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Abstract : Diabetes mellitus is a chronic metabolic disorder characterized by complete or
relative lack of insulin, or insulin resistance. Metal nanoparticles preparation using plant is an
important branch of biosynthesis processes. Andrographis echioides (L.) Nees. (Family:
Acanthaceae), also known as Indoneesiella echioides (L.) which is commonly known as false
water willow. Various biochemical Parameters, Enzymic and non-enzymic antioxidants were
analyzed in the liver, kidney, pancreas as per the standard procedures. Administration of
AgNPs - hydroalcholoic extract of A. echioides (AgNPs- HEAE) significantly lowers the
blood glucose level, gluconeogenic enzymes such as glucose-6-phosphatase and fructose-1, 6-
bisphosphatase whereas increases the activities of hexokinase, glucose-6 phosphatase
dehydrogenase and GSH via by increasing level of insulin. AgNPs- HEAE reduces the total
cholesterol and triglycerides, decreases the LDL-C, VLDL-C and it considerably increase the
level of HDL-C. In plasma and tissues i.e. liver, kidney, pancreas, AgNPs- HEAE increased
catalase activity and GSH level and decreased lipid peroxidation, and increases the enzymatic
and non enzymatic antioxidants levels. Furthermore, the histological damages in pancreas,
liver and kidney tissues were reduced. These results indicated a good hypoglycemic and anti-
oxidant activity of AgNPs- HEAE. The overall results are suggestive that AgNPs -
hydroalcholoic extract of A. echioides act as efficient free radical scavenger intercept those
radicals which are involved in drug metabolism by microsomal enzymes. To best of our
knowledge this is the first report of green synthesis of AgNPs- HEAE antioxidant and
antidiabetic properties.

Keywords : Oxidative stress; Silver Nanoparticles (AgNps); Biochemical estimations
Andrographis echioides; Histopathology.

1. Introduction

Diabetes mellitus (DM) is an inherited, chronic disorder in the endocrine system that constitutes a main
public health problem all over the worldwide [1]. DM is the heterogeneous metabolic disorder characterized by
altered carbohydrate, lipid and protein metabolism. It is a primary source of morbidity and mortality in human
populations that is defined as a group of metabolic diseases manifest by hyperglycemia which results from
defects in insulin production and insulin action. In India the burden of DM is increase dramatically the year
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2010, it was estimated that more than 200 million people worldwide had DM and 300 million will subsequently
have the disease by 2025 [2]. Hyperglycemia is a hallmark for the growth of many complications in diabetics
like retinopathy, nephropathy, neuropathy and angiopathy. This plant based, traditional medicine system
continues to play an essential role in healthcare, with about 80% of the world’s inhabitants relying mainly on
traditional medicines for their primary healthcare [3].

Insulin is an chief signaling molecule required by almost all of the cells, but its major targets are liver,
fat and muscle cells. For these cells, insulin has the following function: stimulates liver and muscle cells to store
glucose in glycogen, stimulates fat cells to form fats from fatty acids and glycerol, activate liver and muscle
cells to make proteins from amino acids, and inhibits the liver and kidney cells from making glucose from
intermediate compounds of metabolic pathways (gluconeogenesis) [4].

The nanotechnology is commonly defined as the manipulation of mater about the nanometers order (1-
100 nm) to produce materials with novel properties and functions with a potential wide range to applications.
The nanomedicine is the application of the nanotechnology to medicine. Because of the similarity in the domain
of size of nanotechnology with the biological structures and definite functional properties it is likely to make
important advances in the areas of gene therapy, imaging and novel drug discovery and drug delivery in the
treatment of diseases like diabetes and cancer.

The development of metal NPs stabilized and synthesized using green or chemical reduction methods
have involved significance in the clinical field for its potential effects or toxicological that can have in the
biological systems. In experimental diabetes, it has reported that ZnO and silver NPs decrease the glucose levels
and increase the production of insulin. The bio-compatible NPs synthesized from plant extracts can contribute
to toxic compounds elimination. Today, the diabetes investigations are focused in improve the clinical
diagnosis, in the development of blood glucose biosensors and in the control and treatment with recent progress
in the oral therapy trying to improve the bioavailability bioactivity and drug delivery. Recently, it has been
reported that insulin-chitosan nano structured complexes improve the efficiency of oral insulin delivery.
Another interesting study reported that carbon nanotubes functionalized with nicotinamide increase the
production of insulin in pancreatic beta cell generating a new expectative in the antidiabetic therapy.

Streptozotocin (STZ) is a permanent diabetes inducing drug. It is synthesized by a strain of the soil
microbe Streptomyces achromogenes (gram positive bacterium) with broad spectrum of antibacterial properties
[5]. STZ is an unusual amino glycoside containing a nitrosoamino group discovered in 1959 as an antibiotic,
now marketed as a generic drug. It has been widely used for inducing diabetes in the experimental rats through
its toxic effects on pancreatic cells and it is well studied that exposure of the insulin secreting cells to STZ
results in DNA damage in pancreatic cells through the formation of alkylating free radicals leading to hasty
necrosis of the cells, thereby the rate of insulin synthesis and secretion is diminished [6]. Glibenclamide is often
used as a reference drug in STZ-induced moderate diabetic model. Though sulphonylureas are valuable in
treatment of diabetes, their use is restricted by their limited action and side effects (hypoglycaemia and liver
problems) [7].

Reduced hemoglobin concentrations are common findings in diabetic patients [8]. The liver plays a
major role in the regulation of carbohydrate metabolism, as it uses glucose as a fuel, it has the capability to store
glucose as glycogen and also synthesize glucose from non-carbohydrate sources. This key function of liver
makes it vulnerable to diseases in subjects with metabolic disorders, particularly diabetes. [9] Increased
activities of liver enzymes such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are
indicators of epatocellular injury. Increased activity of these markers is associated with insulin resistance [10],
metabolic syndrome and type 2 diabetes [11]. The typical lipid disorder in patient with diabetes, diabetic
dyslipidemia, is characterized by elevated triglycerides, low levels of HDL cholesterol and increased numbers
of small, dense LDL particles [12]. Hyperuricemia-uric acid is end product of purine metabolism, it is filtered
in glamorous filtration and excretion in urine [13].

