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Melatonin possesses a wide range of pharmacological activities, including
antidiabetic properties. Diabetes mellitus (DM) induces several physiopathological
changes in body organs, which could be observed lately after systemic failure. In
the current study, we aimed to investigate the serobiochemical changes and the
histopathological picture in the diabetic heart and the kidney early before chronic
complications and highlight the association between hyperglycemia, glomerular
alterations, and cardiovascular changes. In addition, the role of melatonin in
the treatment of cardio-nephro diabetic vascular and cellular adverse changes
in streptozotocin-induced diabetic rats was also studied. A total of 40 mature
Wistar albino rats were distributed into five groups; (1) control untreated rats, (2)
diabetic mellitus untreated (DM) rats, in which DM was induced by the injection of
streptozotocin (STZ), (3) control melatonin-treated (MLT), (4) melatonin-treated
diabetic (DM + MLT) rats, in which melatonin was injected (10 mg/kg/day,
i.p.) for 4 weeks, and (5) insulin-treated diabetic (DM + INS) rats. The serum
biochemical analysis of diabetic STZ rats showed a significant (P < 0.05) increase
in the concentrations of blood glucose, total oxidative capacity (TOC), CK-MB,
endothelin-1, myoglobin, H-FABP, ALT, AST, urea, and creatinine as compared
to control rats. In contrast, there was a significant (P < 0.05) decrease in serum
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FIGURE 11

Photomicrograph of kidney tissue sections from diabetic untreated rats (G2): showing (A—C): thickening in the glomerular basement membrane
(membranous glomerulonephritis) (Bowman's capsule membrane) (arrows), thickening in the glomerular capillary membrane with expansion in
mesangial cells (arrowheads), and thickening in the basement membrane lining renal tubules [(B) zigzag arrows]. Variable degenerative changes in
cortical renal tubules [(A, C), red arrows], (D): cortical interstitial congestion (stars), (E): severe vacuolar degeneration in epithelium lining distal
convoluted tubules (arrowheads), and (F): dilatation with vacuolar degeneration in epithelium lining medullary renal tubules (arrowheads) and
interstitial fibrosis infiltrated with mononuclear inflammatory cells (arrows). PAS stain, the bar size [(A-C, E, F) = 20pum and (D) = 50 um].

reports (4, 60). Furthermore, the current data showed that elevated
levels of AST and myoglobin were recorded in the DM group as
compared to control rats. The present serobiochemical findings
were confirmed histopathologically, whereas in DM rats, the
structure of the heart tissues was disturbed by the presence of
various histologic alterations in the cardiac tissues which suggested
myocardial damage, as shown by the present study. However, the
cardiomyocytes of the control group of rats were normal in size and
orientation with a single, cigar-shaped centrally positioned nuclei.
In the current study, heart-type fatty acid-binding protein (H-
FABP) was significantly increased in the DM group as compared
to the control group. The obtained result matches with those given
in Otaki et al. (61) and Abir et al. (62). H-FABP is considered an
important diagnostic biomarker for acute coronary syndrome and
acute kidney damage (63) and its release into the blood circulation
occurs after myocardial damage (49), and this obtained result
was confirmed histopathologically where the heart tissue from
DM rats showed various alterations that included cardiomyocyte
death, vacuolation, hyalinization, shrinkage, a reduction in
cardiomyocytes, and interstitial mononuclear inflammatory cell
infiltration, which are characteristics of DM cardiac dysfunction,
as demonstrated by a number of prior investigations (58, 64).
Deformation of cardiomyocyte nuclei and disarray or disorganized
cardiac myofibrils were also observed. In relation to tissue
sections stained with Masson’s trichrome, the connective tissue
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deposits were observed in the DM group compared to the control
group, which indicated the presence of interstitial fibrosis in
diabetic rats’ cardiac tissue, which can affect both diastolic and
systolic functioning (65). Previous studies identified diabetics
with cardiomyopathy by diastolic or systolic failure and cardiac
fibrosis (66).

