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ABSTRACT
Diabetic kidney disease accounts for more than 40% of all end stage kidney disease (ESKD) in the United States and 
the world at large. The aim of this study was to evaluate the histological and biochemical effects of magnesium and 
melatonin on the kidney of streptozotocin induced diabetic rats. To achieve this aim fifty-four Wistar rats were used 
in the study. Streptozotocin (STZ) was used to induce chemical type 1 diabetes mellitus (T1DM) after two weeks 
acclimatization period. Forty-eight diabetic rats were randomly distributed in eight groups and six normal 
normoglycaemic rats were used as control.  The animals were  assigned into nine groups as follows, Normal control 
group (NC), Diabetic control (DC) group, Melatonin Low dose group of 10 mg/kgbw (MLD), magnesium low dose 
group of 240 mg/kgbw (MgLD), melatonin and magnesium combined low dose group of 
10mg/kgbw+240mg/kgbw (MMgLD), melatonin high dose group of 20mg/kgbw (MHD), magnesium high dose 
group of 480mg/kgbw (MgHD), melatonin and magnesium high dose combined group of 
20mg/kgbw+480mg/kgbw (MMgHD) and insulin at 500mg/kgbw group (IN). Melatonin and insulin were 
administered through intraperitoneal injections (IP) while magnesium was by oral administration. The control 
groups were given placebo and all group treatment was for twenty-one days. The kidney tissues were evaluated for 
nephropathy using H&E and Massons trichrome stain. Histopathological results showed that melatonin given at 
low dose, high dose and when combined with low dose magnesium suppresses histopathological features of 
Diabetic kidney disease in streptozotocin-induced diabetic rats.

KEY WORDS. Diabetes, Streptozotocin, Melatonin. Magnesium, Nephropathy, Glomerulopathy, Kidney.

INTRODUCTION hypertrophy in insulin dependent diabetes mellitus 
Diabetes is the second most common cause of kidney (IDDM) was associated with over expression of 
failure in the United States. Diabetic Kidney Disease transforming growth factor (TGF) – beta 1 in the kidney 
(DKD) embraces structural and functional especially in proximal convoluted tubules (PCT) cells 

6abnormalities involving the kidneys. Clinically, these and glomerular mesengial cells.   reported that renal 
changes result in hypertension, proteinuria, and hypertrophy, increased glomerular volume, mesangial 
progressive decline in kidney function, ultimately proliferation and accumulation of glomerular 
leading to end stage kidney disease (ESKD). Diabetic extracellular matrix were due to growth hormone (GH) 
kidney disease accounts for more than 40% of all ESKD And insulin like growth factors (IGFs) through a 

 1, 2in the United States, . complex System consisting of growth hormone binding 
proteins (GHBP), insulin like growth factors (IGFS), 

Kidney disease has been described as the most insulin like Growth factors receptors (IGF-receptors) 
 3 and insulin like Growth factor binding proteins (IGFBP).neglected chronic disease in the world, . Diabetic 

7glomerular hypertrophy constitutes an early event in  attributed the renal hypertrophy and hyperplasia to 
8the progression of glomerular pathology which occurs increased epidermal growth factor (EGF).  reported that 

4in the absence of mesangial expansion, . Although, the diabetic renal hypertrophy might be due to HGF 
mechanism of renal hypertrophy is unknown, evidence (hepatocyte growth factor) and c-met proto-oncogene 
suggest that local alterations in the production of one or product, a tyrosine kinase receptor for HGF. Possible 
more growth factors and or their receptors are crucial to Mechanism for renal enlargement could be the direct 

5, effect of growth hormone (GF) and insulin like growth this process.   proposed that development of renal 
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9 10 abundant divalent intracellular cation in the cells, the factor (IGF)-1, .  investigated the mechanism of renal 
second most abundant cellular ion next to potassium and hypertrophy. 

