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ABSTRACT

Diabetic nephropathy is a common diabetic complication and a primary cause of end-stage renal failure in
many parts of the world. Synthetic medications are excellent at lowering blood sugar levels, but they come
with a slew of unpleasant drawbacks.To combat this, natural products that may be used as a dietary
supplement to prevent diabetic nephropathy are needed. Most medicines that induce nephrotoxicity which
exerts toxic effects by one or more common pathogenic mechanisms. Alloxan andStreptozotocin are the two
most often used medicines among them. Alloxan and Streptozotocin-induced diabetic nephropathy in rats
provide useful models for studying effect of natural product effect. Many researchers have utilised the model
to investigate the effects of medications on diabetes. In traditional medicine, natural products such as crude
herbals, extracts, polyherbal formulations, herbo-mineral formulations, and others have been used to treat
diabetes.In this review, we compiled several natural herbs that are used in the management of Alloxan and
Streptozotocin induced diabetic nephropathy with their parameters evaluated.
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INTRODUCTION

Diabetes mellitus, or diabetes, is a group of metabolic disorders marked by a persistently high blood
sugar level. Hyperglycemia is a symptom of diabetes mellitus, which is caused by difficulties with
insulin production, insulin action, or both. Sustained hyperglycemia is also linked to long-term organ
damage, malfunction, and failure, and is a key contributor to the development of numerous
problems in diabetic patients.However, diabetes is the main cause of renal failure that requires
dialysis or transplantation. Nephropathy is said to occur in 30-40% of diabetic patients and has
become a major cause for end-stage renal disease (ESRD)(1).Diabetic nephropathy (DN) is the steady
progression of renal insufficiency in the presence of persistent hyperglycemia. Early
microalbuminuria, renal hyperfiltration, hyper-perfusion, enhanced capillary permeability to
macromolecules, and proteinuria with or without chronic renal insufficiency that leads to ESRD are
all symptoms of DN(2).In diabetes, the toxic concentration of blood glucose levels damages the renal
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tissue, which leads to altered renal function, causing diabetic nephropathy. Elevated blood glucose
and glycosylated protein levels, associated with increased oxidative stress produce hemodynamic
changes within the renal tissue, thereby leading to altered kidney function in patients with diabetes
mellitus(3). Approximately, 30% of all diabetic patients convert into diabetic nephropathy after 10-
20 years of diabetes. The tubular cells of the kidney are one of the primary targets of hyperglycemia,
and chronic exposure to high blood glucose levels causes early renal pathological changes such as
tubulointerstitial changes, increased tubular basement membrane thickening, glomerular and
tubular hypertrophy, protein matrix accumulation, and the development of renal hypertrophy(4).
Elevated glucose and cholesterol levels, increased production of inflammatory cytokines are the
predisposing factors for the progression of renal damage in diabetic nephropathy(5).Diabetic
nephropathy is one of the most serious complications of both type 1 and type 2 diabetes, and its
prevalence and mortality rates are rising in developed countries.Several medical herbs or natural
medicines have recently been promoted as an alternative to the current DN treatment(6). In DN,
when hyperglycemia is maintained for a long time, nephropathy occurs due to the multiple cellular
mechanisms including, activation of protein kinase C (PKC) pathway, cytokines production, and
enhanced polyol pathway, increased formation of advanced glycation end products, increased
oxidative stress and hexosamine pathway. It can lead to high production of reactive oxygen species
(ROS) and a simultaneous reduction of the antioxidant defense mechanisms, which can cause
oxidative stress(7). Hyperglycemia in diabetes causes mitochondrial dysfunction and an increase in
reactive free radicals, which leads to DNA damage and apoptosis. Hyperglycemia enhances
glutathione oxidation and lipid peroxidation, as well as causing oxidative stress. Finally,
hyperglycemia causes oxidative stress in diabetic nephrons, which activates a number of metabolic
processes that result in renal cell death, increased albuminuria, and renal failure(8). In recent years,
diabetic nephropathy has been defined as evidence of a renal abnormality characterised by
proteinuria equivalent to or more than 300 mg/day in a diabetic patient. All of these new findings
have resulted in the concept of diabetic nephropathy being renamed "diabetic kidney disease"(9).
Because DN is the major cause of chronic kidney disease, which normally leads to ESRD or dialysis.
The mortality of dialysis patients with DN is higher than that of non-diabetic patient(10). If glucose
level in the blood remains high (hyperglycemia) over a long period, this can result in continuing
damage to organs, such as the kidneys, liver, eyes, nerves, heart, and blood arteries. Other
complications associated with damaged tissue in vital organs can lead to death in people with
diabetes(11).Hyperglycemia has been linked to the progression of nephropathy in both experimental
animals and diabetic patients in numerous studies(8). Diabetes without treatment causes significant
tissue and vascular damage, which can lead to serious complications such retinopathy, neuropathy,
nephropathy, cardiovascular complications, and ulceration(12).

