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Abstract
Background  Nerium oleander L. is ethnopharmacologically used for diabetes. Our aim was to investigate the ameliorative 
effects of ethanolic Nerium flower extract (NFE) in STZ-induced diabetic rats.
Methods  Seven random groups including control group, NFE group (50 mg/kg), diabetic group, glibenclamide group and 
NFE treated groups (25 mg/kg, 75 mg/kg, and 225 mg/kg) were composed of forty-nine rats. Blood glucose level, glycated 
hemoglobin (HbA1c), insulin level, liver damage parameters and lipid profile parameters were investigated. Antioxidant 
defense system enzyme activities and reduced glutathione (GSH) and malondialdehyde (MDA) contents and immunotoxic 
and neurotoxic parameters were determined in liver tissue. Additionally, the ameliorative effects of NFE were histopatho-
logically examined in liver. mRNA levels of SLC2A2 gene encoding glucose transporter 2 protein were measured by quan-
titative real time PCR.
Results  NFE caused decrease in glucose level and HbA1c and increase in insulin and C-peptide levels. Additionally, NFE 
improved liver damage biomarkers and lipid profile parameters in serum. Moreover, lipid peroxidation was prevented and 
antioxidant enzyme activities in liver were regulated by NFE treatment. Furthermore, anti-immunotoxic and anti-neurotoxic 
effects of NFE were determined in liver tissue of diabetic rats. Histopathogically, significant liver damages were observed 
in the diabetic rats. Histopathological changes were decreased partially in the 225 mg/kg NFE treated group. SLC2A2 gene 
expression in liver of diabetic rats significantly reduced compared to healthy rats and NFE treatment (25 mg/kg) caused 
increase in gene expression.
Conclusion  Flower extract of Nerium plant may have an antidiabetic potential due to its high phytochemical content.
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Introduction

Diabetes mellitus (DM) is an endocrinological disorder 
that develops due to genetic origin or endocrine disrupt-
ing chemicals, stress, sedentary lifestyle and diet type. In 
other words, DM is a disorder characterized by high circu-
lating glucose levels accompanied by carbohydrate, protein 
and fat metabolism disorders as a result of the absence or 
low insulin secretion from pancreatic β-cells. DM preva-
lence and treatment costs are increasing year by year. The 
global prevalence of diabetes in adults will rise to 10.5% 
(536.6 million people) in 2021 and 12.2% (783.2 million) 
by 2045, with global diabetes-related healthcare spending 
of US$ 966 billion in 2021 and it is estimated to reach US$ 
1.054 billion by 2045 [1]. Although recent developments in 
pharmaceutical industry, people are interested in alterna-
tive approaches to struggle with diabetes. People suffering 
from diabetes pay attention medicinal plants, their extracts 
and isolated active compounds to improve their daily life. 
Therefore, the investigation of healing effects of the medici-
nal plants has importance, recently. The World Health Orga-
nization (WHO) has listed a total of 21,000 herbs used for 
medicinal purposes worldwide, more than 400 of which can 
be used to treat diabetes [2].

Glucose in the circulation is taken into the cell by glucose 
transporters (GLUT) on cell membranes as a result of the 
effect of insulin. Each GLUT is known to be specific or more 
functional in certain tissues. GLUT family has five types 
of GLUT called as GLUT1, GLUT2, GLUT3, GLUT4 and 
GLUT5. These transmembrane proteins are approximately 
the same size, consisting of 500 amino acids and 12 helix 
structures that cross the membrane. GLUT2, encoded by 
the Solute Carrier Family 2 Member 2 (SLC2A2) gene, is 
a transmembrane glycoprotein that mediates glucose trans-
port in liver, pancreatic beta cells, small intestine, duodenum 
and renal system [3]. GLUT2 is required for the secretion 
of glucose-stimulated insulin hormone in beta cells. Muta-
tions in the human SLC2A2 gene that impair its function are 
directly related to Fanconi-Bickel syndrome, which is one 
of the types of glycogen storage disease and is characterized 
by hepatomegaly and kidney disease [4].

Nerium oleander L. (N. oleander) belongs to Apocyna-
ceae family is an ornamental tree distributed in subtropical 

regions of the world [5]. Although it is a poisonous plant, 
it has lots of pharmacologically active substances and gut 
microbiota is important factor for pharmaco-toxicological 
properties of N. oleander [6]. Glycosides (kaneroside, 
neriumoside, odoroside-H, neridiginoside, nerizoside and 
neritaloside), triterpenes (betulinic acid, ursolic acid, ole-
anderol, oleandric acid, oleanerolide, epoxydammarane 
3β, 25-diol, cis and trans karenin and oleanolic acid) and 
phenolics (3‐O‐Caffeoylquinic acid (3‐CQA) and 5‐O‐Caf-
feoylquinic acid (5‐CQA)) have been previously reported 
as bioactive compounds [7–12]. Antimicrobial activity, 
cardioprotective, antioxidant, hepatoprotective, anticancer, 
anti-HIV and antidiabetic effects of N.oleander have been 
reported [13–18]. Additionally, it was reported that people 
who live in the Malda region of India use N. oleander leaves 
in their diabetic formulations [19].

