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Background:Diabetes mellitus (DM) is a chronic metabolic disorder. Hepatopathy

is one of the serious e�ects of DM Melatonin (MT) is a potent endogenous

antioxidant that can control insulin output. However, little information is available

about the potential association between melatonin and hepatic alpha-fetoprotein

expression in diabetes.

Objective: This study was conducted to assess the influence of MT on diabetes-

related hepatic injuries and to determine how β-cells of the pancreas in diabetic

rats respond to MT administration.
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FIGURE 6

Photomicrographs of liver sections stained with H&E stain from the DM untreated group showing the following: (A, B) Congested central veins (C.V).

(C) Congestion and dilatation in hepatic sinusoids (arrows). (D) Hepatocellular degeneration (arrows) and mononuclear inflammatory cellular

infiltration (arrowhead). (E) Focal mononuclear cellular aggregation (arrowheads). (F) Fibrous tract (FT) connecting between portal areas and

surrounding the congested portal veins (PV). (G) Inflammatory cellular infiltration in the fibrous tract (arrowheads). (H, I) Portal areas showing the

following: Severe dilatation and congestion in portal veins (PV) and periportal fibrosis infiltrated with inflammatory cells (arrows).

various pathways such as increased polyol, increased formation

of advanced-glycation end-products (AGEs), and protein kinase C

(PKC) activation (51).

In addition, we observed a significant decrease in the β-cell

mass and the area of expression of insulin in the pancreas of the

diabetic group by immunohistochemistry. This is in agreement

with studies demonstrating that a single dose of 60 mg/kg STZ

is capable of inducing β-cell damage with a subsequent decrease

in insulin production (39, 52). In addition, a previous study (37)

reported a decrease in the number of β-cells and the size of the

islets in an STZ-induced diabetic rat model. The diabetogenic

effects of STZ are due to the selective destruction of pancreatic

islet β-cells (53). This could be explained by the cytotoxic action

of STZ, which is selective to islet β-cells. The cytotoxicity is

mediated by intracellular methylation reactions, DNA breaks, and

ROS formation (42). Similar results were reported in a previous

study of a high-fat diet+ STZ diabetic model (40).

In our study, livers from DM untreated rats demonstrated

central veins, and hepatic sinusoids between hepatic cords

were dilated and congested. Furthermore, hepatocytes showed

degeneration with diffuse mononuclear inflammatory cellular

infiltration in some areas, and focal mononuclear cellular

aggregation was also observed. The interlobular vein was distended

and congested with blood. Furthermore, we observed that

periportal fibrosis with the fibrous tract extended as a bridge

connecting portal areas and surrounding the congested portal

veins with inflammatory cellular infiltration. Similarly, in a

previous study, livers from DM rats revealed disturbed hepatic

architecture, pericentral sinusoidal dilatation, apoptosis, and lipid

droplet accumulation in hepatocytes, in addition to signs of

inflammation (44). Additionally, the degeneration of liver cells

and the congestion of blood vessels with periportal fibrosis were

reported in previous studies (48, 54, 55). Histopathological changes

due to STZ administration observed in our study were similarly

observed in previous studies (1, 56). Importantly, STZ and diabetes

affect the liver possibly by inducing the release of ROS, which in

turn leads to lipid peroxidation and membrane damage causing

hepatocyte degeneration (49).

Liver damage in diabetic patients can be attributed to oxidative

stress induced by hyperglycemia. Prolonged hyperglycemia

increases ROS through the autoxidation of glucose. Consequently,

disturbances in the metabolism of carbohydrates, proteins, and

lipids occurred. These events, in turn, lead to the activation

of inflammatory events cascades (3, 57, 58). Vascular dilation
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FIGURE 7

Photomicrographs of liver sections stained with H&E stain from DM+MT treated rats showing the following: (A, B) Normal central vein (CV), normal

hepatocellular architecture (H), and mild interstitial hemorrhage (arrows). (C) Normal central vein (star) and mild mononuclear cellular aggregation

(arrowheads). (D) Portal area; mild congested portal vein (star) surrounded with mild fibrosis (arrows).

FIGURE 8

Histomorphometry graphs showing semiquantitative measurements of hepatic tissue sections among the experimental groups: (A) Hepatocellular

alterations (B) vascular congestion (C) fibrosis. Data are expressed as means ± standard deviations. Significant di�erences vs the control group are

marked by di�erent asterisks through one-way ANOVA with Tukey’s post-hoc test: *P ≤ 0.05, ***P ≤ 0.001.

and congestion are triggered by ROS, which induces damage to

sinusoidal endothelial cells. This in turn activates coagulation,

causing sinusoidal obstruction, and ultimately, the dilation of

interlobular vessels (49). In the current study, we observed a

significant increase in AFP expression in the hepatocytes of

diabetic rats compared with the control and MT groups by

immunohistochemistry. This could have been due to hepatocyte

regeneration resulting from diabetes-induced hepatocyte injury.

Adult hepatocytes re-express AFP mainly when they act as

functional stem cells and have the capacity for regeneration after

exposure to injury. When hepatocytes regenerate, the AFP levels

increase (5). Endoplasmic reticulum stress and hepatic cholestasis

in diabetes lead to hepatocellular injury. Lipid accumulation

leads to hepatic steatosis (59). There is a correlation between

having high AFP levels and insulin resistance, which may be

caused by hepatic steatosis. Hepatocytes play a significant role

in the regulation of glucose homeostasis, and depending on the

demands of the body, they either create or store glucose. Insulin

resistance affects hepatic glucose homeostatic pathways, which in

turn causes free fatty acids to release from adipose tissues and leads

to an increase in the creation of very low-density lipoprotein by

the liver (60).