In humans everyday activities oxidation plays important role as there is antioxidant defense mechanism
present such as lycopene, beta carotene, glutathione, flavonoid, selenium natural vitamin such as vitamin E,
vitamin A antioxidant enzymes such as catalase peroxidase, glutathione-S-transferase finish the accessibility of
peroxidase as hemeprotein, iron, copper ions. In recent studies there is strong relation found between oxidative
stress and reactive oxygen species for human disorders/diseases. So antioxidants and free radicals studies are
very important in today’s research for understanding the relationships of diseases such as cancer,
neurodegenerative diseases, diabetes mellitus and cardiac arrest [14].
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Free radicals are defined as atoms or molecules that contain one or more unpaired electrons, making
them unstable and highly reactive. The most important ROS are the superoxide anion radicals, hydrogen
peroxide (H,0O,), alkoxyl (RO), peroxyl (ROO) and hydroxyl radicals (OH) [15] and hypochlorous acid
(HOCI), other non-oxygen species existing as reactive nitrogen species (RNS) such as nitric oxide (NO) and
peroxy nitrite (ONOQ) have also important bioactivity [16]. Oxidative stress plays a pivotal role in cellular
injury from hyperglycemia. High glucose level can stimulate free radical production. Weak defense system of
the body becomes unable to counteract the enhanced ROS generation and as a result condition of imbalance
between ROS and their protection occurs which leads to domination of the condition of oxidative stress [17].

Antioxidant has been defined as any substance that delays or inhibits oxidative damage to a target
molecule [18]. In generally all the antioxidants influence the redox status, thereby protecting cells against ROS
under certain circumstances, while promoting ROS generation in others. Antioxidants are of two types namely
enzymatic antioxidant such as SOD [19] CAT, GPx [20] and non-enzymatic antioxidants such as GSH, ascorbic
acid (Vitamin C), a-tocopherol (Vitamin E) [21], B-carotene (Vitamin A), estrogen [22] and flavonoids [23].
Andrographis echioides is a species of Andrographis commonly known as belonging to the family
Acanthaceae, is a dense herb found in plains and waste lands which fruits throughout the year. Andrographis
echioides has been reported anti-inflammatory, antimicrobial, anthelmintic, antioxidant and larvicidal activities
[24].

The literature survey revealed that there are no scientific studies carried out regarding free radical and
antioxidant properties of Andrographis echiodies. Hence, the present is focused to evaluate the antioxidant,
hepatoprotective and antidiabetic analysis of hydroalcholic extract of AgNps- Andrographis echiodies.

Based on these considerations, the present study was designed to investigate the effects of a
hydroalcholic extract of AgNps- Andrographis echiodies on the antidiabetic and oxidative stress induced by
STZ induced diabetes in an animal model using male Wistar rats. Histopathological studies were also carried
out to assess the effect of hydroalcholic extract of AgNps- Andrographis echiodies on liver, kidney and
pancreatic cells against STZ damage in rats.

Materials and Methods
2.1 Experimental animals

Male albino rats of the Wistar strain, weighing 150-200 gm were obtained from Sri Venkateswara
Enterprises, Bangalore. The rats were housed in a well-ventilated experimental animal house under constant
environmental and adequate nutritional conditions throughout the period of the experiment. Feeding of rats was
done ad libitum, along with drinking water. All the experiments were carried out according to the guidelines of
the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), New Delhi,
India and approved by the Institutional Animal Ethical Committee of Muthayammal college of Arts and Science
(Reg. No. 1416/a/11/CPCSEA).

2.2 Induction of diabetes mellitus

Non-insulin dependent diabetes was induced in overnight fasted male albino Wistar rats by a single
intraperitonial (i.p.) injection of 40 mg/kg STZ. STZ freshly dissolved in 0.1 M citrate buffer (pH 4.5) [25].
After 72 hours, diabetic rats were identified by measuring fasting plasma glucose (FPG) levels. The rats with
blood glucose concentration more than 200 mg/dL were used in this study.

2.3 Preparation of Plant Extract

Exactly 200g of shade dried coarsely powdered whole plant of A. echioides was extracted with 500ml
of 80% aqueous ethanol by maceration at room temperature for 72 hours. After extraction, the extract was
filtered, concentrated to dryness in rotavapour under reduced pressure and controlled temperature (40-500°c).
Dark yellowish brown colour residue was obtained and it was coded as A. echioides. The residue was then
stored in desiccators.

2.4 Synthesis of silver nanoparticles

3mM solution of silver nitrate was prepared. 20ml of the plant extract was mixed with 80ml of 3mM of
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silver nitrate solution. The colour changed from yellow to reddish brown colour indicating the formation of
silver nanoparticles. The AgNps thus obtained was purified by repeated centrifugation at 7000 rpm for 10
minutes. The precipitate was collected directly. Andrographis echioides (AgNps —HEAE) was dissolved in
0.2% dimethyl sulfoxide (DMSO) and administrated to rats orally using an intragastric tube [26].

2.5 Experimental design

In this study, a total of 30 rats were divided into six groups of six rats in each group and had free access
to food and water and were treated for 21 days as follows: Group | - Control rats, Group Il — rats were induced
for STZ, Group Ill — orally administration of STZ along with AgNps - hydroalcoholic extract of A. echioides stz
(200pg/kg/bw), Group IV - orally administration of STZ along with AgNps - hydroalcoholic extract of A.
echioides (400ug/kg/bw) and Group V - orally administration of standard drug glibencilamide. At the end of the
experimental period, all the rats were fasted overnight, anaesthetized using pentobarbital sodium (35 mg/kg
b.w., intramuscular injection), and sacrificed by cervical decapitation. The blood samples were collected in the
test tubes containing potassium oxalate and sodium fluoride (3:1) as anticoagulant for the separation of plasma,
serum, erythrocytes. The liver, kidney and pancreas were immediately dissected out, washed in ice-cold saline
to remove the blood, and pat dried and weighed.

The liver, kidney and pancreas were weighed and 10% of tissue homogenate was used for the analysis
of lipid peroxidation, enzymatic and non-enzymatic antioxidants. Histopathological studies were carried out by
the technique of [25]. The liver, kidney and pancreas tissue was preserved in 10% commercial formalin
immediately on removal from the animal.