There are many studies on the in vitro and in vivo anti-
diabetic effects of the N. oleander plant. It has been stated 
that N. oleander flower ethanolic, hexane and water extracts 
may have an antidiabetic effect due to its inhibitory effect 
on α-amylase, α-glucosidase, cholinesterase and tyrosinase 
as in vitro [18]. Nerium flower extract had the high phenolic 
content and antioxidant potential according to leaf extract 
[20]. However, in vivo effects of Nerium flower remain 
unclear. In the present study, we aimed to investigate the 
healing effects of ethanolic Nerium flower extract (NFE) in 
STZ induced diabetic rat model with biochemical, histologi-
cal and molecular approaches.

Materials and methods

Chemicals and reagents

All chemicals and reagents used in this study were pur-
chased as technical grade from Sigma Chemical Co. (St. 
Louis, MO, USA). The kits for the antioxidant enzymes 
analysis were purchased from Randox/Ransod Laboratories 
Ltd (Crumlin, UK). The kits for the molecular analysis were 
purchased from Thermo Fisher Scientific (Germany).
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Plant material and extract preparation

Flowers of N. oleander L. were collected by Assoc. Dr. by 
Abdulahad DOĞAN in the province of Mardin, Turkey 
(37°54′48.1"N 41°78′78.7"E) in July 2016. Assoc. Prof. Dr. 
Süleyman Mesut PINAR from Van Yüzüncü Yıl University, 
Department of Biology, Department of Botany identified the 
plant. One voucher specimen (Herbarium number: 164,212) 
was deposited at the Herbarium (VANF) of Yüzüncü Yıl 
University. The ethanol extract was prepared from air-dried 
flowers according to Dogan et al. [21]. Briefly, dry flow-
ers were cut in small pieces and extracted in 80% ethanol. 
Ethanol was evaporated using a rotavapor after filtration. 
Subsequently, water was evaporated from frozen extract by 
lyophilization process to obtain lyophilized ethanolic flower 
extract. Lyophilized extract was used in this study.

Animals

For this study 49 adult male Wistar albino weighting 
approximately 250 g each were divided as 7 groups (n = 7). 
Animals, which were purchased from the Van Yüzüncü Yıl 
University Experimental Animal Unit, were acclimatized 
to experimental laboratory conditions for 7 days before the 
experiments were done and housed in groups of seven in 
plastic material cages with a stainless steel lit kept at 25 ± 1 
◦C in an illumination-controlled room (photoperiod: 12  h 
light and 12 h darkness). Animals were fed standard feed 
and allowed to have water ad libitum. Animals were handled 
according to the guidelines of the Institutional Committee 
of Care and Use of Laboratory Animals of the Van Yüzüncü 
Yıl University Experimental Animal Unit, that approved the 
experiments under the file 27552122-604.01.02-E.41,738.

Toxicity test

Eighteen rats were grouped in the six different groups (n = 3) 
for toxicity test. OECD guideline (Test 423: acute oral tox-
icity method; 2002) was followed. NFE was dissolved in the 
distilled water. NFE (20, 100, 250, 500, 1000 and 2000 mg/
kg) was given via gavage. Rats were observed for any sign 
of morbidity and mortality at 0.5, 2, 4, 8, 24, 48, 72, 96 
and 120  h. Any sign of morbidity and mortality was not 
observed for 20, 100 and 250 mg/kg applications. On the 
other hand, 500, 1000 and 2000 mg/kg of NFE application 
caused mortality after 8 h. Treatment doses were selected as 
25, 75 and 225 mg/kg after toxicity test.

Experimental design

To induce diabetes in rats, a 50 mg/kg dose of STZ (in citrate 
buffer at pH 4.5) was administered intraperitoneally (i.p.) to 

35 animals selected at random [21]. Fasting blood glucose 
of rats was measured from tail after 72 h STZ injection by 
Accu-Check Go (Roche) strip. Rats with 200 mg/dL fast-
ing blood glucose were accepted as diabetic. The study was 
conducted for 21 days. Rats were fed with standard pellet 
food and water ad libitum and they were grouped as follow:

C: Non diabetic control. Normal saline solution via 
gavage per day for 21 days.

N-50: Non diabetic rats treated with NFE (50 mg/kg/day) 
via gavage for 21 days.

