insensitivity, but at the same time it’s
shown to increase plasma leptin level. This latter
hormone is also known for its stimulating effect
on satiety, increasing uremic anorexia syndrome
and energy expenditure, and finally on reduction of cardiovascular risk [23]. Parathyroid hormone (PTH) is known to contribute to acid base
balance by increasing bicarbonate excretion via
inhibiting proximal bicarbonate reabsorption.
This effect is demonstrated by the experiment
of Arruda et al. [37]. This experiment was performed on 105 rats, which demonstrate that both
PTH forms, exogenous or endogenous, play a central role in buffering of acid load via its influence
on carbonic anhydrase [37]. The metabolism of
different foods releases or consumes H+ ions [23].

Acidosis and oral antidiabetic treatment responses
The increased glycemic level is not the
only important sign in the pathogenesis of T2D,
but is the result of insulin resistance [5]. Indeed,
all oral antidiabetic drugs (OADs) are primarily
designed to reduce blood glucose levels by blocking glucose production, glucose reuptake or stimulating insulin release [38], but not to essentially
improve insulin resistance. For example, biguanide blocks gluconeogenesis from lactate mainly
in the liver; sulfonylurea stimulates pancreatic
β cells to release insulin; glucosidase inhibitors
reduces the intestine breakdown of carbohydrate
by inhibiting glucosidases; thiazolidine stimulates adiponectin release from adipocytes leading
to glucose uptake by acting peroxisome proliferator-activated receptor (PPAR); dipeptidyl-peptidase IV (DPP-4) inhibitors preserve a high level of
insulin release from pancreatic β cells by blocking
break-down of incretin in the intestine. Furthermore, sodium-glucose cotransporter 2 (SGLT2)
inhibitors reduce kidney's epithelium reuptake
of glucose [5] independently to insulin secretion
or resistance [38].
On the other side, a tremendous variability in the effect of antidiabetic drugs was
observed between diabetic subjects [39]. This
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heterogeneity of treatment effects refers to the
differential response to the same treatment by
different patients. More specifically, this definition includes different responses of patients
with different characteristics. In the literature,
several theories have been proposed to explain
those characteristics which can include severity
of the disease under study (severe versus milder
forms of the same disease); socio-demographic
characteristics, such as age, sex, and race/ethnicity; genetic characteristics; and health-related
behaviors, such as adherence to treatment, alcohol consumption, and use of complementary or
alternative medicine [40]. Additionally, biological and non-genetic factors such as intestinal
absorption, liver and kidney function or pharmacokinetic drug interactions may occur [39].
Then, significant differences between
patients in terms of glucose-lowering response
to OADs, tolerability and drugs incidence of
adverse events is also indicated [3, 41]. To highlight this latter, metformin-associated lactic acidosis is a rare but significant adverse event and it
is critical to unraveling the problem. First, this
potential event continues to influence treatment
strategies for T2DM, especially in many high risk
patients with kidney failure, those with metformin contraindications and elderly patients
[42]. Lactic acidosis is the most common cause
of metabolic acidosis. It is marked by an increase
in the anion gap (the concentration of sodium
in the blood minus the chloride and bicarbonate
concentrations) [43]. As to biguanides, they have
a marked effect on glucose/lactate metabolism.
Its antidiabetic properties result from the blockade of gluconeogenic precursors, such as alanine
and lactate, to pyruvate. This effect is missed in
other classes of antidiabetic medicines. Furthermore, all biguanides are strong bases which are
fully protonated at physiological pH. Their two-
dimensional structures suggest close similarities
between members of this class. However, the
slight differences, lead to profound variances
in the behavior of these molecules in solution
and also in terms of their pharmacokinetics and
metabolism [43].
Faerch et al. [44] demonstrate that drugs
used to treat T2DM have been a marked interaction with lifestyle and patients environment;
© 2020 The Authors

for example, the hypoglycemic drugs such as
sulfonylureas, thiazolidinediones, biguanides,
and as well as lipid-lowering statins, have each
been shown to interact with physical activity to
influence insulin secretion, insulin sensitivity, or
glycemic control [44]. The influence of each factor (genetic and epigenetic) on the development
of the disease is extremely important. In fact, we
cannot edit the structure of our genes, but we can
influence the outcomes of their expression, e.g.,
through epigenetic modulation of transcription
(development or prevention of the disease, drug
metabolism) and through our lifestyle, in order to
prevent or delay the onset of abnormalities [41].
Lower insulin sensitivity is observed in
lower levels of serum bicarbonate and higher levels of anions resulting from metabolic acidosis.
In fact, Mandel and colleagues [45], showed in
the Nurses’ Health Study a relationship between
rise of plasma bicarbonate levels and reduced
risk of incident T2DM among women who developed the disease after 10 years of monitoring [45].
The most interesting approach to this issue has
been proposed in the work of Laboux and Azar
[23], which reveal that the normalization of the
plasma bicarbonate level is associated with a
reduction in insulin dose and OADs posology of
patients with T2DM [23]. Craig [33] has also suggested, that vegan diet characterized by low fats,
poor glycemic load, and rich on fiber is observed
to improved considerably glycemic control of
T2DM. This funding is associated with a reduction about 43% of diabetes medication after only
five months of diet [33] (Fig.2). Very few publications are available in the literature that discuss
the improvement of OADs responses by an alkaline diet in acidosis situations. Further experimental confirmation of this theory on the issue
would be of interest.

Conclusion
Quite recently, considerable attention
has been yielded to the impact of food intake and
its acid load in different pathological situation.
According to this review, we conclude that the fall
of interstitial fluid pH (weak pH buffering capacity) observed in T2DM leads to insulin resistance
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Figure 2: Summarizes dietary alkaline-acid load effects on body metabolism and insulin resistance in humans.

via reduced insulin-receptor binding affinity or
via the reduction of insulin affinity with its receptor or via the impairment of intracellular insulin
signaling pathway and mitochondria metabolism.
Then, considering the evidence in the literature,
we can believe that alkaline diets (fruits and vegetables) notably rich in vegetal proteins, soluble
fiber, and low glycemic index associated with poor
processed food can reduce the level of acidic load
in the body and ameliorate the response of diabetic’s patients to OADs. Thus, it could improve
hyperglycemia and metabolic complications
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resulting mainly from disturbance of interstitial
space pH buffering. Consequently, evaluation of
acid diet load and the use of diet replacement feature (replacement of acidic food with another less
acidic, referring to the table above of calculating
PRAL) can be an important approach for future
interventions in populations with a high risk for
T2DM, especially for elderly persons. It may also
contribute to the control of the body acidosis and
reducing posology and side effects of OADs in
this group. The next stage of our research will be
experimental to confirm this theory concept.
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