In the present study, serum concentrations of endothelin-
1 were highly elevated in DM rats, while the TNO levels were
significantly decreased as compared to the control group. These
results are in harmony with those of a previous study (67),
which explained that endothelial dysfunction is an important
characteristic of cardiovascular diseases. In addition, the imbalance
of vasoconstrictors, such as endothelin-1, and a lower availability
of vasodilator nitric oxide (NO) as a result of hyperglycemia-
driven oxidative stress may lead to poor vasorelaxation, which
plays a major role in microvascular and macrovascular problems
of diabetes. Moreover, as the illness advances, the prolonged
lack of protective NO effects and activation of the endothelin-
1 system result in structural changes, thrombosis, and plaque
formation in the arterial wall (67). Furthermore, nitric oxide
is an important mediator for heart protection via its role as a
substantial signaling molecule in the cardiovascular system where
it is regarded as an endothelium-derived relaxing factor (68). In
addition, hyperglycemia and lipid peroxidation reduce the NO
content and bioavailability in the cells, which is necessary to prevent
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FIGURE 12

Photomicrograph of kidney tissue sections from diabetic rats treated with melatonin (G4): showing [(A) magnified in (B)]: normal glomerular size and
structure (arrows), normal proximal (red arrowheads) and distal (black arrowhead), (C): vacuolar degeneration in some proximal (red arrowheads) and
distal (black arrowheads), (D): interstitial mononuclear inflammatory cellular infiltration (arrows), (E): normal arcuate artery at the corticomedullary
junction (arrow), (F): mild interstitial mononuclear inflammatory cellular infiltration (arrows), [(G) magnified in (H)]: mild thickening of the glomerular
basement membrane (membranous glomerulonephritis) (Bowman's capsule membrane) (arrowheads) and mild expansion in mesangial cells (elbow
arrows). Mild thickening in the basement membrane lining renal tubules (arrows), and (I): mild interstitial fibrosis between medullary renal tubules
(arrows). (A—F, HEE stain, G-I, PAS), the bar size [(A, C, D, G, 1) = 50 um, (B, H) =20 um, and (E, F) = 100 pm].

the superoxide anion production by the NADPH oxidase, leading to
the accumulation of reactive oxygen species (ROS) (69). Moreover,
the oxidative stress influence impairs the NO biosynthesis
pathway, which strongly affects the vasodilation mechanism
(70). Furthermore, endothelin-1 stimulates the proliferation of
vascular smooth muscle cells (VSMCs) and promotes fibrosis and
inflammation (67). Furthermore, cardiac fibrosis is an important
step in the pathogenesis of diabetic cardiomyopathy, where various
stimuli activate the cardiac fibroblasts (CFs) to myofibroblasts
(MFs) that release extracellular matrix (ECM) proteins through
the intracellular signaling pathway by transforming growth factor
Bl (TGF-B1) which activates Smads-dependent signaling causing
cardiac fibrosis in the hearts of diabetic mice (56).

The present study showed that the DM + MLT group
showed a significant decrease in TOC, CK-MB, endothelin-
1, Myogb, and H-FABP concentration as compared to the
DM group. However, serum concentrations of TAC, TNO,
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and insulin in DM + MLT rats were significantly elevated in
comparison with DM rats. This result could be related to the high
antioxidant and anti-inflammatory characteristics of melatonin,
which exhibited an outstanding preservation of the heart’s histology
and avoided heart fibrosis, demonstrating an anti-fibrotic impact
of MLT (12). Our findings agree with those of the previous
study (56) and revealed that melatonin produces an antifibrotic
effect through the inhibition of IncR-MALAT1/miR-141-mediated
NLRP3 inflammasome activation and TGF-$1/Smads signaling.
Additionally, some reports indicated that MLT maintains the
integrity of cardiomyocytes and inhibits membrane degradation
(71). In addition, the therapy with MLT considerably reduced the
elevated levels of AST and ALT in the present study. These results
are comparable with those of several prior research studies (72, 73)
that reflected the efficacy and safe application of melatonin.

