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Abstract

Diabetes mellitus is a multifactorial metabolic disorder caused due to deficiency of pancreatic hormone insulin, which results in failure to metabolize sugar or due to
adequacy of another pancreatic hormone glucagon which results in the increased liver
glucose output. Oxidative stress plays exquisite role in diabetes, which results in pathogenesis of diabetes related long term vascular complications which are the main cause
of morbidity and mortality in diabetic patients. These vascular complications also result
in Diabetic kidney disease (DKD) which is the single most common cause of end stage
renal disease (ESRD). The present study was being aimed to evaluate the effect of fish oil
on diabetic kidney damage. Diabetes was induced by repetitive intra-peritoneal injection
of alloxan (100mg/kg BW). The diabetic mice were fed the commercial pellet diet supplemented with 10% laboratory extracted fish oil of Sardinella longiceps for a period of
one month. Concentration of various parameters like creatinine, uric acid, urea, protein,
albumin and globulin in serum and kidney were estimated. The antioxidant parameters
like vitamin C, vitamin E, GSH, SOD and Catalase, lipid peroxidation parameters like
TBARS and GGT were also monitored, along with the activity of ALP and ACP. The
Altered level of tissue biochemical composition and antioxidant status due to diabetes
induced damages was nearly brought down to normal levels with the supplementation of
10% Sardinella fish oil.
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Introduction
Diabetes mellitus is a chronic metabolic disorder characterized by the presence of hyperglycemia due to the defective
insulin mechanism. Diabetes mellitus is the main cause of end-stage renal failure around the world in both developed and underdeveloped countries[1] The complex metabolic, vascular and inflammatory disconcertion that characterize diabetes mellitus frequently
lead to progressive albuminuria, renal injury and dysfunction[2] through complex overlapping pathways like: formation of advanced
glycation end products (AGE), activation of protein kinase C (PKC), and generation of reactive oxygen species (ROS) in hyperglycemia induces vascular injuries. Growing evidence suggests that these complications are associated with modification in pathophysiology of lipids and that this damage appears to be largely because of ROS which plays a vital part in the commencement and
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progression of diabetic nephropathy[3]. Although there are treatments to delay the relentless progression of end-stage renal disease
that occurs in diabetic patients who are susceptible to nephropathy, these agents do not prevent this disorder. Hence, the improved
therapy is required to further optimize the renal protection in diabetes[4].
Dietary lipid helps to keeps up well-being and plays an essential role in physiological developments[5]. The long chain
omega-3 and omega-6 PUFAs produce distinct types of prostaglandins and thromboxanes through lipoxygenase and cyclooxygenase pathways, each of which has very different effects in the body and act in antagonistic manner. These eicosanoids act as potent
regulator of vital body functions and play role in immune system and inflammatory responses[6]. Large number of studies showed
that PUFA plays a significant role in new born development and growth[7]. It also helps for intellectual growth of the brain[8]. PUFA,
mainly eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) existing in marine sources, have been
found to have therapeutic effects against numerous oxidative stress related complication[9]. The fatty acid composition of these fish
oils was previously reported[10]. In brief, Sardinella fish oil is rich in unsaturated fatty acids (54%) including n-3 fatty acids (38%)
and n-6 fatty acids (14%); it also contains 12% EPA and 20% DHA. Hence the present work was designed to test the potential properties of fish oil extracted from Sardinella longiceps to protect the kidney from alloxan induced Diabetic renal damage. We induced
diabetes in Swiss albino mice, Mus musculus with repetitive intra- peritoneal injection of alloxan, which is capable of inducing
diabetes type 1. We supplemented these diabetes induced mice with 10% laboratory extracted Sardinella longiceps fish oil rich with
omega 3 PUFAs.

