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ABSTRACT

ICLE
Angiotensin-II is considered as a peptide responsible for the vascular dysfunction and
complications in various tissues including liver through inducing free radicle mediated
oxidative stress. This study aimed to evaluate the effect of ramipril, an angiotensin-converting
enzyme inhibitor (ACE inhibitor), on oxidative stress, inflammation, and fibrosis in the liver
of alloxan-induced diabetic rats. In this investigation, rats were divided into four groups (six
rats in each group): control, control +ramipril, alloxan, and alloxan+ ramipril. A single dose
(90 mg/kg) of alloxan was given intra-peritoneally to induce type two diabetes. After the
induction of diabetes, ramipril (10 mg/kg) was administered to each animal for 21 days. An
oral glucose tolerance test (OGTT) was performed. All animals were sacrificed at the end of
the study. Blood and liver tissues were collected from each animal and stored for further
biochemical studies. Liver marker enzymes and oxidative stress parameters were also assayed
followed by histological examination in the liver. Alloxan administration in rats showed oral
glucose intolerance and increased fasting blood glucose levels. Ramipril (10 mg/kg) treatment
in alloxan administered rats improved the OGTT and lowered fasting blood glucose level.
This study also revealed the elevation of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP) enzymes activities in the alloxan
administered rats which were attenuated by ramipril treatment. Oxidative stress parameters
such as advanced protein oxidative products (APOP), nitric oxide (NO), and
malondialdehyde (MDA) were also increased in alloxan administered rats which were
diminished by the treatment of ramipril. Moreover, alloxan administration increased
inflammation and fibrosis in the liver, which was further prevented by ramipril treatment. In
conclusion, ramipril alleviated oxidative stress and fibrosis in the liver by suppressing
oxidative stress. This investigation suggests that ACE inhibitors may be useful for treating
diabetic complications and liver injury in alloxan-administered rats.

INTRODUCTION

This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License, which
permits unrestricted noncommercial use, distribution, and
reproduction in any medium,
provided the original work is
properly cited.

World health organization (WHO) considers diabetes mellitus a major health concern.
Approximately 382 million people were diagnosed with diabetes in 2013 worldwide,
and it might be raised to 592 million diabetes cases by 2035 [1]. Diabetes can be
characterized by persistent hyperglycemia, which develops due to relative or complete
lack of insulin level in plasma or insulin resistance in various tissues [2].
Hyperglycemia in the course of diabetes usually leads to the development of end-organ
complications where patients are more prone to suffer multiple diseases such as
cerebrovascular disease, coronary artery disease, and dyslipidemia, steatohepatitis, and
microvascular disease, including retinopathy and nephropathy [3, 4]. Type 1 diabetes is
a consequence of selective destruction of the pancreatic beta cells, leading to absolute
insulin deficiency in genetically susceptible individuals [5].
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On the other hand, type 2 diabetes develops due to insulin resistance, characterized by
reduced insulin action on the muscle, liver, and adipose tissue [3]. Recent evidence
suggests that oxidative stress significantly contributes to the pathogenesis of both types
I and II diabetes mellitus [6]. Free radicals are generated by glucose oxidation,
nonenzymatic glycation of proteins, and the subsequent oxidative degradation of
glycated proteins in diabetes [7]. Diabetic patients lack antioxidant enzymes and tend
to have more oxidative stress as a result of reactive oxygen species (ROS) generation in
comparison to healthy subjects [8] [7]. The antioxidant enzymes are affected by
hyperglycemia, which increases lipid peroxidation and insulin resistance [3]. Chronic
oxidative stress is hazardous for beta cells because they have the lowest antioxidant
enzyme expression levels and require high oxidative energy [9]. Furthermore, increased
free radicals impair glucose-stimulated insulin secretion, reduce expression of the vital
genes, and eventually induce beta cell death [10].
Angiotensin-II (Ang II) is an active peptide of the renin-angiotensin system (RAS),
which is primarily involved in blood pressure regulation and fluid homeostasis [11].
However, recently, a novel role has been suggested in the pathophysiology of type 2
diabetes mellitus [12]. This hormone is formed in circulation and in some local tissues
such as the pancreas, adipose, skeletal muscle, and liver [11]. Local RAS in these tissues
are associated with events like inflammation, oxidative stress, endothelial dysfunction,
tissue remodeling, thrombosis, proliferation, and fibrosis [13]. Previous report also
showed that RAS is overactive in diabetes patients, which May be further reversed by
the treatment with RAS inhibitors [14]. Other clinical studies also demonstrated that an
angiotensin receptor blocker (ARB) or angiotensin-converting enzyme (ACE) inhibitor
prevented Ang-II action and restored beta-cell function, and improved insulin
sensitivity in diabetes patients [15]. Additionally, Ang-II can interfere with the insulinstimulated up-regulation of phosphoinositide 3-kinases (PI3K) activity and thus results
in insulin resistance [16].
ACE inhibitors are well known and widely prescribed in cardiovascular and renal
diseases [17]. The ACE inhibitor ramipril was approved in the early 1990s in the United
States and Canada for the treatment of hypertension [18]. Afterward, it is also approved
for the preventive treatment of congestive heart failure and stroke among high-risk
patients. The active metabolite, ramiprilat, reversibly and competitively inhibits ACE in
the circulation and local tissues, thus, prevents the conversion of angiotensin I to
angiotensin II [19, 20]. Considering the role of ACE in the development of oxidative
stress related complications in diabetes, this study focused on whether ramipril
treatment attenuates oxidative stress and hepatic fibrosis in alloxan induced diabetic
rats.