18They proposed that renal hypertrophy might be due to the fourth cation in general in the human body, . Type 2 
an increase in the rate of protein synthesis and decrease diabetes mellitus (T2DM) is often accompanied by 
in the degradation of renal extracellular matrix alteration of Mg status. An increased prevalence of Mg 
components which occur early after induction of deficits has been identified in diabetes mellitus patients, 
experimental diabetes before the onset of typical especially in those with poorly controlled glycemic 
structural changes in the kidneys. Accelerated renal profiles, with longer duration of the disease and with the 
protein turnover and hypertrophy are early presence of micro and macrovascular chronic 

19manifestations and perhaps harbingers of more severe complication, .
renal changes in diabetes. All cell types in the 
glomerulus as well as proximal and distal tubule cells MATERIALS AND METHODS

11appear to be involved.   proposed that during diabetic The following materials were used in the study, Plastic 
renal hypertrophy, the cellular autophagy is inhibited in Cages, Spectrophotometer auto analyzer, blood sample 
distal convoluted tubules (DCT) and proximal containers, organ sample containers, Centrifuge, 
convoluted tubules (PCT) cells, suggesting that both Temperature controlled refrigerator, Microwave oven, 
type of cells contributed in a balanced manner to the water bath, humidity chamber, Leica Auto processor, 

 12 Leica Auto stainer, Leica DM750, Camera ICC50 E, hypertrophic growth of kidney cortex.  proposed that 
AmScope D200 digital camera, MRC, Microwave oven, increase in kidney weight is associated with the 
spectrophotometer.increase in renal expression of angiogenic factors such 

as vascular endothelial growth factor. Prevention of 
Bioactive compounds and drugs used in the study were:diabetic complications, particularly DKD, by long-
Melatonin M5250-1G (Sigma Aldrich, USA), term intensive glycemic control from early in the 
Magnesium (Randox, USA) Streptozotocin SP0130 course of diabetes is well established for type 1 and type 

13 (Sigma Aldrich, USA), Haematoxylin and Eosin Stain 2 diabetes mellitus, , However, intensive glucose 
(H&E), Masson trichrome stains, insulin (Novo control after onset of complications or in longstanding 
Nordisk, Switzerland) were used in the study.diabetes has not been shown to reduce risk of DKD 

14progression or improve overall clinical outcomes, . 
Source of animals and management: Sixty-four Male Despite current approaches to management of diabetes 
Wistar rats weighing of 120–150 g, were purchased from and hypertension and the use of ACE inhibitors and 
the Faculty of Pharmaceutical Sciences Animal House of ARB, there is still large residual risk in DKD. Novel 
the Ahmadu Bello University, Zaria and selected for the agents targeting mechanisms, such as glomerular hyper 
study. The rats were maintained on a day and night cycle filtration, inflammation, and fibrosis, have been a major 

15 at room temperatures and have ad libitum access to food focus for development of new treatments, . Hence our 
(Standard feeds, standard rat pellets) and water. All present experimental study uses melatonin a potent 
experiments were performed between 08:00 and 12 antioxidant and magnesium a bioactive element 
hours.essential to all cellular life to ameliorate toxicological 

changes to the kidney caused by streptozotocin-
Induction of Type 1 Diabetes Mellitus: Type 1 diabetes induced diabetes mellitus in rats.
mellitus (T1DM) was induced after 2 weeks 
acclimatization period, a baseline blood glucose levels Melatonin is a circulating neuro-hormone secreted 
and behavioral and cognitive assessment were predominantly at night. It is important in conveying the 
performed for all test animals. This was done to ensure daily cycle of light and darkness to the body, thus 
that the animals were all normoglycaemic and that they regulating circadian rhythms. In addition to its' 
all exhibit normal cognitive function to remove bias regulatory role, melatonin has antioxidative capacity, 
using the elevated plus maze (EPM). Fifty-Eight male immunomodulatory potency, and also appears to be 

16 Wistar rats were randomly selected and given a single protective against certain types of cancers, . Type 1 
dose of intra peritoneal injection of streptozotocin, diabetes mellitus is a T cell-mediated autoimmune 
(STZ) (Sigma, Aldrich, USA), at 55mg/kg body weight disease characterized by excess inflammation, 
in citrate buffer (0.1M, pH 4.5). The solution (STZ in independent of adiposity and glycemic control. 
citrate buffer) was used within 5 minutes to induce Melatonin has also been demonstrated to have 
chemical diabetes in the Wistar rats after an overnight hypoglycaemic effect, pancreatic Beta cells 

20fast of twelve hours, . The Wistar rats were randomly regeneration and up regulation of intracellular 
divided into the following groups of 6 rats each in the antioxidant (GPx, SOD and CAT) and reduction in 
table below.intracellular free radicals generated Malondialdehyde 

(MDA) in Streptozotocin (STZ) induced diabetes in 
17 Hyper glycaemia screening and confirmation of Wistar rats, . 