Material and Methods: Protocol
Prior permission of Animal Ethics Committee, Goa University was taken to use the Swiss albino mice for the study. Male
Swiss albino mice weighing 25 ± 0.5 g were used for the present work and they were maintained as per guidelines of CPCSEA
(Committee for the Purpose of Control and Supervision on Experiments on Animals, Government of India). The animals were fed
with a pellet diet containing nearly 3-4% of lipid ad libitum. The animals were divided into 3 groups. Group one (control; PC) were
injected with 20 µl of saline, group second (diabetic; PD) were injected with alloxan (100 mg/kg BW in 20 µl saline), group third
were injected with same dose of alloxan[11] (Chougule et al., 2007) and supplemented with 10% Sardinella longiceps fish oil freshly
blended with pellet feed. The diabetic conditions in PD and SD groups were maintained by repetitive dosage of alloxan after every
5th day[12]. After completion of one month, the animals were sacrificed by cervical dislocation to collect blood and kidney tissues.
Biochemical and enzymatic assays
The concentration of urea, using diacetyl monoxime reagent[13], protein, using Lowry’s reagent[14] uric acid, using phosphotungstic acid reagent[15], creatinine, using alkaline picric acid reagent[15], albumin and globulin, using albumin reagent[15] were
measured, along with the activities of alkaline phosphatase (ALP), by using p-nitrophenol reagent[16], acid phosphatase (ACP), by
using p- nitrophenyl phosphate reagent[17] were measured in serum as well as in kidney tissues.
For analyzing antioxidant and lipid peroxidation status vitamin C, using dinitrophenylhydrazine[18], vitamin E, using ferric
chloride reagent[19], Thiobarbituric Acid Reactive Species (TBARS), using TBA-TCA-HCL reagent[20], reduced glutathione (GSH),
using 5,5-dithiobis, 2-nitrobenzoic acid[21], activity of superoxide dismutase (SOD) by using SOD substrate reagent[22], activity of
catalase by using dichromate acetic acid reagent[23] and activity of gamma Glutamyl Trans Peptidase (GGT), by using glacial acetic
acid reagent[24] were measured in serum and kidney tissues.
Histological study
Routine laboratory method was followed for histological studies[25]. Kidney tissue were perfused with phosphate buffer saline (pH
7.0) and fixed in 10% formalin. The paraffin block was cut into uniform sections of 10 μm thickness using a microtome and tissue
sections were stained with hematoxylin and eosin for histological examination under a polarizing microscope (Olympus BX41).
Expression of TGFβ (transforming growth factor β): The total RNA was extracted from the kidney tissue using TRIzol reagent
(Ambion, life technologies)[26]. cDNA was synthesized using HiScript One Step reverse transcriptase-PCR cDNA synthesis kit
(HIMEDIA). The reaction mixture was prepared in the PCR tube according to the kit procedure. It was mixed gently to make sure
that all the components were at the bottom of the amplification tube and placed in thermal cycler as per the program mentioned in
kit for cDNA synthesis. β-actin gene was used as housekeeping gene to study the mRNA expression.
The primers used for present study are given: β-actin: LP5'TCTAGGCACCAAGGTGTG3' RP5'TCATGAGGTAGTCCGTCAGG3'; TGFβ: LP 5'TCGCTTTGTACAACAGCACC3' RP 5' GCACTGCTTCCCGAATGTC3'.
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences, Version 21 (IBM SPSS Statistic)
for comparison between the control, diabetes and diabetes plus fish oil administered groups. The difference between the groups were
analysed by using student t test. The results were represented as mean ± standard error.
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Result
The alloxan induced diabetes caused kidney damage like complete distortion of normal structure due glomerular enlargement and certain degree of inflammation when compared to the control mice kidney which showed normal renal tubules and glomerulus. Dietary intake of Sardinella fish oil helped to restore the normal structure of the kidney (Figure 1).

Figure 1: Histological changes in kidney tissues of mice (A) control group showing normal kidney architechure (B) mice of diabetic group
showing destortion of kidney due to inflammation (C) mice of SD group showing less damage (G-Glomerulus, GE- Glomerular expansion, CSCapsular space, I- Inflammation).

