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ABSTRACT

Diabetic nephropathy is a significant cause of chronic kidney disease and end-stage renal failure globally. This research
will examine the current concepts of diabetic nephropathy management in the context of some of the basic science and
pathophysiology aspects relevant to the approaches taken in novel, investigative treatment strategies. In recent years,
the Wnt/[-catenin signalling has gained tremendous attention due to its ability to modulate a number of diseases
including diabetic nephropathy. In current study, Eriodictyol is found effective to downregulate Wnt/ catenin signalling
and restores its various effects on cells. It also ameliorates AGEs induced renal cells deterioration and dysfunctioning. It
reduces various kind of cast formations, lymphocytes infiltrations and deposition in a tissue, podocytes lost, thickening of
basement membrane. It also maintains few cellular events like epithelium integrity by prohibiting epithelial-
masenchymal transition. The down-regulation of Wnt/B-catenin signalling leads to detrimental effects on kidney.
Eriodictyol also regulates the anti-inflammatory and anti-oxidantscascades which were deteriorated by activation of
Whnt/B-catenin signalling pathways. In conclusion, Eriodictyol is providing a significant improvement in blood and tissue
parameters and renal pathology by downregulating the Wnt/f-catenin signalling pathway.
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INTRODUCTION

Diabetic nephropathy is the leading cause of kidney disease in patients starting renal replacement
therapy and affects ~40% of type 1 and type 2 diabetic patients (1). Diabetic nephropathy (DN) or
diabetic kidney disease is a syndrome characterized by the presence of pathological quantities of urine
albumin excretion, diabetic glomerular lesions, and loss of glomerular filtration rate (GFR) in diabetics.
Diabetes may be classified as type 1 (autoimmune {3-cell destruction and absolute insulin deficiency), type
2 (relative insulin deficiency and resistance), and other types (eg, pancreatic disease) (2). Besides,
diabetic nephropathy is associated with cardiovascular disease (3), and increases mortality of diabetic
patients. Several factors are involved in the pathophysiology of DN, including metabolic and
hemodynamic alterations, oxidative stress, and activation of the renin-angiotensin system. In recent
years, new pathways involved in the development and progression of diabetic kidney disease have been
elucidated; accumulated data have emphasized the critical role of inflammation in the pathogenesis of
diabetic nephropathy. Expression of cell adhesion molecules, growth factors, chemokines and pro-
inflammatory cytokines are increased in the renal tissues of diabetic patients, and serum and urinary
levels of cytokines and cell adhesion molecules, correlated with albuminuria (4).

Wnt signalling is extremely complex, and there are more than 50 proteins that participate in Wnt
signalling at various stages, which include 19 Wnt ligands, 10 Frizzled receptors, and 2 co-receptors, a
dozen inhibitors, multiple intracellular mediators, transcription factors, and co-activators (5). Wnt/(3-
catenin is an evolutionary conserved signal transduction pathway that plays an essential role in organ
development, tissue homeostasis and repair injuries nephron formation and renal development (6,7,8). In
the canonical Wnt/B-catenin signalling pathway, Wnt protein binds to cell surface receptors to inactivate
glycogen synthase kinase-3 (GSK-3), thereby allowing B-catenin translocation to the nucleus to promote
Wnt gene expression.3-catenin is activated in early age but remains silent in normal adult but found
activated in chronic kidney disease patients(9,10,11).In diabetic nephropathy, podocyte injury and
glomerulosclerosis are common by upregulating Wnt ligands and 8 catenin activation (11,12). Recent
studies have also demonstrated that high glucose (HG)-induced production of the extra cellular matrix by
mesangial cells was associated with impairment of Wnt/f-catenin signalling (13). Studies have shown
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that Wnt/B-catenin signalling in mesangial cells is involved in the development of diabetic
glomerulosclerosis.Thus, the Wnt/(-catenin pathway in mesangial cells may be a therapeutic target for
the treatment of DN (14).

Eriodictyol is a flavanone,which is found in various vegetables, citrus fruits and medicinal plants.it is
extracted from yerba santa (Eriodictyon californicum) plant, a plant from north America(15,16).It has a
promising antioxidant and anti-inflammatory activity(17,18).Eriodictyol efficiently improve the various
diseases conditions via restoring different signalling pathyways.Eriodictyol improves the myocardial
ischemic condition by regulating the JAK2 pathway, it also reduces the cardiac muscles injury by
modulating Bcl-2 and BAX pro apoptotic signalling pathways (19,20). Eriodictyol also shows anti-cancer
activity by inducing apoptosis through redirecting the mTOR/PI3/Akt pathway(21).Eriodictyol found to
stimulate insulin production and secretion by cAMP/PKA signalling cascade (22). It also found effective in
glucose metabolism in hepatocellular carcinoma patients by controlling PI3K/Akt signalling cascade
(23).It protects from ensuing lipopolysaccharides induced oxidative stress, neuroinflammation and
synaptic brokenness by MAPKs, NF-kB/Sirtl, and Nrf2/Keapl pathways (24) activations.Eriodictyol
repairs the retinal ganglial cells in rodents in hyperglycaemic induced oxidative stress and cell apoptosis
by stimulating Nrf2/HO-1 cascades (25).

In current study, we evaluated the pathway by which Eriodictyol acts upon on diabetic nephropathy. This
study revealed the role of eriodictyol in diabetic nephropathy treatment whether it is Wnt/f3 -catenin
signalling pathway agonist or antagonist.

