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Background: Oral ingestion of lead in drinking water represents the most common route of human 
and animal exposure, especially in the developing nations. Unlike other internal organs, research 
on the effects of lead on gastrointestinal tract remains limited. This study explored the alterations 
in faecal fatty acid composition, gastrointestinal and hepatic histologies and redox status, following 
chronic, 90-day exposure of rats to lead acetate (PbA). We also investigated the protective effects 
of rutin and melatonin against lead toxicity in rats. 
Methods: Fifty male Wistar rats were randomly divided into five groups of 10 (A-E) and were 
assigned as follows: A: Control; B: 1% PbA in drinking water; C: PbA+rutin (50 mg/kg); D: 
PbA+melatonin (25 mg/kg) and E: PbA+rutin+melatonin. The faecal fatty acid profiles were 
quantified by methylation and gas chromatography-flame ion detection. We also evaluated the 
oxidative stress and antioxidant markers for the stomach, liver, and guts, and their histopathological 
alterations. 
Results: Exposure to PbA caused remarkable elevations of the faecal fats, such as undecylic, lauric, 
tridecylic, myristic, and palmitic acids, compared to the controls and rats in group C. The 
administration of rutin and/or melatonin ameliorated the PbA-induced increases in the hydrogen 
peroxide and malondialdehyde contents. Rutin and melatonin improved the levels of thiol, and 
reduced the glutathione, glutathione S-transferase and superoxide dismutase activities. 
Conclusion: The findings suggest that rutin alone or combined with melatonin protects against 
PbA-induced disruption of the liver and gastrointestinal tract integrity via modulation of intestinal 
total lipids in cells and redox imbalances. 
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Introduction 
Environmental contamination of foods and water 

with heavy metals is inevitable [1]. Chronic 
ingestion of environmentally-derived heavy metals, 
such as lead (Pb), has been linked to gastrointestinal 
(GI) diseases through mechanisms, i.e., excessive 
production of reactive oxygen species (ROS) and/or 
dysregulation of immune responses [2]. Incomplete 
absorption of metal ions in the GI tract raises the 
likelihood of ingested metal to stay in and interact 
with the GI lumen [3]. These interactions may 
involve selective disruption of the metabolism of 
specific macromolecules, such as lipids, which 
could aid in the diagnosis of heavy metal toxicities. 

Fatty acids are essentially carbon chains that are 
either saturated or unsaturated molecules, i.e., 
contain only single carbon-hydrogen (C-H) bonds or 
unsaturated molecules containing one or more 
double C=H bonds [4]. Free fatty acids in the GI 

lumen predominantly originate from diet and 
endogenous components derived from bile, bacteria, 
and exudation, or due to cell losses in the mucosa 
[4]. Fatty acids play important roles as energy 
sources and components of the enterocytes plasma 
membranes. In addition, they participate in 
biochemical pathways, e.g., cell-signaling 
molecules and as substrates, while some fatty acids 
serve in the immune-modulatory functions. Further, 
experimental animal models and clinical trials have 
shown that n-3 polyunsaturated fatty acids (PUFAs) 
exert protective effects on the intestines against 
inflammatory bowel diseases [5-7]. 

Studies have advanced the benefits of short-chain 
fatty acids, with less than six carbon atoms, in the 
maintenance of the host health [8-10], and their 
utility as biomarkers in bowel disorders, such as 
inflammatory bowel disease (IBD) [11-13]. In 
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contrast, the role and utility of medium- and long-
chain fatty acids (MLCFAs) as measures of 
intestinal health have not received ample attention. 
Few studies have indicated that MLCFAs present in 
the faeces may be the diagnostic indicators of 
chronic IBD. For instance, the faecal level of 
hexanoates has been found to be a good indicator of 
predicting patients with IBD [14]. Studies on the 
association of colorectal cancer with faecal contents 
of monounsaturated or polyunsaturated fatty acids 
have been carried out although with contradictory 
results [15, 16]. It is clear that the faecal contents of 
long-chain fatty acids can be affected by a number 
of factors, including the amount of dietary fat intake, 
impaired rate of fat absorption from the small 
intestine, utilization and modification of the gut 
microbiota and/or inflammation within the intestinal 
mucosa [17].  

There is evidence to suggest that supplementation 
of animal or human diet with phytochemicals, such 
as rutin and/or melatonin help improve the gut 
barrier structure, function as antioxidants, and 
reduce the oxidative stress [18, 19]. Rutin is a 
flavonoid glycoside (3,3′,4′,5,7-
pentahydroxyflavone-3-rhamnoglucoside), which is 
found abundantly in a variety of fruits and 
vegetables, such as apples, citrus fruits, figs and tea 
leaves. In contemporary scientific literature, rutin is 
recognized as a bioactive agent with a number of 
pharmacological effects, such as analgesic, 
antidiabetic, anticonvulsant, and antihypertensive 
activities [20, 21]. A few reports have also pointed 
out to the protective effects of rutin in the GI tract, 
including its anti-ulcer activity against ethanol-
induced ulcers via suppression of the oxidative 
stress [22, 23]. 