D: Diabetic control. Normal saline solution via gavage 
per day for 21 days.

DG-3: Diabetic rats treated with glibenclamide (an oral 
antidiabetic drug) (3 mg/kg/day) via gavage for 21 days.

DN-25: Diabetic rats treated with NFE (25 mg/kg/day) 
via gavage for 21 days.

DN-75: Diabetic rats treated with NFE (75 mg/kg/day) 
via gavage for 21 days.

DN-225: Diabetic rats treated with NFE (225 mg/kg/day) 
via gavage for 21 days.

Tissue homogenization

At the end of the treatment, after 21 days, all the animals 
were weighed, anesthetized with ketamine (50 mg/kg) i.p. 
and blood samples were taken using a cardiac puncture. 
Samples were put immediately into disposable biochemi-
cal tubes. Subsequently, the samples were centrifuged (NF 
1200 R, Turkey) at 3000×g for 15  min at 4  °C in order 
to obtain serum samples for the measurement of the bio-
chemical parameters. The liver tissue was dissected and 
stored at − 78  °C until analysis in freeze (Thermo Scien-
tific™ Forma™ 88,000 Series, Germany). The tissues were 
homogenized according to Dogan et al. [22].

Analysis of serum biochemical parameters and 
glycated hemoglobin

Aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), lactate dehydrogenase (LDH), alkaline phospha-
tase (ALP), cholesterol (CHOL) triglyceride (TRIG), low 
density lipoprotein cholesterol (LDL_c), high density lipo-
protein cholesterol (HDL_c) and glucose (GLU) were mea-
sured in serum by biochemistry auto analyzer (ARCHIT 
16,200, Abbott Park, IL 600 USA) using Abbott biochem-
istry kits. Insulin (Rat INS Elisa Kit) and C-peptide (Rat 
C-P Elisa Kit) were measured in serum. Additionally, glyco-
sylated hemoglobin (HbA1c) was measured in blood using 
Integra 400-Roche kit (DPC; Diagnostic Products Corpo-
ration, USA). Homeostatic model assessment for insulin 
resistance (HOMA-IR)[23] and quantitative insulin sensi-
tivity check index (QUICKI) [24] were evaluated.
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according to supplier protocol. TaqMan gene expression 
assay (Rn00563565_m1) for rat SLC2A2 gene and TaqMan 
gene expression assay (Rn01775763_g1) for GAPDH gene 
were used to determine relative gene expression.

Statistical analysis

Data was used from at least seven independent sample for 
in vivo assay. Also, data was collected from at least three 
independent samples for gene expression assay. Minitab 13 
Package Program One-Way ANOVA test was used for sta-
tistical analysis. Also, data was presented as average and 
standard deviation. Significantly difference between groups 
was accepted as P < 0.05.

Results

Serum biochemical parameters and glycated 
hemoglobin

GLU and HbA1c in all of the diabetic groups were signifi-
cantly higher than C and N-50 groups. On the other hand, 
treatment with 225  mg/kg flower extract caused statisti-
cally decrease in GLU compared to other diabetic groups 
(Table 1). Additionally, NFE treatment showed dose depen-
dent decrease in HbA1c level according to D and DG-3 
groups. C-Peptide level of DN-75 and DN-225 groups was 
significantly higher than D group. Insulin level of D group 
was significantly lower than C and N-50 groups. Addition-
ally, treatment of NFE extract caused increase in insulin 
level in DN-75 and DN-225 groups. According to Table 1, 
the lowest HOMA-IR values were calculated in C and N-50 
groups. On the other hand, diabetic rats had the significantly 
higher HOMA-IR compared to C and N-50 groups. How-
ever, 225 mg/kg NFE treatment caused significant decrease 
in HOMA-IR compared to other diabetic groups. Similarly, 
225 mg/kg NFE treatment significantly improved QUICKI 
value according to diabetic groups. Significant decrease 
in AST and ALT levels in DN-225 group was determined 
according to other diabetic groups, while their levels was 
importantly higher than C and N-50 groups. NFE caused 
significantly decrease in LDH level in diabetic rats accord-
ing to D and DG-3 groups. NFE treatment resulted with 
decrease in ALP level compared to only diabetic rats, espe-
cially in DN-225 group. According to Table 1, TRIG level 
in DN-225 was significantly lower than C, N-50, D and 
DG-3 groups. The significant decrease in CHOL in N-50, D, 
DN-25, DN-75 and DN-225 groups was determined accord-
ing to C and DG-3. The highest levels of HDL-c and LDL_c 
was measured in DG-3 group.