The induction of diabetes significantly (P < 0.01 - 0.0001) brought down the level vitamin C, vitamin E and reduced glutathione (GSH) by 25 - 65% and augmented (P < 0.0001) levels of thiobarbituric acid reactive species (TBARS) by 1.5 - 5.5 fold
(Table 1) with decrease (P < 0.01 - 0.0001) in the activities of superoxide dismutase (SOD), catalase (CAT) by 15 - 40% with 25
- 55% increase (P < 0.0001) in gamma glutamyl transpeptidase (GGT) activity in serum and kidney tissues (Table 2). The dietary
supplementation of fish oil raised (P < 0.05) the level of antioxidants vitamin C, vitamin E, GSH along with the activities of SOD,
catalase by 20% - 1.9 fold and also decreased (P < 0.001 - 0.0001) in levels of TBARS and in the activity of GGT by 20 - 70% (P
< 0.001 - 0.0001). The changes due to induction of diabetes were also reflected in activities of functional enzymes. The prolonged
diabetes significantly (P < 0.0001) elevated the activities of alkaline phosphatase (ALP) and acid phosphatase (ACP) by 60% - 1.9
fold serum and kidney tissues (Figure 2). Following supplementation with Sardinella fish oil these elevated levels of enzymatic
activity decreased (P < 0.001) by 20 - 35%.
Table 1: Effect of dietary supplementation of fish oil on the concentration of various antioxidants and lipid peroxidation parameters in serum
(concentration/dL) and kidney (concentration/100 mg) tissues of alloxan induced diabetic mice (Mus musculus). Data represented as mean of six
values and their standard errors.
Kidney

Serum

Parameters
PC

PD

SD

PC

PD

SD

Vitamin C
(mg)

144.7 ± 2.11

66.2* ± 2

123.2*† ± 1.82

1.47 ± 0.20

0.653* ± 0.075

1.402*† ± 0.20

Vitamin E
(nmole)

6300.3 ± 12.2

3330.3* ± 10.8

5217.8*† ± 6.74

59.68 ± 0.99

44.46* ± 0.75

52.95*† ± 0.72

Reduced Glutathi- 2247.6 ± 80.4
one
(umole)

1310.5* ± 112

1950.3*† ± 50.6

0.496 ± 0.022

0.207* ± 0.013

0.275*† ± 0.032

TBARS
0.262 ± 0.0036
1.75* ± 0.0052
0.505*† ± 0.0018 0.222 ± 0.010
0.526* ± 0.026
0.362*† ± 0.018
(umole)
The significant difference between groups for each tissues based on student t test represented by * compared to PC, † compared to PD,
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Table 2: Effect of dietary supplementation of fish oil on the concentration of various antioxidant and lipid peroxidation enzymes in serum and
kidney tissues of alloxan induced diabetic mice (Mus musculus). Data represented as mean of six values and their standard errors.

Serum

Parameters
SOD
(IU/mg protein)
Catalase
(H 2 O 2 /min/mg
protein)
GGT
(IU/mg protein)

Kidney

PC

PD

SD

PC

PD

SD

12.03 ± 0.33

8.39* ± 0.26

10.2 *† ± 0.27

11.9 ± 0.31

6.7* ± 0.29

9.7 *† ± 0.30

168.7 ± 1.15

135.9* ± 1.42

220 *† ± 1.06

200 ± 1.3

139.9* ± 1.07

178.7* † ± 1.32

12.7 ± 0.71

16.1* ± 0.88

12.76 † ± 0.79

10.1 ± 0.36

16.1* ± 0.49

12.7 *† ± 0.49

The significant difference between groups for each tissues based on student t test represented by * compared to PC, † compared to PD,

Figure 2: Effect of dietary supplementation of fish oils on activity of enzymes in alloxan induced diabetic mice (Mus musculus). Data represented
as mean of six values and their standard errors. The significant difference between groups for each tissues based on student t test represented by *
compared to PC, † compared to PD

