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Diabetic hepatopathy prevalence as a result of prolonged hyperglycemia is increasing with the expanding 

size of the diabetes population around the world. In this present study, the hepato-protective activity of 

diphenyl diselenide (DPDSe) in a persistent diabetic state was studied. Diabetes mellitus were induced 

with streptozotocin (STZ) (60 mg/kg) intraperitoneally and after 60 days without treatment, the rats were 

administered diphenyl dislenide (DPDSe) (10 mg/kg) orally for 35 days. Animals were euthanized liver 

and serum were used for experimental determinations such as glycemic level, non enzymic and enzymic 

redox statuses, hepatic biomarkers, hematological and lipid prole.  The results showed that the fasting 

glucose levels and thiobarbituric reactive substances were reduced at a signicant level of p < 0.05. 

Furthermore, a concomitant rise in the percentage of DPPH free radicals scavenged, ferric reducing 

antioxidants property, protein and non-protein thiols were observed in hepatic tissue. The activities of 

delta–aminolevulinate dehydratase and antioxidant enzymes were improved at a signicant level of p < 

0.05. Additionally, there was signicant reduction (p < 0.05) in the activity of the purinergic enzymes, 

hepatic biomarkers while there was an increase in the albumin level. Furthermore, the hematological 

and lipid prole of were refurbished. This study showed that DPDSe was able to reverse the biochemical 

alterations related with hepatic tissue in STZ-induced diabetic rats.
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Introduction

Diabetes and other associated diseases are 

major health problems in modern society. 

Diabetes is no longer a disease of primarily 

rich nations and its commonness is steadily 

on the increase across the globe (WHO, 

2016); gender, socioeconomic status and 

ethnicity of the individual nonetheless 

(Okoduwa et al., 2015). According to the 

latest International Diabetes Federation 

(IDF), the global prevalence of T2DM in 

adults was 536.6 million people (10.5%) in 

2021, and that there would be 783.2 million 

people (12.2%) living with diabetes worldwide 

by 2045 (Sun et al., 2022). Diabetes mellitus 

(DM) can be dened as a group of hormonal 

and metabolic disorders with disturbances in 

carbohydrate, fat and protein metabolism 

resulting from defects in insulin secretion or 

insulin action (Mahmoud et al., 2015).  

Etiologically diabetes can be categorized into 

Type 1 and Type 2; generally, type 2 diabetes 
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(T2DM) is found in 95% of population, and 

5% have type 1 diabetes (T1DM) (American 

Diabetes Association, 2018).  It  has been 

reported that  chronic hyperglycemia, a 

clinical trademark to diabetes causes severe 

metabolic instability and pathological 

alteration in liver (Akpan et al., 2013) and 

may therefore increase the menace of both 

chronic liver diseases and hepatocellular 

carcinoma (Byrne, 2012). Furthermore, 

liver enzymes reveal hepatocyte integrity or 

cholestasis, the later increases alkaline 

phosphatase level (ALP) (Giannini et al., 

2005), while alanine transaminase (ALT) is 

prominent whenever there is hepatocyte 

i n j u r y  ( N e w s o m e  e t  a l . ,  2 0 1 8 ) . 

Understanding the pathogenesis of DM is a 

possible lead to developing novel anti-

diabetic agents with less side-effects, this 

has stimulated countless research on 

synthetic drugs. Most therapeutics drugs 

used for the management of diabetes are 

oral hypoglycemic agents and insulin 

inject ion with various l imitat ions. 

Therefore, there is need to discover 

ant iox idant  drug not  only  for  the 

management of diabetes but that will also 

reduce its associated complications in liver.

Selenium, an essential element with 

physiological antioxidant properties occurs 

in the body as selenocysteine, a structural 

component of several enzymes involved in 

peroxide decomposit ion,  inc luding 

glutathione peroxidase (Nogueira et al., 

2004). Additionally, the organic forms of 

selenium have been suggested as possible 

antioxidant agents because they exhibit 

glutathione peroxidase-like activity 

(Mugesh et al., 2001a; Nogueira et al., 

2004). Interestingly, selenium-containing 

compounds such as diphenyl diselenide has 

been reported to have both antioxidant and 

insulin-mimetic properties in vivo (Kade et 

al., 2009 a, b). Furthermore, Barbosa et al. 

(2006) reported that DPDSe and ebselen 

Although, studies have reported the STZ-

induced diabetes mellitus and its association 

with specic diabetic complications and 

disturbances in various organs, such as liver 

and  k idney .  However ,  on ly  l imi ted 

information is available on the hepato-

protective activity of diphenyl diselenide in a 

prolonged and untreated diabetes state. 

Therefore, the aim of this present study was to 

investigate the inuence of DPDSe on hepatic 

tissue of STZ-induced diabetic animals with 

emphasis on non-enzyme, enzyme redox 

dependent homeostasis and some other 

biochemical functional indices of liver. 