Melatonin (or N-acetyl-5-methoxytryptamine) is a 
ubiquitous natural hormone found in humans, 
animals, plants and even microbes [24, 25]. At any 
time of the day, the gut contains over 400 times the 
amount of melatonin found in the pineal gland, 
where its synthesis was first discovered [26]. In the 
gut, melatonin is known to exert antioxidant effect 
and thereby prevents the development of mucosal 
ulcerations. It is also involved in the stimulation of 
the immune system, epithelial regeneration and 
improvement of microcirculation in the gut [27]. 
Previous studies in rats suggest that melatonin 
supplementation increases its secretion from pineal 
gland via direct action on the circardian rhythm [27, 
28]. Reports in humans have also suggested that 
melatonin supplementation does not suppress its 
endogenous production even after long-term use 
[28]. 

To our knowledge, no published literature has 
investigated the effect of chronic lead administration 
on the composition of medium- and long-chain fatty 
acids in the rats’ faeces. Reports on the protective 
effects of rutin or melatonin on the chronic, lead-

induced oxidative damage in various segments of 
the GI tract and liver are also very limited.  

Aim of the Study: This study aimed to investigate 
the following questions: a) investigate whether 
chronic lead acetate administration induces 
significant alterations in the composition of faecal 
medium and long chain fatty acids (MLCFAs); b) 
compare the composition of faecal MLCFAs in rats 
subjected to chronic exposure to lead acetate with 
the healthy controls;  

c) develop a basis for the potential use of MLCFAs 
as biomarkers of heavy metal induced disruption of 
the intestinal barrier and integrity; d) investigate the 
protective roles of rutin and melatonin against lead-
induced oxidative damage to the stomach, liver and 
intestinal tissues; and e) whether rutin and melatonin 
can reverse the alterations in the faecal fatty acids 
caused by the chronic ingestion of lead in rats.  

Materials and Methods 
Chemicals: Lead acetate (PbA), rutin and 

melatonin were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Thiobarbituric acid, 
trichloroacetic acid (TCA), Tris buffer, Xylenol 
orange, sodium hydroxide, 1,2-dichloro-4-
nitrobenzene, reduced glutathione (GSH), 5,5’-
dithio-bis-2-nitrobenzoic acid, and other major 
reagents were obtained from Sigma-Aldrich. The 
dose of PbA was decided based on previous studies 
where 1% lead acetate administered for 12 weeks 
was reported to induce stress reactions and 
hematologic changes in rats [29-31]. The dosage of 
rutin (50 mg/kg) and melatonin (25 mg/kg) used in 
this study were selected based on previous studies, 
which showed that the doses were effective against 
the toxicity of heavy metals and chemicals, such as 
mercuric chloride, carbon tetrachloride [32-35]. 

Animals and Treatments: Fifty male Wistar rats, 
weighing 100-120g were used in the present study. 
All of the animals were housed in plastic cages in a 
well-ventilated environment, and were allowed an 
acclimatization period of one week before starting 
the experiments. The study protocols were based on 
the guidelines of animal care and use published by 
the National Institutes of Health (NIH), and those 
approved by the local Animal Ethics Committee of 
the University of Ibadan, Nigeria. The rats were 
randomly divided into five groups of ten each and 
were treated for the duration of the study (90 days) 
as follows: 

Group A - Control Group: Rats received the 
vehicle, i.e., corn oil. 

Group B - PbA Group: Rats were treated with PbA 
(1% w/v) in drinking water. 

Group C - PbA + Rutin Group: Rats were treated 
with PbA as in group B and were concurrently given 
rutin (50 mg/kg) by oral gavage. 

Group D - PbA + Melatonin Group: Rats were 
treated with PbA as in group B along with melatonin 
(25 mg/kg) by oral gavage. 
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Group E - PbA + Rutin + Melatonin Group: Rats 
were treated with PbA as in group B and were given 
combined rutin (50 mg/kg) and melatonin (25 
mg/kg) by oral gavage. 

Sample Collection and Tissue Preparation: At the 
end of the experimental period, freshly excreted 
faeces were collected from each rat into plain 
sample bottles and were immediately frozen at -
20ºC until further analyses. Blood samples were 
collected from the retro-orbital venous plexus into 
non-heparinized test tubes. The animals were then 
sacrificed by cervical dislocation, and the liver, 
stomach, small intestines and colon were 
immediately removed, and prepared for biochemical 
assays after homogenization using a Potter-
Elvehjem homogenizer (Bellcoglass Co., Vineland, 
NJ, USA) and centrifugation at 4ºC for 10 min at 
10,000 g. Smaller portions of each tissue samples 
were also processed for histopathological analysis. 
The sera were obtained by centrifugation of the 
coagulated blood samples in non-heparinized tubes 
at 3000 rpm for 10 minutes. 