Nephrotoxicity

The harmful impact of chemicals on renal function is known as nephrotoxicity(13). Nephrotoxicity is
the term used to describe kidney impairment that occurs as a direct or indirect effect of medication
exposure. It is common in elderly people with several chronic diseases, and drugs can cause
nephrotoxicity through a variety of pathways, resulting in acute kidney damage and chronic kidney
disease (14). Kidneys are the body's blood filtration system(15), and they are responsible for
maintaining homeostasis, regulating the extracellular environment, and excreting harmful
compounds and medications. Nephrotoxicity is caused by the poisonous effects of various
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substances. Therefore, the kidney can be considered as a major target organ for exogenous
toxicants. Nephrotoxicity is a kidney-specific feature in which excretion does not go smoothly owing
to toxic chemicals or drugs(16). It is the cause of acute renal injuries in 60% of all clinical cases and is
associated with several side effects and mortality and it can be diagnosed through simple blood
tests(17). The presence of nephrotoxicity can be determined by the levels of blood urea nitrogen,
the concentration of serum creatinine, glomerular filtration, and creatinine clearance. Drug-induced
nephrotoxicity, which is the toxicity in the kidneys, it displays symptoms such as decreased urine
output, fluid retention, fatigue, and nausea(15).

Chemical model to induced diabetic nephropathy

The chemical induction of diabetes appears to be the most commonly used method for inducing
diabetes in experimental animals.Alloxan and streptozotocin are the two agents most widely used
chemicals to induce experimental diabetes(18), and these models have been useful for the study of
multiple aspects of the disease.The surgical and genetic approaches of inducing diabetes in animals
are associated with a high rate of morbidity and mortality. As a result, the alloxan and streptozotocin
induced diabetes model appears to be the most consistent and repeatable approach of inducing
diabetes in experimental animals.

Chemically
Induced Model

Alloxan Streptozotocin

Fig.1 Most frequently diabetogenic chemical model to induced diabetic nephropathy

The dose of these agents required for inducing diabetes depends on the animal species, route of
administration, and nutritional status(19). Drug-induced nephrotoxicity is an extremely common
condition and is responsible for a variety of pathological effects on the kidneys(20). Most drugs
found to cause nephrotoxicity to exert toxic effects by one or more common pathogenic
mechanisms. These include altered intraglomerular hemodynamics, tubular cell toxicity,
inflammation, crystal nephropathy, and thrombotic microangiopathy(20).Nephrotoxic drugs (ND) as
therapeutic agents that have the potential to cause adverse effects on renal function as a result of
direct toxicity or compromised renal perfusion, ND include acute tubular necrosis, glomerular and
tubulointerstitial injury, hemodynamically mediated damage and obstructive nephropathy(21).
Recognition of drug-induced nephrotoxicity as a significant contributor to kidney disease including
acute kidney injury and chronic kidney disease has gained increasing momentum in recent times.
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Consequences of drug toxicity might include both glomerular and tubular injuries leading to acute or
chronic functional changes(22). STZ and Alloxan inhibit many cellular functions includes its selective
uptake by pancreatic B cells and its toxic effector mechanism in the animal body to create a diabetic
model(23)(24).

