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Abstract. Annona and ginger have prominent uses in 
traditional medicine; their therapeutic properties 
have not been sufficiently explored. The ameliorative 
effect of Annona or ginger extracts on hyperglycae-
mia associated with oxidative stress, inflammation, 
and apoptosis in experimentally induced diabetes 
was addressed. Type 1 diabetes in male rats was in-
duced by a single injection of streptozotocin (STZ; 
40 mg/kg, i.p.), then Annona (100 mg/kg) or ginger 
(200 mg/kg) extracts were orally administered daily 
for 30 days. The Annona and ginger extracts amelio-
rated hyperglycaemia, insulin level, glycosylated hae-
moglobin (HbA1c) and insulin resistance (HOMA-IR) 
levels in the diabetic rats. The treatments significant-
ly ameliorated liver function enzymes and total pro-
teins; this was confirmed by histopathological exam-
ination of liver sections. Annona and ginger extracts 
significantly reduced elevated malondialdehyde 
(MDA) and restored activity of antioxidant enzymes 
in the liver such as glutathione peroxidase (GPx), 

glutathione reductase (GR), superoxide dismutase 
(SOD), and catalase (CAT) and the hepatic content 
of reduced glutathione (GSH). The oxidative stress-
dependent inflammation was regulated by both 
Annona and ginger extracts, which was indicated by 
down-regulation of TNF-α, NF-κB, pro-apoptotic 
proteins Bax, p53, and anti-apoptotic protein Bcl-2. 
Moreover, the expression of insulin receptor (INSR) 
and glucose transporter 2 (GLUT2) genes was mark-
edly regulated by both these extracts. The results 
suggest that Annona and ginger extracts ameliorate 
the hepatic damage resulting from diabetes by advo-
cating antioxidants and modulating apoptotic medi-
ator proteins in the liver of diabetic rats. In conclu-
sion, Annona and ginger extracts have a potential 
therapeutic effect in the treatment of diabetes and its 
complications. 

Introduction
Diabetes mellitus (DM) is a metabolic disorder char-

acterized by hyperglycaemia. Diabetes may be caused 
by destruction of pancreatic β-cells, or abnormalities 
resulting in resistance to insulin action. Diabetes is as-
sociated with several complications in different organs 
such as the retina, the liver, the kidney, and the nerves, 
which are all freely permeable to glucose (Ashcroft and 
Rorsman, 2012). A considerable amount of evidence has 
accumulated indicating that the liver damage caused by 
hyperglycaemia is related to generation of free radicals 
that stimulates cellular injury by increased oxidative 
stress, which in turn contributes to the complications as-
sociated with diabetes (Tiwari et al., 2013). Oxidative 
stress is the playmaker in complications caused by poor 
glycaemic control. Generation of reactive oxygen spe-
cies (ROS) leads to the activation of the mitochondrial 
pathway, which is part of the apoptotic process (Circu 
and Aw, 2010). Several studies have documented an in-
crease of apoptosis in the hepatic damage of diabetic 
patients and experimentally induced diabetic animals 
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(Loria et al., 2013; Rashid et al., 2013). Shivananjappa 
(2012) reported that streptozotocin (STZ) produced oxi-
dative stress and depletion of antioxidants in the liver 
tissues. Oxidative stress attacks the integrity of hepato-
cytes and releases the liver enzymes such as alanine 
aminotransferase (ALT) and aspartate aminotransami-
nase (AST). Also, ROS affects the metabolic function of 
the liver by increasing serum total bilirubin and decreas-
ing total protein content (Mohamed et al., 2016). 

The modern synthetic antidiabetic drugs used to con-
trol glycaemia have wide side effects, causing a shift in 
focus to alternative forms of therapy based on natural 
drugs extracted from plants without side effects (Zhao et 
al., 2018). Some medicinal plants have a considerable 
role in attenuating the risk of diabetes mellitus and its 
concomitant syndromes. Ginger (Zingiber officinale) is 
a commonly used food spice in many countries. Several 
studies have demonstrated that ginger has a hypoglycae-
mic effect, antioxidant properties and anti-inflammatory 
function. A previous study demonstrated that the treat-
ment with ginger extract alleviates fasting blood glu-
cose and serum lipids in diabetic rats (Shanmugam et 
al., 2011). Another study reports that ginger increases 
the uptake of glucose by skeletal muscle fibres in rats 
(Li et al., 2012). Graviola (Annona muricate), also 
known as soursop, is a member of the Annonaceae fam-
ily. Annona is extensively used as a traditional medicine 
against an array of diseases. Annona extract is rich in 
flavonoids, isoquinoline alkaloids and annonaceous ace-
togenins (M Barbalho et al., 2012). 