Serum Biochemical Parameters: The serum 
samples were used for the determination of 
biochemical parameters including erythrocyte 
sedimentation rate (ESR), Total protein (TP), 
albumin, globulin, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline 
phosphatase (Alk Phos), blood urea nitrogen (BUN) 
and creatinine. 

Oxidative Stress & Antioxidant Assays: Hydrogen 
peroxide (H2O2) concentrations in the liver, 
stomach, small intestine and colon were determined 
spectrophotometrically based on the Wolff’s method 
[36]. The concentrations of malondialdehyde 
(MDA) in the tissue samples were used as the index 
of lipid peroxidation using the methods described by 
Varshney and Kale [37].  

The total sufhydryl (thiol) groups and the content 
of reduced glutathione (GSH) in the samples were 
quantified using Ellman’s method [38] and Jollow, 
et al. [39], respectively.  The activity of Glutathione 
S-transferase (GST) was assayed by its ability to 
catalyze the conjugation of GSH with 1-chloro-2, 4-
dinitrobenzene, monitored over a period of 3 min, 
and the absorbance was read at 340nm at 30-second 
intervals. The assay was performed according to the 
method of Habig, et al. [40]. The superoxide 
dismutase (SOD) activity was measured according 
to the method of Misra and Fridovich [41], and with 
slight modification recommended by Oyagbemi, et 
al. [42].  

Faecal Fatty Acid Profiles: Prior to analysis, faecal 
samples were processed for extraction of fatty acids 
according to the method described by Scortichini, et 
al. [43], with slight modifications. Briefly, 
pulverized faecal samples were acidified with 
sulphuric acid followed by extraction with diethyl 
ether. Following centrifugation, the collected 
organic phase was then injected into the GC column 

calibrated with fatty acid methyl ester mix standards 
for the analysis of the medium- and long-chain fatty 
acids. The chromatography conditions were set 
according to previous methods described by 
Akinrinde, et al. [44]. The eluting components were 
detected by flame ionization detector and the signal 
output was captured and recorded on a computer, 
using Total Chrome software. 

Histopathology: Small portions of the liver, 
stomach, jejunum and colon were collected and 
fixed in 10% phosphate-buffered formalin. The 
tissues were processed routinely in graded alcohol 
concentrations and then embedded in paraffin wax. 
Five µm-thick sections were then made on a 
microtome and mounted on slides followed by 
staining with hematoxylin and eosin (H&E). The 
slides were examined on an Olympus light 
microscope. 

Statistical Analyses: The data were expressed as 
the means ± standard deviations and differences in 
means across the groups were statistically analyzed 
by one-way analysis of variance (ANOVA) followed 
by Tukey’s post hoc test for multiple comparisons. 
P-values less than 0.05 were considered statistically 
significant. The statistical analysis was performed 
using GraphPad Prism software (version 7).  

Results 
Effects of Rutin and Melatonin Vs Faecal Fatty 

Acid Profiles: The fatty acid profiles of the faecal 
samples from the rat groups are shown in Table 1. 
The analysis of fatty acid compositions in the faecal 
materials exposed to PbA showed significant 
increases in the levels of saturated long-chain fatty 
acids compared to those of the controls. The lengths 
of fatty acid chains in the PbA group ranged from 
C10 to C17 and were made up predominantly of 
undecylic acid (C11:0), tridecylic acid (C13:0) and 
palmitic acid (C16:0). On the other hand, the 
predominant fatty acids detected in the faecal 
materials of the control rats consisted of unsaturated 
fatty acids including eicosatrienoic acid (C20:3n6) 
and palmitoleic acid (C16:1). Tridecylic acid 
(C13:0) and heptadecanoic acid (C17:0) were the 
predominant saturated fatty acid species in the 
faeces from the control rats. 

Unlike the PbA group, faeces from rats treated 
with rutin produced a much greater diversity of fatty 
acids (range: C11 to C20) and a higher content of 
unsaturated fatty acids mainly due to an increase in 
eicosadienoic acid (C20:2). Other unsaturated fatty 
acids such as pentadecenoic acid (C15:1), 
heptadecenoic acid (C17:1), oleic acid (C18:1n9c), 
linoleic acid (C18:2n6c) and eicosenoic acid 
(C20:1) were also detected in the faeces from the 
rutin-treated rats. However, other fatty acids, such as 
caprylic acid (C8:0), capric acid (C10:0), Myristic 
acid (C14:0) and Myristoleic acid (C14:1), which 
were found in the analysis of faeces from other 
groups were not detected in the faeces from the 
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PbA+rutin group. Further, the analysis of fatty acids 
in the faeces from the rats treated with 
PbA+melatonin or PbA+rutin+melatonin showed a 
much similar profile as that obtained from those 
treated with PbA alone. The feaces from the latter 
group were also dominated by saturated fatty acids 
including tridecylic and palmitic acids. However, 
the PbA+rutin+melatonin group showed high levels 
of tricosylic acid (C23:0) in their faecal samples.  