Alloxan Induced Diabetic Nephropathy

Alloxan is also called as mesoxalylurea, mesoxalylcarbamide 2, 4, 5, 6-tetraoxohexa hydropyrimidine
or pyimidinetetrone. The name Alloxan emerged from the merging of two words, i.e., Allantoin and
Oxaluric acid(24). The compound has the molecular formula, CsH;N,04, and a relative molecular
mass of 142.06. Alloxan was first isolated by Brugnatelli in 1818 and initially described by Frederick
Wohler and Justin Liebig in 1838(25).It is a urea derivative and is highly unstable in the water at
neutral pH, but reasonably stable at pH 3(26). Alloxan is important for diabetogenic drugs to create
animal models of diabetes mellitus(23). It has been widely used to produce experimental diabetes in
animals such as rabbits, rats, mice, and dogs with different grades of disease severity by varying the
dose of alloxan used, hence it is used to induce diabetes in laboratory animals(24). Induction of
diabetes mellitus by giving subcutaneous freshly prepared alloxan solution 120 mg/ kg dissolved in
0.5 ml acetate buffer (pH 5.5) to overnight fasting animals. After 48 hours of alloxan injection, rats
were fasted overnight (8-10hrs) and administered glucose (3gm/kg body weight) by gastric
intubation(27). After 72h of alloxan, 18 h fasting blood sugar was estimated by glucose oxidase
method(28). Diabetogenic effects of alloxan differ in various animal species and are also influenced
by the nutritional state of experimental animals. Fasted animals are more susceptible to ALX(29).
The drug has been its diabetogenic action when administered parenterally, i.e., intravenously,
intraperitoneally, or subcutaneously. The dose of alloxan required for inducing diabetes depends on
the animal species and route of administration(30).

Mechanism of Alloxan induced diabetic nephropathy

Alloxan exerts its diabetogenic action when it is administered parenterally: intravenously,
intraperitoneally, or subcutaneously(31). Alloxan-induced destruction of the pancreatic islet beta-
cell produces permanent diabetes mellitus in a wide range of species and, in the appropriate dose, it
is selective to islet beta cell, producing minimal effects on other structures.(18) Diabetes mellitus
was experimentally induced in New Zealand white male rabbits by intraperitoneal administration of
four doses of alloxan as 80 mg/kg body weight at weekly intervals following 12hr fasting.
Histomorphological alterations were recorded for the pancreas, kidneys, lungs, heart, and brain in
diabetic rabbits(26).Alloxan causes diabetes by a mechanism that involves partial degradation of the
beta (b) cells of pancreatic islets and subsequent compromise in the quality and quantity of insulin
produced by these cells(25).Alloxan has two distinct pathological effects: it selectively inhibits
glucose-induced insulin secretion through specific inhibition of glucokinase, the glucose sensor of
the beta cell, and it causes a state of insulin-dependent diabetes through its ability to induce ROS
formation, resulting in the selective necrosis of beta cells(32). After entering the B-cells, ALX
participates in several processes that can cause damage to P-cells leading to their
necrosis(29).Alloxan reacts with two -SH groups in the sugar-binding site of glucokinase and results
in the inactivation of the enzyme(30).Alloxan can generate reactive oxygen species (ROS) in a cyclic
reaction with its reduction product, dialuric acid, as depicted in the text box ‘Chemical redox cycling
reactions between alloxan and dialuric acid, and protective actions of cytoprotective enzymes’. In
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the beta-cells, the toxic action of alloxan is initiated by free radicals formed in this redox
reaction(32).