Several studies have shown that Annona extract has a 
chemotherapeutic effect against cancer (Paul et al., 
2013; Gavamukulya et al., 2014; Pieme et al., 2014). 
Moreover, it was reported that Annona extract has anti-
proliferative efficacy, neuroprotective properties, anti-
cancer efficacy, anti-inflammatory, hypoglycaemic, hy-
potensive, and antispasmodic effects (Gajalakshmi et 
al., 2012). A recent in vitro study has shown that A. mu-
ricata leaf extract was able to induce apoptosis in the 
colon and lung cancer cells (Moghadamtousi et al., 
2014). Adeyemi et al. (2009) reported that treatment of 
diabetic rats with Annona leaf methanolic extract for 
two weeks reduced the blood glucose concentration 
from 21.64 to 4.22 mmol/l. Therefore, the current study 
aimed to investigate the potential beneficial effect of 
Annona and ginger extracts on the biochemical, histo-
logical and molecular changes associated with diabetes 
in Wistar albino rats.

Material and Methods
Streptozotocin (STZ) and Annona liquid extract were 

purchased from Sigma Co. (St. Louis, MO) and Rain
forest Pharmacy Co. (Miami, FL), respectively. Ginger 
ethanolic extract (ginger rhizomes) was obtained from 
the local aromatherapy provider. About 100 g fresh rhi-
zomes were peeled in fine pieces of variable sizes and 
extracted with 2 litres of 70% ethanol in a bottle for 72 h. 
The extract solution was filtered and then ethanol was 

evaporated at room temperature for 5 days to give a 
semi-solid extract (Nasri et al., 2013). All other chemi-
cals and kits were of highest chemical grade and pur-
chased from standard confirmed companies. 

Induction of diabetes 
Diabetes induction was carried out by STZ in rats ac-

cording to El-Missiry et al. (2015) as follows: diabetes 
was induced by single intraperitoneal (i.p) injection of 
STZ (40 mg/kg b.wt.) dissolved in 0.1 M cold sodium 
citrate buffer, pH 4.5, and 48 h after STZ injection, the 
blood glucose level was assayed by Elegance CT-X10 
(Convergent Technologies GmbH & Co. KG, Fran
kenberg, Germany) and the rats with the blood glucose 
range above 250 mg/dl were considered as diabetic rats 
and used for the experiment.

Experimental design
Thirty-six adult male Wistar albino rats weighing 

150–170 g obtained from the animal house of the col-
lege of science were maintained under controlled hu-
midity, temperature and photoperiod (12 h light/12 h 
dark). Rats were fed commercial rodent pellet diet and 
water ad libitum. Care and use of animals were conduct-
ed under the supervision of the animal ethics committee. 
After one week of acclimatization, rats were randomly 
divided into six groups, six animals in each group. The 
first group served as a control, the second group re-
ceived a daily dose of Annona extract (100 mg/kg b. wt.) 
(Florence et al., 2014) by oral gavage for 30 days, the 
third group received a daily dose of ginger extract (200 
mg/kg b. wt.) (Al-Sharafi and Al-Sharafi, 2014) by oral 
gavage for 30 days, the fourth group served as diabetic 
control, the fifth group of diabetic rats received a daily 
dose of Annona extract (100 mg/kg b. wt.) by oral gav-
age for 30 days and the sixth group of diabetic rats re-
ceived a daily dose of ginger extract (200 mg/kg b. wt.) 
by oral gavage for 30 days. At the end of the experiment, 
rats were anaesthetized with i.p. injection of ketamine/
xylazine 10 ml/kg b. wt. (Parasuraman et al., 2010), blood 
was collected by cardiac puncture into a non-heparin-
ized tube and into an EDTA tube. Serum and liver were 
carefully separated, and each sample was placed in a 
clean cupped tube and labelled and kept at –20 °C for 
the following investigations.