MATERIAL AND METHODS

Drug and chemicals-Eriodictyol (purity>98%, CAS-552-58-9) was procured from Biosynth Carbosynth
Limited, UK. Streptozotocin was procured from Sigma Aldrich (USA), metformin fromAbott India Limited,
Methyl Vanillate from TCI Chemicals. Creatinine (Cr), triglyceride (TG), totalcholesterol (TC), high -
density lipoprotein (HDL), low -density lipoprotein (LDL), very low -density lipoprotein (VLDL-C)and
blood urea nitrogen (BUN) colorimetric detection kit procured from Elabsciences. AGEs (Advanced
Glycation End Products) ELISA kit from Cusabio. HBA1C from creative diagnostic kit. Tumor necrosis
factor - a (TNF - a, EK0526), interleukin - 6 (I L -6, EK0412), rat albumin ELISA kit (E111 -125 Bethyl
Laboratories),rat TG F - 8 1 (transforming growth factor beta 1) ELISA kit (Elabscience) were procured.
Malondialdehyde (TBARS), glutathione (GSH), superoxide dismutase (SOD), and catalase colorimetric
detection kit from Bio - diagnostic. All other reagents used in study, were of analytical grade and
purchased from Himedia Labs, Mumbai (India).

Drug preparations- Eriodictyol dissolved in 5% tween 80, 20% PEG and 75% Saline (26).STZ was freshly
prepared in 0.1 M cold Citrate buffer 4.5 Ph (27). Metformin solution was prepared with distilled water.
Methyl Vanillate was prepared by dissolving in corn oil [28].

Experimental Animals-Adult male Wistar rats (6 weeks of age) weighing 200-250 gm were purchased
from CPCSEA approved registered breeder Central Animal Facility, AIIMS, Delhi. The protocol for
antidiabetic activity was approved by Institution Animal Ethics Committee (IAEC) of Swift College of
Pharmacy, Ghaggar Sarai, Rajpura, Patiala, Punjab (Reg No. 724/P0/a/02/CPCSEA) with protocol No
SSP/IAEC/2022/06 on dated 9/06/2022. The animals were housed under standard laboratory conditions
with temperature (23 + 1°C), relative humidity (55 + 10%), 12/12 h light /dark cycles and fed with
standard pellet diet from Ashirwad Industry and purified water ad libitum. All rats were free to drink
clean water and normal pallet diet during the experimental period.

Induction of Diabetic Nephropathy- After acclimatization of two weeks, adult, albino wistar rats kept
fasted overnight. Next morning, freshly prepared STZ 55mg/kg was injected intraperitoneally to animals
(27,29). After 72 hours, blood glucose level was checked with glucometer by collecting the blood sample
from tail vein and diabetes was confirmed (30). The rats with more than 250mg/dl were considered
diabetic. The sustained level of glucose for 8 weeks will induce diabetic nephropathy (27,29).
Experimental Design- Fifty-six rats were randomly divided in to non-diabetic animals and diabetic
animals’ group. Non diabetic animals’ group was treated with cold citrate buffer during whole
experimental period and considered as control group. Then diabetic rats were divided into six groups and
each group contains 8 rats. The sustained level of blood glucose, induced diabetic nephropathy in rats.
Diabetic nephropathy was found developed at the end of 8t week. DNP (Diabetic nephropathy) group
received only STZ (55 mg/kg) in cold citrate buffer. ED1 group received eriodictyol 1 mg/kg p.o. and
ED10 group animals received 10 mg/kg p.o. for 28 days after 8 weeks of diabetes. Met group animals
received metformin 200 mg/kg, orally (31) for 28 days after 8 weeks of diabetes. MV group received
methyl vanillate (100 mg/kg orally) and for 28 days after 8 weeks of diabetes induction. MV+ED10 group
was treated with eriodictyol (10 mg/kg orally) with methyl vanillate 100 mg/kg orally (28) after 8 weeks
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for 28 days. Plasma glucose, feed/water intake and body weight were recorded every week during study
period. Rats were supplied with normal food and water during experimental period.

Sacrification and specimen collection- At the end of study, rats were housed in metabolic cages for 24 hrs
for urine collection to assess the various urine parameters. All rats were sacrificed by overdosing of
thiopental sodium (40 mg/kg).Blood samples were collected by retroorbital route with the help of
pointed capillary dipped in heparin solution to avoid the blood clotting. Blood samples of rats were
centrifuged to separate serum which was used to assess various biochemical parameters or stored at -80
°C for later analysis.

The animals’ body weights were recorded and both kidneys were harvested, rinsed in cold saline and
weighed them for calculation of kidney index= (kidney wt/body wt) x 1000 to check the kidney
impairment. Kidney specimens were frozen at -80 °C for preparation of homogenate, estimation of
kidney content of oxidative stress and inflammatory biomarkers and advanced glycation end products
(AGEs).

Estimation of serum parameters- Blood sample was kept for 2 hours at room temperature or at 2-8 °C for
overnight. Then the sample was centrifuged for 20 min. at 1000rpm. Supernatant fluid was collected and
different procedures for serum albumin, serum creatinine, HbA1C and insulin before and after treatment
were carried out. These all were calculated, according to the as per given manufacturer instructions on
kits. Blood urea nitrogen (BUN) and glycated hemoglobin (HbA1C) was assayed by ELISA test kit and
optical density (OD) of sample was noted at 550 nm and 450 nm respectively. Serum creatinine (Scr)
content in sample was checked by Sarcosine Oxidase Method. OD of sample for serum creatinine was
measured by biochemical analyzer at 515 nm.