2.6 Biochemical estimations

Glucose was estimated by the method of Trinder using reagent Kit (1969), [27] Hemoglobin in the
blood was estimated by the method of Drabkin and Austin (1932) [28] Glycosylated hemoglobin in the blood
was estimated by the method of Sudhakar Nayak and Pattabiraman, (1981).[29] Protein in the tissues was
determined after trichloro acetic acid precipitation by the method of Lowry et al., (1951)[30]. Liver glycogen
was extracted and estimated by the method of Morales et al., (1975).[31] Hexokinase D was assayed by the
method of Brandstrup et al., (1957).[32] Glucose 6-phosphatase was assayed by the method of Koide and Oda
(1959).[33] Fructose 1, 6-bisphosphatase was assayed by the method of Gancedo and Gancedo (1971).[34]
Glucose 6-phosphate dehydrogenase in the erythrocytes and liver was assayed by the method of Bergmeyer
(1984).[35] Lipids were extracted from plasma and tissues by the method of Folch et al., (1951)[36] Total
cholesterol in the plasma, erythrocytes and tissues was estimated by the enzymic method described by Allain et
al., (1974).[37] HDL-cholesterol was estimated using the diagnostic kit based on the enzymic method described
by 1zzo et al., (1981)[38]. Estimation of VLDL and LDL-cholesterol (Friedewald et al., 1972) [39] Free fatty
acids in the plasma and tissues were estimated by the method of Falholt et al., (1973).[40] Triacylglycerol in the
plasma and tissues were estimated using the diagnostic kit based on the enzymic method described by
McGowan et al.,(1983).[41] Phospholipids in the plasma, erythrocytes and tissues were estimated by the
method of (Zilversmit and Davis 1950).[42] Total protein and albumin in the serum were estimated by Biuret
method (Reinhold, 1953).[43] Serum aspartate aminotransferase was assayed by using the diagnostic kit based
on the method of Reitman and Frankel (1957). [44] Serum alanine aminotransferase was assayed by using the
diagnostic kit based on the method of Reitman and Frankel (1957). Plasma alkaline phosphatase was estimated
by using the diagnostic kit based on Kind and King’s method (1954). [45] The enzyme activity was assayed
according to the method of Rosalki and Rau (1972). [46] Urea in the plasma and urine was estimated by using
the diagnostic kit based on the method of Fawcett and Scott (1960). [47]Uric acid in the plasma and urine was
estimated by using the diagnostic kit based on the enzymic method described by Caraway (1955).[48]
Creatinine in the plasma and urine was estimated using the diagnostic kit based on the method of Tietz (1987)
[49]using Jaffe’s (1886) color reaction. Plasma thiobarbituric acid reactive substances (TBARS) were estimated
by the method of Yagi et al. [50]. The concentration of TBARS in the tissue was estimated by the method of
Fraga et al. [51]. The levels of lipid hydroperoxides (HP) were estimated by the method of Jiang et al. [52]. The
activity of SOD was assayed according to the procedure of Kakkar et al. [53]. The activity of catalase was
assayed by the method of Sinha et al. [54]. The activity of GPx was assayed by the method of Rotruck et al.
[55]. The level of GSH was estimated by the method of Ellman et al. [56]. The levels of vitamin C were
estimated by the method of Omaye et al. [57] The levels of vitamin E were estimated by the method of Baker et
al. [58].
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2.7 Histopathology

Tissues (liver, kidney, and Pancreas) obtained from all experimental groups were washed immediately
with saline and then fixed in 10% buffered neutral formalin solution. After fixation, the tissue was processed by
embedding in paraffin. Then, the tissue was sectioned and stained with Haematoxylin and Eosin (H&E) and
examined under high power microscope and photomicrographs were taken.

2.8 Statistical analysis

Statistical analysis was performed by one way analysis of variance (ANOVA) followed by Duncan’s
Multiple Range Test (DMRT). Using Statistical Package for the Social Sciences (SPSS) software package
version 16.00. P values < 0.05 were considered significant.

3. RESULTS
3.1 Effect of AgNps-HEAE on plasma glucose and insulin levels

Fig. 1 illustration that the effect of AgNps-HEAE were determined in the levels of plasma glucose and
insulin in control and experimental rats. The glucose level significantly increased and insulin level significantly
decreased were observed in STZ induced diabetic rats. Diabetic rats treated with oral supplementation of AgNps-
HEAE significantly upturned the glucose and insulin levels. There were no changes in glucose and insulin levels
detected between control, standard drug glibencilamide and AgNps-HEAE alone treated rats.

Plasma glucose and insulin
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Plasma glucose m g/dL. and inyulin
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200pgkg b 400pg’kg bow

Fig 1: Plasma glucose and insulin levels

Table 1 Effect of AgNps-HEAE on levels of HbAlc, Hb, protein.

Groups Control Diabetic Diabetic rats | Diabetic rats | Glibencilamide
rats + AgNps- | + AgNps-

HEAE HEAE

200pg/kg b.w | 400pg/kg b.w
Urea (mg/dl) | 17.33+0.46 | 75.23+0.89 | 33.33+0.51" | 19.83+0.31° | 18.00+0.26°
Uric Acid | 1.48+0.06 | 3.39£0.05 | 2.02+0.02" 1.72+0.03° 1.52+0.02°
(mg/dl)
Creatinine 0.68+0.02 | 2.88+0.02" | 1.50+0.01 1.04+0.01° 0.80+0.02°
(mg/dl)
Hemoglobin 15.3240.08 | 9.35+0.13° [ 11.73x0.05" | 13.35+0.06° | 14.46+0.07°
(g/dl)
HbALC (%) 4.66+0.04 | 8.40+0.05 | 6.20+0.03" 5.4620.05° 5.29+0.04°
Protein (mg/dl) | 6.42+0.06 | 3.34+0.08" | 4.51+0.04" 5.81+0.04° 6.23+0.02°
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Antidiabetic effect of AgNps-HEAE on urea, uric acid, creatinine, hemoglobin, HbAlc and protein in STZ
induced Diabetic Rats. Values presented as Mean = standard deviation (n = 6). Values not sharing a common
superscript “p < 0.05and °p< 0.01 (DMRT).

3.2 Effect of AgNps-HEAE on levels of HbAlc, Hb, protein.

The effect of AgNps-HEAE in the levels of HbAlc, Hb and protein in control and experimental rats.
The HbAlc level significantly increased and significantly reduced Hb and protein were observed in STZ
induced diabetic rats. Diabetic rats treated with oral administration of AgNps-HEAE significantly decreased
the level of HbAlc and significantly increased the levels of Hb and protein. No changes in the levels of HbAIc,
Hb and protein was detected in control, glibencilamide standard drug and AgNps-HEAE alone treated rats
(Table. 1).

3.3. Effect of AgNps-HEAE on activities of hexokinase, glucose 6 phosphatase, fructose 1, 6
bisphosphatase and glucose 6 phosphate dehydrogenase of liver and kidney.

Table. 2 shows the activities of hexokinase, glucose 6 phosphatase, fructose 1, 6 bisphosphatase and
glucose 6 phosphate dehydrogenase in control and experimental rats of liver and kidney. The hexokinase,
glucose 6 phosphatase, fructose 1, 6 bisphosphatase and glucose 6 phosphate dehydrogenase levels diminished
were observed in STZ induced diabetic rats of liver and kidney. Diabetic rats treated with oral administration of
AgNps-HEAE significantly improved the levels of hexokinase, glucose 6 phosphatase, fructose 1, 6
bisphosphatase and glucose 6 phosphate dehydrogenase. There is no changes in enzyme activity was observed
with control, standard drug glibenclamide and AgNps-HEAE alone treated experimental rats of liver and
kidney.