In the current study, both urea and creatinine were significantly
elevated in the DM group in comparison to control rats. These
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FIGURE 13

Photomicrograph of kidney tissue sections from diabetic rats treated with insulin (G5): (A): a normal glomerular size with mild intraglomerular
congestion (arrow) and mild vacuolar degeneration in cortical renal tubules (red arrowheads), (B): mild thickening of the glomerular basement
membrane (Bowman's capsule membrane) (arrow), (C): normal arcuate artery at the corticomedullary junction (arrow), and (D): normal renal
medullary renal tubules (arrows). (A, C&D, H&E stain, B, PAS), the bar size [(A) = 20um, (B) = 50 um, and (C, D) = 100 pm].

results match those given in a previous study (55), and these
findings were confirmed by our histopathological results. It
is important to emphasize that diabetic-reliant nephropathy is
distinguished by kidney morphological changes (74). Nevertheless,
according to our investigations on DM rats, glomerulus membranes
thickened (membranous glomerulonephritis) with expansion in
mesangial cells, congestion in the interstitial tissue, and vacuolar
degeneration in some tubular epithelial cells. Thickening in the
arcuate artery at the corticomedullary junction, peri-arterial fibrosis
infiltrated with mononuclear inflammatory cells. Those features
were observed in addition to dilatation in medullary renal tubules.
Our findings agree with the findings of a previous study (75)
which reported that variations in mesangial matrix and basement
membrane thickness have a strong association with nephropathy.
Mesangial expansion induces the collapse of a part and then
of all of the capillary lumens, resulting in a significant increase
in glomerular size (75). Furthermore, the release of fibronectin,
collagen IV, and laminin may contribute to the thickening of
basement membranes and interstitial fibrosis (75).

Notably, early histological changes that occur in the diabetic
kidney may include tubular basement membrane thickening and
inflammation of the interstices with mononuclear cell infiltration.
Tubulointerstitial abnormalities lead to tubulointerstitial fibrosis
as they develop. Diabetes mellitus can influence renal arteries
of any size (76, 77). Hyalinosis develops in both afferent
and efferent arterioles in diabetic nephropathy, although the
engagement of efferent arterioles is more specific (78). Despite
the fact that many of these findings corroborate this idea, a
few of them have also shown that hyperfiltration has been
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linked to vascular hypertrophy, vasodilation, and injury to
the glomerular and tubular arteries (77). It was hypothesized
that regulating blood pressure and controlling hyperglycemia
are the most effective means of preventing microvascular
damage and additional issues in the diabetic kidneys (79). It
is a gradual consequence of the diabetic kidneys that induce
hypertension and ischemic nephropathy. During these cellular
activities, diabetic people release enormous numbers of reactive
oxygen species, nitrogen species, and other free radicals (80).
Consequently, oxidative stress plays a crucial role in the reported
renal impairment. Intriguingly, the current study indicated that
melatonin treatment led to significant changes in renal tissue
structures, which was consistent with the result that melatonin
administration ameliorates experimentally caused acute kidney
damage (81).

5. Conclusion

Given the above information, melatonin has been shown to
ameliorate a series of serobiochemical parameters that include
blood glucose, insulin, TAC, TOC, serum concentration of TNO,
CK-MB, endothelin-1, myoglobin, H-FABP, ALT, and AST. In
addition, melatonin efficiently restored the histopathological
alterations observed in diabetic DM rats to the near-normal
structure. Melatonin’s hypoglycemic, anti-inflammatory, and
antioxidant characteristics make it potentially effective in
preventing diabetic heart and renal damage. In this study, the
capacity of melatonin to regulate serobiochemical markers and

frontiersin.org


https://doi.org/10.3389/fvets.2023.1089733
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Alsharif et al.

10.3389/fvets.2023.1089733

>

Glomerular lesions score

(¢}

o

Renal tubular lesions score

@

A A
& O“\&’ &

N

FIGURE 14

post hoc test: *p < 0.05, **p < 0.01, ***p < 0.001.
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Histomorphometric graph showing semiquantitative measurements of lesion scores recorded in kidney tissue sections among the experimental
groups: (A): glomerular lesion score, (B): interstitial lesion score, (C): renal tubular lesion score, and (D): vascular lesion score. Data are expressed as
means + standard deviations. Significant differences vs. the control group are marked by different asterisks through one-way ANOVA with Tukey's
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reduce histopathological alterations was observed. The present
study suggested the potential use of melatonin as a promising
therapeutic target for diabetic cardio-nephropathy.
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