2.0 Materials and Methods

Diphenyl diselenide, streptozotocin (STZ), 

5,5-dithio-bis-(2-nitrobenzoic acid) (DTNB), 

thiobarbituric acid (TBA), sodium azide, 

calcium chloride, magnesium chloride, 

adenosine triphosphate (ATP) and δ-

aminolevulinic acid (δ-ALA) were obtained 

from Sigma (St. Louis, MO). All other 

chemicals were of analytical grade obtained 

from standard commercial suppliers

2.1. Chemicals

2.2. Animals

 Adult wistar rats (200 –250 g) were used in 

the experiment. Animals were kept in 

separate animal cages, with free access to 

food and water. The animals were used 

according to standard guidelines of the 

Committee on Care and Use of Experimental 

Animal Resources.

possessed  an t i -hype rg l y c emic  and 

antioxidants effects via subcutaneous 

administration to streptozotocin-induced 

diabetic rats. 

2.3 Diabetes induction

Diabe t es  was  induced  by  a  s ing l e 

intraperitoneal injection of STZ (60 mg/kg) 

freshly prepared in 0.1 M citrate-buffer (pH 

4.5). Control rats received an equivalent 

amount of buffer. Diabetic state was checked 

72 h after induction with STZ. The animal's 

g lucose leve ls  were  analyzed using 
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• STZ: This is the diabetic group 

w h i c h  w e r e  i n j e c t e d  w i t h 

s t r e p t o z o t o c i n  ( 6 0 m g / k g ) 

intraperitoneally and left untreated.

The animals were divided randomly into the 

following groups: 

• STZ+ DPDSe:  Groups 4 was 

administered DPDSe by gavage at a 

dose of 10 mg/kg (once/day) for 35 

days.  At the end of the experimental 

period, corresponding control, 

diabetic and treated animals were 

anesthetized with ether. Rats were 

fasted 12 h prior to euthanasia and 

euthanized by decapitation. 

2.5 Hepatic Functions and Lipid prole 

parameters

Whole blood was collected by cardiac 

puncture into plain tubes and centrifuge for 

10min at 4000rpm for measurement of 

biochemical parameters. Hepatic function 

parameters alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST) were 

determined according to the method of 

Reitman and Frankel (1957); alanine 

phosphatase (ALP) was assayed according 

to the method of Englehart (1970), total 

bilirubin was evaluated by the method of 

Jendrassik and Grof (1938) and albumin 

was estimated by the method of Wolf (1972) 

• Control: Animals in this group were 

given only food and water. 

•  DPDSe: This group contains normal 

animals which were administered 

diphenyl diselenide (10mg/kg) only 

orally for 35 days.

glucometer (FINTEST GLUCOMETER). 

Animals were considered diabetic when 

blood glucose level exceeded 250 mg/dL. 

2.4 Experimental Design

After the successful induction of diabetes, 

the diabetic and control animals were left for 

60 days to develop hepatic complications 

associated with a prolonged and persistent 

diabetic state before treatment.

The free radical scavenging abilities of the 

liver tissue homogenate against DPPH (2, 2-

diphenyl-1-picrylhydrazyl) was determined 

according to the method of Brand-Williams 

et al. (1995) with minor modications. 

Briey, 100µl of the protein-free tissue 

homogenates was mixed with 600µl, 0.3mM 

methanolic solution containing DPPH 

radicals. The mixture was left in the dark for 

Lipid prole test  ( total  cholesterol , 

triglycerides, high density lipoprotein, low 

density lipoprotein and very-low density 

lipoprotein) were analyzed according to the 

method of Allain et al., (1974). All assays were 

analyzed using Randox laboratories limited 

kits, United Kingdom.

2.6 Hematological Parameters

Heamatological parameters were analyzed 

using heamatology analyzer  (Model 

MINDRAY BC, China).

2.7. Preparation of Tissue Homogenate

The liver was rapidly removed, placed on ice 

and weighed. The liver was immediately 

homogenized in cold 50 mM Tris–HCl, pH 7.4 

(1/10, w/v). The homogenate was centrifuged 

for 10 min at 4000 g to yield a pellet that was 

discarded and a low-speed supernatant (S1). 

This was used for all assays.  The amount of 

protein in S1 was carried out by the method of 

Lowry et al., (1951). 

2.8 Lipid Peroxidation Assay

An aliquot of 100 µl of Supernatant (S1) was 

used, follow by the addition of 200 µl 8.1% 

SDS to S1, followed by sequential addition of 

500 µl acetic acid/HCl (pH 3.4) and 500 µl 

0.8% of thiobarbituric acid (TBA). This 
0mixture was incubated at 100 C for 30 

minutes Productions of  TBARS was 

determined as described by method of 

Ohkawa et al., (1979). TBARS produced were 

measured at 532nm and the absorbance was 

compared to that of a standard curve 

obtained using malondialdehyde (MDA). 