Table. 2 Effect of AgNps-HEAE on lipid profile in STZ induced levels of plasma

Groups Tissues Control Diabetic rats|Diabetic rats|Diabetic rats|Glibencilamide
+  AgNps-|+ AgNps-
HEAE HEAE
200ug/kg 400ug/kg b.w
b.w
Hexokinase |} jyer 129.25¢1.01  |35.75+1.98° [90.201.10° [117.70+3.26° |125.95+1.79¢
(Unit/h/mg -
protein) Kidney 96.80+1.10 12.65+1.01" [55.55+#1.01" [91.96+2.68°  |94.60+3.37°
Glucose 6 Liver 80.56+1.03  [27.43:0.84" [63.5420.71' [73.9621.04°  [75.35:0.99°
Phosphatase
(U”t't/_h/)mg Kidney 62.85:0.84  [17.01#3.20" [30.90+1.25' |[43.75:1.20°  |57.2941.92°
protein

Fructose 16 |, ;o 158.33+4.81  |48.61+2.56" [98.61+4.52" [133.332.15° |147.22+5.96°
Bisphosphatase

E)L:Qt'gizl)mg Kidney 100.7242.56  |23.6142.56" |63.89+4.12" [100.00+2.15° [104.17+1.86°
Glucose 6 Liver 142.90+1.90  [50.23+1.61° |87.86+1.93' [124.24+2.01° [128.13+1.85°
Phosphate

dehydrogenase

(Unit/h/mg Kidney 111.96+2.41 | 31.724¢0.90" | 61.11#1.27" | 94.39+1.21° | 100.30+2.64°
protein)

Antidiabetic effect of AgNps-HEAE on hexokinase, glucose 6 phosphatase, fructose 1,6 bis phosphatase and
glucose 6 phosphate dehydrogenase in STZ induced Diabetic Rats. Values presented as Mean * standard
deviation (n = 6). Values not sharing a common superscript 'p < 0.05and °p< 0.01 (DMRT).

3.4 Effect of AgNps-HEAE on lipid profile in STZ induced levels of plasma

Table. 3 illustrations that the concentrations plasma lipids (TC, FFA, Phospholipids, TG, LDL and
VLDL) were significantly increased and HDL level significantly decreased in diabetic rats as compared to the
control. AgNps-HEAE orally treated with diabetic rats significantly reduced levels of TC, FFA, Phospholipids,
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TG, LDL and VLDL and HDL level significantly improved when compare to diabetic rats. There is no changes

in the group of control, standard drug glibenclamide, AgNps-HEAE alone treated experimental rats.

Table. 3 Effect of AgNps-HEAE on liver marker enzymes activities in STZ induced diabetic rats of liver.

Groups Control Diabetic rats | Diabetic rats | Diabetic rats | Glibencilamide

+ AgNps- | + AgNps-

HEAE HEAE

200pg/kg b.w. | 400pg/kg b.w.
TC(mg/dl) 127.67+0.42 247.00+0.82° 172.67+0.61" 143.00+0.52° 135.67+0.84°
FFA(mg/dl) 91.09+0.56 182.19+1.12° 137.33+0.49" | 103.83+0.87° | 94.00+0.58"
PL(mg/dl) 118.50+0.43 161.67+1.12° 137.67+0.42" 124.17+0.48° 120.830.31°
TG(mg/dl) 112.83+0.60 173.67+0.76° 147.33+0.49" | 120.33+0.33° 115.83+0.65°
HDL (mg/dl) 55.47+0.61 34.30+0.52° 43.25+0.31" 50.36+0.13° 53.55+0.21°
LDL (mg/dl) 49.64+0.99 177.97¢1.29° | 99.95+0.54" 68.57+0.62° 58.95+0.91°
VLDL(mg/dl) [ 22.57+0.12 34.73+0.15 29.47+0.10 24.07+0.07° 23.17+0.13°

Antidiabetic effect of AgNps-HEAE on lipid profile in STZ induced Diabetic Rats. Values presented as Mean +
standard deviation (n = 6). Values not sharing a common superscript 'p < 0.05and °p< 0.01 (DMRT).

3.5 Effect of AgNps-HEAE on liver marker enzymes activities in STZ induced diabetic rats of liver.

The effect of AgNps-HEAE in the activities of liver marker enzymes like AST, ALT, ALP, GGT in
control and experimental rats. The liver marker enzymes activities significantly increased in STZ induced
diabetic rats (Fig. 2). Diabetic rats orally administration of AgNps-HEAE significantly reduced liver marker
enzymes when compare to the diabetic rats. No changes in activities of liver marker enzymes in control,
glibenclamide standard drug and AgNps-HEAE alone treated experimental rats.

Liver marker enzymes

Concentration 1U/L

AST ALT ALP GGT
#Contm] @ Dubetic rats
8Dubetic rats = A gNps-HEAE 2002 kg b.w @ Duabetic rats = A gNps-HEAE 400pg ke bw
g Gibenailansde

Fig 2 Liver marker enzymes

3.6 Effect of AgNps-HEAE on urea, uric acid and creatinine in STZ induced diabetic rats of plasma

Table 1 demonstrate that the levels of plasma urea, uric acid and creatinine in experimental rats. The
urea, uric acid and creatinine levels were significantly increased in STZ induced diabetic rats. Oral
administration of AgNps-HEAE to diabetic rats had significant changes in these levels to near normal. There is
no changes in control, glibenclamide standard drug and AgNps-HEAE alone treated experimental rats.

3.7 Effect of AgNps-HEAE on TBARS and HP levels of liver, kidney and pancreas

Table 4 & 5 exemplify the level of TBARS and HP in plasma and tissues of control and diabetic rats.
The levels of TBARS and HP were increased significantly higher than control rats, whereas diabetic rats treated
with AgNps- HEAE significantly restored the altered values of TBARS and HP to near normal in the tissues of
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liver, kidney and pancreas. There is no significant changes in control, standard drug glibencilamide and AgNps-
HEAE alone treated experimental rats.