Lipid profile was estimatedby use of remaining serum with colorimetric method with help of biochemical
analyser and spectrophotometer. Assessment of Total-cholesterol (TC), triglycerides (TGs), LDL
cholesterol (LDL-C), VLDL cholesterol (VLDL-C), and HDL cholesterol (HDL-C) was doneas per
instructions given by manufacturer kits by colorimetry method. HOMA-IR is measured by (Fasting serum
glucose x fasting serum insulin)/22.5and HOMA -f can be calculated as 20x insulin (IU/ml)/(Glycemia-
3.5).

Urine albumin (UAlb) was estimated by using ELISA kit and creatinine level (UCr) in urine was assessed
by colorimetry analysis. Urine albumin excretion (UAER) was estimated by using (UAER) = UAIb (ng/mL)
x 24 h urine volume (mL)} and creatinine clearance (CrCl) = UC r (mg/ dL) x urine volume (mL) /SCr
(mg/dL) x 1000 /body weight (g) x 1/ 1440 (min)}.

Advanced Glycation End products estimation- AGE estimation was done with ELISA test kit. Kidney was
isolated from rat and 100mg tissue was rinsed with 1X phosphate buffer saline (PBS), homogenized in 1
ml of 1X PBS and stored overnight at -20°C. After two freeze-thaw cycles were performed to break the cell
membranes, the homogenates were centrifuged for 5 minutes at 5000 rpm, 2 - 8°C. The supernatant was
removed and assayed immediately. Alternatively, aliquot and store samples at -20°C or -80°C. Centrifuge
the sample again after thawing before the assay. Incubate the sample at 37 °C. Protect it from light. Check
the reading at 450 nm within 5 minutes.

Estimation of antioxidants and lipid peroxidation- The excised kidney, rinsed in ice cold normal saline
followed by 0.15 M Tris-HCl (pH 7.4) blotted dry and weighed. A 10% w/v of homogenate was prepared
in 0.15 M Tris-HCI buffer and processed for the estimation of lipid peroxidation (TBARS) by the method of
Ohkawa H et al (32).

A part of homogenate after precipitating proteins with Trichloric acetic acid (TCA) was used for
estimation of glutathione (GSH) by the method of Ellman GL et al [34]. The rest of the homogenate was
centrifuged at 15000 rpm for 15 min at 4°C. The supernatant thus obtained was used for the estimation of
Catalase activities was measured by the method of Claiborne et al [34]. Nitrites assessed by using copper
cadmium alloy to reduce nitrate to nitrite in an hour followed by Griess reagent by colour development in
acidic medium [35]. 100pL supernatant from the kidney homogenate is thoroughly mixed 100uL Griess
reagent. Check the absorbance at 540 nm and compared from the standard curve of sodium nitrite (0-100
uL).

Super Oxide Dismutase assessment (SOD) was based on its ability to inhibit the reduction of nitro blue
tetrazolium (NBT) by using 0.067M potassium phosphate buffer Ph 7.8,0.1 M EDTA contain 0.3 Mm
sodium cyanide, 0.12 mM Riboflavin and 1.5 Mm NBT(36). Glutathione peroxidase (GPx) by using
selenium as a cofactor and colour developed was read at 412nm (37).

Estimation of inflammatory cytokines- Harvested kidney tissues were homogenised by homogeniser to
estimate the inflammation assessment.IL -6 was estimated by using the Sandwich-ELISA principle. The
reaction was terminated by showing the yellow colour after adding stop solution. The optical density
(OD) was measured spectrophotometrically at a wavelength of 450 nm * 2 nm. The OD value is
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proportional to the concentration of Rat IL-6. IL-6 concentration was calculated by comparing the OD of
the samples to the standard curve.

TGF-B1 was estimate by Pre-Coated ELISA (Enzyme-Linked Immunosorbent Assay) kit. Inactive TGF-1
in sample was first turned to activate. The reaction was terminated by showing yellow colour.The O.D.
absorbance read with a microplate reader at 450nm, within 30 minutes of stopping the reaction.TNF-a
was estimated by using ELISA kit, by noted the absorbance at 450 nm within 30 minutes of stopping
reaction.

Urine analysis- 5 ml of collected urine from 24 hours housed rats in metabolic cages, was centrifuged for 5
minutes at 3000 rpm. Supernatant fluid was separated out without any sediment’s traces. Acetic acid
Papanicolaou staining was used as given by Raju (38). After giving 1 %ethanoic acid treatment, to fix the
stain 95%ethanol was used. Harris haematoxylin stain was used and slide was rinsed under running
water followed by 1% ethanoic acid. 0G-6 and EA -50 dye were also used followed by ethanoic acid and
methanol washing respectively. After that xylenefor cleaning processedwas involved for mounting of
slides. Grading was done on the basis of granular casts, immune cells and renal tubular epithelial cells to
check the renal permeability, severeness of injury. Urinary microscopic analysis was executed and graded
according to established scoring norms.