Effects of Rutin and Melatonin Vs Oxidative 
Stress: The concentrations of hydrogen peroxide 
(H2O2) and MDA, which is a product of lipid 
peroxidation and thiol groups in the stomach, liver, 
small intestine and colon, are shown in Figures 1-3. 
The results further showed that treatment of rats 
with PbA caused a significant increase in H2O2 
concentration in the liver, small intestines and colon 
compared to those of the controls (P<0.05; Figure 
1). Similarly, the MDA level was significantly high 
in the small intestine and colon of the rats exposed 
to PbA compared to that of the controls (Figure 2). 
Conversely, PbA treatment caused a significant 
reduction in the concentration of thiol groups in the 
stomach, liver, small intestines and colon as 
compared to those of the controls (Figure 3).  

The elevation in the levels of H2O2 and MDA 
induced by PbA was decreased in the presence of 
rutin, melatonin or their combination. Specifically, 
rutin (liver, small intestine and colon), melatonin 
(liver and colon) and their combination (liver, small 
intestine and colon) significantly reduced the levels 
of H2O2 compared to that found in the rats treated 
with PbA (Figure 1). In a similar fashion, treatment 
with rutin, melatonin singly or their combination 
resulted in a significant reduction in the MDA levels 
of the liver, small intestine and colon compared to 
those of rats exposed to PbA alone (Figure 2). 
However, treatment of rats with PbA combined with 
rutin+melatonin produced a more significant 
reduction in the levels of H2O2 (liver, small intestine 
and colon) and MDA (stomach, liver and small 
intestine) compared to rats treated with either rutin 
or melatonin alone. In most of the stomach, liver and 
colon tissue samples examined, there was a 
significant improvement in the total thiol 
concentrations in rats treated with either melatonin 
alone or with rutin and melatonin combined. 
Treatment with rutin alone produced a significant 
rise in the thiol concentration of the stomach only. 
Again, the improvement in thiol levels was greater 
when rats were pretreated with both rutin and 
melatonin, rather than with either compound alone. 

Exposure of rats to PbA led to a significant 
reduction in the hepatic levels of GSH, whereas the 
GSH levels in the stomach, small intestine and colon 
were not significantly changed in all groups at the 
end of the study (Table 2). Interestingly, treatment 
with rutin, melatonin or the combination led to 
significantly improved GSH levels in the liver. 
Further, the results demonstrated that exposure of 

rats to PbA caused a significant decline in the GST 
activities (liver and colon) and SOD (stomach, liver 
and colon) compared to those of the controls (Table 
2). However, in rats treated with rutin (liver), 
melatonin (liver and colon) or rutin+melatonin (liver 
and colon), the decline in GST activity was 
significantly inhibited, compared to the rats treated 
with PbA alone. The SOD levels significantly 
improved in the stomach, liver and colon of the rats 
that had been treated with rutin alone or with rutin 
and melatonin combined. No significant changes 
were noticed in the SOD activity in the small 
intestines in all groups. 

Effects of Rutin and Melatonin Vs Serum 
Parameters: Serum biochemical parameters in rats 
from various groups are presented in Table 3. The 
results showed that chronic administration of PbA 
produced significant reductions in their serum 
albumin levels compared to that of the controls, 
although the total protein levels were not affected. 
Other parameters including ESR, AST, ALT and Alk 
Phos activities, and the serum concentrations of 
BUN and creatinine were not significantly altered in 
the PbA-treated rats. However, the protective effects 
of rutin and melatonin were clearly demonstrated by 
the significant reductions in the activities of AST, 
ALT, Alk Phos, along with the significant restoration 
of the albumin, BUN and creatinine levels.  

Effects of Rutin and Melatonin on 
Histopathological Features: The histopathological 
alterations in the liver, stomach, jejunum and colon 
are presented in Figures 4-7. The images from the 
control rats (Figure 4A) indicated that the 
hepatocytes had normal morphology with 
polyhedral shapes, distinct nuclei and eosinophilic 
cytoplasm, while the sinusoids were mostly clear. 
Major histopathological changes were observed in 
the PbA group (Figure 4B), demonstrating abnormal 
congestion, severe inflammatory cell infiltrations 
around the central venules, and the portal vein. 
However, there was much less portal congestion 
around central venules in the groups pretreated with 
rutin (Figure 4C), melatonin (Figure 4D) or their 
combination (Figure 4E). 

The histological analyses of the gastric tissue 
samples showed impaired mucosal and sub-mucosal 
structures in rats treated with PbA compared to that 
of the controls (Figure 5). The gastric mucosal layer 
in the control rats showed well-arranged epithelial 
cells and submucosal glands with distinct muscular 
fibers (Figure 5A). However, the stomach tissue 
samples from the PbA group showed major loss of 
the epithelial cells and erosion of the submucosa 
with marked degeneration of the muscular layer 
(Figure 5B). Also, there was moderate infiltration of 
inflammatory cells in the gastric glands and lamina 
propria in this group. Treatment with rutin (Figure 
5C) or melatonin (Figure 5D) or the combination 
(Figure 5E) resulted in significant improvement of 
the histopathological alterations caused by PbA, 
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with moderate restoration of the epithelial integrity. 
However, mild degrees of inflammatory cell 
infiltration of the submucosa were observed. 

