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Convalescing Effect of Syringin on the Development of 
Nephropathy Studied in Diabetic Rats Mediated by  

Oxidative Stress Markers as well as  
Proinflammatory Cytokines
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ABSTRACT
Objective: The study was aimed to investigate the renoprotective nature of Syringin studied in rats introduced into STZ 

induced hyperglycemic state. 
Methods: The total protein and non-protein nitrogen (NPN) component levels were measured. Kidney proinflammatory cyto-

kine (PIC) levels as well as the activity study on free radical scavengers were assessed. The histological observations on the kid-
ney tissues were also executed. 

Results: Oral administration of Syringin (5 mg/kg bw/day) for 30 days to diabetic rats showed a significant elevation in the 
level of total protein and significant decline in the levels of blood NPN. The levels of kidney PIC were decreased upon treatment 
with Syringin. There was a significant upsurge in the activities of antioxidants in the kidney tissues of Syringin treated experi-
mental rats. The histological observations on the kidney tissues also evidenced the renoprotective nature of Syringin.

Conclusion: Thus, the present study postulated the slowdown effect of Syringin on the progression of nephropathy in rats 
with T2DM.

KEY  WORDS 
streptozotocin, diabetes, hyperglycemia, oxidative stress, proinflammatory cytokines

Received on August 28, 2018 and accepted on June 8, 2019
Faculty of Medicine, Universiti Sultan Zainal Abidin
20400 Terengganu, Malaysia
Correspondence to: Mahadeva Rao US 
(e-mail: raousm@gmail.com)

455

INTRODUCTION

Diabetes mellitus (DM) is a major endocrine disorder, affecting 
approximately 5% of the world's population. Oxidative stress is one of 
the main factors associated to the development of glucose toxicity in 
diabetes since it causes decrease in levels of two critical transcription 
factors, PDX-1 and MafA. These normally bind to the insulin promoter 
and stimulate insulin gene transcription, decreased levels of these two 
proteins cause decrease in insulin promoter activity, insulin gene expres-
sion and insulin secretion1). DM mainly characterized by recurrent 
hyperglycemia, is a chronic disorder derived from insulin deficiency 
(T1DM) or resistance (T2DM) in the developed countries. Chronic 
hyperglycemia in DM is associated with long-term damage, dysfunc-
tion, and eventually the failure of organs, especially eyes, kidneys, 
nerves, and the cardiovascular system2). Associated changes in kidney 
function in terms of increased levels of BUN and distinct proteinuria as 
well as histopathological changes such as increase in the glomerular 
mesangial matrix have been reported in STZ induced diabetic rats3). 

Diabetic nephropathy (DN), the second most prevalent DM associ-
ated complication inferior to cardiovascular disorders, impairs the renal 
function. Accumulating evidence also suggested the development of DN 
is associated with the activation of several stress sensitive signal path-
ways, including nuclear factor kappa B (NF-κB) and mitogen activated 

protein kinase (MAPK)4). It has been reported that both oxidative stress5) 
and proinflammatory cytokines (PIC)6) detrimentally accelerated the 
pathological process of DN. The ability of free radical scavengers to 
protect against the deleterious effects of hyperglycemia and also to 
improve glucose metabolism and uptake must be considered as strategy 
in DM treatment. Apart from the conventional antidiabetic treatment, 
free radical scavenging therapy may value in improving the secondary 
complications of DM. Plant derived products unveils various pharmaco-
logical properties without any adverse side effects. DN occurs in 
20-40% of patients with diabetes and is the leading cause of end-stage 
renal disease (ESRD)7). Persistent increased albuminuria in the range of 
urine albumin - to - creatinine ratio (UACR) 30-299 mg/g is an early 
indicator of DN in T1DM and a marker for development of DN in 
T2DM. It is a well-established marker of increased cardiovascular dis-
ease risk8).