2.9 1, 1-Diphenyl-2 picrylhydrazyl DPPH 

Free Radical Scavenging Ability
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The activity of hepatic δ-ALA-D was assayed 

according to the method of Sassa (1982) by 

m e a s u r i n g  t h e  r a t e  o f  p r o d u c t 

(porphobilinogen) formation except that 1M 

potassium phosphate buffer, pH 6.8 and 2.4 

mM ð-ALA were used. The reaction was 

started 10 min after the addition of enzyme 

by adding the substrate ð-ALA. Incubations 

were carried out for 1 h at 37 °C. The 

reaction product was determined using 

modied Ehrlich's reagent at 555 nm with a 

molar absorption coefcient of 6.1×104 M−1 

for the Ehrlich-PBG salt.

30 minutes, and absorbance values were 

measured at 517 nm.

2.13 Assay of Purinergic Enzymes 

Activity

 Al iquots (100 – 200 µl )  of  t issue 

homogenate, 0.1 M phosphate buffer and 

0.1 mM DTNB were used to determine the 

level of protein thiols while tissue 

homogenate treated with 4% trichloroacetic 

acid was used for non-protein thiols 

estimation. The level of protein and non-

protein thiols were estimated according to 

the method of Ellman (1959).

2.10 Estimation of Protein-bound and 

non-protein Thiols

Ferric reducing antioxidant property of 

tissue homogenate against TPTZ   (2, 4, 6-

Tri(2-pyridyl)-s-triazine was assessed 

according to the method of Benzie and 

Strain, (1996). Briey, 300µl of the protein 

free tissue homogenates was mixed with 

900 µl of TPTZ solution. The mixture was left 

in the dark for 10 minutes, and absorbance 

values were measured at 543 nm.

2.11 Ferric Reducing Antioxidant 

Properties

2.12   δ-ALA-D Activity

The activities of Nucleoside triphosphate 

diphosphohydrolase activity and 5'-

nucleotidase in the liver tissue were 

evaluated. The NTPDase enzymatic assay 

was carried out as described by Battastini et 

al., (1991). Briey, the reaction medium 

contained 0.1M Tris-HCl buffer, pH 7.4, 

30mM calcium chloride (CaCl ), 20mM 2

sodium azide (NaN ), tissue homogenate in a 3

nal volume of 500μl. The reaction was 

initiated by the addition of ATP to a nal 

concentration of 3.0mM. After 30 minutes of 

incubation, the reaction was stopped by 

adding 250μl of 5% trichloroacetic acid (TCA) 

containing 10mM mercury (II) chloride 

(HgCl ). Released inorganic phosphate (Pi) 2

was measured by the method of Fiske and 

Subbarrow (1925). The 5'-Nucleotidase 

activity was determined essentially by the 

method of Heymann et al (1984). The reaction 

medium contained 30mM magnesium 

sulphate (MgSO ), 0.1M Tris-HCl buffer, pH 4

7.4, 200mM sodium azide (NaN ), tissue 3

homogenate. The reaction mixture was 

initiated by the addition of AMP to a nal 

concentration of 3.0mM. After 30 minutes of 

incubation the reaction was stopped by 

adding 250μl of 5% trichloroacetic acid (TCA) 

containing 10mM mercury (II) chloride 

(HgCl ). The released inorganic phosphate (Pi) 2

was then measured by the method of Fiske 

and Subbarow (1925).

Glutathione peroxidase was determined 

according to the method of Tappel (1978).

 Antioxidant enzymes [Superoxide dismutase 

was analyzed according to the method of 

Misra and Fridovich (1972).

2.14 Superoxide Dismutase Enzyme Assay

2.16 Glutathione Reductase Enzyme 

Assay

Catalase was determined according to the 

method of Aebi (1974). Sample (70µl) was 

2.17 Catalase Enzyme Assay

Glutathione reductase was analyzed 

according to the method of Goldberg and 

Spooner (1983)] were analyzed using Randox 

laboratory  assay k i ts  f rom Randox 

laboratories limited, United Kingdom. 

2.15 Glutathione Peroxidase Enzyme 

Assay
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2.18 Glutathione Transferase Enzyme 

Assay

3.0 Results

mixed with 920µl 0.1M phosphate buffer pH 

7 . 0  c o n t a i n i n g  0 . 1 m M  E D T A 

(ethylenediaminetetraacetic acid). The 

reaction was started by adding 10 µl of H O . 2 2

The decrease in H O  concentration was 2 2

taken by reading the absorbance at 240nm.