Determination of lipid peroxidation, antioxidant, 
immune toxic and neurotoxic parameters in liver

Malondialdehyde (MDA) content being a major product of 
lipid peroxidation was determined according to Jain et al. 
[25]. Reduced glutathione (GSH), glutathione S transferase 
(GST), glutathione reductase (GR), catalase (CAT), gluta-
thione peroxidase (GPX) and superoxide dismutase (SOD) 
were measured using a spectrophotometer [22].

Histopathology

Necropsies of all group rats were performed at the end of the 
study. Tissue samples taken from liver were fixed in 10% 
neutral formalin solution for 48 h. All samples were washed 
in tap water for 12 h and paraffin-embedded. Then, 5-µm 
thick sections using a microtome (RM 2135; Leica, Nuss-
loch, Germany) were cut from paraffin-embedded blocks 
after series of alcohol and xylene treatments, deparaffinized 
in xylene, and stained with Hematoxylin and Eosin [26] 
after being passed through alcohol series (100%, 96%, 80%, 
and 70%, respectively). Microphotographs of the speci-
mens were obtained by a digital imaging system (Olympus 
DP12BSW, Tokyo, Japan) that was assembled in the light 
microscope (Olympus BX50-F4, Tokyo, Japan). Histopath-
ological changes were evaluated semiquantitively according 
to degree of the lesion such as (-): none; (+): slight; (++): 
moderate; (+++): severe according to method [26].

Gene expression analysis of SLC2A2 gene

Liver tissue (100 mg) was homogenized with 1 mL of Trizol 
solution (Catalog number: 15,596,026) in an Eppendorf 
tube using a homogenizer and chloroform (200 µL) was 
added into Eppendorf tube. After centrifugation, aqueous 
phase (upper) was taken into a new Eppendorf tube and 500 
µL of isopropanol was added into this tube to collect RNA. 
Tubes were centrifuged and pellet was collected. 1 mL of 
75% of ethanol was added into tube and centrifuged. After 
supernatant throw away, pellet was washed with 1 mL of 
cold absolute ethanol and centrifuged. Tubes were air dried 
in a laminar flow cabinet. 100 µL of nuclease free water 
was used to solve pellet. RNA samples were treated with 
DNase I (Catalog number: 18068-015) to prevent DNA 
contamination.

RNA concentration was determined Multiskan Go 
(Thermo Scientific, USA) nanodrop at 260 nm. Addition-
ally, RNA samples were read at 280 nm for protein contami-
nation. 5 µL of RNA samples were run on agarose gel (1%) 
prepared with 1X TBE buffer.

cDNA libraries were constructed with RevertAid First 
Strand cDNA Synthesis Kit (Catalog number: K1622) 
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Lipid peroxidation, antioxidant, neurotoxic and 
immunotoxic parameters in liver

MDA content of D group was significantly higher than all 
other groups. Additionally, NFE extract treatment caused 
significant decrease in MDA content (Table 2). GSH content 
of D group was significantly lower than all other groups. On 
the other hand, GST activity in D group was importantly 
higher than all other groups. D group had significantly more 
GR activity than C and N-50 groups. However, GR activity 
in treatment groups was similar to C, N-50 and D groups. 
On the other hand, NFE treated groups, C and N-50 groups 
had importantly more CAT activity than D group. Accord-
ing to Table 2, STZ induction to crate diabetic rats caused 
significantly decrease in SOD activity according to C and 
N-50 groups. NFE treatment of diabetic rats resulted with 
increase in SOD activity similar to C and N-50 groups.

Liver AChE activities of D and DG-3 were significantly 
higher than C and N-50 groups (Fig. 1A). NFE treatment 
caused the decrease in liver AChE activity. Liver BChE 
activities of D, DG-3 and DN-50 was importantly higher 
than C, DG-3, DN-25 and DN-75 groups. Additionally, 
BChE activity of DN-225 was markedly lower than D, 
DG-3 and DN-25 groups. Moreover, NFE treatment caused 
dose dependent decrease in BChE activity (Fig. 1B).

According to liver ADA activity results, the highest activ-
ity was measured in D group. Liver ADA activity in treat-
ment groups was significantly lower than D group (Fig. 1C). 
While the lowest liver MPO activity was determined in C 
group, the highest activity was in DG-3 group (Fig. 1CD). 
DN-225 application caused significantly decrease in MPO 
activity according to D group.