T1DM: Four days after streptozotocin was used to 
induce diabetes mellitus, blood was collected from the Magnesium (Mg) is an electrolyte of chief 

20, 21tail vein following an overnight fast . Fasting blood physiological importance in the body, being the most 
sugar (FBS) was measured with a standard glucometer 
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(Optimum, Germany). The day that hyperglycaemia Animal grouping and treatment procedure: Forty 
above 200mg/dl (11 mmol/l) was confirmed was eight diabetic rats and 6 normoglycaemic rats were 
considered to be diabetic day 1. Rats with fasting blood randomly divided into nine groups are shown in the table 
glucose levels lower than 200 mg/dL (11mmol/L) were 1.0 below.
excluded from the study.

NC (control), DC (Diabetic control), M (Melatonin), MG (Magnesium), MMGLD (Melatonin and magnesium low 
dose), MGHD (Magnesium high dose), MHD (Melatonin high dose), MGHD (Magnesium high dose), MMGHD 
(Melatonin and Magnesium high dose), IN (Insulin). 
n=6 rats per group, Melatonin route of administration = intraperitoneal, Magnesium = oral, Insulin = intraperitoneal              
Treatment duration is once daily for 21 days

Histochemical Studies: Tissue samples were Photomicrograph section of STZ induced diabetic rats of 
harvested and fixed in 10% normal buffered formalin Diabetic control group (DC) given normal saline 
for 72 hours. The samples were grossed and labelled in showing glomerunephritis with cellular and tissue 
tissues cassettes and processed histological by different damage with hazy, swollen proximal and distal tubules 
concentration of alcohols (70, 80, 90 and 100%) for while Figure 1C melatonin treated group (MLD) with 
dehydration, cleared through three changes of Toluene, 10mg/kgbw showed recovered glomerulus and proximal 
infiltrated, embedded in molten paraffin wax and and distal tubular cellular properties. Figure 1D 
blocked on cold ice packs. The tissues were sectioned photomicrograph section of kidney tissues (MgLD 
using a Rotary Microtome (Leica, Germany) and the group) magnesium treated at 240 mg/kgbw showing 
ribbons obtained were picked on clean grease free glomerunephritis, proximal and distal tubular cellular 
Leica charged slides for general histological and degenera t ion .  F igure  2E (MMgLD group)  
histochemical studies. The slides were drained and heat photomicrograph of a section of STZ induced diabetes 
fixed on a hot plate at 2 degrees above wax melting and treated with melatonin and magnesium treated at 10 
point.  The tissues were further dewaxed in Toluene, mg/kgbw) + (240 mg/kgbw), showed glomerular tissue 
cleared in decreasing reverse order above for alcohol regeneration and reduced swelling in proximal and distal 
and taken to water before proceeding to all staining tubular tissues. Figure1F is a photomicrograph section of 
procedures. Portions of the kidney, were stained using kidney tissue of STZ induced diabetic rats treated with 
Haematoxylin and Eosin (H&E) methods for general melatonin at 20mg/kgbw showing mild regeneration of 
histological studies and Masson Trichrome stains glomerular tissues with tubular hydropic change. Figure 
method was used to study kidney nephropathy and 1G Photomicrograph of a section of kidney tissue from 

22 magnesium treated diabetic rats at 480mg/kg (MgHD) glomerulopathy, . The slides obtained were screened 
showed glomerulopathy and distal tubules necrosis and and photomicrographs were taken using a Leica DM 
proximal tubular recovery. Figure 1H Photomicrograph 750 ICCE 50 Microscope and digital camera and 
of section of kidney tissue from STZ induced diabetic AmScope DM 200 digital microscope mounted on an 
Wistar rats treated with 20mg/kgbw and 480mg/kgbw of Olympus Light microscope. 
magnesium (MMgHD), showed glomerulopathy, 
tubular  swel l ing  and  necros i s .  F igure  1I  RESULTS 
Photomicrograph of a section of kidney in STZ induced Haematoxylin and Eosin study of the kidney: Figure 
diabetes and treated with 2IU insulin (IN group) showed 1A Photomicrograph section of kidney tissues of 
glomerulonephritis with proximal and distal tubular control rats (NC) showing normal kidney glomerulus, 
necrosis and hydropic change. p rox ima l  and  d i s t a l  t ubu les .  F igure  1B 