Glutathione transferase was determined 

according to the method of Habig et al (1974) 

with slight modications. The reaction was 

measured by observing the conjugation of 1-

chloro, 2, 4-dinitrobenzene (CDNB) with 

reduced glutathione (GSH). One unit of 

enzyme will conjugate 10.0 nmol of CDNB 

with reduced glutathione per minute at 
o25 C. 100 mM CDNB dissolved in ethanol, 

100 mM reduced glutathione assay buffer 

and 0.1M phosphate buffer adjusted to pH 

6.5. For each assay, 1 ml of assay cocktail 

was prepared, these include 980 μl of 

phosphate buffer of pH 6.5,10 μl of 100 mM 

CDNB and 10 μl of 100 mM reduced 

glutathione. For each sample and a blank, 

900 μl of enzyme cocktail was placed into 

1.5 ml plastic cuvetes. After, which it was 
oincubated at 30 C in spectrophotometer for 

5minutes. To the blank cuvet, 100 μl PBS 

and 100 μl of sample were added and mix. 

Absorbance readings were taken at 340 nm 

for ve minutes. One unit of GSTs activity is 

dened as the amount of enzyme producing 

1mol of thioether per min. 

2.19 Statistical Analysis

All values obtained were expressed as mean 

± SEM. The data were analyzed by 

appropriate ANOVA followed by Duncan's 

multiple range tests where appropriate and 

this is indicated in the text of results. The 

differences were considered signicant 

when p < 0.05.

Figure 1 revealed that there was a 

signicant reduction in the glucose level of 

the treated groups (STZ+DPDSe), while 

Furthermore, Figure 6 revealed an elevated 

level in the superoxide dismutase, glutathione 

peroxidase, glutathione reductase activities 

in liver of the treated groups (STZ+ DPDSe), 

whereas, a decreased in the enzyme activities 

in the diabetic group was seen compared to 

the control. The results in Figure 7 showed 

that there was an increment in the 

glutathione transferase and catalase 

activities in liver after DPDSe treatment, 

whereas there was a reduction in the enzyme 

activities in the diabetic group compared to 

the control. Figure 8 revealed that there was a 

substantial increase in the plasma level of 

there was an elevated level of glucose in the 

diabetic group compared to the control. The 

level  of  thiobarbituric acid react ive 

substances (TBARS) in liver was markedly 

increased in diabetic group when compared 

with the control group as presented in gure 

2. Conversely, when diabetic animals were 

administered with DPDSe there was a marked 

reduction in the level of TBARS produced. In 

addition, percentage of DPPH free radicals 

scavenged and ferric reducing antioxidants 

property were augmented in the treated 

animals as presented in Figure 2 compared to 

the diabetic animals.   Figure 3 revealed that 

there was an increased in the level of protein 

and non-protein thiols when diabetic animals 

were treated with DPDSe compared to the 

diabetic and the control. The result obtained 

in Figure 4 revealed that DPDSe apparently 

increase activity of the enzyme in the liver of 

the treated group, compared to untreated 

diabetic group where there was a decrease in 

enzyme activity compared to the control. The 

results in Figure 5 showed there was a 

signicant decrease in the activity of the 

purinergic enzymes (Nucleoside Triphosphate 

Diphosphohydrolase and 5¹ nucleotidase) in 

the treated, whereas there was an increase in 

the enzyme activity in untreated diabetic 

group as compared with the control in the 

liver.

Fapetu, Coast, J. Sch. Sci. 5 (2): 875-892   ISSN: 2714-3716



880

ALT, ALP, total bilirubin and AST level in the 

diabetic groups. While there was a reduction 

in the plasma total bilirubin, ALT, ALP and 

alkaline phosphatase after DPDSe was 

administered to diabetic animals compared 

to the control. The panels in Figure 8 

revealed that there was a signicant (p < 

0.05) decrease in the plasma albumin 

compared to the control, whereas there was 

a marked rise in albumin level after DPDSe 

administration compared to the diabetic 

group. Table 1.0 showed the hematological 

parameters of both the diabetic and treated 

groups. However, DPDSe modied the 

irregularities in the hematological parameters 

of diabetic animals. Figure 11 revealed that 

there was an elevated level of high-density 

lipoprotein, whereas there was a low level of 

low-density lipoprotein, total cholesterol, 

triglycerides in the treated diabetic animals 

compared to the STZ group. Figure 12 

revealed that there was a meaningful 

reduction in the level of very low-density 

lipoprotein in the treated diabetic animals 

compared to STZ group and control.
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Figure 1: Effect of STZ on glucose level of diabetic animals maintained for 60 days (A) and the effect of 
DPDSe on glucose level of 60 days persistent diabetic animals (B). Data are presented as mean ± SEM for 
independent experiments done in duplicate carried out in different days.

Figure 2: Effect of DPDSe on lipid peroxidation (A), DPPH (B) and FRAP (C) in liver of diabetic rats. Data are 
presented as mean ± SEM for independent experiments done in duplicate carried out in different days. 
*Represent signicantly higher from control, while # represent signicantly lower than control at p < 0.05.