Histopathological findings in liver

The normal histological view of the liver was seen in the 
C (Fig.  2A) and N-50 (Fig.  2B) groups. Degeneration in 
hepatocytes and coagulative necrosis as a single component 
were observed in liver sections of D group rats. Vacuoles in 
varying size were determined in the cytoplasm of degener-
ated hepatocytes. There was marked dilation of sinusoids. 
Additionally, severe congestion of veins and sinusoids and 
slight intrahepatic bile ducts proliferation were detected. 
The normal arrangement of hepatocyte cords was observed 
to be impaired (Fig.  2C). These findings were found to 
be significantly reduced in the liver of rats in DG-3 treat-
ment group. Rare coagulative necrosis in hepatocytes and 
mild congestion in sinusoids were detected in this group 
(Fig. 2D). Groups DN-25 (Fig. 2E) and DN-75 (Fig. 2F) had 
similar lesions to group D, but lesions were lighter in these 
groups than in group D. Pathological changes were consid-
erably reduced in group DN-225. Sinusoidal dilatation and 
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in blood glucose level was reported in diabetic mice model 
treated with 200 mg/kg of N. oleander leaf extract [28]. Dif-
ferent fractions of N. oleander flower extract showed in vitro 
α-amylase and α-glycosidase inhibition activity because of 
its high phenolic and flavonoid content [18]. Additionally, 
in the same study, oleanolic acid isolated from N. oleander 
flower extract had the high α-glycosidase inhibition activity. 
The lower levels or absence of insulin secretion is one of the 
important symptoms in diabetics. C-peptide is a key factor in 
insulin secretion by connecting proinsulin polypeptides. We 
found that DN-75 and DN-225 treatments caused increase 
in C-peptide level according to D group (Table 1). Addition-
ally, insulin level in DG-3 group was higher than D group. 
Nerium leaf extract and glibenclamide caused the increase 
in insulin level in diabetic mice induced by alloxan [28] and 
their findings in accordance with our results. HOMA-IR and 
QUICKI are indexes used for evaluation of insulin resis-
tance and sensitivity. HOMA-IR value should be lower than 
2.5 and QUICKI value should be higher than 0.339 [23, 24]. 
According to HOMA-IR and QUICKI results, 50  mg/kg 
STZ induction to create rat model was resulted with insulin 
resistance and sensitivity in accordance with previous stud-
ies [32, 33]. We investigated that HOMA-IR and QUICKI 
values were reduced to reference values by 225 mg/kg NFE 
treatment of diabetic rats. Similar to our results, 200 mg/kg 
treatment of hydro methanolic root and stem extract of N. 
oleander had ameliorative effects on insulin resistance in 
diabetic mice [34].

DM is not only negatively affected the glucose and insu-
lin levels, but also liver biomarkers such as AST, ALT, LDH 
and ALP and lipid profile parameters such as TRIG, CHOL, 
HDL_c and LDL_c are dramatically affected by DM. Oxi-
dative stress induced by free radicals in the cell is one of 
the important factors in DM development. Free radicals 
attack cell components as carbohydrate, protein, DNA and 
membranes. Liver biomarkers leakage from damaged cell 
membrane to circulation system. Their levels in the circu-
lation present important information in the evaluation of 

congestion were negligible. Degeneration and necrosis were 
not observed. Nearly normal histology of liver was found in 
this group (Fig. 2G). The histopathological findings for liver 
are presented in Table 3.

Gene expression analysis of SLC2A2 gene in liver

Decrease in SLC2A2 gene expression in liver tissue of 
D group was determined according to C group (P < 0.01) 
(Fig. 3A). On the other hand, there was increase in SLC2A2 
gene expression in DN-25 group compared to D group 
(P < 0.05) (Fig. 3B).

Discussion

Diabetes mellitus is a disease that its prevalence is increas-
ing globally year by year. Although there are some medi-
cal drugs to treat DM and its complication or to improve 
comfortable of the people who are suffering from DM, the 
use of ethnomedicinal plants having antidiabetic properties 
is an increasing trend in the world. Leaves of N. oleander 
has been used as traditionally in diabetes [27] even though 
its toxic effects. Additionally, the antidiabetic potential of 
N. oleander has been reported both of in vitro and in vivo 
studies [28]. Moreover, antioxidant, enzyme inhibitory, car-
dioprotective, hepatoprotective, antibacterial, anti-inflam-
matory and neuroprotective activities of N. oleander flower 
has been reported up to now [15, 18, 29–31]. In this study, 
we aimed to explore healing effects of NFE in liver of the 
STZ induced diabetic rats in the light of the biochemical 
parameters, histopathological changes and gene expression 
analysis.