Histopathology- A paraffin enterenced,5um sliced kidney tissue was fixed with sodium azide by natural
buffered formalin. Haematoxylin and eosin stain was used to check the tissue assessment by polarized
optical microscope. The renal tissuedysfunctioning was assessed by bowman’s capsule expansion,cast
development in medullary and cortical area, renal tubular damage and vascular congestion recognition
and categorized as per injury grading: 0%-0,20%-1,20 to 40 %3, 40-60 %-3,60 to 80%-4 and >80%-5.
The overall histopathological score was determined by summing up all individual score in cohort.
Leukocyte intrusion and nuclei differentiation were accomplished in the renal interstitium along with
their enumeration in 20 regions of 0.14 mm 2 (magnification x100), and data was stated as (in) per mm 2.
Brush border mutilation and basement membrane thickness were observed using Periodic acid - Schiff
base (PAS) stain at x200 magnification.

Statistical analysis- Statistical analysis was done by using Graph Pad 6. Means of normally dispersed
variables were examined and followed by one or repeated measures two -way analysis of variance
(ANOVA). If ANOVA conclusions were significant (p < 0.05) in F -statistics, multiple comparison tests viz.
then Tukey' s HSD (Honest Significant Difference) test or Bonferroni test were used. Statistical
significance was estimated at p<0.05 and results were stated as mean standard deviation.

RESULTS

Effect of Eriodictyol on body weight, water/food intake, blood glucose level kidney weight and kidney index -
During the initial phase of experimental period, body weight, water and feed intake was almost equal of
every rat. There was no significant difference in these parameters. when rats were injected with single
dose of STZ, except body weight, all parameters showed a significant hike when comparison was done
with control group animals. Body weight of animals was decreased significantly on comparison to control
group animals. Eriodictyol (1mg/kg, 10 mg/kg) showed a significant restoration of body weight,
water/feed intake and plasma glucose. ED 10 revealed a highly significant decreased in water/ feed
intake (Fig. 1 B, 1 C) and plasma glucose level (Fig. 1 D) whereas body weight (Fig. 1 A) increased
significantly when comparison was done with DNP (Diabetic Nephropathy) ED10+ MV group showed the
antagonist side of ED 10. It reduces the agonist effect of MV and restore the body weight, water and feed
intake and plasma glucose level, when compared with DNP groups animals.

Kidney weight and kidney index are important parameters to show the progression of nephropathy. On
STZ administration, both parameters were increased. Met and Eriodictyol treated animals showed a
significant decrease in kidney weight and index. Among them, ED10 showed a highly significant results
and restore the kidney weight and index. MV treated group showed the synergistic effect with STZ and
enhanced the degree of severity of nephropathy whereas the ED10 antagonized the effect of MV and
restore the animal’s kidney weight and index.
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Fig-1. Effect of ED on (A) mean body weight, (B) mean water intake, (C)mean feed intake, (D) Plasma Glucose level,
(E) Kidney weight, (F)Kidney index. Data of water/feed intake, Plasma Glucose level and body weight were analyzed
using a repeated measure two-way ANOVA and Bonferroni posthoc test. One way ANOVA followed by Tukey’s test
HSD was used to analyze kidney weight and kidney index. Data explored as mean * S.E.M, (n=8) symbols represent
statistical significance.

**Vs Control## Vs DNP, @@@ Vs ED1, $$$Vs MV, p***= <0.001, p ##=<0.001, p #=<0.01, p#=<0.05, p @@@=<0.001,
p%85=<0.001. DNP- Diabetic Nephropathy, ED1- Eriodictyol 1 mg/kg, ED10- Eriodictyol 10 mg/kg, Met- Metformin
200mg/kg, MV-Methyl Vanillate.

Effect of Eriodictyol on serum parameters and urine analysis- Diabetic Nephropathy is characterized by
enhanced level of lipid metabolism, serum creatinine, insulin resistance (HOMA IR) and significant
decrease in serum albumin, insulin, pancreatic activity (HOMA B)was found in diabetic nephropathy
group relative to control group. These serum parameters were ameliorated by Eriodictyol and Met
treatment in rats (Table-1). BUN, SCr,Hb1AC, HOMA IRwere significantly increased in diabetic
nephropathy group. Orally treatment with ED or Met attenuated the level of these parameters.
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An impairment also observed in lipid profile of STZ injected animals relative to control group rats. On
STZ administration, a hike in VLDL-C and LDL-C level whereas a decline was noted in HDL-C level on
blood analysis.ED10 and Met treatment showed a highly significant result when data was compared with
DNP group animals (Table-1). MV treated animals did not show any improvement in lipid profile, but also
worst the animal condition relative to DNP animals. A significant increase in urine albumin (UAlb) and
urine albumin excretion rate (UAER) was observed in DNP group when comparison was done with
control group animals whereas urine creatine (Ucr) and creatinine clearance (CrCl) level got attenuated.
ED and Met administration showed a significant upsurge of UAlb, UAER and diminution of Ucr, CrCl level.
MV treatment to DNP animals, significantly enhanced the urine albumin and its excretion and decline the
Ccr and Ucr level (Table-1).