Table 1: Animal grouping and treatment protocol

GROUPS                       Treatment  

NC  Normal control + Normal saline (orally) 
DC  Diabetic control + Normal saline (orally) 
M  Diabetic + Melatonin (10mg/kgbw), (IP) 
Mg  Diabetic + Magnesium (240mg/kgbw), (Orally) 
MMgLD  Diabetic+Melatonin (10mg/kgbw) (IP) + 

Magnesium (240mg/kgbw), (orally) 

MHD  Diabetic+Melatonin(20mg/kgbw) (IP) 
MgHD  Diabetic+ Magnesium (480mg/kgbw) (orally)) 
MMgHD  Diabetic + Melatonin(20mg/kg bw) (IP) + 

Magnesium (480mg/kgbw), (orally) 
IN Diabetic + Insulin (500mg/kgbw), (IP)
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Figure 1A: Photomicrograph 
section of a normal kidney tissue 
(NC) showing glomerulus (red 
arrows), proximal tubules (green 
arrow) and distal tubules (blue 
arrow), (H&E x100).

Figure 1B: Photomicrograph section of a 
kidney tissue of STZ induced diabetes 
c o n t r o l  ( D C  g r o u p ) ,  s h o w i n g  
glomerunephritis (red arrow) with 
cellular and tissue damage and hazy 
swollen proximal tubules (green arrow) 
and distal tubules (blue arrow), (H&E 
x100). 

Figure 1C: Photomicrograph of a section 
of kidney tissue from STZ induced diabetic 
rat's treated with Melatonin (10mg/kgbw) 
( M L D )  s h o w i n g  v e r y  m i l d  
glomerunephritis (green arrows) and 
improved proximal (yellow arrows) and 
distal tubules (red arrow) cellular 
properties, (H&E x100).

Figure1D: Photomicrograph section of 
liver tissue of STZ induced diabetes in 
Wistar rats treated with magnesium (240 
mg/kgbw) (MgLD group), showing 
glomerunephritis (blue arrow) and 
proximal (green arrow) and distal (red 
arrow) tubular degeneration and 
necrosis. There was no improvement of 
the cellular profile of the kidney tissues, 
(H&E x100).

Figure 1E: Photomicrograph of a section 
of kidney tissue of STZ induced diabetes 
in melatonin treated (10 mg/kgbw) and 
magnesium treated (240 mg/kgbw) 
(MMgLD group). Kidney tissue shows 
glomerular tissue regeneration (green 
arrow) and reduced swelling in distal 
(blue arrow) and proximal (yellow arrow) 
tubular tissues, (H&E x100).

Figure1F: Photomicrograph of a 
section of kidney tissue of STZ 
induced diabetic wistar rats treated 
with melatonin (20 mg/kgbw) (MHD 
group), showing mild regeneration of 
glomerular tissues with tubular 
swelling (yellow arrow) and hydropic 
change (blue arrow), (H&E x100). 

Figure1G: Photomicrograph of a 
section of a kidney of STZ induced 
diabetes treated with Magnesium 
(480 mg/kgbw) (MgHD), showing 
glomerulopathy (yellow arrow) and 
distal tubular swelling and necrosis 
(red arrow), while proximal tubules 
are preserved (green arrow), (H&E 
x100).

Figure 1H: Photomicrograph of a section 
of kidney tissue of STZ induced diabetic 
Wistar  rats treated with melatonin 
(20mg/kgbw) and magnesium (480 
mg/kgbw) (MMgHD group), showing 
glomerulopathy (red arrows) and distal 
tubular swelling and hydropic change 
(yellow arrows) and proximal tubules 
necrosis (blue arrow), (H&E x100).