Phytochemicals are known to possess varying antioxidant activi-
ties9). Syringin, a phenyl propanoid glycoside belongs to eleutheroside 
derivative. This bioactive compound was identified in several plants 
including Musa paradisiaca, Jasminum mesnyi, Edgeworthia chrysan-
tha, Acanthopanax senticosus, etc. According to Nair et al., (2004)10), 
syringin is synthesized from the precursor phenylalanine by a series of 
reactions. Zhao et al., (2012)11) has described a rapid extraction method 
based on ultrasound assisted extraction of syringin from the bark of Ilex 
rotunda thumb using response surface methodology. According to Choi 
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et al, (2004),12) the enrichment and purification of syringin from 
Acanthopanax senticosus was performed based on the adsorption and 
desorption properties of commercial macroporous resins. The pharma-
cological properties of syringin includes scavenging the free readicals, 
protection against neuronal cell damage, inhibition of apoptosis, antidia-
betic effect, anti-inflammatory potential, anti-nociceptive action, anti 
allergic effect, etc,13). Recently, we have evaluated the antidiabetic, anti-
oxidant and antiulcer nature of Musa paradisiaca and syringin in experi-
mental mice. 

However, there is seldom literature available on the therapeutic effi-
cacy of Syringin on DN in experimental rats. Taken this into consider-
ation, the present study was designed to illustrate the invigorating effect 
of Syringin on the development of nephropathy in patients with T2DM 
mediated by oxidative stress markers as well as PIC in STZ induced 
rats.

MATERIALS  AND  METHODS

Chemicals
Syringin and STZ were purchased from Sigma Aldrich, and all other 

chemicals used in the study were of analytical grade and were obtained 
from standard commercial suppliers.

Experimental animals
Male albino Wistar rats weighing (160-180 g) were procured from 

Animal Research and Services Centre (ARASC), Universiti Sains 
Malaysia, Malaysia. The rats were housed in polypropylene cages lined 
with husk. The rats were fed with commercial pelleted rats chow, and 
had free access to water ad libitum. The diet pellet composed of 5% fat, 
21% protein, 55% nitrogen-free extract, and 4% fiber (w/w) with ade-
quate mineral and vitamin levels for the animals. The experimental rats 
were maintained in a controlled environment (12:12 h light/dark cycle 
and temperature (30 ± 2℃). The experiments were designed and con-
ducted in strict accordance with the ethical norms approved by 
Institutional Animal Ethical Committee guidelines [UNISZA/
AEC/14/007]. The rats were acclimatized for one week before com-
mencing the experiments.

Induction of experimental DM
For successful induction of experimental diabetes, a freshly pre-

pared solution of STZ (50 mg/kg.b.w) dissolved in 0.1 M ice-cold 
citrate buffer (pH 4.5) was administered intraperitoneally immediately 
after preparation to overnight fasted rats14). Rats were allowed to drink 
10% glucose solution after 6h of STZ administration for the next 24 h to 
overcome drug induced hypoglycemia15). No lethality was observed. 
After a week time, rats with FBG concentration, > 250 mg/dl, that 
exhibited hyperglycemia and glycosuria were selected for the experi-
ment. STZ treated rats that failed to reach the required level of hyper-
glycemia were eliminated from the study.

Experimental protocol
The animals were divided into four groups, comprising a minimum 

of six animals in each group as follows:

Group I - Control rats receiving 10% DMSO orally.
Group II - STZ induced DM rats receiving 10% DMSO orally.
Group III - DM rats orally treated with syringin (5 mg/kg b.w/day) 

dissolved in 10% DMSO for 30 days.
Group IV - DM rats treated with gliclazide (5 mg /Kg. b.w/day) in 

aqueous solution orally for 30 days.

At the end of 30 days, rats were fasted overnight, anesthetized with 
ketamine (80 mg/kg b.w. i.p.) and killed by cervical decapitation. Blood 
was collected with and without anticoagulant for plasma and serum sep-
aration respectively.