Table-1. Evaluation of serum and urine parameters

Paramete | Controlgro | DNP ED1 ED10 MET MV MV+ ED10
s up

SAIb 295.2420.7 142.2425.12 | 283.5£16.77##@ | 260.7+27.75% 179.8+14.51
(ng/mL) 3 89.2432,9%** #h @@ #h 44.34+24.55# | $5$

HbA1C 14.62+3.34 52.38+4.673 | 26.55+7.207##@ | 34.2+6.207#% 46.39+5.67%
(ng/mL) 5 69.5+9.564 %+ | ##i @@ # 80.96+4.953# | $

Insulin BT | 18.89+1.43 | 9.954+1.822* | 10.28+1.697 9.369+1.196* | 8.985+1.646** | 8.997+1.518
(WU/mL) | 2 * ok 9.955+1.244%%* | *x * ok

Insulin AT 9.614+2.049** | 13.46+2.524 17.56+1.17# 13.25+2.348
(uU/mL) | 19.2+1.164 | * #h 17.3+1.335###e@ | # 6.197+2.952# | %

BUN 5.299+2.27 | 21.1742.756%* | 16.17+4.423 | 9.312+2.895##@ | 10.09+3.464* 15.82+2.836
(mmol/L) | 2 * # @ #h 26.65+3.191# | 8

SCr 97.61£8.29 160.7+58.59###@ | 158.8+20.87+# 229.1£45.15
(umol/L) | 8 354+47.97%* | 290+36.55% | @@ #h 418.6%26.1# $

HOMAB 211.1+14.6 10.4+1.987* 10.01+1.229* | 9.752+1.698** | 9.398+1.219
BT 8 10+1.669%+* o 11.3243.512%%* | ** * ok

HOMAB 207.3+19.2 18.53+5.856 12.14+3.218
AT 6 11.92+4.38%+* | # 19.8+4.804## 19.15+2.919# | 5.222+1.093# | %

HOMAIR | 2.727+0.85 | 9.117+1.464* | 9.517+1.173 9.641+1.229* | 8.935+1.501* | 9.067+1.214
BT 52 * ok 9.65+1.081%+* o * ok
HOMAIR | 2.915£0.67 | 8.948+0.9569* | 7.103+0.740 | 4.939+0.7007## | 6.14+0.6577* 7.516£0.789
AT 77 o 144 @ee #h 10.78+1.606# | 1855

HDL#+C 2.782+0.64 | 0.8355+0.131 | 1.564+0.409 1.838+0.426 | 0.0771620.01 | 1.295%0.417
(mg/dL) 3 Fhrk 3# 2.127+0.6823### | 7H## 83## 755

LDL*C 1.565+0.40 | 9.415+0.7848* | 7.941+1.006 | 2.407+0.6409### | 5739+1.024# 7.576£1.051
(mg/dL) 52 o # @ee #h 11.11+0.77# s8$

VLDL*C 292.3+60.7 | 914.1+162.8%** | 745.1+140.6 | 335.6+51.79##@ | 507.3+83.49# 658.8+£60.28
(mg/dL) 5 * # @@ ## 1088+120.1# $$$

TC 18.42+2.239** | 14.71+2.769 | 5.892+1.667##@ | 7.574+1.675% 13.02+1.153
(mg/dL) 5.359£2.45 | * # @@ #h 22.2+1.864# s88

TGs 2.499+1.27 | 9.847+1.082* | 7.852+1.087 | 3.287+1.197##@ | 6.57+0.6867* 7.57+1.199%5
(mg/dL) 3 * # @@ #h 12.27+1.357# | $

UAIb(ng/ 298.7+34.64** | 244.1+36.08 | 101.8+39.8##e@ | 151.8+41.13# 200.6+38.33
ml) 29.08+9.82 | * # @ #h 354+37.08# s88
UCr(umol | 725.2+44.3 | 152.3+56.11** | 275.1+47.78 | 675.9+55.59###@ | 627.6+31.23# 429.9+49.83
/M 1 * #e @@ #h 64.79+25.45#% | 8

crcl 3.969£0.67 | 1.656+0.417** | 2.539+0.534 | 3.836+0.594##@ | 3.244+0.542# | 0.5584+0.181 | 2.429+0.406
(ml/min) 1 * # @@ ## 6H# $$$

UAER 0.8916+0.3 | 56.18+7.177* | 36.51+6.693 | 7.32%3.713##@@ | 14.95+3.76## 31.62+6.804
(ng/min) 28 * it e # 85.29+15.5### $5$
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Value Mean # S.E.M, (n=8) symbols represent statistical significance.” Vs Control,### Vs DNP, @@@ Vs ED1,
$85Vs MV, p***= <0.001, p ###=<0.001, p ##=<0.01, p*=<0.05, p @@@=<(0.001, p*¥¥=<0.001. One way ANOVA
followed by Tukey’s HSD Multiple Comparison test. DNP- Diabetic Nephropathy, ED1- Eriodictyol 1
mg/kg, ED10- Eriodictyol 10 mg/kg, Met- Metformin 200mg/kg, MV-Methyl Vanillate, SAlb- Serum
Albumin, SCr- Serum Creatinine, BUN- Blood Urea Nitrogen, BT= Before Treatment,AT=After Treatment,
HbA1C= Glycated Haemoglobin, HOMA-B=Homeostasis Assessment Model for [ cells, HOMA-
IR=Homeostasis Assessment Modelfor Insulin Resistance, HDL-C=High Density Lipoprotein Cholesterol,
LDL-C= Low Density Lipoprotein Cholesterol, VLDL-C=Very Low Density Lipoprotein Cholesterol, TC=
Total Cholesterol, TGs-Triglycerides,UAlb- Urine Albumin, CrCl= Creatinine Clearance, UCr- Urine
Creatinine , UAER- Urine Albumin Excretion Rate.