MATERIALS AND METHODS
Chemicals and reagents
Alloxan, thiobarbituric acid (TBA) and 5,5-dithiobis-2-nitrobenzoic acid (DTNB)
(Ellman’s reagent) were purchased from Sigma Chemical Company (USA). Active
pharmaceutical ingredient of ramipril was obtained from Beximco Pharmaceutical Ltd,
(Bangladesh). Reduced glutathione (GSH), trichloroacetic acid (TCA) were purchased
from J.I. Baker (USA). Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) was obtained from DCI diagnostics (Budapest,
Hungary), and sodium hydroxide from Merck (Germany). All other chemicals and
reagents used were of analytical grade.
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Animals and treatment
To evaluate the effect of ramipril on alloxan-induced diabetes, twenty-four Long Evans
male rats (Ten to Twelve weeks old) were obtained from the Animal Breeding Unit of
Animals House, Department of Pharmaceutical Sciences, North South University,
Bangladesh. Individual cages were organized for every rat and were kept at room
temperature (22 ± 2°C). Standard laboratory food and tap water were given to the
animals. After developing diabetes, keeping six rats in each group, animals were
divided into four groups presented in the schematic flow chart in Figure 1. The first
group was a control group and given only normal food and water for three weeks. The
second group was assigned normal food and water together with ramipril (10 mg/kg)
for every day up to three weeks and termed as (control +ramipril) group. The third
animal group (diabetic group) was administered with a single alloxan dose (90 mg/kg
body weight) injected intra-peritoneally to induce type II diabetes. Animals are given
glucose water after alloxan administration to prevent hypoglycemia. After alloxan
administration, all animals were kept separately for a week to check for diabetes
development. The fourth group of animals was treated with ramipril (10 mg/kg) orally
for three weeks after the alloxan administration and diabetes induction. Water intake,
food intake and body weight measurement of animals were noted on a daily basis. At
the end of the study, blood samples and internal organs, including liver, pancreas,
kidney, heart, and spleen, were collected after the sacrifice of all the animals. All organs
were weighed and preserved in neutral buffered formalin (pH 7.4) for histological
analysis. The tissue parts were also preserved in the refrigerator at −20°C for
biochemical assays. To separate the plasma, collected blood samples were centrifuged
at 8000 rotation per minute (rpm), and then the separated plasma samples were stored
in the refrigerator at -20°C for further analysis. This experiment and the sacrifice
procedure were conducted with the approval of the Committee of the Department of
Pharmaceutical Science, North South University, Dhaka, Bangladesh (AEC-020-2017).

Figure 1. Schematic flow chart of the experimental protocol.
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Hepatotoxicity assessment
Liver enzymes such as alkaline phosphatase (ALP), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT) activities in plasma were analyzed following the
manufacturer’s protocol. The units are expressed as U/L.