Fapetu, Coast, J. Sch. Sci. 5 (2): 875-892   ISSN: 2714-3716



881

Figure 3: Effect of DPDSe on protein (A) and non- protein thiols (B) in liver of diabetic rats. Data are 
presented as mean ± SEM for independent experiments done in duplicate carried out in different days. * 
represent signicantly higher from control, while # represent signicantly lower than control at p < 0.05.

Figure 4: Effects of DPDSe on aminolevulinic acid dehydratase (δ -ALAD) activity in liver of diabetic rats. 
Data are presented as mean ± SEM for independent experiments done in duplicate carried out in different 
days. *represent signicantly higher from control, while # represent signicantly lower than control at p < 
0.05.

Figure 5: Effect of DPDSe on Nucleoside Triphosphate Diphosphohydrolase (A) and 5¹ nucleotidase (B) in 
liver of diabetic rats. Data are presented as mean ± SEM for independent experiments done in duplicate 
carried out in different days. * represent signicantly higher than the control at p < 0.05.
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Antioxidants Enzymes

Figure 6: Effects of DPDSe on superoxide dismutase (A), glutathione reductase (B) and glutathione 
peroxidase (C) activities in liver of the diabetic rats. Data are presented as mean ± SEM for independent 
experiments done in duplicate carried out in different days. # represent signicantly lower than the 
control at p < 0.05.

Figure 7: Effects of DPDSe on glutathione transferase (A) and catalase (B) activities in liver of the diabetic 
rats. Data are presented as mean ± SEM for independent experiments done in duplicate carried out in 
different days. # represent signicantly lower than the control at p < 0.05
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Hepatic Functions Parameters

Figure 8: Effects of DPDSe on Aspartate aminotransferase (AST) (A), Plasma alanine aminotransferase 
(ALT) (B), alkaline phosphatase (C), total bilirubin (panel D) and albumin (panel E) of the diabetic rats. 
Data are presented as mean ± SEM for independent experiments done in duplicate carried out in different 
days. * represent signicantly higher than the control, while # represent signicantly lower than the 
control at p < 0.05.

Table 1.0: Heamatological Parameters

 Control  DPDSe STZ STZ+DPDSe  

WBC 6.90±0.50  8.70±0.70  15.90±0.90  7±0.60 a 

MCHC 242.00±5.00  258±5.90   214±5.20  b 242±5.80  a 

Lymph%               32.00±2.00  41.00±2.20  46±2.30  40±2.20 b 

Eosino%               5.00±0.60  6.00±0.50  4±0.50 4.50±.0.50  b 

Gran%                  63.00±3.20  56.00±3.00  50±2.00  b 56.50±2.10  b 

RBC 8.12±0.50  8.13±0.50  2.97±0.70  b 7.79±0.50  a 

MCH 16.60±0.60  16.20±0.50  15.8±0.50  15.0±0.50  b 

PLT 759.00±4.00  874.00±4.70  b 700±5.00  b 738±4.00  a 

HCT 55.70±1.50  51.20±1.00  50.70±2.00  48.20±1.00  b 

 STZ=streptozotocin, DPDSe=diphenyl diselenide, WBC=white blood cell, MCHC= mean corpuscular 
hemoglobin concentration, lymph%=lymphocytes percentage, eosino%=eosinophils percentage and 
gran%=granulocytes percentage, RBC=red blood cell count, MCH=mean corpuscular hemoglobiin, 

b PLT=platelet count and HCT=hematocrit number of animals=8. p < 0.05 when experimental groups were 
acompared with the control, while  p < 0.05 when experimental groups were compared with the diabetic 

group.
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Lipid Prole

Figure 9: Effects of DPDSe on triglycerides (panel A), Plasma high density lipoprotein (panel B), low 
density lipoprotein (panel C) and total cholesterol (panel D) of the diabetic rats. Data are presented as 
mean ± SEM for independent experiments done in duplicate carried out in different days. * represent 
signicantly higher than the control, while # represent signicantly lower than the control at p < 0.05.

Figure 10: Effects of DPDSe on Plasma very low density lipoprotein of the diabetic rats. Data are presented 
as mean ± SEM for independent experiments done in duplicate carried out in different days. * Represent 
signicantly higher than the control at p < 0.05
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Diabetes mellitus, a metabolic syndrome, is 

primarily characterized by hyperglycemia 

which is caused by the abnormal insulin 

secretion, insulin action or both (Aggarwal 

et al., 2014). Diabetes mellitus is related 

with higher incidence of liver damage due to 

generation of free radicals through oxidation 

of glucose, non-enzymatic protein glycation, 

deterioration in antioxidant defense system, 

amplied activity of polyol pathway, 

stimulation of protein kinase C and cytokine 

production leads to oxidative stress which 

plays a crucial role in etiology of diabetes 

and its various complications (Giacco and 

Brownlee, 2010). In addition, untreated 

diabetes can initiate numerous alterations 

in cell membrane properties for instance 

enhanced rigidity, permeability for cations, 

and transmembrane potential in its 

absolute magnitude (Jaiswal et al., 2013). 