Effect of Eriodictyol on oxidative stress, inflammatory parameters- Diabetic nephropathy group showed a
significant decrease in GSH,GPx,catalase and SOD activity and increase in TBARS and nitrites level in
kidney relative to control group. ED and Met treatment to DNP animals, exhibit a significant decrease in
nitrites level, reduce lipid peroxidation by decreasing TBARS level and restore the level of antioxidant
enzymes to reduce oxidative stress (Table-2).MV is the drug which enhanced the effect of STZ on animals
and severe the level of renal toxicity by decline the antioxidant enzymes level and enhancing lipid
peroxidation relative to DNP group. ED 10 decreased the lipid peroxidation and restore the activity of
antioxidant enzymes.

DNP group showed a significant increase in inflammatory biomarkers(IL-6, TNF-a and TGF-f1) in
comparison tocontrol group. When ED and Met treatments was given to DNP animals, the showed a
significant decrease in inflammatory biomarkers relative to DNP group (Table -2).MV administration to
DNP animals, enhanced the blood level of inflammatory biomarkers by act as agonist to Wnt receptors.
ED10 treatment to MV and STZ injected animals significantly upsurge the inflammatory biomarkers level.

Table-2. Evaluation of oxidative stress, inflammatory parameters and AGEs.

Parameters Control DNP ED1 ED10 MET MV MV+ ED10
group

GPx (nmol/mg) | 41.7+¢9.5 | 12.99+3.39 | 21.65+5.0 | 37.88+5.5###@ | 31.84+5.24 | 4.425+2.82 | 23.17+4.1
7 *okok 1# @@ H#iH# 6# 0$$$

GSH 102.3£9. | 30.92+9.63 | 45.78+9.2 | 95.65+8.26### | 85.57+11.3 | 16.31+£7.25 | 67.42+5.6

(umol/mg) 79 kK A# @@@ AH## # 29$%$

SOD (U/mg) 37.04+5. | 17.01+4.17 | 25.08+3.3 | 37.6+£7.50##@ | 31.85+6.72 | 7.918+3.31 | 27.11+3.0
91 Hoxok o# ee i # 158

TBARS 14.94+5. | 60.54+9.93 | 48.24+7.6 | 21.74+6.15### | 29.03+5.31 | 80.89+9.16 | 42.93+7.9

(nmol/mg) 44 kK A# @@@ H#it# # 3$$$

CAT (units /mg | 66.12+1 22.1443.25 | 33.31+9.1 | 65.54+4.60## | 56.72+3.97 | 10.19+£2.27 | 44.74+3.6

tissue) 1.6 ok 2# eee@ it # 6558

NITRITES(umo | 16.04+5. | 75.46x6.79 | 65.1£9.18 | 27.42+4.19## | 30.25+5.76 | 85.05+4.19 | 51.68+6.6

l/mg) 28 kK # @@@ #iH # 63%$

IL+6 58.3+14. | 275.5+£35.7 | 226.7433. | 85.81+16.37#* | 134.3+27.0 | 337+34.78 | 166.4+26.

(pg/ml) 01 WAool 38# #E@@ 1 ### ## OG5$$$

TNFxa(pg/ml) 67.95+1 188.2+35.6 | 147.9+21. | 86.87+19.04## | 97.11+11.1 | 231.5+23.5 | 127.9+11.
0.68 ok AGH# #0@@ gHut At 3355%

TGF£31 61.03% 281.7425.9 | 220+23.38 | 90.52+29.68## | 120.6+20.7 | 358.4+33.5 | 178.2+37.

(pg/ml) 27.61 S Seiaid ## #E@@ 1 ### Qi 4.23$$

AGEs (pg/ml) 28.14+6. | 147.8431.4 | 110.4+28. | 53.4+16.91## | 80.76+15.8 | 184+13.92 | 111.9+17.
83 Hoxok 71 ## eee T # 155$$

Value Mean * S.E.M, (n=8) symbols represent statistical significance.” Vs Control,### Vs DNP, @@@ Vs ED1, $5$Vs MV,
p***=<0.001, p ###=<0.001, p ##=<0.01, p#=<0.05, p @@@=<(0.001, p*$$=<0.001. One way ANOVA followed by Tukey’s
HSD Multiple Comparison test. DNP= Diabetic Nephropathy, ED1= Eriodictyol 1 mg/kg, ED10= Eriodictyol 10 mg/kg,
Met=Metformin 200mg/kg, MV-Methyl Vanillate, GSH= Glutathione, GPx= Glutathione Peroxidase, SOD= Superoxide
Dismutase, TBARS/LPO= Thiobarbituric acid reactive substances/Lipid Peroxidation, IL-6= Interlukin-6, TNF-a=
Tumor Necrosis Factor- alpha, TGF-B1=Transforming Growth Factor-beta, AGEs= Advanced Glycation End
Products.