Biochemical investigations 
The serum glucose and insulin levels and HbA1c 

blood levels were assayed by using kits purchased from 
Spinreact (Girona, Spain), RayBiotech (Peachtree Cor
ners, GA) and BioSystems (Barcelona, Spain), respec-
tively. Homeostasis model assessment-insulin resist-
ance (HOMA-IR) was calculated using the following 
equation (HOMA-IR = (Fasting insulin × Fasting glu-
cose)/22.5 (Salgado et al., 2010). The serum liver func-
tion including alanine aminotransferase (ALT), aspar-
tate aminotransaminase (AST), albumin, total bilirubin, 
and total protein was determined according to the manu-
facturer’s instructions of Spinreact kit (Girona). Malon
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dialdehyde (MDA) concentration as lipid peroxidation 
products in the liver tissue was estimated using Bio-
Diagnostic Kit (Dokki, Giza, Egypt). The enzymatic an-
tioxidant activities such as superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx), and glu-
tathione reductase (GR) and the concentration of reduced 
glutathione in the liver tissue was determined according 
to the manufacturer’s instructions of Bio-Diagnostic 
Kit. Quantitative determination of serum tumour necro-
sis factor α (TNF-α) and nuclear factor κB (NF-κB) 
were performed by using the sandwich enzyme immu-
noassay technique according to the instructions of the 
kit purchased from R&D Systems (Minneapolis, MN) 
and Cloud-Clone Crop (Houston, TX), respectively. 
Apoptosis was examined in the liver tissue by determin-
ing levels of Bax, Bcl-2 and p53 using the sandwich en-
zyme immunoassay technique applied according to the 
instructions of the kit purchased from Cloud-Clone 
Crop and RayBiotech, respectively.

Molecular investigations 
Extraction of total RNA from the liver tissue was per-

formed by using the Qiagen RNeasy kit (Manchester, 
UK) according to the manufacturer’s protocol. The 
quantity and quality of RNA were analysed using a 
NanoDrop spectrophotometer. cDNA was synthesized 
from total RNA using Moloney murine leukaemia virus 
reverse transcriptase (Fermentas, Waltham, MA), fol-
lowing the instructions of the supplier. The mRNA ex-
pression of glucose transporter 2 (GLUT2) and insulin 
receptor (INSR) genes was measured using the PCR 
technique with sequences of specific primers shown in 
Table 1 at PCR conditions: initial denaturation at 95 °C 
for 5 min, followed by 35 cycles at 52 °C for 1 min, 
55 °C for 1 min, and 72 °C for 1 min and 58 °C for 
glyceraldehyde-3-phosphate dehydrogenase for 30 s 
each, and 72 °C for 1 min. Final extension at 72 °C was 
done for 10 min. Amplified PCR products were electro-
phoresed in 1 % agarose gel. The gel was run for 60 min 
and then visualized and photographed using an ultravio-
let transilluminator gel documentation system.

Histopathological investigations 
A fresh sample of the liver from each rat was fixed in 

neutral buffered formalin (10%) for 24 h for histopatho-
logical examination, then dehydrated through ascending 
concentrations of ethanol, cleared in xylene, embedded 
in paraffin, and sectioned at 5 µm. The sections were 
then routinely stained with haematoxylin and eosin 
(H&E). The sections were examined by light microsco-

py for histopathological changes, and images were cap-
tured using a bright field Olympus (Tokyo, Japan) light 
microscope with an Amscope MU1000 camera.

Statistical analysis
All grouped data were statistically performed with 

the Prism (GraphPad Prism, 6.01) software. Differences 
among groups were evaluated by one-way analysis of 
variance (ANOVA) followed by Duncan’s multiple 
range tests. All values were expressed as the mean ± SE 
of six animals per group. The percentage of changes in 
the treated groups was calculated.

Results

Serum glucose, insulin, HbA-1c, and HOMA-IR 
levels

The effect of Annona and ginger extract on blood glu-
cose in the different animal groups was studied during 
the experimental period. The diabetic rats showed a sig-
nificant (P < 0.01) increase in the blood glucose during 
the experimental period compared to the control group. 
Oral administration of Annona and ginger extracts to the 
diabetic rats showed a marked amelioration during the 
experimental period (Fig. 1) and at the end of the ex-
perimental period (Table 2) compared with the diabetic 
group, but the glucose level was still higher than in the 
control group. The serum glucose and HbA-1c levels 