Table. 4 Effect of AgNps-HEAE on TBARS, HP and Antioxidant levels

Groups Control Diabetic Diabetic rats + | Diabetic rats | Glibencilamide
rats AgNps-HEAE | + AgNps-
200pg/kg b.w | HEAE
400ug/kg b.w
Liver
TBARS (nmol 2.06+0.02 6.57+0.07" 2.88+0.02° 2.55+0.03° 4.25+0.06"
MDAV/hr/g tissue)
Hydroperoxide (nmol/g | 53.830.79 139.33+3.26" | 70.330.38° 61.50+0.34° 139.333.26'
tissue)
SOD (umol/min/mg 8.33+0.05 4.31+0.06 5.54+0.04" 7.18+0.02° 7.85+0.17°
protein)
CAT (umol/min/mg 72.16+0.50 42.55+0.17° | 54.55+0.17" 69.67+0.15° 71.050.25°
protein)
GPx (mol/min/mg 6.67+0.04 3.18+0.02" 4.32+0.05' 5.68+0.06° 6.09+0.02°
protein)
GR (nmol/min/mg 3.25+0.02 0.44+0.02" 1.34+0.02" 2.85+0.04° 3.04+0.03°
protein)
GST (umol/min/mg 0.80+0.04 0.25+0.00" 0.53+0.06" 0.69+0.01° 0.74+0.00°
protein)
GSH (umol/gltissue) 23.82+0.26 12.35+0.08" | 16.80+0.21 20.35+0.08° 21.93+0.14°
Vitamin C (ug/g tissue) | 235.58+0.48 | 188.66+0.23" | 205.30+0.32° 226.82+0.61° | 228.74+0.28°
Vitamin E (ug/g tissue) [ 20.54+0.10 9.40+0.03 13.44+0.04 18.54+0.06° 18.46+0.07°
Kidney
TBARS (nmol 3.73+0.05 7.45+0.06° 4.26+0.03° 4.10+0.02° 5.77+0.05"
MDAVhr/g tissue)
Hydroperoxide (nmol/g | 43.33+0.33 112.67£1.02" | 55.33+0.67° 52.83+0.60° 70.33+0.42"
tissue)
SOD (umol/min/mg 13.33+0.05 6.22+0.03" 9.22+0.05' 11.97+0.06° 12.39+0.06°
protein)
CAT (umol/min/mg 54.40+0.27 33.59+0.25 | 44.16+0.16" 51.92+0.43° 53.94+0.35°
protein)
GPx (mol/min/mg 5.70+0.06 2.20+0.05" 3.77+0.03" 5.06+0.01° 5.10+0.04°
protein)
GR (nmol/min/mg 1.78+0.03 0.33+0.01° 0.82+0.03" 1.45+0.02° 1.54+0.03°
protein)
GST (umol/min/mg 0.57+0.02 0.12+0.01° 0.30£0.01" 0.47+0.01° 0.52+0.01°
protein)
GSH (umol/gltissue) 15.21+0.20 7.25+0.03 10.74+0.19" 14.91+0.04° 15.06+0.01°
Vitamin C (ug/g tissue) | 188.47+0.38 | 146.92+0.18" | 162.24+0.26" 181.46+0.49° 182.99+0.22°
Vitamin E (ug/g tissue) | 16.43+0.08 7.42+0.03 11.65+0.03" 14.83+0.05° 14.77+0.06°

Antidiabetic effect of AgNps-HEAE on various biochemical parameters in STZ induced Diabetic Rats. Values
presented as Mean + standard deviation (n = 6). Values not sharing a common superscript “p < 0.05and °p< 0.01

(DMRT).

3.8 Activities of AgNps-HEAE on enzymatic antioxidant of liver, kidney and pancreas

The activities of enzymatic antioxidants namely SOD, CAT, GPx, GST and GR in the liver, kidney and
pancreas of control and experimental rats are given in Table 4 & 5. The activities of enzymatic antioxidants
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namely SOD, CAT, GPx, GST and GR in the liver, kidney and pancreas were significantly decreased in
diabetic rats when compared with control rats. Diabetic rats treated with AgNps - HEAE showed significant
increase in the activities of enzymatic antioxidants, which reflects the restoration of antioxidant enzymes system
to near normal. There is no significant changes in control, standard drug glibencilamide and AgNps — HEAE

alone treated experimental rats.

Table. 5 Activities of AgNps-HEAE on enzymatic antioxidant of liver, kidney and pancreas

Groups Control Diabetic Diabetic rats | Diabetic rats | Glibencilamide
rats + AgNps- | + AgNps-

HEAE HEAE

200pg/kg b.w | 400pg/kg b.w
Pancreas
TBARS (nmol 0.64+0.01 [ 3.17+0.08" | 0.86+0.01° 0.78+0.14° 1.88+0.03'
MDAV/hr/g tissue)
Hydroperoxide (nmol/g | 15.50£0.43 | 54.83+0.70" | 19.14+0.03° 18.23+0.04° 32.77+0.51'
tissue)
SOD (umol/min/mg 11.29+0.05 | 6.15+0.02" | 8.7620.06' 10.05+0.05° 10.44+0.05°
protein)
CAT (umol/min/mg 36.10+0.32 [ 23.95+0.17" | 29.56+0.13" 32.99+0.07° 33.74+0.13°
protein)
GPx (mol/min/mg 1.44+0.06 | 0.51+0.03" | 0.7620.03" 1.09+0.03° 1.16+0.03°
protein)
GR (nmol/min/mg 3.680.05 1.16+0.02° | 2.06+0.02" 3.010.03° 3.110.03°
protein)
GST (umol/min/mg 0.51+0.01 0.08+0.00" [ 0.23+0.01" 0.40+0.01° 0.47+0.01°
protein)
GSH (umol/g/tissue) 6.58+0.09 2.33+0.08" | 4.21+0.03' 6.01+0.04° 6.160.02°
Vitamin C (ug/g tissue) | 110.47+0.38 | 88.92+0.18™ | 94.24+0.26" 103.46+0.49° 104.99+0.22°
Vitamin E (pg/g tissue) | 12.61+0.08 | 3.60+0.03" | 7.83+0.03" 11.01+0.05° 10.95+0.06°

Antidiabetic effect of AgNps-HEAE on various biochemical parameters in STZ induced Diabetic Rats. Values
presented as Mean + standard deviation (n = 6). Values not sharing a common superscript “p < 0.05and %p< 0.01
(DMRT).

3.9 Activities of AgNps-HEAE on non-enzymatic antioxidant of liver, kidney and pancreas

The levels of non-enzymatic antioxidants, namely GSH, vitamin C and vitamin E in control and
diabetic rats are given in Table 4 & 5. There was a significantly decreased in the level of GSH, vitamin C and
vitamin E in diabetic rats. Administration of AgNps-HEAE to diabetic rats exhibited a significantly increased in
the levels of these non-enzymatic antioxidants and there is no significant changes in control, standard drug
glibencilamide and AgNps — HEAE alone treated experimental rats.