The most signicant diabetes mellitus 

complication is the extreme elevation of 

blood glucose level which is caused by 

insulin hormone synthesis and secretion 

impairment (Mohammed et al., 2007). 

Notably, a previous study has showed that 

chronic administration of DPDSe, at low 

doses, reduces temporarily the elevated 

level of blood glucose in streptozotocin-

treated rats (Kade et al., 2009). The result 

presented in Figure 1, revealed that there 

was an extremely high glucose level in the 

STZ-diabetic rats, this result is in 

agreement with the ndings of several 

authors using STZ as diabetogenic agent 

(Dotzert et al., 2017; Cam et al., 2019; 

Karigidi et al., 2020). However, there was a 

decreased in the glucose level when the 

diabetic animals was administered 

10mg/kg of diphenyl diselenide after 60 

days without treatment compared to the 

diabetic group and control, which implies 

that DPDSe was able to lower the elevated 

4.0 Discussion blood glucose in the diabetic animals.

Hyperglycemia is linked with the generation of 

reactive oxygen species (ROS) and lessening of 

antioxidant capability, which play a crucial 

role in the oxidative damage mainly in the 

liver, kidneys, eyes, nerves, pancreas and 

blood vessels (Arya et al., 2014). Oxidative 

stress plays an important role in the 

pathogenesis, progression of DM and in the 

diabetic complications. The implication of 

oxidative stress in insulin resistance and in 

the pathogenesis of DM is explained not only 

through the generation of reactive oxygen and 

nitrogen species (RONS) but also through the 

alteration of endogenous antioxidant 

enzymes. Hyperglycemia generates RONS by 

increasing mitochondrial production of the 

superoxide anion radicals (Yang et al., 2011). 

In this study, the level of lipid peroxidation 

was evaluated in liver of rats exposed to 

streptozotocin induction and it was observed 

that lipid peroxidation in the diabetic rats was 

much higher than the control. However, after 

diphenyl diselenide administration, the level 

of TBARS was signicantly (p < 0.05) 

decreased rats as presented in Figure 2. 

DPPH is a stable and commercially available 

organic nitrogen free radical that accepts an 

electron or hydrogen from an antioxidant to 

become a stable diamagnetic molecule 

(Omololu et al., 2011). The purple DPPH 

radical upon reaction with donors of hydrogen 

changes to yellow color (Kedare and Singh, 

2011). The results (Figure 2) from this present 

study showed that there was a marked 

increase in the percentage of DPPH free 

radicals scavenged by diphenyl diselenide in 

liver. This suggests the potent ability of 

DPDSe to mop up free radicals in biological 

systems is related to its DPPH scavenging 

ability. However, another antioxidant 

capacity of diphenyl diselenide was evaluated 

using the ferric reducing antioxidant property 

assay which depends upon the reduction of 

ferric tripyridyltriazine (Fe (III)-TPTZ) complex 
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Delta–aminolevulinate dehydratase (ð-ALA-

D) is a sulfhydryl-containing enzyme that is 

extremely sensitive to oxidizing agents and 

plays a fundamental role in most living 

aerobic organisms by participating in heme 

biosynthesis (Farina et al., 2003).  It has 

been reported that the decrease in the 

enzyme act iv i ty  can be re lated to 

pro‐oxidant‐mediated oxidation of its 

critical sulfhydryl and –SH groups which 

play a pivotal role in its for catalytic 

activities (Schmatz et al.,2012). The results 

to the ferrous tripyridyltriazine (Fe (II)-TPTZ) 

by a reductant at low pH (Benzie and Strain, 

1996). The result obtained in this research 

are in agreement with Cakatay and Kayali 

(2006) as they have showed diabetes can 

cause a reduction in FRAP levels. The result 

obtained in Figure 2 revealed that the ferric 

reducing antioxidants properties was 

increased in liver when diabetic animals 

were treated with DPDSe.

Glutathione (GSH) has a complex role in 

antioxidant defense both as a direct 

scavenger of free radicals and as a co-

substrate for peroxide detoxication by 

glutathione peroxidases (Ewis and 

Abdel‐Rahman, 1995); therefore, a decrease 

in GSH concentration may be harmful to the 

cell. STZ administration has been related 

with a signicant decrease in hepatic GSH 

concentrations (Karigidi and Olaiya, 2020) 

which may be due to decreased synthesis or 

increased degradation by oxidative stress 

(Anusooriya et al., 2014). In this study, the 

protein and non-protein thiols in the liver 

were evaluated. Figure 3 revealed that there 

was decreased in the level of protein and 

non- protein thiols of the diabetic group. 