Biochemical analysis
FBG level was determined by glucose oxidase peroxidase diagnos-

tic enzyme kit (Sigma Aldrich). Blood urea was determined according 
to the method of Natelson et al., 1951. Serum was used for the estima-
tion of creatinine and uric acid.

Preparation of renal tissue homogenate
Renal tissues from control and experimental groups of rats were 

excised, rinsed with ice cold saline and homogenized in Tris-HCl buffer 
(100 mM, pH 7.4) using Teflon homogenizer and centrifuged at 12,000 
x g for 30 min at 4℃. The supernatant was pooled and used for the esti-
mations. The protein content in the tissue homogenate was measured by 
the method of Lowry et al. 1951.

Determination of free radical scavenging status
The levels of LPO parameters were determined in the kidney tissue 

homogenate. The activities of enzymatic free radical scavengers such as 
super oxide dismutase (SOD), catalase (CAT), glutathione peroxidase 
(GPx), glutathione S-transferase (GST) and glutathione ruductase (GR) 
were assayed in the renal tissue of control and experimental groups of 
rats. The levels of non-enzymatic free radical scavengers such as 
reduced glutathione (GSH) were measured in the renal tissue homoge-
nate of control and experimental groups of rats.

Assay of NF-κB p65 unit
The nuclear levels of NF-κB free p65 may relate positively with the 

activation of NF- κB pathway. The NF-κB/p65 ActivELlSA kit 
(Imgenex, San Diego) was used to quantify NF-κB free p65 in the 
nuclear fraction of kidney tissue. The analysis was done according to 
the manufacturer's instructions.

Assay of proinflammatory cytokines (PIC)
The levels of PIC such as TNF-α, IL-1β and IL-6 in renal tissues of 

control and experimental groups of rats were determined by specific 
ELISA kits according to the manufacturer's instructions (Biosource, 
Camarillo, CA, USA).

Determination of nitric oxide (NO)
NO level in kidney tissues was assayed indirectly by measuring the 

nitrite concentration by colorimetric method based on the Griess reac-
tion.

Histological observations of kidney
A portion of kidney tissue was fixed in 10% formalin for one week 

at room temperature. The specimens were then dehydrated in a graded 
series of ethanol, cleared in xylene and embedded in paraffin wax. 
Tissue blocks were sectioned into 5 μm thickness using a rotary micro-
tome. The sections were stained by hematoxylin-eosin. Histological 
changes in the stained sections were viewed under the light microscope.

A portion of pancreas, liver and kidney (about 1 mm3) from control 
and experimental groups of rats were fixed in 3% glutaraldehyde in 
sodium phosphate buffer (0.2 M, pH 7.4) for 3 h at 4℃. Tissue samples 
were washed with the same buffer, post-fixed in 1% osmium tetroxide 
and sodium phosphate buffer (0.2 M, pH 7.4) for 1 h at 4℃. The sam-
ples were again washed with the same buffer for 3 h at 4℃, dehydrated 
with graded series of ethanol and embedded in Araldite. Thin sections 
were cut with LKBUM4 ultramicrotome using a diamond knife, mount-
ed on a copper grid and stained with 2% uranyl acetate and Reynolds 
lead citrate. The grids were examined under a Philips EM201C trans-
mission electron microscope by a qualified pathologist.

Statistical analysis
The results were expressed as mean ± S.D of six rats per group and 
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the statistical significance was evaluated by one way analysis of vari-
ance (ANOVA) using the SPSS (version 16) program followed by LSD. 
Values were considered statistically significant when p < 0.05.

RESULTS

Table 1 illustrates the effect of syringin on the levels of FBG in con-
trol and experimental groups of rats after 30 days of experimental peri-
od. The levels of FBG in diabetic group of rats were significantly (P < 
0.05) elevated as compared with control group of rats. However, oral 
administration of syringin as well as gliclazide to diabetic groups of rats 
significantly (P < 0.05) lessened the levels of FBG when compared with 
group-II rats. 