3.10 Effect of AgNps-HEAE on histopathology characterization of liver, kidney and pancreas

Fig.3a represents the microphotographs of H&E staining of hepatic and renal tissues of control and
experimental rats. Pathological changes of STZ-induced diabetic rat liver include congestion of sinusoidal
dilatation, inflammation of the central vein and focal necrosis in the hepatocytes in diabetic control rats. The
above pathological changes were reduced in rats treated with AgNps-HEAE experimental rats.

Fig. 3b illustrations the diabetic control rat kidney showed tubular epithelial degeneration with
mononuclear cell infiltrated edema and necrosis structures and diabetic rats treated with AgNps- HEAE did not
show any tissue damage or neuronal alterations, although it shows mild degeneration of epithelial cells with
mild necrosis.

Fig. 3c showed multiple foci of hemorrhage, necrosis and swelling of tubules in diabetic rats. These
changes were reduced in AgNps- HEAE treated rats. No histological alterations were observed in liver, kidney
and pancreas of control rats. There is no histological change in standard drug glibencilamide and AgNps —
HEAE alone treated experimental rats of liver, kidney and pancreas.
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For all the parameters studied, AgNps-HEAE at a dose of 400 pg/kg b.w. showed significant better
effect than 200 pg/kg b.w. based on these data, the protective effect of dose was fixed at 400 pg/kg b.w. Hence,
further studies were carried out using this current dose.

Fig 3a Histopathology of liver

Fig 3b Histopathology of Kidney
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Fig 3C Histopathology of Pancreas

4. Discussion

Diabetes mellitus is a group of metabolic disease characterized by disarrangements in carbohydrate,
proteins and fat metabolism caused by deficiency of circulating insulin levels. In the present study, diabetic rats
reveal a significant increase in plasma glucose level. This result is in stable with other studies in rats. The
increased glucose level might be due to the fact that STZ causes significant reduction in insulin release by the
damage of pancreatic -cells.

Experimental animal models have been recommended to be one of the best ways to know the
pathophysiology of any disease (Chatzigeorgiou et al., 2009; Ali et al., 2011). In this study, the intra-peritoneal
administration of streptozotocin (STZ) effectively induced diabetes mellitus in wistar rats which was confirmed
by elevated levels of fasting blood glucose, three days after STZ injection. This agrees with the reports of
Mohammed et al. (2008), and Krishna et al. (2012).

Several studies confirmed that a variety of plant extracts effectively lowered the glucose level in STZ
induced diabetic rats. We have noticed a significant decrease in glucose level in AQNPS-HEAE treated diabetic
rats when compared with control group. The possible mechanism of hypoglycemic action may be through
potential of pancreatic excretion of insulin from beta cells of islets or due to increased transport of blood
glucose to the peripheral tissue. The amount of insulin level has been revealed to be a important key of insulin
secretion rather than insulin alone.[60] Insulin level was significantly decreased in STZ-induced diabetic rats
due to the damage of B-cells of pancreas there by inhibit insulin release.

AgNPS-HEAE plant had a more articulate effect at a high dose than when administered at a low dose.
This agrees with the report of Bamidele et al (2014), that AQNPS-HEAE treated gruops significantly reduced
blood glucose level in STZ induced diabetic wistar rats. The possible mechanism involved in the anti
hyperglycaemic action of AGNPS-HEAE may be due to reduction of nitric oxide (NO) production of reactive
oxygen species (ROS) (Kim et al., 2007) due to the presence of anti oxidants presence in the plant (Olajire and
Azeez, 2011) which are known to scavenge the free radicals produced by oxidative damage in the disease state
(Bamidele et al., 2010; Nirmala et al., 2011) or decrease blood glucose through inhibition of STZ-induced
peroxidation and apoptosis in beta cells by increasing glycogen content in liver and muscle; and stimulate
glucokinase, hexokinase and phosphor fructokinase (Rathi et al., 2002).

The decreased level of total haemoglobin observed in diabetic rats might be due to the increased
formation of glycosylated haemoglobin. Glycosylated haemoglobin was found to increase in diabetes. [61] The
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amount of glycosylated haemoglobin remains the standard biochemical marker for the estimation of glycemic
control in patients with diabetes. [62] The excess amount of glucose in the blood reacts with haemoglobin to
form glycosylated haemoglobin in diabetes mellitus. Oral administration of AgNps-HEAE to STZ-induced
diabetic rats reduced the formation of glycosylated haemoglobin by advantage of its normoglycemic activity.
Since the level of glycosylated haemoglobin has been revealed to provide an index of blood glucose
concentration, the decreased level of glycosylated haemoglobin and the increased level of haemoglobin in
treated diabetic rats exhibit the anti hyperglycemic activity of AgNps-HEAE.

Total protein was also decreased in serum of STZ induced diabetic rats. The decreased level of total
protein is due to an increased conversion of glycogenic amino acid to carbon dioxide and water. [63]. Diabetic
treated with AgNPs-HEAE shows the protein level near to normal. Similarly it was also noticed in the standard
drug glibencilamide treated rats.

The glucokinase activity was decreased in serum of STZ induced diabetic rats. This may be due to
insulin insufficiency. The AgNps-HEAE increased the activity of glucokinase in the liver. AgNps-HEAE
treated groups may stimulate insulin secretion, which activates glucokinase, thereby enhances the consumption
of glucose and decreased in blood glucose levels.

The hepatic gluconeogenic enzymes i.e. glucose-6-phosphatase and fructose-1,6-bisphosphatase were
significantly increased in the liver of diabetic rats [64], may be due to deficiency of insulin increase the
activities of gluconeogenic enzymes resulting endogenous glucose production may be contributing to the
increased glucose liberated from the liver [65]. Diabetic rats treated with AgNps-HEAE inhibited the activities
of these enzymes; either may be manage of metabolic activation or inhibition of glycolysis and
gluconeogenesis. These results consecutively proved that AgNps-HEAE normalizes the disturbed glucose
metabolism by decreasing hepatic glucose production through insulin liberate. The glibenclamide treated rats
exhibit similar more result than the extract treated rats. The enhanced actions of gluconeogenic enzymes were
revealed to be reduced after treatment with other medicinal plants [66], in experimental diabetic animals and or
outcome results are similar with these reports.

The Glucose 6 phosphate dehydrogenase was significantly decreased in diabetic rats and AgNps-HEAE
treated diabetic rats in comparing with control group, and significantly increased in treatment with AgNps-
HEAE comparing to with diabetic group. The decrease of the activity of glucose 6 phosphate dehydrogenase in
STZ-induced diabetic rats was steady with other research on glucose 6 phosphate dehydrogenate [67].