DM is characterized by high blood glucose and glycated 
hemoglobin. According to our findings, the highest NFE 
concentration caused decrease in blood glucose level. Addi-
tionally, NFE treatment was resulted with dose dependent 
decrease in HbA1c (Table 1). Similar to our results, decrease 

Table 2  The effects of NFE on liver peroxidation content and antioxidant enzyme activities
Parameters C N-50 D DG-3 DN-25 DN-75 DN-225
MDA 
(nmol/g)

28.29 ± 6.02b 28.56 ± 3.79b 43.97 ± 10.26a 30.31 ± 7.00b 30.96 ± 5.29b 31.35 ± 1.87b 29.92 ± 5.56b

GSH 
(mg/g)

19.91 ± 2.66a 21.12 ± 2.98a 15.43 ± 2.26b 22.56 ± 2.97a 21.52 ± 2.65a 22.47 ± 3.81a 22.13 ± 2.32a

GST (U/g) 42.98 ± 1.30b 41.37 ± 2.89b 50.38 ± 5.14a 41.82 ± 1.43b 40.59 ± 5.30b 40.65 ± 4.10b 41.75 ± 2.47b

GR (U/g) 0.19 ± 0.02a 0.19 ± 0.02a 0.15 ± 0.02b 0.15 ± 0.03ab 0.18 ± 0.05ab 0.17 ± 0.05ab 0.17 ± 0.02ab

CAT (U/g) 447.49 ± 47.74a 485.05 ± 64.08a 383.03 ± 37.67b 437.81 ± 65.61ab 481.16 ± 64.59a 477.81 ± 60.49a 476.51 ± 55.61a

GPx (U/g) 82.00 ± 17.01a 82.18 ± 20.26a 77.73 ± 10.29a 80.18 ± 15.66a 87.91 ± 19.58a 84.86 ± 21.86a 82.41 ± 16.27a

SOD (U/g) 2300.27 ± 41.19a 2297.40 ± 30.61a 2231.26 ± 23.10b 2217.80 ± 56.85ab 2267.56 ± 29.88ab 2263.50 ± 28.50ab 2274.40 ± 40.94ab

Data are expressed as the mean ± SD. One-way ANOVA was followed by the Tukey test, when appropriate (n = 7). Groups with different lower-
case letters (a, b) present significant differences within at the same row (p ≤ 0.05). C: Non diabetic control; N-50: Non diabetic rats treated with 
NFE (50 mg/kg/day); D: Diabetic control; DG-3: Diabetic rats treated with glibenclamide (3 mg/kg/day); DN-25: Diabetic rats treated with NFE 
(25 mg/kg/day); DN-75: Diabetic rats treated with NFE (75 mg/kg/day) and DN-225: Diabetic rats treated with NFE (225 mg/kg/day)
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with extract independent from diabetes. According to our 
findings, NFE treatment caused improve in liver biomarkers 
in STZ induced diabetic rats, especially 225  mg/kg treat-
ment. N. oleander flower extract has hepatoprotective effect 
by against carbon tetrachloride-induced liver toxicity in 
rats [15]. Additionally, Nerium leaf extract contributed to 
decrease in AST, ALT and ALP levels in alloxan induced 
mouse model [28]. Moreover, many plant extracts caused 

clinical findings. In this study, AST, ALT, LDH, ALP, TRIG, 
CHOL, HDL_c and LDL_c levels in the circulation system 
were evaluated (Table  1). We found fluctuated results for 
lipid profile parameters. LDL_c and HDL_c of N-50 group 
were significantly lower than C group. Additionally, NFE 
treatment caused significantly decrease in HDL_c levels 
of DN-25 and DN-225 compared to other diabetic groups. 
Thus, fluctuations in lipid profile parameters may be related 

Fig. 1  The effects of NFE on neurotoxic and immunotoxic parameters. 
Different lowercase letters on the columns indicates significantly dif-
ference between groups (P ≤ 0.05). C: Non diabetic control; N-50: Non 
diabetic rats treated with NFE (50 mg/kg/day); D: Diabetic control; 

DG-3: Diabetic rats treated with glibenclamide (3 mg/kg/day); DN-25: 
Diabetic rats treated with NFE (25 mg/kg/day); DN-75: Diabetic rats 
treated with NFE (75 mg/kg/day) and DN-225: Diabetic rats treated 
with NFE (225 mg/kg/day)
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exogenous antioxidant sources suppress generation of free 
radicals and minimize their dangerous effects. Lipid peroxi-
dation occurs when free radicals attack to unsaturated fatty 
acids in membranes and MDA is produced as a major com-
pound as a result of this process. We found the highest MDA 
level in D group. NFE treatment prevented lipid peroxida-
tion by decreasing MDA levels in liver of STZ-induced rats 

improve in liver enzyme biomarker levels in diabetic rat 
models [21, 35, 36].