Induction of diabetes resulted in 60 - 90% decrease (P < 0.0001) in total protein, albumin and globulin concentration in
serum and kidney tissues. The supplementation of fish oil raised the decreased level of protein, albumin and globulin concentration
by 30 - 70% in these tissues (Table 3). The induction of diabetes also resulted in 90% -4 fold increase (P < 0.0001) in serum and
kidney tissues concentration of urea, uric acid and creatinine. The supplementation of fish oil helped to decrease the elevated level
of urea, uric acid and creatinine by 25 - 55% in these tissues (Figure 3A and 3B).
Table 3: Effect of dietary supplementation of fish oil on the concentration of protein, albumin and globulin concentration in serum (mg/dl) and kidney (mg/100 mg tissue) tissues of alloxan induced diabetic mice (Mus musculus). Data represented as mean of six values and their standard errors.
Kidney

Serum

Parameters
PC

PD

SD

PC

PD

SD

Protein

2.94 ± 0.78

1.43* ± 0.58

2.38*† ± 0.47

6.58 ± 0.34

1.27* ± 0.10

2.20*† ± 0.21

Albumin

1.2 ± 0.37

0.678* ± 0.096

0.992*† ± 0.27

3.14 ± 0.13

0.960* ± 0.10

1.65*† ± 0.11

Globulin

1.69 ± 0.45

0.748* ± 0.39

1.384*† ± 0.32

3.44 ± 0.10

0.316* ± 0.057

0.569*† ± 0.087

The significant difference between groups for each tissues based on student t test represented by * compared to PC, † compared to PD,
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Figure 3A: Effect of dietary supplementation of fish oils on concentration of urea, uric acid and creatinine in serum of alloxan induced diabetic
mice (Mus musculus). Data represented as mean of six values and their standard errors. The significant difference between groups for each tissues
based on student t test represented by * compared to PC, † compared to PD

Figure 3B: Effect of dietary supplementation of fish oils on concentration of urea, uric acid and creatinine in kidney of alloxan induced diabetic
mice (Mus musculus). Data represented as mean of six values and their standard errors. The significant difference between groups for each tissues
based on student t test represented by * compared to PC, † compared to PD

TGFβ is multifunctional cytokine which acts as key mediator of glomerular and tubulointerstitial pathobiology in chronic
kidney diseases. Induction of diabetes resulted in nearly 95% increase (P < 0.0001) in expression of TGFβ in kidney tissue. The
supplementation of Sardinella fish oil to the diabetic group of mice significantly (P < 0.0001) brought down the elevated level by
45% (Figure 4).