However, after DPDSe treatment there was 

an increment in the level of protein and non- 

protein thiols of the treated group in the 

liver, which implies that the DPDSe did not 

oxidized protein and non- protein thiols in 

vivo.

obtained are in accordance with data found in 

human and experimental diabetes, where a 

signicant inhibition of δ-ALA-D is described 

and has been related mainly to high glucose 

levels and overproduction of ROS (Kade et al., 

2009b). Moreover, a decrease in the activity d-

ALA-D has been observed in the liver diabetic 

rats (Stefanello et al., 2015). Consequently, it 

can be imply that the inhibition of δ-ALA-D 

activity in liver of diabetic rats may be as a 

result of either the glycation in the lysine 

residue from the active site of δ-ALA-D, which 

is involved in the formation of the Schiff basis 

with the rst molecule of ALA (Caballero et al., 

1998) or by oxidation of essential reduce 

cysteinyl residues of the enzyme by ROS 

(Brito et al., 2007). In this present study, it 

was observed that STZ caused a signicant 

inhibition in the activity of ð-ALA-D in the 

liver, and that DPDSe was able to signicantly 

relieve this inhibition as presented in Figure 

4. In addition to oxidative stress, the in vivo 

effects of DPDSe on the activity of the purine-

dependent signaling enzymes in diabetic rats 

was also evaluated. It has been reported in the 

research that signaling molecules, enzymes, 

and receptors of purinergic signaling plays an 

important role in diabetes (Fotino, et al., 

2018; Stefanello et al., 2016). Furthermore, 

signaling events induced by extracellular 

adenine nucleotides, are coordinated by the 

action of ectonucleotidases, including 

nucleoside triphosphate diphosphohydrolase 

(NTPDase and ecto-5'nucleotidase) (Yegutkin, 

2008). These enzymes constitute an 

organized enzymatic cascade for the 

regulation of nucleotide mediated signalling.  

Results presented in Figure 5 revealed there 

was signicant increase in the activity of 

these  enzymes  (NTPDase  and  5 ¹  -

nucleotidase) in the untreated diabetic group. 

However, after DPDSe treatment, there was a 

dimunition in the enzyme activities.

Increased oxidative stress is one of the major 

causes of diabetes in experimental animals 

Fapetu, Coast, J. Sch. Sci. 5 (2): 875-892   ISSN: 2714-3716



887

(Liguori et al., 2018) and it is linked to auto-

oxidation of glucose, protein glycation, lipid 

peroxidation, dyslipidemia and lowered 

activities of enzymic and non-enzymic 

antioxidants (Lapena et al., 2018). The 

present results of this research is coherent 

with these ndings as it showed that the 

liver of diabetic rats had increased level of 

l ip id peroxidat ion,  decreased GSH 

concentration, altered lipid prole and 

reduction in the activities of antioxidant 

enzymes such as glutathione peroxidase 

(GPx),  glutathione reductase (GR), 

glutathione transferase (GST), catalase and  

superoxide dismutase (SOD). The activities 

of these key endogenous antioxidant 

enzymes are inhibited during the oxidative 

stress induced by STZ (Kumawat et al., 

2013). This suggests that antioxidants may 

play a vital role in the management of 

diabetes and its complications. Kaleem et al. 

(2006) suggested that decrease in activities 

of SOD and CAT in both liver in a diabetic 

state is probably due to over-production of 

reactive oxygen species in diabetic animals. 

The STZ-induced diabetes model exhibits 

high oxidative stress due to persistent and 

chronic hyperglycemia, decreasing the 

activity of the antioxidative defense system 

and thus promoting generation of free 

radicals (Eleazu et al., 2013). The results 

presented in Figures (6 and 7) respectively 

revealed that there was a decreased in the 

activities of glutathione peroxidase, 

g lutathione reductase,  superoxide 

dismutase, catalase and glutathione 

transferase in liver of diabetic groups 

compared to the control. The activities of 

SOD, catalase, GST, GR and GPx were 

lowered in diabetic rats, probably due to 

g l y c a t i o n  o f  t h e  e n z y m e  d u e  t o 

hyperglycemia. However, DPDSe was able to 

cause a marked elevation in the levels of 

these enzyme activities compared to the 

Liver is the vital organ involving in 

maintaining the optimum the level of blood 

glucose within narrow limits. Hyperglycemia 

induced free radical toxicity, thereby causing 

severe  l i ver  damage  (H ickman and 

Macdonald, 2007). ALT a cytoplasmic enzyme 

found in high amounts in the liver and an 

increase in ALT in the blood indicates liver 

damage, while AST is less specic than ALT as 

an indicator of liver damage (Parmar et al., 

2016). Increased activity of liver enzymes 

such as AST, ALP and ALT in diabetic animals 

have  been reported.  The increased 

transamines level in absence of insulin 

because of increased amino acid activity in 

hyperglycemic condition leads to ketogenesis 

and gluconeogenesis respectively (Atta et al., 

2017). Moreover, apart from these enzymes 

biomarkers for hepatic injury, bilirubin and 

albumin are also good biomarker for hepatic 

damage. Bilirubin which is the end product of 

heme catabolism in the systemic circulation. 