The histological evaluations of the jejunal tissue 
samples and a representative segment of the small 
intestine from rats in various groups are illustrated 
in Figure 6. Compared to the control rats, the various 
treatments administered caused no significant 
alterations in the jejunal structures. Normal 
arrangement of villi without erosions, and 
vacuolations and/or inflammatory cell infiltrations 
were observed in all groups. Figure 7 illustrates 
sections of the colonic histology examined under 

light microscopy. The colonic sections from the 
control rats showed normal mucosa with clearly 
visible crypt, lumen, well arranged epithelia and 
stroma, and absence of inflammatory cell 
infiltrations. Administration of PbA altered the 
morphology of the colonic histology, showing 
indistinct epithelia with inflammatory cells 
infiltration in the stroma (Figure 7B). However, 
treatment with rutin, melatonin or the combination 
reduced the severity of the PbA-induced lesions with 
the protection being more evident in the groups 
treated with melatonin alone or combined with rutin 
(Figures 7D & 7E), respectively. 

 

 
Figure 1. Hydrogen peroxide (H2O2) concentration in the stomach, liver, small intestines and colon of male rats as affected by treatment 

with lead acetate (PbA), Rutin (Rut) and/or melatonin (Mel). Bars represent values expressed as means ±SDs; n = 10 for each group. 
*Significant (P<0.05) compared to the controls.  #Significant (P<0.05) compared to the PbA group. 

 

 
Figure 2. Malondialdehyde (MDA) concentration in the stomach, liver, small intestines and colon of male rats as affected by treatment with 

lead acetate (PbA), Rutin (Rut) and/or melatonin (Mel). Bars represent values expressed as means ±SDs; n = 10 for each group. *Significant 
(P<0.05) compared to the controls. #Significant (P<0.05) compared to the PbA group. 

 



   

55 
Melatonin Ameliorate the Gastrointes�nal and Hepa�c Injuries. Iran J Toxicol. 2023; 17(4):50-60 

October 2023, Volume 17, Number 4 

 
Figure 3. Total thiol concentration in the stomach, liver, small intestines and colon of male rats as affected by treatment with lead acetate 

(PbA), Rutin (Rut) and/or melatonin (Mel). Bars represent values expressed as means ±SDs; n = 10 for each group. *Significant (P<0.05) 
compared to the controls.  #Significant (P<0.05) compared to the PbA group. 

 

 
Figure 4. Representative images of liver sections stained with H&E observed with light microscopy (Mag. x400).Plate A (control) shows 

normal central venules and normal morphology of hepatocytes (white arrow) and sinusoids.  
Plate B (PbA) shows moderately congested portal vein with inflammatory cell infiltration around the portal veins (portal triaditis) (black 

arrow) while the morphology of the hepatocytes (white arrow) and sinusoids appear normal. Plates C (PbA+Rut) and D (PbA+Mel) show 
moderately congested central venules and portal vein with normal morphology of the hepatocytes (white arrow) and sinusoids. Plate E 
(PbA+Rut+Mel) shows central venules CV with mild perivascular infiltration of inflammatory cells but normal morphology of the hepatocytes 
(white arrow) and sinusoids. CV: Central veins; PV: Portal vein. 

 

 
Figure 5. Representative images of stomach sections stained with H&E observed with light microscopy (Mag. Upper plates x100 and lower 

plates x400). Plate A (Control) shows normal and well preserved mucosal epithelial layer, submucosa and circular muscle layer. Plate B (PbA) 
shows poorly preserved mucosal epithelial cells and sub-mucosal layer which are sloughed in many areas (white arrows) and mild 
inflammatory cell infiltration of gastric glands and lamina propria. The circular muscle layer is indistinct and appears degenerated. Plate C 
(PbA+Rut) also shows poorly preserved mucosal epithelial layer (white arrow) with mild infiltration of gastric glands by inflammatory cells, 
although the sub-mucosal and circular muscle layers appear normal. Plate D (PbA+Mel) and E (PbA+Rut+Mel) show well preserved mucosal, 
sub-mucosal and circular muscle layers with mild inflammatory cell infiltration of the gastric glands.  

ML: mucosal layer; SML: sub-mucosal layer; CML: circular muscle layer.  
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Figure 6. Representative images of jejunum sections stained with H&E observed with light microscopy (Mag. Upper plates x40 and lower 

plates x100). All plates show no significant lesions. A: Controls; B: PbA; C: PbA+Rut; D: PbA+Mel; E: PbA+Rut+Mel. 
 