Streptozotocin-Induced Diabetic Nephropathy

Streptozotocin (STZ) is a naturally occurring nitrosourea with a molecular weight of 265 and
empirical formula of C14 H27 N5 O12. It is widely used to induce insulin-dependent diabetes mellitus
in experimental animals because of its toxic effects on islet beta cells(33).Streptozocin (STZ) is a
glucosamine-nitrosourea compound that has been in the clinical trial since 1967(26). STZ has four
important biological properties as evidenced by its antibiotic, B-cell cytotoxic, oncolytic, as well as
oncogenic effects. STZ is an antibiotic and antitumor agent, which induces diabetes mellitus via the
reduction of nicotinamide adenine dinucleotide in pancreatic B-cells in vivo(23). Diabetes can be
induced by STZ either by a single injection or by multiple low dose injection of STZ. It is the most
commonly used drug for the induction of diabetes in rats(26). Diabetes was induced in male Wistar
albino rats aged 2-3 months (180-200 g/body weight) by intraperitoneal administration of STZ
dissolved in freshly prepared 0.01 M citrate buffer, pH 4.5. After 72 h, rats with marked
hyperglycemia (fasting blood glucose>250mg/dl) were selected and used for the study(34). Further,
the administration of a 5% glucose solution during the first 24 h following STZ injection prevented
early mortalities(35). The fasting serum glucose level was measured by the glucose oxidase-
peroxidase method using a glucose test kit. Only rats with fasting blood glucose level of 250 mg/dI
and above were considered as diabetic and those with blood sugar level 130 mg/dl and below were
considered as non-diabetic(36). The main characteristic symptoms in STZ-induced diabetic rats
showed a significant increase in blood glucose (hyperglycemia), water intake (polydipsia), food
intake (hyperphagia), which accompanied with severe loss of body weight. Increased water and food
consumption result in a direct accumulation of glucose in the blood and an increase in the urinary
excretion of glucose(37). STZ-induced diabetic rats, severe hyperglycemia were developed, with a
marked increase in proteinuria and albuminuria(36).

Mechanism of Streptozotocin-induced diabetic nephropathy

Streptozotocin is a naturally occurring chemical; accustomed to produce Typel diabetes within
animal design and Type2 diabetes along with multiple low doses.Streptozotocin prevents insulin
release and causes a situation of insulin-dependent diabetes mellitus. Streptozotocin is less lipophilic
as well as selectively gathered in pancreatic beta tissue via the actual low-affinity GLUT2 sugar
transporter within the plasma membrane(38). Thus, insulin-producing cells that do not express this
glucose transporter are resistant to streptozotocin(32).The streptozotocin enters the pancreatic cell
via a glucose transporter-GLUT2 (Glucose transporter 2) and causes alkylation of DNA. Further STZ
induces activation of poly adenosine diphosphate ribosylation and nitric oxide release, as a result of
STZ action, pancreatic -cells are destroyed by necrosis and finally induced insulin-dependent
diabetes(30).Streptozotocin is also selective for the pancreatic islet beta-cell and can also produce
permanent diabetes in mice, rats, dogs, and other species although the rabbit is relatively
resistant(18). Intravenous injection of 60mg/kg dose of streptozotocin in adult Wistar rats causes
swelling of pancreas followed by degeneration of Langerhans islet beta cells and induces
experimental diabetes mellitus in the 2-4 days. Three days after the degeneration of beta cells,
diabetes was induced in all animals(26).Streptozocin is a natural diabetogenic agent that induces
permanent diabetes in animal models by damaging pancreatic B-cells that stops insulin production.
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Its B-cell toxicity is reasoned through the Carbamoylation of proteins, alkylation of DNA, the release
of free radicals (ROS and RNS), and inhibition of O-GIcNAcse(38).The biochemical Streptozotocin
enters the pancreatic cell via a glucose transporter-GLUT2 and causes alkylation acid
(DNA)(39).Streptozotocin prevents Cellular reproduction with a much smaller dose than the dose
needed for inhibiting the substrate connected to the DNA or inhibiting many of the enzymes
involved in DNA synthesis(33).

Natural productsproducts used in ALX and STZ induced diabetic nephropathy

Natural products are easily available medication for targeting several human
disorders(40)(41).Natural medicinal plants are the gift of nature to have disease free healthy life to
humans(42). Natural productsextends its protective effect through a variety of mechanisms. Most
natural products, such as crude herbals, extracts, polyherbal formulations, andherbo-mineral
formulationshave been employed in the therapy of Alloxan and Streptozotocin caused diabetic
nephropathy. Several natural herbs that are used in the management of Alloxan and Streptozotocin
induced diabetic nephropathy with their parameters protected are listed in Table 1 & 2.