Oxidative stress markers assessment
Preparation of tissue samples
Homogenization of hepatic tissue took place in 10 volumes of phosphate buffer saline
(PBS, pH 7.4), and then the homogenized liver tissues were centrifuged at 8000 rpm for
30 min at 4°C. The supernatant was collected and used to determine enzymes and
proteins as described below.

Lipid peroxidation estimation
The colorimetric method was used to measure thiobarbituric acid reactive substances
(TBARS), which was described previously to estimate lipid peroxidation in the liver
[21]. In brief, 0.1 ml of tissue homogenate (PBS, pH 7.4) was treated with 2 ml of HClTBA-TCA reagent (0.25 N HCl, 0.37% TBA and 15% TCA) with a ratio of (1:1:1) and
placed in a water bath (hot) for 15 min and then cooled to ambient temperature. At 535
nm, against a reference blank, the absorbance of clear supernatant was measured.

Nitric oxide (NO) assay
A method which was described by Tracy et al. as nitrate was accorded to determine the
nitric oxide (NO) [22]. To modify the Griess-Illosvoy reagent, in this study, naphthyl
ethylene diamine dihydrochloride (0.1% w/v) was used instead of 1-naphthyl amine.
The 3 ml reaction mixture contained 0.5 ml PBS, pH7.4 and 2 ml tissue homogenates.
The reaction mixture was incubated for 150 minutes at a temperature of 25°C. The
absorbance was taken at 540 nm against the corresponding blank solutions. The
standard curve was used and, NO level was measured and expressed as nmol/g of
tissue.

Advanced protein oxidation products (APOP) assay
The previously described method was adopted to determine the APOP levels [23, 24].
PBS was used to dilute 2 ml of plasma in a ratio of 1:5. A second reagent potassium
iodide (0.1 ml of 1.16M) was then added to each tube. After 2 minutes, 0.2 ml acetic acid
was incorporated into the reaction mixture. Placing 0.2 ml of acetic acid, 0.1 ml of KI,
and 2 ml of PBS solution as a blank, the absorbance of the reaction mixture was
immediately read at 340 nm. At 340 nm within the range of 0 to 100 nmol/ml, the
chloramine-T absorbance was linear. nmol·ml−1 chloramine-T equivalents were used to
express the APOP concentrations.

Assay for catalase (CAT) activity
To determine the CAT activities, a reaction mixture was formed containing 0.4 ml of 5.9
mmol hydrogen peroxide, 0.1ml of plasma or tissue, and 50 mmol phosphate buffer
(pH 5.0) was used in the amount of 2.5 ml [25]. After waiting for one min,
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determination of the changes in absorbance of the reaction solution took place at 240
nm wavelength. A change in absorbance in 0.01 as units/min was defined as one unit of
CAT activity.

Assay for reduced glutathione (GSH)
A previously described method was used to estimate the reduced glutathione level in
plasma and tissues [26]. One ml of (4%) sulfosalicylic acid was used to precipitate 1.0
ml sample derived from 10% tissue homogenate. At the temperature of 4ºC, the
samples were kept for 1 hour and then centrifugation was done for 20 min at 4ºC at
1200 rpm. Three ml assay mixture was composed of 0.1 ml aliquot sample (filtered), 0.2
ml DTNB (5,5-dithiobis-2-nitrobenzoic acid), (100 mM) and 2.7 ml phosphate buffer (0.1
M, pH 7.4). The reagent mixture developed a yellow color, and then, without any delay,
absorbance reading was taken at 412 nm using Smart SpecTM plus Spectrophotometer
and expressed as ng/mg protein.

Assay for superoxide dismutase (SOD) activity
Tissue homogenates and plasma were the sources for SOD assay, and the assay method
was described previously [27]. The 3 ml reaction mixture consisted of PBS and enzyme
preparation aliquot to make up the volume to 2.94 ml. The addition of 0.06 ml of 15 mM
epinephrine was the first step to start the reaction. At the wavelength of 480 nm,
absorbance change was recorded for one min with 15-sec interval. Except enzyme
preparation keeping all the ingredients as control, was run simultaneously. It was
defined that auto-oxidation of epinephrine present in the assay system was inhibited
around 50% by per unit of enzyme activity.