Table 1. Oligonucleotides used in the study

Primer Forward Reverse
GLUT 2 GTCCAGAAAGCCCCAGATACC GTGACATCCTCAGTTCCTCTTAG
INS-R GCCTCTACAACCTGATGAAC ACAGATGTCTCCACACTCC
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

Fig. 1. Effects of Annona and ginger extracts on blood glu-
cose in rats in different groups during the experimental pe-
riod. The values are expressed as the means ± SEM (N = 6). 
*Significant at P < 0.05, **significant at P < 0.01, and ***sig-
nificant at P < 0.001. *, **, *** indicate comparisons with re-
spect to the control group.
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were significantly (P < 0.001) increased after diabetic 
induction associated with a significant decrease in se-
rum insulin levels and higher HOMA-IR compared to 
the control rats (Table 2). Treatment of diabetic rats with 
Annona and ginger extracts for 30 days showed signifi-
cantly (P < 0.05, P < 0.01) ameliorated serum glucose 
and HbA-1c levels, with a significant increase in insulin 
levels and lower HOMA-IR compared to the diabetic 
rats, but still higher than the control levels (Table 2).

GLUT2 and INSR gene expression 
PCR analysis showed that the INSR gene expression 

in the liver tissue was decreased in diabetic rats and it 
was markedly up-regulated in the Annona extract-treat-
ed diabetic rats (Fig. 2). Also, the GLUT2 gene expres-
sion in the liver was increased markedly in the diabetic 
condition and it reversed to near the control value in 
Annona or ginger extract-treated diabetic rats (Fig. 2).

Serum markers of liver function

Compared to control rats, the liver function in the se-
rum, including enzymatic activities of AST and ALT, 
and total bilirubin levels were significantly higher, 
whereas the level of total protein and albumin was sig-
nificantly lower in the diabetic rats (Table 3). The treat-
ment of diabetic rats with Annona extract or ginger ex-
tract caused marked amelioration in the liver function 
enzymes and proteins towards control compared to the 
diabetic group (Table 3).

Oxidative stress and antioxidants
A significant increase in MDA concentration repre-

sented by lipid peroxidation products in the liver of dia-
betic rats was used as indication for oxidative stress 
(Fig. 3). In addition, a significant decrease (P < 0.001) 
was shown in the activities of enzymatic antioxidants 
such as SOD, CAT, GPx, GR, and GSH concentration in 
the liver of diabetic rats. Oral administration of Annona 
or ginger extracts prevented elevation of the MDA con-
centration and the decrease in the activities of enzymatic 
antioxidants such as SOD, CAT, GPx, GR, and GSH 
concentration in the liver of diabetic rats (Fig. 3).

Serum inflammation markers
Diabetic rats have significantly higher concentrations 

of TNF-α and NF-κB compared with the control levels. 
Oral administration of Annona or ginger extract amelio-
rated the elevation of TNF-α and NF-κB concentrations 
in the serum and showed a significant change compared 
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Table 2. Effects of Annona or ginger extract on the serum glucose (mg/dl) and insulin (pg/ml) levels and the percentages 
of HbA1c and HOMA-IR in rats in different groups at the end of the experimental period

Cont Anno Gin Dia Dia + Anno Dia + Gin
Glucose 96.20 ± 3.09 97.20 ± 2.65 99.20 ± 5.12 501.4 ± 7.47*** 148.2 ± 9.40* 164.6 ± 8.71**

Insulin 20.07 ± 0.88 19.90 ± 0.66 19.61 ± 0.85 6.34 ± 0.31*** 16.80 ± 0.33* 16.30 ± 0.48**

HbA1c 3.82 ± 0.22 3.89 ± 0.22 4.11 ± 0.14 9.02 ± 0.13*** 4.74 ± 0.35* 4.99 ± 0.10**

HOMA-IR 4.76 ± 0.25 4.88 ± 0.32 4.80 ± 0.31 7.78 ± 0.31*** 6.14 ± 0.35* 6.42 ± 0.27**

The values are expressed as the means ± SEM (N = 6). *Significant at P < 0.05, **significant at P < 0.01, and ***significant at P < 0.001. 
*, **, *** indicate comparisons with respect to the control group.