Figure 1I: Photomicrograph of a 
section of kidney of STZ induced 
diabetes in Wistar rats administered 
Insulin (2IU), (IN group), showing 
glomerunephritis (red arrows), 
proximal and distal tubular necrosis 
(yellow arrow) and hydropic change 
(green yellow), (H&E x100).
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Masson Trichrome Stain for Glomerular and Tubular Pathology: Figure 2A (NC group) Photomicrograph of a 
section of kidney tissue of control group showing normal glomerulus, proximal and distal tubules with normal 
staining reaction in glomerulus and basement membrane. Figure 2B Photomicrograph section of kidney tissue (DC 
group) showing glomerular nephropathy. There is thickening of the glomerular basement membrane with mesangial 
nodular lesion of the glomerulus and thickening of the tubular basement membrane with atrophy. These results were 
similar to histological features in Figure 2D (MgLD group) magnesium treated (240 mg/kgbw) diabetic rats, Figure 
2G (MgHD group) magnesium treated (480 mg/kgbw) diabetic rats. Figure 2H (MgHD Group) melatonin and 
magnesium treatment at 20 mg/kgbw+480 mg/kgbw (MMgHD Group) and Figure 2I insulin treated diabetic rats 
(IN group).
Figure 2C Photomicrograph of kidney section from melatonin treated (10 mg/kgbw) MLD group of STZ induced 
diabetic rats showing glomerulus membrane recovery with less tubular basement membranes connective tissues 
staining reactions indicating recovery of normal histoarchitechture, while Figure 2E (MMgLD Group) melatonin 
and magnesium treated (10 mg/kgbw+240 mg/kgbw) diabetic rats and Figure 2F (MHD group) shows similar 
results when compared with Figure 2A (NC group).

Figure 2AI: Photomicrograph 
section of kidney tissue of normal 
control Wistar rats (NC group), 
showing preservation of the 
glomerulus (black arrow) and 
proximal tubules (yellow double 
arrow) and distal tubule (red double 
arrow).  (Masson Trichrome. Leica 
DM 750, Camera ICC50 E x400).

Figure 2B: Photomicrograph of section of 
the kidney of STZ induced diabetes (DC 
group) showing glomerular nephropathy 
confirmed by thickening of glomerular 
basement membrane (red arrow) and 
mesangial nodular lesion of the glomerulus 
(yellow arrow), with thickening of the 
tubular basement membrane and atrophy 
(black arrow), (Masson Trichrome Stain. 
Leica DM 750, Camera ICC50 E x400).

Figure 2C: Photomicrograph section of 
Kidney tissue from STZ induced melatonin 
treated (10mg/kgbw) diabetic rats (MLD 
group). There is recovery of the glomerulus 
and membranes (red arrows) and tubules 
basement membranes less reaction (black 
arrows) signifying recovery of normal 
histoarchitechture of the kidney. (Leica DM 
750, Camera ICC50 E, (Masson Trichrome 
stain, x400).

Figure 2D:  Photomicrograph of kidney 
section of STZ induced diabetes treated 
with Magnesium (240 mg/kgbw) in 
Wistar rats. Showing diffuse glomerular 
lesions (yellow arrows) and tubular 
interst i t ia l  basement  membrane 
thickening (red arrows) and atrophy 
(orange arrow), (Leica DM 750, ICC50 
E, x400).

Figure 2E:  Photomicrograph of a section 
of kidney tissue from STZ induced 
Diabetic rats (DMMgLD group) treated 
with Melatonin (10 mg/kgbw) and 
Magnesium (240 mg/kgbw) showing 
mild glomerular recovery (yellow arrow) 
and atrophic necrotic tubules (black 
double arrow), (Leica DM750, ICC50 E, 
x400).

Figure 2F: Photomicrograph of a section 
of Kidney of STZ induced diabetic rats 
(DMHD group) treated with Melatonin 
(20 mg/kgbw). Section shows mild 
glomerular recovery (yellow double 
arrow) and tubules (red arrows), (Leica 
DM 750 ICC50 E. Masson Trichrome 
Stain.  X400)
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Figure 2G: Photomicrograph of a 
section of kidney tissue of STZ induced 
diabetic rats treated with 480 mg/kgbw 
magnesium (MgHD group). Section 
showed necrotic changes in the 
glomerulus (red arrow) and in distal and 
proximal tubules (yellow arrow). There 
is hydropic change, swelling and 
condensation of basement membranes 
tissues, (Leica DM 750 ICC50 E, 
(Masson trichrome, x400.)

Figure 2H: Photomicrograph of a 
section of kidney tissue from STZ 
induced diabetic rats treated with 
Melatonin 20mg/kg and Magnesium 
(480 mg/kgbw), (DMMgMD). 
Shows glomerular (yellow arrow) 
and tubular (red arrow) necrosis and 
atrophy (green arrow). (Leica DM 
750, Camera ICC50 E, x400).