 
Figure 7. Representative images of transverse sections of colonic mucosa stained with H&E observed with light microscopy (Mag. x400). 
Plate A (Control): Normal colonic mucosa showing clearly visible crypt lumen; well arranged/intact epithelial cells/epithelium and stroma 

without inflammatory cell infiltration; Plate B (PbA): Damaged/indistinct epithelium with infiltration of stroma by inflammatory cells (red 
arrows); Plate C (PbA+Rut): Crypts are identifiable, but there is mild inflammatory cell infiltration in the stroma. Plates D (PbA+Rut) and E 
(PbA+Rut+Mel) show clearly visible crypts and well-arranged epithelial cells without inflammatory cell infiltration. Crypt lumen,  
Epithelial cells. 

 
Table 1. Faecal Fatty acid profiles of rats chronically exposed to Lead acetate and treated with Rutin (Rut) and/or melatonin (Mel). 

S/N Fatty acid 
nomenclature 

Name Control PbA PbA+Rut PbA+Mel PbA+Rut+Mel 

1 C8:0 Caprylic - - - 3.11±0.02 2.33±0.04 
2 C10:0 Capric 0.84±0.03b 2.91±0.73a - 2.61±0.12a 2.46±0.02a 
3 C11:0 Undecylic 3.04±0.21a 11.32±1.21b 3.41±0.14a 4.10±0.25a 1.17±0.02a 
4 C12:0 Lauric - 5.74±0.23b 0.94±0.01a 1.50±0.01a 1.37±0.14a 
5 C13:0 Tridecylic 11.26±0.19a 38.19±0.45b 18.53±1.93c 23.70±0.03d 30.80±0.54e 
6 C14:0 Myristic 0.31±0.37b 1.24±0.62a - 5.24±0.51c 2.10±0.02a 
7 C14:1 Myristoleic 3.30±0.12a 5.79±0.34b - 8.44±0.29c 0.84±0.02d 
8 C15:0 Pentadecanoic 4.62±0.14a 6.20±0.26b 1.52±0.05a 3.26±0.97a 0.37±0.01c 
9 C15:1 Pentadecenoic - - 2.95±0.32 - - 
10 C16:0 Palmitic 5.94±0.17c 25.11±0.35a 12.41±1.23b 23.19±0.68a 16.48±0.69b 
11 C16:1 Palmitoleic 10.44±0.21b 2.91±0.19a 3.05±0.24a 3.04±0.12a 2.53±0.41a 
12 C17:0 Heptadecanoic 12.17±0.69a 0.59±0.59b 11.43±0.92a 5.88±0.45c - 
13 C17:1 Heptadecenoic - - 3.91±0.004a 3.36±0.02a - 
14 C18:0 Stearic - - 1.11±0.001a 4.49±0.27b - 
15 C18:1n9c Oleic - - 0.98±0.003 - - 
16 C18:2n6c Linoleic - - 1.83±0.26 - - 
17 C20:1 Eicosenoic - - 1.74±0.002 - - 
18 C20:2 Eicosadienoic - - 36.17±0.29 - - 
19 C20:3n6 Eicosatrienoic 48.08±0.21 - - - - 
20 C22:0 Behenic - - - 2.41±0.04 - 
21 C22:1n9 Erucic - - - 5.65±0.51 - 
22 C23:0 Tricosylic - - - - 39.54±0.59 

Data are expressed as relative values (%) i.e. mean % of total fatty acids ± SEM 

abcdeValues with different superscripts within a row differ significantly at P<0.05. 
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Table 2. Changes in Reduced glutathione (GSH) concentration, Glutathione S-transferase (GST) and Superoxide dismutase (SOD) activities 
in stomach, liver, small intestines and colon of male rats as affected by treatment with lead acetate (PbA), Rutin (Rut) and/or melatonin (Mel). 

Parameter  Groups 
Control PbA PbA + Rut PbA + Mel PbA + Rut + Mel 

GSH 
Stomach 88.57±8.82 82.09±2.96 81.96±4.86 86.59±3.33 85.28±3.62 
Liver 234.16±51.86 149.53±28.15* 213.81±49.25# 240.17±27.09# 276.08±28.20# 

Small intestine 46.21±5.67 39.49±3.71 41.28±1.86 39.79±2.36 40.72±4.30 
Colon 47.35±6.84 40.26±1.15 44.04±6.41 40.81±1.64 40.35±2.38 

GST 
Stomach 0.04±0.02 0.03±0.01 0.03±0.01 0.02±0.01 0.03±0.01 
Liver 0.40±0.04 0.24±0.06* 0.43±0.09# 0.46±0.15# 0.50±0.13# 

Small intestine 0.10±0.01 0.11±0.03 0.11±0.02 0.12±0.04 0.11±0.03 
Colon 0.09±0.03 0.03±0.01* 0.06±0.01 0.09±0.03# 0.09±0.03# 

SOD      
Stomach 3.34±0.65 2.59±0.71* 3.68±0.40# 2.90±0.71 3.65±0.58# 

Liver 12.59±1.64 6.05±0.61* 11.43±2.91# 9.60±2.48 12.88±2.56# 

Small intestine 1.91±0.28 2.06±0.23 2.42±0.52 1.91±0.32 2.08±0.71 
Colon 4.26±0.17 2.93±0.38* 4.02±0.77# 2.95±0.43 4.05±0.56# 

Values are expressed as means ±SD; n = 10 for each group. *Significant (P<0.05) when compared with the control #Significant (P<0.05) when 
compared with the PbA group. GSH concentration (mol/g tissue). GST specific activity (mmol CDNB-GSH complex formed/min per mg 
protein). SOD activity (units/mg protein) 
 
Table 3. Serum chemistry profiles of rats chronically exposed to Lead acetate and treated with rutin (Rut) and/or melatonin (Mel). 