Fig. 2. Effects of Annona and ginger extracts on GLUT2 
and INSR gene expression in rats in different groups during 
the experimental period

Table 3. Effects of Annona and ginger extracts on the serum liver function enzymes and protein levels in rats in different 
groups at the end of the experimental period

Cont Anno Gin Dia Dia + Anno Dia + Gin
ALT (U/l) 21.54 ± 2.27 21.68 ± 2.43 22.16 ± 1.40 67.06 ± 2.05*** 31.54 ± 2.23* 32.64 ± 2.25*

AST (U/l) 74.24 ± 3.96 73.77 ± 3.80 73.61 ± 5.14 170.9 ± 3.97*** 97.18 ± 5.99* 100.1 ± 4.03**

T.B (mg/dl) 0.13 ± 0.01 0.13 ± 0.01 0.13 ± 0.01 0.68 ± 0.01*** 0.18 ± 0.01* 0.19 ± 0.01**

Alb (mg/dl) 4.94 ± 0.30 5.00 ± 0.20 4.99 ± 0.10 1.02 ± 0.17*** 3.78 ± 0.21* 3.70 ± 0.33*

T.P (mg/dl) 6.66 ± 0.37 6.60 ± 0.20 6.51 ± 0.40 2.48 ± 0.48*** 4.76 ± 0.27** 4.58 ± 0.21**

The values are expressed as the means ± SEM (N = 6). *Significant at P < 0.05, **significant at P < 0.01, and ***significant at P < 0.001. 
*, **, *** indicate comparisons with respect to the control group.



Vol. 65	 279Effect of Graviola and Ginger on Diabetes Mellitus

Fig. 3. Effects of Annona and ginger extracts on MDA, SOD, CAT, GPx, GR, and GSH in rats in different groups during 
the experimental period. The values are expressed as the means ± SEM (N = 6). *Significant at P < 0.05, **significant at 
P < 0.01, and ***significant at P < 0.001. *, **, *** indicate comparisons with respect to the control group.

Fig. 4. Effects of Annona and ginger extracts on TNF-α and NF-κB in rats in different groups during the experimental 
period. The values are expressed as the means ± SEM (N = 6). *Significant at P < 0.05, **significant at P < 0.01, and ***sig-
nificant at P < 0.001. *, **, *** indicate comparisons with respect to the control group.

with the diabetic rats, while insignificant changes were 
observed compared with the control (Fig. 4).

Apoptosis 
The mechanism of apoptosis in the liver of diabetic 

rats was assessed through the regulatory proteins of the 
mitochondrial pathway such as p53, Bax and Bcl-2. A 
significant increase (P < 0.001) in the p53 and Bax lev-
els and a significant decrease (P < 0.001) in Bcl-2 were 
shown in diabetic rats compared with the healthy con-
trol animals. These changes were significantly amelio-
rated when the diabetic rats were orally treated with the 
Annona or ginger extract (Fig. 5).

Histopathological examination

Microphotographs of the liver showed that the liver 
architecture of all control animals was well preserved 
and kept intact normal histological components of the 
hepatic lobules and portal areas (Fig. 6). The liver sec-
tions of the diabetic group exhibited necrosis, blood si-
nusoids congestion, hydropic degeneration, and infil-
trated neutrophils. In addition, pyknosis was observed 
in the hepatocytes (Fig. 6D). Also, vacuolated swelling 
of the hepatocyte cytoplasm was noticed in the diabetic 
rats. The liver sections of the animals treated with gin-
ger (Fig. 6C) and diabetic rats + ginger (Fig. 3F) showed 
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Fig. 5. Effects of Annona and ginger extracts on Bcl-2, Bax and p53 in rats in different groups during the experimental 
period. The values are expressed as the means ± SEM (N = 6). *Significant at P < 0.05, **significant at P < 0.01, and ***sig-
nificant at P < 0.001. *, **, *** indicate comparisons with respect to the control group.

Fig. 6. (A): Microphotograph of a section of control liver showing normal morphology and absence of lesion area, with 
normally appearing central vein (CV); parallel cords of hepatocytes radiate from the central vein towards the periphery of 
the hepatic lobule and are separated by sinusoidal spaces (arrows) and normal portal area (*). H&E; 100×. (B): Micropho-
tograph of a section of liver from a rat treated with Annona showing normal hepatic lobule architecture. H&E; 100×. (C) 
Microphotographs of a section of liver from a rat treated with ginger showing normal hepatic lobule architecture. H&E; 
100×. (D): Microphotograph of a section of liver from a diabetic rat stained with H&E showing focal congestive necrosis 
(arrows) and infiltrating neutrophils (*) with hydropic degeneration (small arrows) at magnification 100×. (E): Micropho-
tograph of a section of liver from a diabetic rat +Annona showing normal hepatic lobule architecture. H&E; 100×. (F): 
Microphotograph of a section of liver from a diabetic rat + ginger showing normal hepatic lobule architecture. H&E; 100×.
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normal hepatic lobules. The liver sections of the animals 
treated with Annona (Fig. 6B) and diabetic rats + Annona 
(Fig. 6E) showed normal hepatic lobules and absence of 
marked histological alterations. 