Myeloperoxidase (MPO) activity estimation
A dianisidine-H2O2 method was used to determine MPO activity which was modified
for 96-well plates [28]. In short, 10 μg protein was used as plasma samples, and those
were added in triplicate to 50 mM potassium phosphate buffer (pH 6.0) in 0.15 mM
H2O2 and 0.53 mM o-dianisidine dihydrochloride. The change in absorbance was
recorded at 460 nm. Results were expressed as units of MPO/mg protein.

Histopathological analysis
To prepare the histological tissues, liver tissues were treated with neutral buffered
formalin and then refined using graded ethanol and xylene, respectively. Then, these
refined liver tissues were fixed in paraffin blocks and sectioned at 5 μm with a rotary
microtome. These sections were stained with eosin/ hematoxylin to observe liver tissue
structure and infiltration of inflammatory cells. Staining with Sirius red was also done
in liver sections to determine collagen deposition and fibrosis. A light microscope
(Zeiss Axio scope) was used to analyze the stained sections and photographed at 40X
magnifications.
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Statistical analysis
All values are expressed as mean ± standard error of the mean (SEM). Evaluation of the
results took place by using the Graph Pad Prism Software. One-way ANOVA followed
by Newman-Keuls test was used as a posthoc test. Value of p < 0.05 was considered as
statistical significance in all cases.

RESULTS
Effect on glucose level, body weight and organ wet weights
While experimenting, each rat’s body weight was logged daily, and calculation for the
percentage changes were done for all four groups. An increase in body weight was
found for all rat groups, except no noteworthy increase in body weights were found in
alloxan administered rats compared to the control rats (Table 1).
Oral glucose tolerance test (OGTT) results of all experimental groups are shown in
Figure 2. Fasting blood glucose level was shown to be increased significantly in alloxan
treated diabetic rats compared to the control. Alloxan administered rats showed a rapid
rise in glucose level after 30 minutes of glucose administration followed by a slow
decline at 120 minutes compared to the control. Ramipril treatment significantly
improved OGTT as marked in AUC determination compared to alloxan administered
rats (Figure 2B).
No considerable change was found in the wet weight of liver in alloxan treated group
while comparing with the control group. However, ramipril treatment in alloxan
administered rats changed the wet liver weight. Another key finding in this study was
a marked increase (p<0.05) in kidney’s wet weight in alloxan treated group. The same
trend was also observed in wet pancreas weight in the alloxan-administered rats.
Treating alloxan administered rats with ramipril normalized kidneys and pancreases
weights (Table 1).

Table 1. Effect of ramipril treatment on body weight, food and water intake and organ weights in
alloxan-induced diabetes rats.
Parameters

Control

Control + Ramipril

Alloxan

Alloxan + Ramipril

Initial Body weight (g)

183.58±.82

166.63±4.63

182.92±.82

192.38±4.84

Final Body weight (g)

237.98±1.80

221.85±4.08

200.87±7.28

239.22±3.50

Food intake/d (g)

19.46±0.20

17.76±0.22

19.50±0.20

18.91±0.23

Water intake/d (g)

19.91±0.24

22.51±0.31

21.04±0.11

24.01±0.41

Liver wet weight
(g/100 g of body weight)
Kidneys wet weight
(g/100 g of body weight)

3.41±0.19a

3.09±0.10a

3.88±0.22b

3.93±0.15b

0.62±0.03a

0.62±0.05a

0.82±0.22b

0.70±0.03b

Heart wet weight
(g/100 g of body weight)
Spleen wet weight
(g/100 g of body weight)
Pancreas wet weight
(g/100 g of body weight)

0.26±0.01

0.31±0.01

0.30±0.01

0.32±0.01

0.30±0.02

0.33±0.02

0.40±0.04

0.37±0.03

0.23±0.01a

0.24±0.02a

0.38±0.04b

0.30±0.01b

Values are presented as mean±SEM. N=5-6 in each group or otherwise specified. One way ANOVA with Newman-Keuls
tests were done as post hoc test. Values are considered significance at p<0.05.
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Figure 2. Effect of ramipril on oral glucose tolerance test in alloxan induced diabetes rats. Data are presented
as mean±SEM, n=6. One way ANOVA with Newman-Keuls multiple comparisons test was done as post hoc
test. Values are considered significance at p<0.05.