Table 1. Plant and plant products used in ALX induced diabetic nephropathy

Sr. No. Natural Products Parameters Protected

1 Aloe VeraGel Fasting Blood Glucose, Urea, Uric Acid, Aloumin, Protein
and Creatinine, Lipid Peroxidation, Histological Analysis(43)

2 Phaleria macrocarpaBoerl Histological Analysis(44)

3 Mucuna Pruriens Root Glucose Tolerance Test, Estimation of Fasting Blood
Glucose (FBG), Urea, Serum Total Protein, Serum Albumin,
Serum Concentration of Sodium lon, Potassium,
Bicarbonate lon, Cholesterol, HDL-Cholesterol, Triglyceride.
Hematological Analysis- RBC, WBC, Hb, HCT, MCH,
Corpuscular Volume, MCHC, MCV, Differential White Blood
Cell Counts(45)

4 Cardamom Leaves Blood Glucose Level, Total Cholesterol Level, Body
Weight(46)
5 Lyciumbarbarum Body weight and fasting blood glucose, Urinary Protein,

Serum Creatinine, Urea Nitrogen. Enzyme-linked
immunosorbent assay (ELISA), Immunohistochemical
staining, Western Blot Analysis(47)

6 BalanitesaEgyptiaca Seeds Serum Insulin Level, Serum Glucose, Serum Urea and
Creatinine, Serum Total Protein and Albumin, Serum Total
Lipid, Triglycerides, Cholesterol, HDL-Cholesterol, and
VLDL-Cholesterol, Hematological Parameters: RBCs Count
and Hct, WBCs, Histological Analysis(44)
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7 Tectona grandis linn. Blood Glucose Level(28)
8 Extract of Phytochemical screening, Antihyperglycemic study,
phlogacanthusthyrsiflorusne Antioxidant enzyme assays- SOD, CAT, and GR, Kidney
es histopathological studies(48)
9 Allium ampeloprasum Blood biochemical tests-HbA1C, MDA level, liver, and
extract kidney catalase level(49)
10 Polygala Javana Serum Glucose, Insulin level, Urea, Serum Creatinine,
HBA1C, Protein, Albumin, Globulin, SGPT, SGOT, ALP, Total
Cholesterol, Total triglycerides, LDL-C, VLDL-C, HDL-C, and
Phospholipids(50)
11 Inula japonica Plasma Glucose Levels, water Intake and food
consumption, organ weight, Plasma Cholesterol,
Triglyceride, Glycosylated Albumin and Insulin Levels, Oral
Glucose Tolerance Test (OGTT)(51)
12 Lepidium sativum L. Seed Fasting blood glucose and hemoglobin
Alc,Immunoglobulins (IgG, IgA, and IgM),Liver enzymes,
Kidney functions parameters- urea, creatinine and uric
acid,Antioxidants and lipid peroxide-catalase, superoxide
dismutase, glutathione reductase and glutathione
reduced,serum triglycerides, total cholesterol, LDL
cholesterol, VLDL cholesterol, HDL cholesterol,
Histopathological examination of pancreas(52)
13 Fenugreek Extract Blood Glucose Levels, Cholesterol, Triglycerides, HDL-C,
Total Protein, Bilirubin, ALT, AST, ALP, Creatinine, and
Urea. Histopathological Examination(46)
14 Ficus Glomerata Linn Fasting Blood Glucose, Body Weight, Serum Urea, Serum
Creatinine, and Serum Cholesterol Levels(53)
15 Aegle Marmelos fasting plasma glucose levels, glucose, urea and GST levels,
GSH and MDA levels(54)
16 ArjunaStem Bark Levels of Glucose in Serum, Liver Kidney and Pancreas
Histopathology(55)
17 Vernonia Amygdalina Serum Chemistry Profile: Creatinine, Blood Urea Nitrogen
Renal Antioxidant Studies: SOD, GSH, Hydrogen Peroxide,
Total Protein, Histopathology(56)
18 Allium Sativum Histopathological Analysis, Gross Morphometrical analysis,

Photomicrography(57)
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19

Potentilla Fulgens

Lipid Peroxidation Assay, Assays for Antioxidant Enzymes:
Catalase Activity, Superoxide Dismutase, Glutathione
Peroxidase, Reduced Glutathione(58)

20

Extract of
Melastomamalabathricum
Linn. leaf

Acute toxicity test, Bodyweight and fasting blood glucose,
levels of blood glucose, serum insulin, urea, creatinine and
glycosylated hemoglobin,serum protein, aloumin, globulin,
SGPT, SGOT, ALP level, TC, TG, HDL, LDL-C, V-LDL,
Phospholipid(59)

21

Pongamia pinnata Linn.