Thus, stored fatty acid in the plasma produced by the STZ-induced diabetes develops the conversion of
excess fatty acids into phospholipids and cholesterol in the liver. These two substances, along with excess
triglycerides formed in the liver, may be out into the blood in the form of lipoproteins [68]. The observed
increase in plasma phospholipids is an effect of elevated lipoproteins. Therefore, the notable hyperlipidaemia
that show the diabetic state may be noticed as a result of the uninhibited activities of lipolytic hormones on fat
stores. However treatment with AgNps-HEAE regulates plasma lipid status, which was most possibly moderate
by a regulation of lipid metabolism.

Results of the study exhibit that the lipid profile markers such as total cholesterol, triacylglycerol and
LDL-cholesterol concentrations were noticed to be higher except for the HDL-cholesterol notice which was
reduced in the diabetic control group. It is well known that in uncontrolled diabetes mellitus, there will be an
increase in total cholesterol, triacylglycerol and LDL-C with a related decrease in the HDL-C which contributes
to coronary artery disease (Arvind et al., 2002; Selvan et al., 2008). This could be credit to abnormality in lipid
metabolism due to diabetes-induced hypertriglyceridaemia and hypercholesterolaemia (Mitra et al., 1995). The
increase in blood cholesterol and triacylglycerol concentrations may be due to the action of hormone sensitive
lipase, which build up lipolysis and consequently increases the level of free fatty-acids and triacylglycerol in
circulation. The free fatty acids are catabolized to acetyl-CoA which is further channelled to cholesterol
synthesis; thus, increasing blood cholesterol level (Oyedepo, 2012).

This could be due to increased breakdown of the cholesterol in the liver, and decreased absorption of
cholesterol via the chylomicrons due to inhibition of a-glucosidase enzymes. The above result recommended
that the administration of AgNPs-HEAE may improve lipid dysfunction and hence hamper the development of
diabetic complications. This could be qualified to their promotion of consumption of glucose and hence
depressed mobilization of fats.
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The reduction of AST and ALT activities by the extract is an indication of repair of tissue damage
induced by diabetes complications. This is in agreement with [70], who found that serum transaminases
returned to normal activities with the healing of tissue parenchyma and regeneration of hepatocytes and renal
tissues [71]. Serum ALP is a sensitive detector for intra hepatic and extra hepatic bile obstruction. More over
Alanine aminotransferase, Aspartate aminotrasnferase, Alkaline phosphatase and Gama glutamyl transaminase
major enzymes for liver function and integrity. The increased level of Alanine aminotransferase, Aspartate
aminotrasnferase, Alkaline phosphatase and Gama glutamyl transaminase are observed in diabetic control.

It was also observed the significant reduction of the Alanine aminotransferase, Aspartate
aminotrasnferase, Alkaline phosphatase and Gama glutamyl transaminase level in AgNPS —HEAE treated and
standard Glibencilamide treated diabetic rats. Some of the harmful effects of diabetes mellitus may release to
hepatic dysfunction and may be corrected after use AQNPS —HEAE extract diabetic rats. Our results showed
that liver function tests such as Alanine aminotransferase, Aspartate aminotrasnferase, Alkaline phosphatase
and Gama glutamyl transaminase after diabetic induction and are modified after treatment which indicate that
AgNPS —HEAE extract have potential of liver damage recovering effects. These results are in agreement with
those of (Rawi et al., 1998), [72] who establish that the decrease of transaminases activities with treatment may
be credit to enhanced liver function with the return of gluconeogensis towards its normal rate.

Moreover, a separate study by Srivastava et al. has also confirmed the potential of AgNPs to affect the
activity of transaminase enzymes. In previous studies, the potential of silver nanoparticles to modulate enzyme
activity was available to their affinity for thiol groups. It is possible that thiol groups in the enzymes made them
attractive to the AgNPs leading to development of complexes and consequent modulation of enzyme activity.

The earlier study showed that there was an increase in serum urea and serum creatinine levels in
streptozotocin induced diabetic rats. However after 21 days administration of ethanolic extract of Triumfetta
pilosa has led to a significant fall in serum urea and serum creatinine levels when compared with the standard
group [73]. The decreased level of AgNps - hydroalcoholic extract of A. echioides was administered at 200 and
400 pg/kg b.w., compared to the diabetic control rats. The standard drug (Glibenclamide) treated rats also
showed a significant of the diabetic hyperglycemia induces elevation of the serum levels of urea, uric acid and
creatinine, which were examine as important markers of renal function [74]. The diabetic hyperglycemia
induces elevation of the plasma levels of urea, uric acid and creatinine which are significant markers of renal
dysfunction and reflecting a decreased in the glomerular filtration rate were notably recovered by AgNPs -
HEAE. Uric acid is a product of purine metabolism. The increase in uric acid could be due to the fact that
filtered uric acid is both reabsorbed and excreted in the proximal tubule through a voltage-sensitive urate
channel and a urate-anion exchange mechanism. Hyperuricemia can be a result of either increased production or
decreased excretion [75]. The AgNps-HEAE restored the elevated uric acid level in diabetic rats.

Hyperglycemia is associated with formation of reactive oxygen species (ROS) which causes damage
particularly to liver, kidney and also pancreas. The level of lipid peroxidation (TBARS) and reactive oxygen
species (superoxide anion, hydrogen peroxide (H,O,), and hydroxyl radical) are common markers of oxidative
stress in STZ induced diabetic rats. Lipid peroxidation refers to the oxidative degradation of lipids that impairs
cell membrane functions resulting in cell damage and leading to several pathologies and cytotoxicity.
Malondialdehyde (MDA is one of the end products of lipid peroxidation which is usually measured as a marker
for oxidative stress [76]. Expected with these results, we found that decreased levels of TBARS and
Hydroperoxide in AgNPs — HEAE treated diabetic experimental rats. It shows the potential of antioxidant
capacity.

The previous studies have also revealed that there is a close relationship between the increase of free
radicals, blood glucose and lipid peroxidation (LPO) in the evolution of diabetes [77]. In addition, aldehydes
produced from the decomposition of PUFAs are capable of forming cross-linking in proteins and nucleic acid,
which leads to inactivation of many cellular constituents, membranes and enzymes [78]. In this study, the
concentrations of MDA decreased after treating with AgNPs - HEAE, it shows the scavenging of free radicals.