Effect of ramipril on the biochemical parameter of liver functions in alloxan
administered rats
Biochemical evaluation of liver function tests showed that alloxan administration
increased plasma ALT, ALP, and AST activities compared to control rats (Table 2).
Treatment with ramipril (10 mg/kg of body weight) in alloxan administered rats
significantly normalized ALP, AST, and ALT activities in plasma. Moreover, MPO
activity in alloxan-administered rats was also increased in the liver, which was
normalized by ramipril treatment (Table 2).

Table 2. Effect of ramipril on biochemical parameters in plasma and liver in alloxaninduced diabetes rats.
Parameters
Control

Groups
Control+Ramipril Alloxan

Alloxan+Ramipril

Plasma parameters
MDA (nmol/ml)
NO (nmol/ml)
APOP (nmol/ml)
Catalase (U/min)
GSH (nmol/ml)
SOD (U/L)
AST(U/L)
ALT(U/L)
ALP(U/L)

16.33±1.26a
7.63±0.51a
384.44±27.78a
7.00±0.63a
11.72±0.77a
35.57±4.04a
31.58±2.87a
27.28±4.11a
50.74±5.15a

19.82±1.54a
5.87±0.73a
270.16±18.25a
6.00±0.37a
11.13±0.96a
41.27±3.26a
33.02±2.65a
28.71±4.26a
45.14±3.79a

35.92±2.87b
10.93±0.93b
575.71±36.01b
4.00±0.37b
6.77±0.33b
17.01±3.05b
64.60±5.33b
47.37±2.94b
81.43±5.81b

24.17±2.76a
7.52±0.73b
361.43±21.75a
4.50±0.76b
11.17±0.47a
29.13±4.28a
45.94±4.26a
37.18±2.90b
53.08±6.38a

43.77±1.20a
14.38±1.81a
653.02±43.97a
10.00±1.29a
18.41±1.85a
57.73±3.68a
2.02±0.05a

47.36±2.31a
7.54±1.15a
683.1±43.39a
15.00±3.24a
21.03±2.65a
84.76±4.39a
1.35±0.18a

69.67±3.79b
22.27±0.49b
881.59±60.47b
6.67±1.05b
10.55±0.59b
33.39±5.11b
3.85±0.13b

55.69±3.17b
11.12±1.91a
548.25±37.43a
10.83±0.83b
16.15±2.92a
47.88±7.28a
1.51±0.23a

Liver parameters
MDA (nmol/ml)
NO (nmol/ml)
APOP (nmol/ml)
Catalase (U/min)
GSH (nmol/ml)
SOD (U/L)
MPO (U/L)

Values are presented as mean±SEM. N=5-6 in each group or otherwise specified. One way ANOVA with Newman-Keuls
tests were done as post hoc test. Values are considered significance at p<0.05.
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Effect of ramipril on oxidative stress markers and antioxidant enzymes in alloxan
administered rats
To determine oxidative stress, several oxidative stress markers, including MDA
(malondialdehyde), NO (nitric oxide), and APOP (advanced protein oxidation products)
levels in plasma and liver homogenates, were assayed. A higher concentration of the
lipid peroxidation product (MDA) was present both in plasma and liver of alloxantreated rats compared to control rats (Table 2). In this study, treatment with ramipril
decreased MDA levels compared to the alloxan-administered rats.
Alloxan administration also significantly increased the APOP concentration in plasma
and tissues (Table 2). Ramipril treatment significantly lowered the APOP level in
plasma and liver of alloxan administered rats. Alloxan administered diabetic rats also
showed a higher level of NO measured as nitrate both in plasma and liver compared to
control rats (Table 2). Ramipril treatment significantly reduced nitric oxide levels in
plasma and tissues (Table 2).
Furthermore, alloxan-induced a notable decrease in antioxidant enzyme activities such
as catalase (CAT) and SOD and reduced glutathione (GSH) concentration compared to
the control (Table 2). Ramipril treatment increased the GSH concentration, CAT, and
SOD activities in the liver and plasma of alloxan administered rats (Table 2).