Discussion
Diabetes mellitus is a chronic metabolic disorder 

characterized by hyperglycaemia, increased water in-
take and polyuria accompanied by many complications 
such as liver dysfunction, cardiomyopathy, nephropa-
thy, and neuropathy (Ghosh et al., 2015). Furthermore, 
there is widespread acceptance of a possible role for 
ROS, generated as a result of hyperglycaemia, in in
duction of many secondary complications of diabetes 
(Bhandari and Pillai, 2005). The modern synthetic anti-
diabetic drugs used to control glycaemia have wide side 
effects, resulting in a shift in focus to alternative forms 
of therapy based on natural drugs extracted from plants 
without side effects (Zhao et al., 2018). Therefore, we 
have investigated the effect of Annona and ginger ex-
tracts on the liver damage induced by streptozotocin in 
rats. Our study showed a significant increase in the 
blood glucose levels in diabetic rats with a decrease in 
insulin levels (Table 2), which may be due to the de-
structive effect of STZ on β-cells with a subsequent de-
crease in insulin biosynthesis and secretion, and im-
paired glucose (Rorsman and Ashcroft, 2017). This 
finding was supported by Fu et al. (2010), who reported 
that STZ displayed cytotoxicity on pancreatic islet 
β-cells. Furthermore, intracellular metabolism of STZ 
produces free radicals that initiate alkylation of β-cell 
DNA strands and its breaks (Bolzán and Bianchi, 2002). 
Also, reduction of the insulin level causes gluconeogen-
esis and glycogenolysis that increase the blood glucose 
level, with a gross loss of the liver and muscle glycogen 
content and fats due to the increased protein catabolism 
and lipolysis (Qaid and Abdelrahman, 2016). 

Our study showed that administration of Annona and 
ginger extracts ameliorated the elevation of serum glu-
cose, HbA1c and HOMA-IR levels and the decrease of 
the insulin level in STZ-treated rats at the end of the 
experimental period. The mechanism underlying the hy-
poglycaemic effect of Annona and ginger extracts may 
be due to the restored insulin sensitivity and increased 
insulin secretion from the protected or regenerated 
β-cells (Shanmugam et al., 2011; Florence et al., 2014). 
The present results are consistent with the findings from 
a previous study reporting that the Annona extract ex-
hibited an anti-diabetic effect and improved insulin sen-
sitivity (Ahalya et al., 2014). In the current study, the 
liver GLUT2 gene expression down-regulation and 
INSR gene expression up-regulation after diabetic rats 
were treated with Annona and ginger extracts may be 
due to the antioxidant property of these extracts. GLUT2 
enhances glucose transport through the hepatocyte 
membranes in response to the insulin hormone (Leturque 
et al., 2009). TNF-α, one of the major proinflammatory 
cytokines, plays a role in wound healing, haematopoie-

sis and many other biological events. The present study 
showed that the increase in the serum TNF-α and NF-κB 
in diabetic rats may be due to hyperglycaemia, insulin 
resistance and damage in β-cells resulting from the gen-
eration of free radicals (Dokumacioglu et al., 2018); this 
elevation of TNF-α activates NF-κB, which increases its 
level in the serum of diabetic animals. This finding is 
supported by the present results showing that Annona 
and ginger extracts ameliorate the elevation of the se-
rum levels of TNF-α and NF-κB in diabetic rats. Ko and 
Leung (2010) have reported that ginger extract reduces 
the serum levels of TNF-α. Improving insulin signal 
transduction in adipose tissues and muscles may be the 
reason for the reduction of TNF-α (Perez-Matute et al., 
2009). 