Cells activate their endogenous defense systems (CAT, 
GPx, SOD, GST and GSH) to prevent or to decrease oxi-
dative stress damage induced by free radicals. Addition-
ally, medicinal plants are used to as exogenous antioxidant 
sources against oxidative stress. Both of endogenous and 

Fig. 2  Photomicrographs of H&E 
stained histological sections 
of the liver. A and B: Normal 
histological appearance of C 
and N groups. C: Appearance of 
necrosis in the hepatocytes (thick 
arrows), congestion of sinusoids 
(dashed arrows) and veins (stars), 
vacuolization (tiny arrows) and 
bile duct proliferation (arrow 
heads) in the D group. D: 
Appearance of necrosis (thick 
arrows) in some hepatocytes and 
congestion of sinusoids (dashed 
arrows) in the DG-3 group. E: 
Appearance of from slight to 
moderate necrosis in the hepato-
cytes (thick arrows), congestion 
of sinusoids (dashed arrows), 
vacuolization (tiny arrows) and 
bile duct proliferation (arrow 
heads) in the DN-25 group. F: 
Appearance of slight necrosis in 
the hepatocytes (thick arrows), 
congestion of sinusoids (dashed 
arrows) and veins (stars), vacu-
olization (tiny arrows) and bile 
duct proliferation (arrow heads) 
in the DN-75 group. G: Almost 
normal histological appearance of 
liver except very rare of necrosis 
in the hepatocytes (thick arrow), 
minimal congestion of sinusoids 
(dashed arrows) in the DN-225 
group. C: Non diabetic control; 
N-50: Non diabetic rats treated 
with NFE (50 mg/kg/day); D: 
Diabetic control; DG-3: Diabetic 
rats treated with glibenclamide 
(3 mg/kg/day); DN-25: Diabetic 
rats treated with NFE (25 mg/
kg/day); DN-75: Diabetic rats 
treated with NFE (75 mg/kg/day) 
and DN-225: Diabetic rats treated 
with NFE (225 mg/kg/day)
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glibenclamide treatments resulted with decrease in ADA 
activity in STZ induced rat liver tissue (Fig. 2D). Similar 
to our results, the decrease in ADA activity was reported in 
diabetic rat liver tissue treated with zinc compared to dia-
betic rats [41]. MPO level in D group was higher than C 
group as expected (Fig. 2C). Additionally, NFE treatment 
caused decrease in MPO activity in liver tissue according to 
only diabetic rats. Higher MPO activity in diabetic rats was 
reported that results were compatible with our findings [39].

TaqMan probe is a real time quantitative PCR method 
providing more accurate and faster results and avoiding 
contamination [42]. SLC2A2 TaqMan probes were used to 
determine its expression in this study. GLUT2 expression is 
required for the physiological control of glucose-sensitive 
genes and its inactivation in the liver leads to disruptions in 
the secretion of insulin hormone [43]. Significant decrease 
in mRNA level of SLC2A2 gene because of relative insu-
lin deficiency induced by STZ in D group was determined 
according to C group (Fig.  3A) and our results were in 
accordance with Abdel-Rahman et al. [44]. Decreases in 
GLUT2 expression are directly related to degenerated insu-
lin secretion in diabetic mice and rats [45, 46]. On the other 
hand, 25 mg/kg NFE treatment caused increase in SLC2A2 
expression in liver compared to only diabetic rats (Fig. 3B). 
Ficus deltoidea extract caused increase in SLC2A2 gene 
expression in rat hepatocytes [44]. mRNA levels of glucose 
uptake and insulin signaling related genes were regulated by 
polyphenol extract of green tea in rats fed with high fructose 
diet [47].

Nerium plant possess many bioactive compounds which 
are pharmacologically important. Triterpenes, flavonoids, 

(Table 2). Additionally, we found that NFE treatment posi-
tively affected GSH content, a non-enzymatic antioxidant, 
and CAT enzyme activity. Moreover, we determined that 
GST, GR and SOD activities of NFE treatment groups were 
reduced to C group. Furthermore, 225  mg/kg NFE treat-
ment caused histopathological improvements in accordance 
with our biochemical parameters (Fig. 2; Table 3). The use 
of Nerium leaf extract in diabetic mice caused the increase 
in CAT enzyme activity and the decrease in MDA content 
[28]. In another study, stem and root extracts of Nerium 
showed ameliorative effects on mouse liver injury induced 
by a haloalkane according to histopathologic findings, anti-
oxidant enzyme activities, liver biomarker levels and lipid 
peroxidation [37].

AChE and BChE enzymes were proposed as useful 
parameters to predict prognosis of diabetes and Alzheimer’s 
disease [38]. They stated that higher levels of AChE and 
BChE were reported in serum and in tissues of diabetic peo-
ple compared to healthy ones. Our findings presented that 
AChE and BChE enzyme activities in liver tissue of dia-
betic rats were higher than non-diabetic rats. NFE treatment 
caused reduction of these enzyme activities (Fig.  2A and 
B). Neuroprotective role of methanolic extract of Nerium 
flowers was reported in non-classical Alzheimer’s disease 
rat model [30].