Effect of Eriodictyol on Adavnced Glycation End products- Advanced Glycation End Products level (Table-2)
was found high in DNP and MV group animals. ED treatment showed highly significant restoration of
AGEs on comparison to DNP by decreasing its level in tissue. ED 10 also ameliorated the effect of STZ with
MV.
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Histopathological evaluation of Eriodictyol-Tubular cast and tubular injury in medulla and cortex,
vascular congestion was observed in histopathology of isolated kidney of DNP rats and Methyl Vanillate
treated rats (Fig. 2D). Bowman'’s capsule enlargement, mesangial expansion, hypercellularity were also
the characteristics of diabetic kidney and observed by various staining of kidney tissue (Fig. 2D). ED
treatment showed a remarkable improvement in histopathological score (Fig. 2A) and different form of
tissue damage relative to DNP rats (Fig. 2D). ED treatment reduces the infiltration of interstitial leucocyte
in tubular area and lymphocytes clusters as compared to DNP rats (Fig. 2C). Urinary microscopic score
reveals the renal tubular epithelial cells, granular cast, leukocyte cells and crystals in urine of DNP rats
which was attenuated by ED treatment (Fig. 2B).

H&E Staining PAS Staining Pap Staining
§ » .‘.'IV 3
= D B .
() : 0 20
10
ol £ S
E E ol

o‘*&&dg @b'\@"o N ‘s‘“,g?‘

ED1

ED10
Urinary microscopic score

ol -
§ C
< 100
TS
:gg 80
‘ 0=
=1 8E 60
c
S =2
5]
; g8
4] 20
k]

MV+ED10

BEPLS Vol 12 [5] April 2023 53|Page ©2023 AELS, INDIA



Malik and Singh

Control
DNP

Ed1

Ed10

Met

Mv
Ed10+MV

ANEDHEAD

AAARAARARARRANRRRRRRY
AXARAAAARARRRNNNNNNNNY

o

\2

006 (‘é’ \(‘f ‘f"\“d)‘@

&«s o
f’f 2 e
f g
D

Fig-2. Renal histopathology H&E stain (x 100, 100 um). Vascular congestion (orange arrow), interstitial leukocyte
(monocytes, eosinophils, basophils, neutrophils) infiltration in tubular regions (black arrow), the cluster of
lymphocytes (yellow arrow), and tubular cast formation (green arrow). PAS stain (x 100, 50 um).Bowman’s capsule
enlargement, tubular dilation, hypercellularity (black arrow), and mesangial expansion (yellow arrow). Papanicolaou
staining (Pap stain) of urinary sediments- Leakage of leukocytic cells in the urine (black arrow), granular cast (GC)
(green arrow), renal tubular epithelial cells (RTECs) (blue arrow), and crystals (green arrow). Fig A- renal
histopathology score, B- Urinary microscopic score, C-Renal interstitial leukocyte infiltration, D- Renal Tissue Damage
Score.
Value Mean * S.E.M, (n=8) symbols represent statistical significance.” Vs Control,### Vs DNP, @@@ Vs ED1, $$Vs MV,
p***=<0.001, p ###=<0.001, p ##=<0.01, p#=<0.05, p @@@=<(0.001, p*$$=<0.001. One way ANOVA followed by Tukey’s

HSD Multiple Comparison test, DNP= Diabetic Nephropathy, ED1= Eriodictyol 1 mg/kg, ED10= Eriodictyol 10 mg/kg,
Met=Metformin 200mg/kg, MV-Methyl Vanillate.

DISCUSSION

Diabetic nephropathy is an end stage renal disease and clinically it can be identified by the level of
albuminuria. Mismanagement of glucose level in blood for prolonged time mediates the podocyte
dysfunctioning, deposition of various kind of cell proteins like actin, collagen fibers in tissue causes
fibrosis and glomerulosclerosis (39). It alters the glomerular filtration rate by initiating podocytes loss. It
leads to thickening of basement membrane, mesangial expansion, epithelial mesangial transmission (40).
These all changes in renal tissue, are the results of impairment of various signalling pathways. Among
them Wnt/f3 catenin signalling pathway is one of the important pathway, by targeting this pathway can
find some new treatment alternatives of DN.

In Wnt/p catenin signalling pathway, Wnt ligands or Wnt proteins binds to frizzled receptor and
dephosphorylates the  catenin from destruction complex composed of APC, CK1 GSK in cytosol and
increase the cytoplasmic availability of  catenin (41). This {3 catenin is a transcription regulator in cell,
responsible for kidney growth in early stage by regulating the podocyte formation (42). Podocytes cells
are act as a filtration membrane in glomerulus for protein in a nephron. In adult age, 8 catenin remains
silent in body (43,44). Wnt/  catenin reactivation is found activated in many other diseases pathogenesis
(45). When it gets activated in podocytes, it enhances the albumin secretion in urine (46). High glucose
level in blood mediates the apoptosis of podocytes by activating Wnt/ catenin pathway (47). Various
studies revealed that, this cascade also promotes the renal fibrosis on activation. Methyl vanillate is a
Wnt/B catenin signalling pathway agonist which activates the Wnt/p catenin cascade and stimulates
podocytes apoptosis and renal fibrosis (48). It enhances the severity of nephropathy in presence of STZ
and hyperglycaemic conditions in body.

Flavonoids are well known for their anti-oxidant activity. They are the terminator of free radical chain
and enable to catalyse the lipid peroxidation of cell membrane (49). They have electron donating
capability to chelates redox active metal ions and scavenges other reactive oxygen species also.
Eriodictyol possess many unsaturated bonds and hydroxyl groups in its structure to donate the free
electron to neutralize various reactive oxygen species and stabilize them. It intract hydrophobically to the
membrane and protect it from leakage followed by damage.lipid peroxidation (50). Flavonoids contain
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more OH groups possess more potent antioxidant and anti-inflammatory activity (50,51). Eriodictyol
expressed better antioxidant activity in comparison to other flavonoids like luteolin, quercetin and
taxifolin in renal cells 51. Eriodictyol is a phenolic compound and contains two sites for chelation: 5,7-
dihydroxy-4-chromane and 3’,4’,-dihydroxyl groups. The structure of eriodictyol is efficient to free radical
scavenging properties, by which it can easily improve oxidative stress of a cell (52).