Figure 3. Effect of ramipril treatment on hepatic inflammation in alloxan-induced rats (upper panel). A) Control,
liver section showed clear hepatic tissue structure with normal bile duct and vascular area; B) Control+ ramipril,
liver section showed also the clear hepatic tissue structure with normal bile duct and vascular area; C) alloxan, liver
section showed necrotized hepatic tissue structure with congested and broken bile duct and vascular area followed
by inflammatory mono-nuclear cells infiltration ; D) alloxan+ ramipril, liver section showed reduced necrotized zone
in hepatic tissue structure with reduced inflammatory mono-nuclear cells infiltration around bile duct and vascular
area. Lower panel showed the effect of ramipril treatment on hepatic fibrosis in alloxan induced rats. E) Control;
liver section showed normal baseline collagen around bile duct and vascular area. F) Control+ ramipril, liver section
also showed normal baseline collagen around bile duct and vascular area; G) alloxan, liver section showed increased
collagen deposition around bile duct and vascular area; H) alloxan+ ramipril, liver section showed reduced collagen
deposition around bile duct and vascular area. Magnification 40 X.

Effect of ramipril treatment on histological assessment of liver in alloxan-induced
rats
Alloxan-induced diabetic rats showed toxicity in the liver, which was observed at the
morphological level by performing histological staining with H&E stain (Figure 3).
Congestion was noted in central venules of hepatic tissue with the widening of
sinusoids and inflammatory cells infiltration (Figure 3). Congestion was ameliorated in
central venules by ramipril treatment followed by mild or no inflammatory cells
infiltrations in the liver of alloxan administered rats. Necrotized scar tissue was also
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found in alloxan administered rat livers (Figure 3). Ramipril treatment significantly
prevented the necrosis of the liver (Figure 3).
The Sirius red staining evaluated liver fibrosis by visualizing the red color of collagen
fibers deposition (Figure 3). Collagen fibers were heavily deposited in alloxanintoxicated rats, whereas ramipril treatment prevented the excess deposition of
collagen and fibrosis in the liver of alloxan-administered rats (Figure 3).