Oral Glucose Tolerance Test, Normoglycemic Studies, TC,
TG, LDL, HDL, SGOT, SGPT, ALP, Urea, Creatinine, Protein
and Albumin, Hb, Hbalc, Lipid Peroxidase, Superoxide
Dismutase, Catalase(60)

22

Coriandrum Sativum

Serum Glucose Level, Level of Serum Albumin, Creatinine,
Protein, Urea and Uric Acid, Level of Serum Insulin, Lipase,
A-Amylase, LDH, Histopathology Study(61)

23

SidaCordata

Glucose Tolerance Test, Hypoglycemic Activity, Chronic
Multiple Study, Analysis of Blood Parameters-ALP, ALT,
aspartate AST, LDH, bilirubin, and glutamyl transferase,
Assessment of Tissue Antioxidant Enzymes,CAT
activity,POD Activity, SOD activity,GST,GSR, Glutathione
Peroxidase Assay,GSH,Estimation of Lipid
Peroxidation,Nitrate Assay, H,0,Assay, Tissue Protein
Estimation, Histopathological Determination(62)

24

Artemisia campestris leaf

Serum glucose, creatinine, urea and uric acid levels, lipid
peroxidation, Advanced oxidation protein products levels,
Reduced glutathione levels, Superoxide dismutase,
Glutathione peroxidase, kidney protein content,
Histopathological study(63)

25

GirardiniaHeterophylla

Oral Glucose Tolerance Test, Serum Creatinine, Fasting
Plasma Insulin, Uric Acid, Urea, BUN, SGPT, SGOT, Total
Bilirubin, MDA, SOD, CAT, GSH, Histopathology(11)

26

Portulaca Grandiflora

Serum Glucose, Creatinine, Uric Acid, and Urea Levels,
Histopathology(64)

27

Cinnamomum zeylanicum

fasting blood glucose, total cholesterol, high density lipid,
urea and urinary protein, lipid peroxidation, reduced
glutathione, catalase(65)

28

Syrian Capparis Spinosa

Blood Glucose Level, Body Weight, SGPT, Creatinine, Total
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Leaves Cholesterol(12)
29 Eleusine coracana Blood Glucose Levels, Body Weights, TG, TC, HDL, LDL(66)
30 Momordica grosvenori Serum glucose, triacylglycerols, and total cholesterol, urea

nitrogen and creatinine, Lipid peroxidation, glutathione,
superoxide dismutase, renal microsomal HO-1 activity,
Protein estimation, Histopathological examination(67)

Table 2. Plant and plant products used in STZ induced diabetic nephropathy

Sr. No. Natural Products Parameters Protected
1 Asparagus Racemosus Body Weight, Kidney Weight, Blood Glucose Levels,
(Shatavari) Glycosylated Haemoglobin Level, Blood Uric Acid Level,
Blood Urea Nitrogen Level, Blood Creatinine Level, Volume
of Urine, Urine Microalbumin Level, Histopathological
Studies(68)
2 Stereospermumsuavelolens( Serum and Urine Renal Parameters Such as Creatinine,
Patala) Urea, Uric Acid, Total Proteins,Albumin. Antioxidant
Enzyme Assays Such as Lipid Peroxidation, Reduced
Glutathione Content, Superoxide Dismutase, Catalase,
Histopathological Study of Kidney(69)
3 GymnemaSylvestrelLeaves Blood Glucose Level, Triglyceride and Cholesterol Level,
HDL Cholesterol, CPK-MB, and SGPT Level, Albumin
Level(70)
4 N-Butanol Toona Body Weight, KW/BW Ratio (%), Serum Glucose, Hbalc (%),
sinensisSeed Urine Volume, Urine Protein, Ucr, Scr, BUN, T-AOC, SOD,
MDA, GSH-Px, CAT, Histopathology of Kidney(71)
5 Nelumbo nucifera leaves Renal morphology assessment and IHC analysis, glucose,
creatinine and blood urea nitrogen, Lipid peroxidation and
antioxidant enzymes assays, Western blot analysis,
Detection of intracellular reactive oxygen species(72)
6 Morus nigra L. Kidney Function Tests: FBS, Creatinine, Urea, Uric Acid,
Albumin, CBC: WBC Levels, Hemoglobin Level,
Histopathology of Kidney(73)
7 Morus alba Aqueous Leaf Blood Glucose, Serum A-Amylase Levels, Serum TC, HDL
Levels, Serum Level of TAC, Serum Creatinine, Urea, and
Histopathological Study(74)
8 Momordica Dioica Serum Glucose, Kidney Weight, Protein, Lipid Peroxidation,