Figure 2I: Photomicrograph of a 
section of Kidney of STZ induced 
diabetes and Insulin treated (2IU) IN 
Group.  Section shows tubular focal 
necrotic changes (red arrow) and 
glomerular degeneration (yellow 
arrow), Leica DM 750, ICC50 E, 
(Masson trichrome, x400).

DISCUSSION kidney nephropathy changes and recovery and 
Kidney tissue section of control rats showed normal regeneration of tissues and cells of the glomerulus, 
kidney glomerulus, proximal and distal tubules while proximal and distal tubules. These results supports 

23 ,24STZ induced diabetic rats (Diabetic control) given reports by  stated that when the blood glucose rises 
normal saline had glomerunephritis with cellular and beyond the kidneys capacity to reabsorb glucose from 
tissue damage with hazy, swollen proximal and distal renal ultra-filtrate, glucose remains diluted in the fluid, 
tubules while magnesium treated (240 mg/kgbw), raising its osmotic pressure, and causing more water to 
magnesium treated (480 mg/kgbw), melatonin and be carried out, thus, increasing the excreted urine volume 
magnesium treated (10 mg/kgbw)+(480 mg/kgbw) and (polyuria). The increased volume dilutes the sodium 
insulin treated STZ induced diabetic groups showed chloride in the urine, signaling the macula Densa to 
similar results when compared to diabetic control release more renin, causing vasoconstriction, a survival 
group. Melatonin treatment at low and high doses and mechanism to retain water by passing less blood through 
when combine with low dose magnesium showed the kidneys. These changes develop over a period of time 
similar results compared with normal control group and results in features of clinical renal disease including 
expressing kidney glomerulus, proximal and distal proteinuria, hypertension, and declining glomerular 

 25, 26tubules recovery. Glomerulopathy was further studied filtration rate, . This nephropathological changes 
using Masson Trichrome stain which showed that the leads to expansion of glomerular mesangial regions at 
normal control group with normal glomerulus, the expense of filtration surface area and subsequent 
proximal and distal tubules with no normal staining thickening of the glomerular and tubular basement 

27, 28 29, 30, 31reaction in glomerulus and basement membrane. membranes,  and . Melatonin and magnesium in 
Section of kidney tissues in Diabetic control group our study reversed these nephropathological changes 
showed glomerular nephropathy. There is thickening of associated with Diabetic Kidney Disease in STZ induced 
the glomerular basement membrane with mesangial diabetes rats.
nodular lesion of the glomerulus with atrophy. 

CONCLUSION 
This result was similar to histological features in Melatonin administration to STZ induced diabetic rats at 
magnesium treated (240 mg/kgbw) diabetic rats, 10mg/kgbw, 20mg/kgbw and when 10mg/kgbw of 
magnesium treated (480 mg/kgbw) diabetic rats, melatonin was co-administered with 240 mg/kgbw 
melatonin and magnesium treatment at 20 magnesium was able to ameliorate nephropathy and 
mg/kgbw+480 mg/kgbw and insulin treated diabetic glumerulopathy associated histopathological changes in 
rats. Kidney tissues from melatonin treated (10 experimental model of diabetic kidney disease. 
mg/kgbw) shows glomerulus and membrane recovery 
with less tubular basement membranes connective ACKNOWLEDGEMENTS
tissues staining reactions indicating recovery of normal The research team wishes to acknowledge the 
histoarchitechture while melatonin and magnesium contributions from the staffs of department of Pathology 
treated (10 mg/kgbw+240 mg/kgbw) diabetic rats' and Morbid Anatomy Ahmadu Bello University 
shows similar results when compared. Melatonin and Teaching Hospital Shika Zaria, especially, James Oluwo 
magnesium treatment at 10 mg /kgbw, 20 mg/kgbw and Enemari, Yaro Jirgo, Dr Liman and Dr Kura and others 
with magnesium (240 mg/kgbw) showed reversal of who provided the working environment for the research 

Journal of Anatomical Sciences 2020: Vol. 11 No. 2                19

Melatonin and Magnesium Suppresses Diabetic Kidney Disease in Streptozotocin-induced Diabetic rats



to be carried out. We also appreciated the special care distal tubular cells of the kidney in early diabetic 
given to the animals by the staffs of the animal house of rats. Kidney & Blood Press Res. 1997; 20:258–263.
the Department of Pharmacology and Pharmaceutics of 12. Ichinose, K.; Maeshima, Y.; Yamamoto, Y.; 
Faculty of Pharmaceutical Sciences ABU Zaria Kinomura, M.; Hirokoshi, K.; Kitayama, H.; 
especially Mr Mauzu Mahmud. Takazawa, Y.; Sugiyama, H.; Yamasaki, Y.; Agata, 