In this study, STZ treatment to rats, damages their pancreatic  cells and decreases the insulin formation
and its secretion. It initiates the (3 cells necrosis by stimulating DNA fragmentation via PARP pathway.
Insulin deficiency leads to alteration in glucose, lipid, fat and protein metabolism and create a
hyperglycaemic condition in body. STZ also alters various biological reactions in pancreas. In this study a
single dose of STZ 55 mg/kg is given to the rats to generate hyperglycaemic condition in body. This hyper
glycaemic condition remains untreated for 8 weeks to develop diabetic nephropathy (53,54). It stimulates
catabolism of protein and fats, contributes to increase body weight. Eriodictyol is found highly
significantly effective in restoring the body/kidney weight and decrease polydipsia and polyphagia,
increased plasma glucose level. Kidney weight was also controlled by protecting renal cells from
hypertrophy and hyperplasia (55).

HOMA is a homeostatic Assessment Model known to check the progression of diabetes and its
complications. HOMA-IR is stands for homeostatic Assessment Model for Insulin Resistance whereas
HOMA-f stands for (-cells activity of pancreas. High values of HOMA-IR indicate the high chances of
cardiovascular diseases and diabetes development (56). Presence of IR in blood of diabetes’s patient or
end stage renal disease anticipate the cardiovascular mortality which is the result of genetic factors and
environment. This event in blood leads to dyslipidaemia (57). Impairment in lipid and protein
metabolism can leads to atherogenic dyslipidaemia. Triglycerides and LDL level increases due to insulin
resistance whereas HDL level goes to downfall in diabetes malletus and end stage kidney disease (58).
Insulin resistance and triglyceride interaction are bidirectional. Hypertriglyceridemia and increased fats
metabolism can contribute to insulin resistance (59). It has been reported that elevated HOMA-IR level
also correlated with increased prevalence of microalbuminuria (60,61). In current study STZ treatment to
rats, elevate their HOMA-IR and decline HOMA-f. Eriodictyol and metformin treatment restored their
levels by decreasing HOMA-IR and increasing HOMA-f3 level in blood.

In diabetic nephropathy, decreased insulin secretion results enhanced lipolysis and decreased lipogenesis
and decreased HDL level and increased LDL level. Eriodictyol improve lipid metabolism, leads to
increased HDL level and decreased TGS, TC, LDL level in blood.

To maintain the oxidative stress of a cell, there is a lot of antioxidant enzymes are present in a cell. In DN,
excessive formation of free radical ions which leads to DNA damage and other pathological changes in
tissue. These reactive oxygen species leads to renal tissue damage by lipid peroxidation of cell
mambranel and generate oxidative stress in cell (62). In normal condition, oxidative stress is maintained
by antioxidant enzymes, which was responsible for removal of reactive oxygen species. Eriodictyol
treatment enhances the decreased level of SOD, GSH, Gpx and Catalase enzymes.

AGEs are the results of glycation of reduced sugar in hyperglycemic condition and mediates blood vessel
damage, in irreversible condition (63). It is remarkably high in nephropathy as compared to other
complication (64). In DN, its increased level plays an important role in pathogenesis of renal tissue
damage. Eriodictyol treatment declines its level and prevent renal tissue from damage.

Anti-oxidants and anti-inflammatory are the two main defense systems of cell which protect it from the
various diseases. These two activities help in maintain the renal structure and functions(65). In current
study proinflammatory markers (IL-6, TNF-a and TGF-f1) are measured and found increased in blood
stream. Increase in these values leads to stimulates inflammatory reactions. Over production of IL-6 leads
to glomerulosclerosis (66) while TNF-a mediates decreased glomerulus filtration rate by damaging the
epithelial cells in kidney tubule and glomerulus (67).TGF-f3 enhances the extracellular matrix protein in
renal cells and causes glomerular basement membrane thickening (68). Eriodictyol treatment decreased
their elevated levels and improves the renal tissue condition.

In histopathology, STZ provoked DN characteristic features such as Bowman’s capsule enlargement,
mesangial expansion, hypercellularity, vascular congestion, leukocytes infiltration in tubules, tubular cast
formation. Microscopic analysis of urine also explore leakage of leukocytic cells, granular cast, crystals
and renal tubular epithelial cells. Met and eriodictyol preserve the integrity of renal cells and leukocytes
infiltration relative to diabetic nephropathy. Natural products are getting attention these days in diabetes
and its complication managment. Metformin is already used for diabetic nephropathy treatment but it
also generates a lot of side effects like anaemia, hypoglycaemia, anorexia and lactic acidosis. Eriodictyol
might be an effective treatment against DN in long term use or may be a complement drug with reduced
clinical dose of metformin, by which side effect of metformin can be managed.
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CONCLUSION

Eriodyctiol found effective to treat DN and prevent its progression via Wnt/f- catenin pathway. It also
showed improvement in pathological changes against diabetic nephropathy. Its anti-inflammatory and
antioxidant activity and restoring of disease symptoms, make it a good alternative against existing drugs
of nephropathy.
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