It is formed by the action of heme oxygenase 

(HMOX), an enzyme that splits cyclic 

tetrapyrrole heme into biliverdin, carbon 

monoxide, and ferrous iron. In this study, the 

effect of diphenyl diselenide in diabetic rats 

on plasma [alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline 

phosphatase (ALP)] activities and total 

bilirubin in the experimental animals were 

presented in Figure 8, which showed that 

DPDSe was able to modify the plasma level of 

ALT, AST, ALP and total bilirubin in diabetic 

animals, which can be suggested that DPDSe 

is an hepato-protective compound.

Albumin is mainly synthesized in the liver, 

representing about 25% of total hepatic 

protein synthesis, and thus, serum albumin 

is the most abundant circulating protein in 

the plasma accounting for approximately 

60% of total plasma protein, has several 

important physiological and pharmacological 

diabetic groups. 
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functions. It is involve in the transportation 

of metals, fatty acids, cholesterol, bile 

pigments and drugs. Generally, albumin is 

also a major antioxidant in plasma, a body 

compartment known to be exposed to 

continuous oxidative stress (Roche et al., 

2008). Furthermore, previous studies have 

shown that more than 70% of the free 

radical-trapping activity of serum was 

majorly due to the presence of serum 

albumin (Bourdon and Blache, 2001). The 

implication of this function is that 

hypoalbuminemic patients have reduced 

potential for scavenging of oxygen radical 

(Nicholson et al., 2000). The diabetic 

animals showed a reduction in the serum 

level of albumin, which are considered as 

signicant markers of hepatic dysfunction. 

However, the panel in Figure 8 revealed 

there was signicant increase in the plasma 

albumin after DPDSe treatment. 

Aside the previous biochemical parameters 

been analyzed in this in vivo study, 

hematological parameters and lipid prole 

were also evaluated. The link between 

chronic diseases and anemia is well 

characterized (Weiss and Goodnough, 

2005) and the occurrence of anemia in 

diabetes mellitus has been well reported 

due to rise in non-enzymatic glycosylation of 

red blood cell membrane proteins, which 

shows a relationship with hyperglycemia 

(Oyedemi et al., 2011). In this present study, 

the hematological parameters as presented 

in Table 1.0, revealed that DPDSe was 

capable in restoring the irregularities to 

normal in the hematological indices of the 

diabetic animals. Diabetes mellitus is 

associated with a large number of lipid 

abnormalities. Lipid prole which is altered 

in diabetic state is one of the signicant 

factors in development of cardiovascular 

disease (Einarson et al., 2018). The higher 

lipid [triglycerides (TG), total cholesterol 

(TC), low density lipoprotein (LDL), and very 

In conclusion, this present study indicates 

that the administration of 10mg/kg of DPDSe 

has hypoglycemic, hypo-lipidemic and 

antioxidant properties. The antioxidant and 

hepato-protective properties of DPDSe may 

be due to its selenium moiety intermediates 

which may be responsible for the reversal of 

the effect of diabetes on some of the 

biochemical indices in albino wistar rats. In 

addition, this in vivo study revealed that 

Conclusion 

low density lipoprotein (VLDL)] levels seen in 

plasma of diabetic rats (Figures 11 and 12) in 

this present study is in agreement with 

previous research (Ganjali et al.,2017). The 

abnormal high concentration of serum lipids 

in diabetes is mainly due to the increase in 

the mobilization of free fatty acids from the 

peripheral depots, since insulin inhibits the 

hormone sensitive lipase (Tomkin and 

Owens, 2017). Signicant abnormalities in 

lipid metabolism and lipoproteins in diabetes 

are evident which in turn depend on the 

extent of insulin deciency, insulin 

resistance, obesity, diet and the presence of 

concomitant primary and other secondary 

causes of hyperlipidemia. Control of 

hyperlipidemia is a prerequisite for the 

prevention of diabetic microangiopathy 

(retinopathy, nephropathy and neuropathy) 

and macroangiopathy (ischemic heart 

disease), cerebral vascular disease (CVD) and 

arteriosclerosis obliterans in diabetes (Arora 

et al., 2002). In this present study, Figures 11 

and 12 revealed that there was a signicant 

decreased in the level of triglycerides, low 

density lipoprotein, very low density 

lipoprotein and total cholesterol in the 

treated diabetic animals compared to the STZ 

groups when DPDSe was administered to the 

diabetic animals.  However, concomitant 

increased in the level of high density 

lipoprotein in the treated diabetic animals 

was detected, compared to the diabetic and 

control.
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Aguiree, F., Brown, A., Cho, N. and 

Dahlquist, G. (2013). IDF diabetes 

a t las .  In te rna t i ona l  D iabe tes 

Federation.
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