N. & Makino, H. 2-(8-hydroxy6-methoxy-1-oxo-
REFERENCES 1h-2-benzopyran-3-yl) propionic acid, an inhibitor 
1. Argyropoulos, C and Lerma E. Diabetes and of angiogenesis, ameliorates renal alterations in 

Kidney disease 2019. Accessed July 27, 2020. obese type-2 diabetic mice. Diabetes. 2005; 
2. Afkarian, M.Zelnick L.R, Hall Y.N. Clinical 55(5):1232-42.

manifestations of kidney disease among US adults 13. De Boer I.H. Gao X. Cleary P.A. Albuminuria 
with diabetes, 1988-2014. Jour of Ameri Med changes and cardiovascular and renal outcomes in 
Asso. 2016; 316: 602-610. type 1 diabetes: the DCCT/EDIC Study. Clin Jour 

3. Malatial, S, Issam F, Barac-Nieto, M. Phlorizin Amer Soc Nephr, 2016; 11: 1969-1977.
Prevents Glomerular Hyperfiltration but not 14. Holman, R.R, Paul, S.K, Bethel M.A, Matthews 
Hypertrophy in Diabetic Rats Hindawi Publishing D.R, Neil H.A.W. 10- Year follow-up of intensive 
Corporation Journal of Experimental Diabetes glucose control in type 2 diabetes. New Engl Jour of 
R e s e a r c h ,  2 0 0 8 ;  3 0 5 4 0 3 ,  7  p a g e s  Med, 2008. 359: 1577–1589.
doi:10.1155/2008/305403. 15. Tuttle K.R, Bakris G.L, Toto R.D, McGill J.B, Hu K, 

4. Valerie, A. L, Marcello, T and John W. S. The Anderson P.W. The effect of ruboxistaurin on 
global burden of kidney disease and the nephropathy in type 2 diabetes. Diabetes Care. 
sustainable development goals. Bull World Health 2005. 28: 2686–2690.
O r g a n .  2 0 1 8 ;  9 6 : 4 1 4 – 4 2 2 C | d o i :  16. Zawilska, J.B., Skene D.J., and Arendt, J.  
http://dx.doi.org/10.2471/BLT.17.206441. Physiology and pharmacology of melatonin in 

5. Sharma A.M. Renal involvement in hypertensive relation to Biological rhythms. Pharmacology and 
cardiovascular disease. Eur Heart Jour Suppl. Repro 2009; 61:383-386.
2003: 5; Issue suppl_F, 1:  F12–F18. 17. Godam E.T., Samaila M.O.A., Ibegbu A.O., 
https://doi.org/10.1016/S1520-765X(03)90011-3. Hamman W.O. Effects of Melatonin and Azadiracta 

6. Flyvbjerg, A, Landau, D, Domene, H., Lute indica administration on serum antioxidant 
Hernandez, L, Grønbæk, H, LeRoith, D. The role of parameters in streptozotocin induced diabetic 
growth hormone, insulin-like growth factors Wistar rats. Ann of Biol Scien 2014; 2(3):56-62.
(IGFs), and IGF-binding proteins in experimental 18. Barbagallo, M and Dominguez L.J. Magnesium 
diabetic kidney disease. Scie. Dir, Metabol. 1995. metabolism in Type-2 Diabetes Mellitus, Metabolic 
44; 4: 67-71. https://doi.org/10.1016/0026- Syndrome and Insulin Resistance. Archive of 
0495(95)90223-6. Biochemistry and Biophysics 2006; 458: 40-47.