Ascorbic Acid, Superoxide Dismutase, Catalase, Reduced
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Glutathione, Glutathione Peroxidase, and Glutathione-S-
Transferase and Histopathology(75)

Nigella Sativa Seed

Histopathology of Kidney(76)

10

Aesculus hippocastanum
Seeds

Histopathological examination of renal tissue
Kidneys,Immunoexpression of fibronectin, Biochemical
assay-Measurement of plasma cytokine levels,MDA,
Determination of blood glucose, urea nitrogen and serum
creatinine, Urine analysis for proteinuria(77)

11

Medicago Sativa

Body Weight, Volume of Kidney, Volume of Cortex and
Medulla, Total Volume of Glomeruli, Stereological
Study(78)

12

PhellodendriCortex extract

Serum glucose level, Serum insulin level, Serum BUN level,
Serum creatinine level, urinary total protein, Urine
creatinine, superoxide dismutase, catalase, glutathione S-
transferase, and xanthine oxidase, Histological analysis(79)

13

Extract of Cassiae Semen

fasting blood glucose levels, HbAlc, total cholesterol, and
triglyceride levels, proteinuria and creatinine clearance,
COX-2 mRNA or protein levels, renal histopathologic
changes(80)

14

Cassia Auriculata Linn.

Hbalc (%), Serum Total Protein, Serum Albumin, Serum
Creatinine, BUN, Urinary Total Protein, Urinary Albumin,
Urinary Creatinine Clearance, KW:BW, Urine Volume, SOD,
Catalase, GSH, MDA, Body Weight, Food Intake and Water
Intake, Histopathology of Kidney(81)

15

Acacia Nilotica Pods Extract

serum levels of glucose, creatinine, and urea,LPO, MDA,
GSH, NO, SOD, Histopathological and histochemical
studies(82)

16

Extract of Zingiber Zerumbet

Body-weight, Plasma glucose, HbAlc, Analysis of Urine
Parameters,Renal Histological Analysis,Western Blot
Analysis(83)

17

Extract of
Adenantherapavonina L.
seed

blood glucose estimation, HbAlc, serum lipids, serum
cholesterol, serum triglycerides, HDL cholesterol, VLDL
cholesterol, serum LDL cholesterol, albumin, creatinine,
urea, and total protein, urine collections, and urinary
protein, albumin, and glucose excretion levels,
histopathological examination(34)

18

Punica granatum Linn

Preliminary phytochemical screening,Bodyweight, Kidney
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weight and kidney hypertrophy, Blood glucose level, Serum
and urine parameters, antioxidant parameters-SOD, CAT
and GSH,Histopathological evaluation(1).

19

Croton hookeri

Blood glucose level, urinary micro albumin, urinary
creatinine,urinary total protein, alanine aminotransferase,
aspartate aminotransferase, blood urea nitrogen, serum
creatinine, Total cholesterol, High-density lipoprotein
cholesterol, triglycerides, glutathione, oxidized GSH,
Intercellular reactive oxygen species, Superoxide
dismutase, catalase peroxidation assay, Assessment of
inflammatory cytokines, Western blot analyses,
Histological evaluation, Immunohistochemistry
analyses(79)

20

Skimmin (coumarin)

Blood glucose concentration, blood urine nitrogen, Serum

Creatinine, and Urin Albumin, Creatinine clearance ratio,

Histological examination, ELISA and Western blot analysis
Plasma(84)