ADA catalyzes irreversibly adenosine to inosine to 
regulate its intra cellular and extra cellular concentra-
tions. Adenosine metabolism might have been affected by 
DM [39] and ADA activity in serum of diabetic patients 
was higher than healthy ones [40]. According to our find-
ings, while STZ caused increase in ADA activity, NFE and 

Table 3  Histopathological findings in the liver
Groups

Changes/lesions C N-50 D DG DN-25 DN-75 DN-225
Degeneration and necrosis
Slight
Moderate
Severe

0/7 0/7 7/7
1
4
2

6/7
3
3

7/7
4
3

4/7
3
1

1/7
1

Congestion
Slight
Moderate
Severe

0/7 0/7 7/7
4
3

6/7
5
1

7/7
4
3

6/7
5
1

2/7
2

Sinusoidal dilation
Slight
Moderate
Severe

0/7 0/7 7/7
1
4
2

7/7
4
2
1

7/7
5
1
1

5/7
4
1

2/7
2

Vacoulation in hepatocytes
Slight
Moderate
Severe

0/7 0/7 7/7
3
4

2/7
2

5/7
4
1

2/7
2

0/7

Data are the number of rats showing changes /the number of rats examined for each treatment group. All groups, n = 7). C: Non diabetic control; 
N-50: Non diabetic rats treated with NFE (50 mg/kg/day); D: Diabetic control; DG-3: Diabetic rats treated with glibenclamide (3 mg/kg/day); 
DN-25: Diabetic rats treated with NFE (25 mg/kg/day); DN-75: Diabetic rats treated with NFE (75 mg/kg/day) and DN-225: Diabetic rats treated 
with NFE (225 mg/kg/day)
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vitro inhibitory effects of α-amylase, α-glucosidase, cholin-
esterase and tyrosinase activities were stated [18]. Kaemp-
ferol and ursolic acid were stated as the major components 
of Nerium plant [52]. Ursolic acid showed insulin receptor 
activity and proposed as having anti-diabetic potential [53].

Conclusion

NFE treatment caused decrease in glucose and HbA1c 
levels and HOMA-IR index in STZ induced diabetic rats. 
On the other hand, NFE treatment resulted with increase 
in QUICKI index. Increase in insulin and C-peptide lev-
els were determined in serum of NFE treated diabetic rats. 
Additionally, NFE treatment improved liver damage bio-
markers and prevented lipid peroxidation. Moreover, neuro-
toxic and immunotoxic effects of NFE were investigated in 
liver of diabetic rats. Furthermore, histopathologic findings 
in liver supported our results. While SLC2A2 mRNA level 
in liver was reduced in STZ induced diabetic rats, 25 mg/kg 
NFE administration caused increase in this gene expression. 
As a conclusion, flower extract of Nerium plant might have 
an antidiabetic potential because of its high phytochemical 
content.
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cardenolides, pregnanes and steroids are bioactive com-
pounds presence in different organs of Nerium plant [14, 
18, 48]. Additionally, leaves of N. oleander had more phy-
tochemicals than root and stem according to data obtained 
from gas chromatography analysis of hexane and metha-
nol subfractions [48]. Moreover, the presence of feru-
lic acid, vanillic acid, 4-hydyoxybenzoic acid, syringic 
acid and myricetin in Nerium plant was reported and they 
have antioxidant and antidiabetic effects [34] Kaempferol, 
kaempferol-3-O-β-D-glucoside and chlorogenic acid were 
determined as active components of Nerium flower sub-
extract [49]. The ameliorative effects of kaempferol in 
skeletal muscle and liver were reported in STZ induced dia-
betic rats [50]. Additionally, kaempferol was defined as a 
potential natural antidiabetic agent and its mechanism was 
revealed in the treatment of diabetes [51]. Oleanolic acid and 
β-sitosterol were isolated from Nerium flowers and their in 

Fig. 3  Gene expression level of SLC2A2 gene. (A) Relative gene 
expression of SLC2A2 gene compared to C (** indicates p < 0.01). 
C: Non diabetic control; N-50: Non diabetic rats treated with NFE 
(50  mg/kg/day) and D: Diabetic control. (B) Relative gene expres-
sion of SLC2A2 gene compared to D (** indicates p < 0.01). C: Non 
diabetic control; N-50: Non diabetic rats treated with NFE (50  mg/
kg/day); D: Diabetic control; DG-3: Diabetic rats treated with glib-
enclamide (3  mg/kg/day); DN-25: Diabetic rats treated with NFE 
(25 mg/kg/day); DN-75: Diabetic rats treated with NFE (75 mg/kg/
day) and DN-225: Diabetic rats treated with NFE (225 mg/kg/day)
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