Table 1 displays the effect of syringin on the levels of total protein, 
blood NPN components (urea, and serum uric acid and creatinine) of 
control and experimental groups of rats. These levels were found to be 
raised in Group II and the same were reverted back significantly to near 
normalcy by the treatment of syringin as well as gliclazide to groups-III 

and IV respectively. 
Table 2 typifies the effect of syringin on the levels of LPO parame-

ters (TBARS and hydroperoxides) in renal tissues of control and experi-
mental groups of rats. The significant (P < 0.05) upsurge noted on the 
levels of LPO in renal tissues of group-II rats were dropped (P < 0.05) 
significantly to near normalcy by the treatment of syringin as well as 
gliclazide to groups-III and IV respectively.

Table 2 portrays the activities of enzymatic antioxidants in renal tis-
sues of control and experimental groups of rats. The activities were sig-
nificantly (P < 0.05) weakened in the renal tissues of group-II rats. Oral 
treatment of syringin, similar to that of gliclazide, significantly (P < 
0.05) attenuated (positively) the altered activities of these enzymatic 
antioxidants to near normalcy in renal tissues of DM rats.

The levels of GSH in the renal tissues are represented in Table 2. 
Group-II rats showed a significant (P < 0.05) reduction in the levels of 
GSH that of group-I rats. Nevertheless, administration of syringin as 
well as gliclazide to DM group of rats significantly (P < 0.05) improved 
the levels of GSH to near control values (Group-III and IV).

The renal tissue levels of PIC are depicted in Figure 1. These levels 
in group-II rats were significantly increased when compared with 
group-I rats. However, oral treatment with syringin (group-III) as well 
as gliclazide (group-IV) for 30 days to DM groups of rats significantly 
(p < 0.05) weakened these levels to near normalcy.

The levels of NF-kB p65 unit and NO in control and experimental 
groups of rats were significantly (P<0.05) escalated in group-II rats 
were when compared with group-I rats. However, oral administration of 
syringin (group-III) as well as gliclazide (group-IV) to DM group of rats 
showed a marked (P < 0.05) decline in these levels (data not shown). 

The photomicrograph and transmission electron micrograph histo-
logical observations of renal tissues of control and experimental groups 
of rats spectacles the section of renal tissue of group-I rats signifying 
normal architecture with normal glomeruli and tubules; the section of 
renal tissues of group-II rats exhibiting tubular cell necrosis, tubular 
lumen dilation, foci of denuded basement membrane, swelling of proxi-
mal tubular cells with brush border loss, interstitial inflammatory cell 
infiltrates vacuolization, pyknotic nuclei, medullary congestion, epical 
blebbing and decreased cellularity of the glomeruli; the section of renal 
tissues of syringin treated group-III rats with exhibiting a normal glo-
merular, renal tubule and interstitial tissue appearance. Likewise, the 
renal tissues of DM rats treated with gliclazide (group-IV) indicates nor-
mal pattern of renal histological architecture.

Table 1. Effect of syringin on the levels of FBG, total proteins, and blood NPN compounds.
Groups FBG (mg/dl) Total Protein Blood urea  Serum uric  Serum creatinine
  (g/dl)  (mg/dl) acid(mg/dl) (mg/dl)

I 80.21 ± 9.71 8.86 ± 0.56 22.38 ± 2.20 2.61 ± 0.53 0.53 ± 0.07

II 277.25 ± 22.78 a* 6.33 ± 0.39 a* 45.73 ± 5.16 a* 5.31 ± 0.67 a* 1.20 ± 0.31  a*

III 106.11 ± 10.17 b* 7.25 ± 0.30 b* 29.33 ± 1.82 b* 3.08 ± 0.30 b* 0.66 ± 0.07 b*

IV 97.05 ± 7.72 b* 7.75 ± 0.58 b* 30.65 ± 2.93 b* 2.70 ± 0.22 b* 0.63 ± 0.08 b*

Values are given as mean ± S.D for groups of six rats in each. One-way ANOVA followed by post hoc test LSD. 