7. Chen, J., Zeng F, Forrester, S.J., Eguchi, S., Zhang, 19. Barbagallo M, Di Bella G, Brucato V, D'Angelo D, 
M., and Raymond C., Harri, R.C. Expression and Damiani P. Serum ionized magnesium in diabetic 
function of the epidermal growth factor receptor in older persons. Metabolism 2014; 63: 502-509.
physiology and disease. Physiol Rev. 2016; 96: 20. Ramadass, S., Basu, S., and Srinivasan, A.R. Serum 
1025–1069.  doi:10.1152/physrev.00030.2015. magnesium levels as an indicator of status of 

8. Liu, M.Y, Chen, X.M, Sun, X.F et al. Validation of a Diabetes Mellitus type 2. Diabetes Metabolism 
differential diagnostic model of diabetic Syndrome 2015; 9: 42-45
nephropathy and non-diabetic renal diseases and 21. Godam E.T., Samaila M.O.A., Ibegbu A.O., 
the establishment of a new diagnostic model. Hamman W.O., and Musa S.A. Hypoglycaemic 
Diabetes. 2014; 6:519–526. effects of melatonin and ethanol extract of 

9. Jacobs, M. L.; Chandrasekhar, V.; Bartke, A. & Azadirachta indica administration on blood glucose 
Weber, R. F. Early effects of streptozotocin- levels in streptozotocin-induced diabetic Wistar 
induced diabetes on insulin-like growth factor-1 in rats.  Annals of Experi Biol. 2014; 2 (3):58-62.
the kidneys of growth hormone-transgenic and 22. Kulkarni, S.K. Hand Book of experimental 
growth hormone-deficient dwarf mice. Exp. pharmacology. Vallabh Prakash Delhi (IN), 3rd ed 
Nephrol. 1997; 5(4):337-344. 1999. 85-89.

10. Liu, S., Guo, Q., Han, H., Cui, P., Liu, X., Miao, L., 23. Suvarna, S.K, Layton C and Bancroft J.D, (2018). 
Zou, H., & Sun, G. Clinicopathological Connective tissues stains. Bancroft's theory and 

THcharacteristics of non-diabetic renal disease in practice of histological techniques.  2018. 8  
patients with type 2 diabetes mellitus in a Edition CH12: 163-174.
northeastern Chinese medical center: a 24. Gerich JE, Meyer C, Woerle HJ, Stumvoll M. Renal 
retrospective analysis of 273 cases. Inter Urol and gluconeogenesis: its importance in human glucose 
N e p h r o .  2 0 1 6 .  4 8 ;  1 0 : 1 6 9 1 – 1 6 9 8 .  homeostasis. Diabetes Care. 2001; 24(2):382-391.
https://doi.org/10.1007/s11255-016-1331-y. 25. Gerich JE. Physiology of glucose homeostasis. 

11. Han K, Zhou H, Pfeifer U. Inhibition and Diabetes Obes Metab. 2000; 2(6):345-350.
restimulation by insulin of cellular autophagy in 26. Cattran DC, Pei Y, and Greenwood CM, et al. 

        Journal of Anatomical Sciences 2020: Vol. 11 No. 220

1 2  3   4  1  1Godam ET, Hamman WO, Oladele S, SamailaMO,  Ordu KS and Jacks  TW



Validation of a predictive model of idiopathic Steffes, M.W., Basgen, J.M, Sisson-Ross, S., and 
membranous nephropathy: it's clinical and Mauer, M). Proximal tubular basement membrane 
research implications. Kid Intern Jour, 1997. 51: width in insulin-dependent diabetes mellitus. Kid 
901–907. Intern Jour. 1998; 53: 754–761.

27. Cattran D.C, Reich H.N, Beanlands H.J. The 30. Mauer, S.M., Steffes M.W, Ellis, E.N, Sutherland, 
impact of sex in primary glomerulonephritis. D.E, Brown, D.M and Goetz, F.C). Structural-
Nephro Dial Transpl. 2008; 23:2247–53. functional relationships in diabetic nephropathy. 

28. Randi, E. Anti-oxidative role of cytoglobin in Jour of Clin Invest. 1984; 74: 1143–1155.
podocytes and its association with chronic kidney 31. Caramori, M.C., AParks, A and Mauer, M. Renal 
disease. 2017; 1-123. University of Zurich, Faculty Lesions Predict Progression of Diabetic 
of Science. Posted at the Zurich Open Repository Nephropathy in Type 1 Diabetes. Journal of 
and Archive, University of Zurich ZORA URL: American Society of Nephrology. 2013; 24: 
https://doi.org/10.5167/uzh-134944 Dissertation. 1175–1181.

29. Brito, P.L, Fioretto, P., Drummond, K., Kim, Y, 

Journal of Anatomical Sciences 2020: Vol. 11 No. 2                21

Melatonin and Magnesium Suppresses Diabetic Kidney Disease in Streptozotocin-induced Diabetic rats


	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21