Melatonin (N-acetyl-5-methoxytryptamine) is synthesized in

the pineal gland. It acts as a neuroendocrine transducer and
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FIGURE 9

Photomicrographs of pancreatic sections of (A) Control and (C) MT group, both showing the expression of insulin in islet β-cells. (B) DM group

showing decreased islet β-cells (D) DM+MT group showing increased islet β-cells. (E) Histogram representing the mean percentage area of insulin

expression in all groups. Significant di�erences vs. the control group are marked by di�erent asterisks through one-way ANOVA with Tukey’s

post-hoc test. ***P ≤ 0.001); ns, non-significant vs. control.

regulates the day/night cycle. It regulates the physiological

synchronization of glucose metabolism and stimulates insulin

secretion (GSIS) as well. It mediates various signaling pathways

in pancreatic islets through two membrane receptors (MT1

and MT2). Being lipophilic in nature, it diffuses easily through

biomembranes and the nucleus. Previous studies have reported that

MT is a powerful antioxidant in biological systems and acts as an

immune regulator (61).

In our study, MT restored the body weight of diabetic rats.

This occurred due to the administration of MT, which increased

the glucose decay constant and improved insulin sensitivity.

Melatonin stopped the aberrant glycosylation of proteins and

the consequent weight loss. The lipolysis of adipose tissues

may have been inhibited by the action of insulin, which may

have restored the previous protein content levels in the cells

and tissues. Along with its ability to scavenge free radicals,

MT also prevents the aberrant glycosylation of proteins that

would otherwise be caused by oxidative stress (62). Similar to

our study, in another study, MT restored body weight, which

was significantly decreased in diabetic rats compared with the

control (61).

In our study, at the end of the fourth week, MT significantly

reduced the cumulative blood sugar level in the DM+MT treated

group when compared with the diabetic group. However, it was still

significantly increased compared with control. In addition, there

was a significant increase in insulin in the DM+MT compared
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FIGURE 10

Photomicrographs of liver sections of (A) Control and (C) MT group, both showing minimal expression of AFP in hepatocytes (B) DM group. Showing

the expression of AFP in most hepatocytes (D) DM+MT group showing the expression of AFP in few hepatocytes compared with the diabetic group.

(E) Histogram representing the mean percentage area of AFP expression in all groups. Significant di�erences vs. the control group are marked by

di�erent asterisks through one-way ANOVA with Tukey’s post-hoc test. ***P ≤ 0.001); ns, non-significant vs. control.

with the DM group, which explains the decrease in the blood

glucose level. This could be attributed to the fact that MT

can promote insulin production by acting through the cAMP

pathway (17). In contrast, previous research has shown that MT

can reduce the amount of insulin that the body produces by

acting through a pathway regulated by the MT receptors MT1

and MT2. It decreases insulin secretion by inhibiting cAMP

and cGMP pathways. However, it activates the phospholipase

C/IP3 pathway, which mobilizes Ca2+ from organelles with a

consequent increase in insulin secretion (63). Similar to our

results, the treatment of diabetic rats with MT significantly reduced

their blood glucose, HbA-1c, and insulin levels compared with

untreated diabetic rats; however, the levels were still higher

than those observed in the control group in previous studies

(7, 17, 61).

In the present study, the concomitant administration of

MT to DM rats in Group IV ameliorated the previously

mentioned pathological degenerative changes observed in the

DM group. Melatonin restored the normal architecture of

pancreatic lobules. We observed normal cellular density and

morphology of islets of Langerhans and the exocrine parenchyma.

Similar results were reported elsewhere (7). This could be

due to the ability of MT to induce β-cell proliferation, in

addition to its antioxidant effect. It does this by scavenging

ROS and reactive nitrogen species (RNS). In addition to this,

MT suppresses the activity of certain prooxidant enzymes,

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2023.1214533
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Alsharif et al. 10.3389/fvets.2023.1214533

such as NADPH oxidase, while simultaneously activating the

expression pattern of antioxidant enzymes, such as glucose-6-

phosphate dehydrogenase (G6PDH) and superoxide dismutase

(SOD). Being an electron-rich molecule, it can also neutralize free

radicals, which causes the reduced level of glutathione (GSH) to

increase (64).

In conclusion, our study revealed that MT can restore the

normal liver histological structure and the decreased liver enzymes

ALT and AST. Consistent with our results, in a previous study, MT

administration showed recovery in histopathological alteration and

liver enzymes (17, 65). This might be attributed to the importance

of the insulin–MT relationship (17). We also observed decreased

AFP expression with MT administration in diabetic rats due to

attenuated liver cell injury. Similarly, MT decreased the AFP level

in a hepatocarcinogenesis model (4).

Taken together, the present study concluded that MT treatment

regulates the blood glucose level, controls liver enzymes ALT

and AST, and attenuates diabetes-induced hepatic injury by

restoring pancreatic β-cells and their antioxidant effect, which

decreases hepatocyte injury and downregulates AFP expression.

Our study establishes the promising role of MT in the treatment

of diabetes.
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