The results were compared with  aControl; bDiabetic control. Values are statistically significant at *p < 0.05. 

Table 2. Effect of syringin on the LPO parameters and the activities of antioxidants in kidney tissues.
 Groups TBARS Hydro peroxides SOD CAT GPx GST GR GSH

 I 1.15 ± 0.23 50.60 ± 7.01 26.78 ± 2.53 54.34 ± 5.29 8.79 ± 0.30 7.47 ± 0.61 43.14 ± 2.00 48.69 ± 4.02

 II 3.50 ± 0.47 a* 87.95 ± 7.48 a* 9.83 ± 0.04a* 28.52 ± 1.02a* 4.34 ± 0.96 a* 3.62 ± 0.72a* 12.02 ± 1.07a* 34.07 ± 1.93a*

 III 2.56 ± 0.25 b* 59.86 ± 8.24 b* 24.54 ± 2.19b* 41.90 ± 2.93b* 7.12 ± 0.81b* 5.42 ± 0.99 b* 28.58 ± 2.79b* 39.83 ± 3.37 b*

 IV 2.25 ± 0.33 b* 56.88 ± 9.56 b* 23.59 ± 2.15b* 35.21 ± 2.14b* 6.98 ± 1.03b* 5.93 ± 0.80 b* 25.21 ± 1.73b* 43.21 ± 2.17b*

Units: mM of TBARS/100 g of tissues; hydroperoxides, mM/100 g of tissues; mg/100 g tissue for GSH.  Activity is expressed as: 50% of inhibition of epinephrine autoxidation/min/

mg of protein for SOD; μM of hydrogen peroxide decomposed/min/mg of protein for catalase; μM of glutathione oxidized/min/mg of protein for GPx, units/min/mg of protein for 

GST; μM of DTNB-GSH conjugate formed/min/mg of protein for GR. Values are given as mean ± S.D. for groups of six rats in each. Statistical significance was compared within 

the groups as follows:  a compared with control, bcompared with diabetic rats. Values are statistically significant at * p < 0.05.

Figure 1. Effect of Syringin on the levels of PIC in renal tissues.
 Units: pg/mg of protein for TNFα; pg/mg of tissue for IL1β and IL-6. 

Values are given as mean ± S.D.[n = 6] for groups of six rats in each. 
One-way ANOVA followed by post hoc test LSD. Statistical signifi-
cance was compared within the groups as follows: acontrol rats; bdia-
betic control rats; Values are statistically significant at *p < 0.05.
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DISCUSSION

STZ is a nitrosourea analogue, preferentially up taken by pancreatic 
β cells via GLUT2 glucose transporter and causes DNA alkylation fol-
lowed by the activation of poly ADP ribosylation leading to depletion of 
cytosolic concentration of NAD+ and ATP. Enhanced ATP dephosporyla-
tion after STZ treatment provides substrate for xanthine oxidase result-
ing in the formation of superoxide radicals. Further, NO moiety is liber-
ated from STZ leading to the annihilation of β cells by necrosis16). The 
STZ has cytotoxic effects against various vital tissues of pancreas, liver, 
and kidney. Hence, STZ induced experimental DM animal model is 
chosen for the present study. STZ induced DM is characterized by 
hyperglycemia which is countersigned in the present study. However, 
syringin significantly lowered the plasma glucose including FBG in 
STZ diabetic rats. The detected fall in FBG might be due to the recovery 
of pancreatic tissues from hyperglycemia mediated oxidative stress 
resulting in improved glycemic control. This advocates that syringin 
have antidiabetic activity in experimental diabetic rats. 