Figure 4: Effect of dietary supplementation of fish oils on relative quantity of expression of TGFβ in alloxan induced diabetic mice (Mus
musculus). Data represented as mean of six values and their standard errors. The significant difference between groups for each tissues based on
student t test represented by * compared to PC, † compared to PD
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Discussion
Diabetes mellitus impairs the ability of a cell or tissue to cope with the increased oxidative burden by stimulating the generation of ROS, which leads to vascular complications[27]. Over the past 10 – 15 years research has validated the health benefits associated with consumption of fish oil rich with omega-3 polyunsaturated fatty acids. These omega-3 PUFAs have proven to attenuate
oxidative stress[28] and they are having anti-inflammatory effects[29]. The present work focuses on the beneficial effect of Sardinella
longiceps fish oil to reverse the prolonged diabetic metabolic changes and the kidney tissue damages. Administration of alloxan
to experimental animals structurally deformed kidney. Diabetic mice showed kidney with distortion, glomerular enlargement and
inflammation. This could be ascribed to subsequent effects of hyperglycemia, which induces degenerative changes in the kidney,
which may be due to the increased ROS generation[30]. The diabetes also resulted in significant decrease protein concentration. The
decrease may be due to faulty glucose utilization causing hyperglycemia[31]. Diabetes mice also showed the decrease in levels of
albumin and globulin concentration. These changes may be attributed to glomerular dysfunction and increased abundance of growth
factors[32]. We have also observed that serum and kidney uric acid and urea concentration were increased in diabetic mice when
compared to control. This may be due to increased levels of sugar which results in increased nucleotide turnover and nucleotide
synthesis resulting in elevated levels of uric acids and urea[33]. Serotonin levels in the diabetic mice were also increased which may
be due to damage caused to the functioning nephrons[34].
Diabetes also resulted in alterations in the lipid peroxidation and antioxidant status. SOD and catalase, which are free radical scavenging enzymes and GSH, which counterbalance free radical facilitated damage and acts as endogenous antioxidant[35] along
with vitamin E, vitamin C, antioxidants are decreased with a rise in TBARS and GGT concentration in all tissues of diabetic mice.
The reason for this change is might be excessive lipid peroxidation and the generation of free radicals. Oxidative stress triggered by
extreme production of superoxide and an inequity in antioxidant enzymes or increased consumption might be the reason for a reduction in the level of biomolecules and enzymatic antioxidant status in tissues of diabetic mice[36]. Diabetes significantly increased the
activities of ALP and ACP when compared to non-diabetic control which is directly related to changes in metabolism where in these
enzymes are involved[37]. Elevation in ALP activity might be due to the disturbance in the transport of metabolites[38] and an increase
in ACP activity might be due to necrosis of liver[39].
Diabetes also resulted in an increase in cytokine expression of TGFβ in kidney supporting a role for inflammation in diabetes. TGFβ is a multifunctional cytokine which acts as a key mediator of glomerular and tubulointerstitial Pathobiology in chronic
kidney diseases[40].
Supplementation of fish oil to the diabetic mice group helped to restore the kidney tissue architecture which is also reflected in biochemical composition. Previously we have also reported the effect of different fish oil in restoring the normal function of
tissues like liver, kidney, heart and pancreas[10]. It resulted in an increase in concentration of protein, albumin and globulin. This
might be due to the fact that proteins were spared from energy yielding processes as the diets were enriched with PUFA. The PUFA
composition of a diet influences the utilization of fat for energy yielding processes[41]. The supplementation of fish oil also helps to
recover the normal concentration of serotonin, urea and uric acid in serum and urine. This is also supported from prior studies that
reported Omega-3 fatty acids improve renal functioning in patients who undergo heart and kidney transplants[42]. Urakaze
et al[43] reviewed several studies done on the effect of omega-3 fatty acids on human subjects with renal disease by assessing serum
creatinine among other factors and concludes that two studies reported a statistically significant improvement in serum creatinine
when treated with PUFA. In the present study, the antioxidant status of fish oil supplemented diabetic mice also improved. The
concentration of antioxidants like GSH, vitamin E and vitamin C and activity of antioxidant enzymes SOD, catalase is elevated to
decrease in lipid peroxidation variables like TBARS and GGT due to the supplementation of Sardinella fish oil. This indicates that
omega-3 PUFAs rich fish oil is having a useful effect on attenuation of oxidative stress and antioxidant prospective which is in support with earlier results[44]. The significant decrease in enzyme activity of ALP and ACP was provoked by supplementation of fish oil,
which is held by previous findings, which showed that in experimental animals oral feeding of oils rich in ω-3 EPA and DHA helps
to prohibit the development of induced diabetes mellitus[45]. The expression of TGFβ in the Sardinella fish oil supplemented group
lowered in spite of alloxan induced diabetes. It is specified by the studies that omega-3 PUFA and their explicit lipid mediators can
diminish the process of activation of inflammation[45].
In conclusion, the present study firmly and significantly throws light on the valuable contribution of supplementation with
fish oils rich with PUFA on antioxidant property, beneficial effect on attenuation of oxidative stress. The long term supplementation
of fish oils enriched with omega-3 PUFAs is having the anti-inflammatory potential to arrest cellular damage and may be useful in
the management of oxidative stress induced kidney tissue damage caused by prolonged diabetes.
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