21

Kombucha

Fasting Blood Glucose, Total Protein, Albumin, Urea,
Creatinine and Uric Acid, Histological Study(85)

22

Terminalia chebula

estimation of blood glucose, estimation of albumin,
creatinine, total protein, and lipid profile, Body
Cholesterol, LDL, HDL, VLDL, Triglycerides(36)

23

Allium Sativum

Serum Glucose Levels, Serum Cholesterol Levels, Serum
Triglyceride Levels, Urinary Protein Levels(86)

24

Moringa OleiferalLeaves

Body Weight and Blood Glucose, Oral Glucose Tolerance
Test, Glycosylated Hemoglobin, Hemoglobin and Insulin,
Total Protein, Lipid Peroxidation Assay, Superoxide
Dismutase Activity, Catalase Activity, Glutathione, Ascorbic
acid Levels, Histopathological Study(87)

25

PicrorrhizaRhizoma Extracts

Body-weight, Detection of blood glucose level, Changes in
kidney weight, Detection of serum BUN and creatinine
levels, Histology and histomorphometry(88)

26

Extract of Terminalia
Chebula Retz. Seeds

blood glucose level, urinary protein, albumin and
creatinine levels, Short term studies, Long term studies(89)

27

Ganoderma lucidum

blood glucose levels, TG, UAE, serum creatinine, BUN,
glomerular area and mesangial matrix index,
malondialdehyde levels, and superoxide dismutase
activity(90)
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28 Lespedeza cuneata Serum total protein, blood urea nitrogen, advanced
glycation end products (AGEs), Malondialdehyde(91)

29 Zea Mays L. Plasma glucose, HbAlc, fructosamine, creatinine, urinary
creatinine, urinary albumin excretion, Creatinine
clearance(92)

30 Moutan Cortex Blood glucose, serum creatinine, urine protein, Cell
proliferation assay, Immunohistochemical assay,
Determination of IL-6 and MCP-1 by ELISA kits, Western
blot analysis(79)

CONCLUSION

According to the findings of the aforementioned investigations, each particular natural substance
extends its protective effect through a variety of mechanisms. Most natural products, such as crude
herbals, extracts, polyherbal formulations, andherbo-mineral formulationshave been employed in
the therapy of Alloxan and Streptozotocin caused diabetic nephropathy, as shown in the above
contents. The parameters evaluated provide an understanding of natural products that might be
used in further research.

ABBREVIATIONS

DM- diabetes mellitus, DN- diabetic nephropathy, STZ- streptozotocin, ALX- alloxan, ESRD- end stage
renal disease, PKC- protein kinase C, AGE -glycation end products, ROS- reactive oxygen species,
GSH- glutathione, DKD- diabetic kidney disease, CKD- chronic kidney disease, AKI- acute kidney
injury, CKD- chronic kidney disease, DIN- drug induced nephrotoxicity, ND- nephrotoxic drugs, BGL-
blood glucose level, URP- urine renal parameters, SRP- serum renal parameters, SOD- superoxide
dismutase, CAT- catalase, TC- total cholesterol, LDL-low density lipoprotein, VLDL- very low density
lipoprotein, HDL- high density lipoproteins, SGPT- serum glutamate pyruvate transaminase, SGOT-
serum glutamate oxaloacetate transaminase, HbAlc- hemoglobin Alc, GSH- glutathione, MDA-
malondialdehyde, POD- peroxidase, KW:BW- kidney weight : body weight, UAE-urine albumin
excretion, BUN-blood urea nitrogen, LPO- lipid peroxidase, TAC- total antioxidant capacity, ALP-
alkaline phosphatase, AST- aspartate transaminase, CPK- creatine phosphokinase, NO- nitric oxide,
FBS- fasting blood sugar, CBC- complete blood count, MCV- mean corpuscular volume, MCHC- mean
corpuscular hemoglobin concentration GST-glutathione-s-transferase, GSR-glutathione
reductase,AOPP- Advanced oxidation protein products, OGTT- Oral Glucose Tolerance Test, Cr-
urinary creatinine, ALT- alanine aminotransferase, AST- aspartate aminotransferase
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