Parameter Groups 
Control PbA PbA + Rut PbA + Mel PbA + Rut + Mel 

ESR (mm/hr) 0.96±0.09 0.96±0.15 0.84±0.06 0.88±0.08 0.76±0.06# 

TP (mg/dL) 8.60±0.46 8.32±0.36 8.10±0.40 8.08±0.47 8.14±0.30 
Albumin (g/dL) 3.64±0.17 3.28±0.19* 2.90±0.34# 2.88±0.36# 2.84±0.23# 

Globulin (g/dL) 4.96±0.37 4.82±0.50 5.20±0.10 5.20±0.14 5.30±0.29 
A:G 0.74±0.05 0.66±0.05* 0.57±0.06# 0.55±0.06# 0.54±0.06# 

AST (U/L) 50.75±2.22 51.75±0.96 48.25±0.96# 46.60±0.89# 47.00±1.41# 

ALT (U/L) 31.00±2.16 31.67±1.53 27.25±1.71# 26.75±1.26# 26.80±2.49# 

ALP (U/L) 132.00±4.32 131.00±1.73 123.50±3.70# 123.80±6.98# 122.50±3.42# 

BUN (mg/dL) 18.6±1.14 18.08±0.64 17.66±0.57 18.18±0.84 16.96±0.48# 

Creatinine 0.78±0.05 0.80±0.07 0.74±0.06 0.78±0.08 0.66±0.06# 
Data are expressed as means ±standard deviations (n = 5). *Significant (P<0.05) compared to the controls. #Significant (P<0.05) when 
compared with the PbA group. ESR, erythrocyte sedimentation rate; TP, total protein; A:G, albumin-globulin ratio; AST, aspartate 
transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase; BUN, blood urea nitrogen. 

 
Discussion 

Oral exposure to lead is capable of stimulating 
local oxidative stress and inflammation in the GI 
tract leading to profound alterations in the tissue 
morphology and function. These include 
impairments in the intestinal permeability, nutrient 
absorption and metabolism of essential nutrients 
such as lipids [45]. The current study provides ample 
evidence that chronic exposure to lead disrupts 
intestinal fatty acid profiles, causing alterations in 
the oxidant-antioxidant balance and the morphology 
of the GI and hepatic tissues in rats. Recent studies 
have shown that dietary lead exposure also alters the 
homeostasis of gut microbiota accompanied by 
changes in the profiles of microbiota-derived 
metabolites, such as short-chain fatty acids [46, 47]. 
However, little information is available on 
alterations in the metabolism and profiles of 
medium- and long-chain fatty acids following 
chronic exposure to lead in animal models.  

Our findings showed a preponderance of saturated 
fatty acids, mainly tridecylic and palmitic acids in 
the faeces of PbA-treated rats together with 
deficiencies in mono or polyunsaturated fatty acids. 
This observation was in contrast to the results of the 
faecal analyses from both the control rats and those 
treated with rutin, in which high levels of 

unsaturated fatty acids were found. Ample 
epidemiological evidence has linked a high 
incidence of inflammatory bowel diseases (IBD) 
with an abundance of faecal saturated long-chain 
fatty acids [48]. Also, an increase in the faecal level 
of n-3 PUFAs has been shown to mitigate intestinal 
histological alterations, such as ulcers, necrosis and 
inflammation. Specifically, these conditions have 
been associated with such enteritis models induced 
by trinitrobenzene sulfonic acids, dextran sulfate 
sodium, and lipopolysaccharides [49, 50]. 
Consistent with the findings from the current study, 
these reports suggest complex relationships 
involving medium- and long-chain fatty acids, 
which may serve as important metabolic biomarkers 
of toxic and/or disease-related changes in the GI 
tract. Hence, additional studies are warranted to 
unravel the underlying mechanisms and to explain 
the role of medium- and long-chain fatty acids in the 
development of intestinal diseases. 

Earlier studies have suggested that susceptibility 
to intestinal oxidative stress could be influenced by 
the level of unsaturated fatty acids in the cell 
membranes [51, 52]. Our findings suggest that a rise 
in saturated fatty acids in the faeces of rats treated 
with lead acetate may accompany an increase in the 
hepatic and GI tract oxidative stress. Also, high 
levels of H2O2 and MDA in the liver and intestines 
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are indicative of oxidative stress due to ROS 
generation. This finding was corroborated by 
profound reductions in thiol groups found in all of 
the animal tissue samples examined, particularly the 
reduced GSH levels in the liver and colon, and 
inhibition of GST and SOD activities in the liver and 
most of the intestinal tissue samples.  