DISCUSSION
Hyperglycemia is a common characteristic of all forms of diabetes either due to the
autoimmune destruction of pancreatic beta cells (type-I) or insulin resistance as
suppression or retard in metabolic responses of the muscle, liver, and adipose tissue to
insulin action (type-II) [3]. Inhibition of angiotensin-II or angiotensin-converting
enzymes is a new perspective for treating diabetes mellitus associated with oxidative
stress [29]. Our study revealed that ramipril ameliorates oxidative stress, inflammatory
cells infiltration, and hepatic fibrosis in alloxan-induced type-II diabetic rats. Alloxan
enters the pancreatic beta-cell with the aid of glucose transporter-2 (GLUT-2) glucose
transporter. Subsequently, it generates ROS in the presence of intracellular thiols,
which eventually leads to necrosis of pancreatic beta cells, inflammatory cells
infiltration, and fibrosis [30]. In type II diabetes, increased insulin resistance at the
peripheral level promotes the oxidation of fatty acids at the adipose tissues [31].
Uncontrolled free fatty acid oxidation in the liver may produce ROS that initiates lipid
peroxidation and destruction of hepatocytes [32]. During this study, alloxan
administration resulted in the development of diabetes and eventual reduction of body
weight as an outcome of impaired metabolism.
Earlier clinical research established that in type II diabetic patients, ALT, AST and ALP
enzyme activities were increased than the normal level [33]. In our study, hepatic
damage was evaluated by biochemical analysis of the plasma tests, including plasma
ALT, AST, and ALP activities to demonstrate liver function [34]. This study showed
that significant elevation of liver function marker enzymes such as AST, ALT, and ALP
activities were observed in the alloxan treated rats, which were significantly lowered by
ramipril treatment. The serum level of aminotransferases enzymes may appear in the
circulation due to any hepatic injury [35]. Oxidative stress may provoke lipid
peroxidation at the hepatocyte membrane and aid the release of these enzymes in the
circulation. One of the essential criteria to study oxidative stress is to measure the lipid
peroxidation of membrane lipids or fatty acids. Malondialdehyde (MDA) is considered
as one of the foremost lipid peroxidation products, generated as a consequence of fatty
acid auto-oxidation, commonly estimated by its reaction with thiobarbituric acid, which
produces thiobarbituric acid reactive substances (TBARS) [36]. In this current
investigation, alloxan administration resulted in increased lipid peroxidation in the
liver and plasma, which were reduced to normal level by the treatment with ramipril.
Our study also revealed that alloxan administration in rats increased nitric oxide in the
liver and plasma. NO is synthesized by NO synthase (NOS) from l-arginin and acts as a
neurotransmitter or signaling molecule in various tissues. There are three types of NO
synthases such as neuronal nitric oxide synthase (nNOS), endothelial nitric oxide
synthase (eNOS), and inducible nitric oxide synthase (iNOS) [37]. NO production
through iNOS pathway is usually higher than other pathways [38]. Superoxide anions
react rapidly with NO and produce peroxynitrites, which are more tissue-damaging by
nitrosylation of cellular proteins and lipids [39]. Our study also showed that ramipril
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administration in rats prevented NO levels in the liver and plasma of alloxan-induced
diabetic rats.
Previous studies have also shown that AOPP more accurately mark oxidative stress
than markers of lipid peroxidation. [23]. A clinical trial on 52 type II diabetic patients
revealed a significant elevation in the APOP as well as advanced glycation endproducts (AGEs) [40]. Our study found that alloxan-administered diabetic rats showed
an increased levels of AOPP in tissues and plasma, which are alleviated by ramipril
treatment. Moreover, preclinical research showed that untreated diabetic rats generate
lipid hydroperoxide radicals at a higher level with reduced antioxidant enzymes,
including CAT and GSH [41]. In our study, liver antioxidant enzyme activity was
assayed by measuring SOD and CAT activities, and reduced glutathione (GSH)
concentration. Alloxan administration resulted in a notable reduction in these
antioxidant enzymes activities, which were considerably restored by ramipril treatment.
Finally, the extent of inflammation and fibrosis were investigated in the liver of alloxanadministered rats. The histological assessment of liver sections using various staining
also supports the biochemical data. A substantial outburst of inflammatory cells was
observed in the centrilobular part of the liver section, which is supported by a previous
study [42]. A previous study suggests that the inflammatory cells are generally
mononuclear cells and neutrophils [43]. Necrotized tissue scars were also found in the
liver of alloxan-administered rats.
Moreover, alloxan administration induced severe extracellular matrix (ECM)
deposition and fibrosis in the liver. Liver fibrosis is considered as the end-stage liver
dysfunction in all chronic liver diseases. Oxidative stress-mediated tissue damage in
the liver attracts more inflammatory cells infiltration and activates local inflammatory
cells such as Kuffer cells [44, 45]. Kuffer cells activation is reported in various
experimental liver injuries [46, 47]. It has been suggested that Kupffer cells produce
ROS and secrete proinflammatory cytokines [48]. Kupffer cells further stimulate hepatic
stellate cells (HSCs) in the liver, leading to ECM synthesis through TGF-beta mediated
pathway [49]. Recent reports also suggest that Ang-II may participate in hepatic fibrosis
in various experimental models [50, 51]. Previous studies showed that AT receptor
blockers prevented hepatic injury and fibrosis in carbon tetrachloride-administered rats
[52]. Our investigation also found that treatment with ramipril satisfactorily revived the
inflammatory and fibrotic conditions in the liver of alloxan-administered rats.
Diabetes mellitus (DM) is the most devastating, chronic, common non-communicable
disease (NCD) and has become a global health problem. Considering the present study,
we propose that ACE inhibitors can be an alternative treatment for diabetic
complications. Our current investigation found that ACE inhibitor, ramipril, alleviated
oxidative stress and fibrosis in the liver probably by suppressing the angiotensinconverting enzyme activity. Still, it needs more focused research to develop an exact
mechanism for the treatment of diabetes.
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