The increase in blood glucose level might be due to lack of insulin as a result of damage of pancreas
intermediated by STZ action. STZ boosts ATP dephosphorylation, which in turn generates superoxide anions,
hydrogen peroxide, and hydroxyl radicals. This leads to an increase in the intracellular peroxides in pancreatic
islets, which may induce damage due to the reactive oxygen species (ROS) (Lenzen et al., 1996.) [79] Under
hyperglycaemic conditions, antioxidants are supposed to regenerate damaged extracellular matrix proteins and
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promote cell growth (Smith et al., 1992). [80] Thus, antioxidants might help in the administration of diabetes
mellitus.

Antioxidant systems build up the body’s defence system that plays an essential role in scavenging free
radicals, thereby preventive the toxicity of reactive oxygen species (ROS). ROS are neutralized by a battery of
antioxidants, which can be classified into two types: enzymatic (e.g.: superoxide dismutase SOD, catalase CAT
and glutathione peroxidase GPx) and non-enzymatic systems (e.g.: glutathione GSH, vitamins A, C and E) [81].

Superoxide dismutase, a metalloprotein, is primarily involved in the antioxidant defense by scavenging
the superoxide radicals. In hyperglycaemia, glucose undergoes auto-oxidation and produces superoxide radicals
which lead to lipid peroxidation [82]. Catalase, is an enzyme, it catalyzes the decomposition of hydrogen
peroxide and protecting the cell from oxidative damage by reactive oxygen species. [83].

Enzymatic antioxidants such as SOD and catalase are examined primary enzymes since they are
involved in the suppressed of ROS superoxide dismutase is the antioxidant of defence against neutralizing the
free radicals. The function of catalyse is to conversion of superoxide radicals to hydrogen peroxide and reduces
the toxic effects due to this radical or other free radicals derived from secondary reaction. The hydrogen
peroxide produced by SOD is excreted as water, based on the activity of GSH-Px and catalase, thereby
protecting the body from oxygen toxicity [84]. Hence in the present study activities of SOD, catalase and GSH-
Px are increased in the treatment with AgNPs — HEAE.

GPx detoxifies hydrogen peroxide to water through the oxidation of reduced glutathione [85]. The
decreased level of GPx activity in STZ induced diabetic control rats indicates an important adaptive response to
increased peroxidative stress. The administration of AgNps-HEAE showed increased the formation of GPx
activity when compared to diabetic control rats. The ability of AgNps-HEAE to restore the antioxidant status in
diabetic rats clearly indicates its neutralizing the ability of free radicals.

Reduced glutathione is an important bio molecule for the removal of reactive intermediates by
reduction of hydroperoxidase in the presence of glutathione peroxidase. GSH also functions as a free radical
guenching and helps to repair free radical mediated biological damage. [86]

Glutathione peroxidase, with its peroxidase activity protect the oxidative damage, it catalyses the
reaction to reduced lipid hydroperoxides. These antioxidants interact and synergistically stabilize, or deactivate,
free radicals before they attack cells. Glutathione and vitamin C work related to neutralize free radicals and
have a potential of antioxidants. Our result showed that increased level of GR and GST in diabetic rats and
orally administrated of AgNPs - HEAE treated with diabetic rats levels increased.

Craven et al. stated that the increasing of glycemic control done by vitamin C was mainly initiated by a
good effect of this antioxidant on J cells. Yet there may be a possibility that the antioxidant treatment could
have exerted an influence on target tissues other than the B cells such as muscle and fat. It is postulated that the
antioxidant treatment has positive effects on preservation of B cell function in the diabetic patients, even though
the effects may not be exerted totally through its direct action on B cells. Also, the influence on insulin
sensitivity, the antioxidant treatment indeed reduced blood glucose level. [87] The inhibition of protein
glycosylation by Vitamin C and Vitamin E appears to be one of the possibilities. In our result finding that
decreased level of vitamin A, vitamin C and vitamin E in diabetic rats and treatment with administration of
AgNPs — HEAE shows the potential of antioxidant properties.

The promising potential of silver/gold nanoparticles in treating inflammatory and auto immune diseases
[88] have amplify greater interest to investigate the antihyperglycemic activity of the nano particles in the
diabetic system. Another study [89] conducted in vivo (in mice) experiments, suggested the efficacy of
encapsulated nano Syzygium jambolanum to have localized in the brain tissue of mice which recommended that
it could efficiently cross the blood brain barrier, especially the hypothalamic region, proposed to be the glucose
sensor region, which plays a critical role in initiating the counter regulatory response to glucose homeostasis.
The overall results suggested that AgNps-HEAE had a greater potential by itself, indicating its possible use in
the future drug design and management of Diabetes meilitus.

Afifi et al. stated that ZnONPs were able to decrease the oxidative stress in testicular tissue as
manifested from decreased MDA levels, higher GSH amount, and induced antioxidant enzymes (SOD, CAT,
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GPx, GR, and GST) activities and gene expressions in the testicular tissue of diabetic rats. We proved the
antioxidant ability of ZnONPs in diabetic rat brain tissue.

The liver, kidney and pancreas samples of STZ- induced rats showed that the central veins are dilated
and congested and the hepatocytes show peripheral fatty changes [90]. The histopathological pattern of the
livers of the rats co-administrated with AgNps - HEAE showed almost normal architecture of liver, kidney and
Pancreas shows with few fatty changes.

The antioxidant principles from herbal sources are involved in their effects and provides an huge scope
in correcting the imbalance triggered during free radical damage, followed by the positive uphold of antioxidant
status in AgNps - HEAE further the enzymatic antioxidants a positive indication in restoring the
histopathological study validates the effectiveness of AgNPs - hydroalcholoic extract of A. echioides in
normalizing the anti-diabetic architecture.

5. Conclusion

In conclusion, the findings of this study support this view that medicinal plant A. echioides is a
promising source of potential antioxidant and antidiabetic principles and may be efficient as preventive agents
in the pathogenesis of some diseases. AgNPs - hydroalcholoic extract of A. echioides showed higher inhibition
rates against free radicals and excellent antioxidant and antidiabetic properties. This may be a good natural
antioxidant and antidiabetic alternative to existing synthetic antioxidant in the food and medicinal industries.
Hence it is necessary to indicate the A.echioides and further analysis is recommended for future research is
required which may lead to development for drug formulation.

Abbreviations:

A. echioides - Andrographis echioides

STZ - Streptozotocin

AgNPs — Silver nanoparticle

DM - Diabetes mellitus

HEAE — Hydroalcholic exract of Andrographis echioides
SOD - Superoxide dismutase

GPx — Glutathione peroxidase

AST — Aspartate transaminase

ALP — Alkaline phosphatise

ALT — Alanine transaminase

GGT — Gamma glutamyl transpeptidase

CPCSEA — Committee for the Purpose of Control and Supervision of Experiments on Animals
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