DN is the most common cause of ESRD worldwide. Many path-
ways in addition to the renin-angiotensinogen system have been associ-
ated in the pathogenesis of DN. Stratagems to interject these pathophys-
iological pathways are a tool to the progress of new targeted therapies to 
avert development of DN and are on the prospect. The several pharma-
cological drugs tried include aliskiren, a direct renin inhibitor blocking 
the first step in the renin pathway, and pentoxifylline and mammalian 
target of rapamycin inhibitors, which have anti-inflammatory properties 
and have revealed some hopeful results in management of DN. Others 
include endothelin antagonists and vitamin D analogs which have been 
exposed to lessen urinary albumin excretion. Inhibitors of advanced gly-
cation and oxidative stress and plasminogen activator inhibitor-1 have 
ascertained beneficial in animal models of DN. Others include 
ruboxistaurin, which blocks protein kinase C overexpression. Such tar-
geted therapies would pause and might even reverse development of 
DN17,18).

DN is characterized by an elevation in the levels of NPN com-
pounds, as well as fall in protein content in blood, which are considered 
as significant markers of renal dysfunction19). In the present investiga-
tion, there is a significant elevation in the levels of NPN as well as drop 
in protein level in STZ induced DM rats. Administration of syringin sig-
nificantly reverted to near normalcy in STZ induced diabetic rats indi-
cating its possible role in convalescing renal dysfunction in STZ 
induced rats. Hyperglycemia induced oxidative stress in renal tissues, 
leads to renal injury in DM. Escalation of LPO and weakened activities 
antioxidant ropes to contribute to the development of DN20,21). The 
degree of oxidative stress is measured by rise in the levels of LPO, 
dwindling of free radical scavenging activities in tissues and these alter-
ation leads to the elevated vulnerability of tissues to oxidative dam-
age22-25). Likewise, in the present study, the levels of oxidative stress 
markers were raised with an intense drop in free radical scavengers. 
However, syringin astoundingly relieved oxidative stress and augment-
ed free radical scavenging competence which adds to its positively mod-
ulated kidney function in DN induced experimental rodents. This find-
ing concurred with the previous work on scopoletin, lipoic acid as well 
as vitamin D towards oxidative stress induced diabetes26-28).

Corroboration exists between inflammatory activity and diabetic 
complications. PIC acts as pleiotropic polypeptides, regulating inflam-
matory and immune responses through actions on cells. They provide 
vital signals in the pathophysiology of a variety of diseases, including 
DM. Chronic low-grade inflammation and activation of the innate 
immune system are closely involved in the pathogenesis of DM and its 
microvascular complications. PIC, primarily IL-1, IL-6, as well as TNF-
α, are involved in the growth and progression of DN29). Raised produc-
tion of TNF-α, along with numerous PIC including IL- 1β and IL-6 has 
been exposed to play a central role in the growth and advancement of 
DN. IL-1β stimulates the production of prostaglandins and NO in 
mesangial cells30). IL-6 disturbs extracellular matrix dynamics at 
mesangial and podocytes levels, stimulates mesangial cell proliferation, 
upsurges fibronectin expression and augments endothelial permeabili-
ty31,32). The activation of NF-κB in diabetic state mediates a cascade of 
signaling pathway leading to the renal dysfunction which is positively 
connected with raised up oxidative - nitrosative stress and inflammation. 
Furthermore, NF-κB boosts the production of NO, which is reported to 
be involved in the pathogenesis of DN, specifically, cell destruction and 
progression of kidney tubular damage33,34). Nonetheless, oral administra-
tion of syringin to DM group of rats lessened the levels of PIC propos-
ing its anti-inflammatory role in the DM rats. Alike studies were carried 
out by Elsherbiny NM et al., (2015) on nephroprotective role of dipyrid-

amole in DN and its effect on inflammation and apoptosis concurs with 
this present result35).

To accomplish, the results of the present study hypothesize that 
syringin positively modulates kidney function in DN induced experi-
mental rodents and also convalesces kidney tissues which is evident 
from dropped oxidant as well as enhanced antioxidant status. Also, the 
dwindled level of PIC upon syringin treatment signposts its anti-inflam-
matory action. Finally, the histological observation made on the kidney 
tissues validate further the above claim and also protects the renal tis-
sues from hyperglycemia mediated oxidative stress. 
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