Our study demonstrated that the serum total protein 
and albumin levels were significantly decreased, while 
the serum total bilirubin and activities of AST and ALT 
were significantly increased in the diabetic rats. These 
results are comparable with other studies explaining that 
the marked changes in total protein levels reflect disor-
ders in the synthesis and metabolism of proteins (Aggar
wal and Gupta, 2012; Sharma et al., 2014). Our results 
are also in accordance with Arya et al., (2012), who re-
ported that there was a significant decrease in plasma 
protein and albumin levels in STZ-induced diabetic rats 
due to the liver damage. Diabetic induction by STZ 
causes outflow AST and ALT from the liver cytosol into 
the bloodstream, leading to hepatic damage (Harris, 
2005; Erejuwa et al., 2012). Xie et al. (2014) and You et 
al. (2015) found that the damage in hepatocytes may be 
due to the increase of oxidative stress and disturbance of 
enzyme biosynthesis. Also, the elevation of total biliru-
bin due to the decrease of liver uptake, conjugation, or 
increased total bilirubin production due to the acceler-
ated RBC haemolysis indicated the presence of both 
haematological and liver problems (Vítek, 2012). The 
results of the present study revealed that Annona and 
ginger extracts ameliorate the decrease of serum total 
proteins and albumin. These results are compatible with 
the findings obtained by Atta et al. (2010), who reported 
effects of ginger extracts on the liver damage. Also in 
this line, Arthur et al. (2012) documented the hepato-
protective activity of the Annona extract against tetra-
chloride and acetaminophen-induced liver damage. 

Oxidative stress is widely accepted as a fundamental 
factor in the development of diabetes and complications 
(Folli et al., 2011). Many publications have reported the 
role of oxidative stress in diabetic condition due to the 
increased generation of ROS and deficient antioxidant 
defence (Asmat et al., 2016; Lawson et al., 2017). The 
increased levels of MDA with decreased levels of total 
GSH and activities of SOD, CAT, GPx, and GR are the 
main reason for the excessive oxidative stress in the 
liver of diabetic rats. Treatment of diabetic rats with 
Annona and ginger extracts decreased the MDA levels 
accompanied with increased GSH content in the liver 
and activity of hepatic enzymatic antioxidants such as 
SOD, CAT, GPx, and GR. Flavonoids and other active 
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components of the Annona (Florence et al., 2014) and 
ginger (Flores-Sanchez and Gang, 2013) extracts have 
the ability to scavenge the free radicals produced 
throughout the progression of diabetes mellitus by their 
active ingredients. Treatment of diabetic rats with 
Annona or ginger extract ameliorated the STZ-induced 
programmed cell death in hepatic tissues by regulating 
pro-apoptotic proteins such as Bax and P53, and anti-
apoptotic proteins such as Bcl-2. These results indicate 
marked modulation of both mitochondrial and death re-
ceptor apoptotic pathways in the liver of Annona or gin-
ger extract-treated diabetic rats. 

Histological analysis revealed that neutrophil infil-
trate-accompanied necrosis was observed in the livers 
of the diabetic rats (Asante et al., 2016). Neutrophil-
induced damage is probably secondary to necrosis de-
velopment. The hepatic lobules of diabetic rats demon-
strated haemorrhages, dilatation and congestion of 
blood sinusoids in comparison with the control group 
(Fig. 6) (Abed et al., 2015). This alteration could have 
resulted from the vasodilator effect of the treatment and 
might indicate an impact on the cell membrane perme-
ability of endothelial blood vessels. Sinusoidal dila-
tation and congestion can also occur in the setting of 
systemic inflammatory, granulomatous disorders. Vacuo
lated swelling of the hepatocyte cytoplasm was noticed 
in the diabetic rats (Badawy et al., 2017). This might 
have resulted from the ion and fluid homeostasis imbal-
ance that led to an increase of intracellular water content 
together with massive influx of water and Na+ due to the 
acute liver injury, leading to lysosomal hydrolytic en-
zyme leakages and cellular degeneration (Golod, 2018). 
On the other hand, the liver sections of Annona and 
ginger-treated rats showed a normal hepatic lobular ar-
chitecture with no signs of cell toxicity 

Conclusion 
The potential roles of Annona and ginger extracts in 

eradicating the liver damage induced by STZ are pleio-
tropic and include anti-hyperglycaemic, anti-apoptotic, 
antioxidant, and anti-inflammatory activities. They may 
play an important role in the modulation of inflamma-
tion and apoptotic cell signalling in the liver of diabetic 
rats.
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