It has been previously established that increased 
lipid peroxidation in tissues is usually reflected by 
higher MDA levels [53]. The antioxidant enzyme, 
SOD, plays important roles in protecting cells 
against damage while GST is involved in inhibiting 
toxic metabolites generated in tissues following 
exposure to toxins [54]. Based on the extent of 
oxidative stress observed in this study, it was not 
surprising that our histopathological examinations 
revealed alterations in the hepatic tissue 
morphology. We found congested portal vein and 
central venules with inflammatory cell infiltration, 
although the hepatocytes morphology was not 
considerably affected. Also, the gastric and colonic 
tissue samples showed poorly preserved epithelial 
and sub-mucosal layers, while inflammatory cell 
infiltrations were widely evident in the GI tissue 
samples of the rats treated with lead acetate. 

Current research trends have focused on search for 
agents that can reduce oxidative stress and 
inflammation in the gut and thus protect the organ’s 
barrier against lead toxicity [55]. In the current 
study, we found that supplementation of rat foods 
with rutin at 50 mg/kg and/or with melatonin at 25 
mg/kg significantly protected against chronic lead 
toxicity in the rats’ GI and liver tissues. Our results 
demonstrated the profound antioxidant potentials of 
rutin and melatonin as evident by their significant 
capacity to reduce H2O2 and MDA levels. These 
events corresponded to increases in the thiol groups, 
and SOD/GST activities, compared to those in rats 
treated with lead acetate alone. Rutin and melatonin, 
as natural compounds, resulted in much alleviation 
of tissue lesions induced by lead acetate, particularly 
in the stomach, liver and colon. With respect to 
variations in the extent of lesions along the GI tract, 
the results revealed that orally administered lead 
acetate impacted the morphology of GI structures to 
greater extents at sites where the heavy metals 
probably had longer transit times, i.e. stomach and 
colon versus jejunum. This finding consistently 
reflected in the status of antioxidant systems in the 
small intestine where the concentration of GSH and 
the activities of GST and SOD remained unaltered 
in all of the experimental groups. 

Fatty acids detected in the faeces usually originate 
from the diet, although some studies indicate that 
faecal fatty acid composition may substantially 
reflect the metabolic activity of the bacteria in the 
GI tract. For instance, there is evidence that stearic, 
oleic, and linoleic acids can be converted to 
hydroxystearic acid by the intestinal bacteria and the 
extent of oxidation is linked to the overgrowth of 

certain bacterial species [56]. Notably, our results 
showed a greater diversity of medium- and long-
chain fatty acids in rats treated with rutin, compared 
to those found in other groups. It appears that rutin 
had shifted fatty acid metabolism by intestinal 
bacteria in favor of unsaturated fatty acids. This may 
be responsible for the greater diversity of fatty acids 
found in the rat group treated with rutin. Future 
studies are required to elucidate the specific 
bacterial populations that are favored or inhibited 
during exposure to lead acetate and how this is 
correlated with fatty acid profile in the intestines. 

The results of the current study are consistent with 
previous reports indicating that rutin or melatonin 
supplementation reduces oxidative stress via 
increases in the activities of antioxidant enzymes, 
SOD, GST, catalase, glutathione reductase and/or 
peroxidase, while also decreasing the MDA levels 
[57, 58]. A number of studies have also shown that 
melatonin protects against lead toxicity, although 
they used shorter periods of lead exposure [59, 60]. 
In the current study, the protective roles of rutin and 
melatonin were clearly demonstrated by a 
significant reduction in the lead acetate ability to 
increase such liver enzymes’ levels, as AST, ALT 
and Alk Phos in the serum, and reduced 
concentrations of BUN and creatinine, indicative of 
renal injury [61]. 

Conclusions 
The present study investigated the protective roles 

of rutin and melatonin in a chronic lead acetate-
induced model of liver and GI tract injury along with 
assessing the potential alterations in the metabolism 
of intestinal fatty acids. Our results provided 
evidence that lead acetate induced disruptions in 
fatty acid composition in favor of saturated fatty 
acids, and showed alterations in the tissue 
morphology and oxidant-antioxidant balance. In 
addition, rutin, melatonin and the combination 
showed protective effects toward the liver, stomach 
and intestines by reducing oxidative damages and 
preventing against histopathological alterations due 
to lead acetate toxicity. Our results provide a basis 
for the clinical application of rutin and/or melatonin 
in support of treating liver and gastrointestinal 
injuries in humans. The results also suggest that a 
complete faecal and plasma fatty acid profile 
deserve greater attention as non-invasive diagnostic 
indicators of chronic GI injury in response to lead 
acetate toxicity. 
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