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Abstract: Chlorpyrifos is a highly toxic commonly used broad-spectrum pesticide and can seriously
harm human health and environmental impacts. Punica granatum L. peels (PgP) has been applied as
for preparation of activated carbon (ACs) and PgP-derived activated carbon (PgP-ACs) was
produced. TEM was applied to describe the features of the particle shape and particle size of the
prepared ACs and FTIR was used to study the functional groups in ACs. The study assessed the
potential of PgP-ACs to attenuate liver and kidney toxicities caused by chlorpyrifos in rats. Animals
were assigned into four groups: Group I (Control), Group II (Chlorpyrifos, 3.0 mg/kg.b.w. daily (~
1/50 of the LDso), Group III (PgP-ACs), and Group IV (Chlorpyrifos + PgP-ACs). In the group treated
with chlorpyrifos, PgP-ACs effectively ameliorated serum kidney injury markers, creatinine, uric
acid, and urea. PgP-ACs ameliorated lipid profile markers, cholesterol, triglycerides, and LDL levels
in rats treated with chlorpyrifos. It significantly increases HDL. PgP-AC offered protection as
evidenced by inhibiting the rise in serum activities of ALP, AST, ALT, and y-GGT. The effect of PgP-
ACs on body weight gain and feed intake was recorded. Chlorpyrifos substantially provoked several
tissue alterations histological abnormalities in organs. For four weeks, PgP-ACs at a concentration of
5.0% w/w in the diet strongly protected rats against many biochemical and histological alterations
caused by chlorpyrifos.

Keywords: chlorpyrifos; activated carbon; TEM and FTIR; Punica granatum; biochemical analysis;
liver and kidney; lipid profile; weight gain; rats

Key Contribution: The Punica granatum L. peels-derived activated carbon at a concentration of 5.0%
w/w in the diet was non-toxic to rats. The activated carbon showed a protective effect against
chlorpyrifos- induced hepato-nephrotoxicity and histopathological changes in rats

1. Introduction

The use of pesticides, including organophosphorus (OP) chemicals is on the rise in many parts
of the world and therefore their hazardous increases [1]. The overuse of these chemicals is linked to
increased risk of acute and chronic illnesses, mortality and morbidity, and is on the rise in many parts
of the world [2,3]. Chlorpyrifos is a widely used broad-spectrum OP pesticide to control various
pathogens and insects and hence widely employed in indoor and agricultural
fields [4,5]. Chlorpyrifos is one of the most widespread pesticides in agricultural soils collected
from many Egyptian Governorates especially Sinai and Ismailia Governorates [4,5]. It is dispersed
into different environmental components, including air, soil, surface water (rivers, canals, and lakes),
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and groundwater when used for agricultural purposes, affecting ecosystem functioning [1-3]. The
consumption of contaminated food or direct exposure along with the inhalation or skin adsorption
is the routes that chlorpyrifos can reach humans and animals [6]. Residue accumulation of
chlorpyrifos in the environment has been associated with serious adverse reactions in humans as well
as livestock [2,6].

To date, many studies have been conducted on its toxicity [2,3]. Chlorpyrifos toxicity causes
nitrosative and oxidative stress, apoptosis, DNA damage, and inflammation in vital organs such as
the testis, brain, kidney, liver, and kidney [2,7-9]. Its use was associated with several harmful
consequences especially liver and kidney injuries [7,8]. Punica granatum L. peels (PgP) has been
reported to enhance liver functioning, reduced DNA fragmentation, caspase-3, and malondialdehyde
levels, and increased enzymatic and nonenzymatic antioxidants due to the injection of toxic chemical
such as diethylnitrosamine [10].

There is considerable evidence suggesting that agriculture wastes could be effective in
conferring protection against chemical /drug-induced toxicity, including liver and kidney injuries
[10-13]. Additionally, considerable studies reported that fruit wastes effectively attenuate
chlorpyrifos-associated toxicities and highlight the on-going challenges in liver and kidney disease
management [14,15]. Fruit wastes have been investigated for nutritional and/or functional qualities.

Since ancient times in the Mediterranean region and with a world production of around one
million tons, Punica granatum L. (pomegranate fruit) has been cultivated [15,16]. Significant amount
of lignocellulosic waste in the form of P. granatum peels has produced as one of the agriculture and
industry wastes. Consequently in recent years there has been a growing interest in finding ways to
reuse and valorize this waste [17,18].

Punica granatum (Family Lythraceae) contains abundant phytochemicals that are potent
antioxidants, including polyphenols, tannins, anthocyanins, flavonoids, phenolic acids, and catechins
[15]. Punicalagin, cyanidin-3-O-glucoside and ellagic acid were the main components of juice. The
peel also contains these components. These components act by scavenging reactive oxygen species,
enhancing oxidative biomarkers, and neutralizing them. Punica granatum gained widespread
attention for its potential food and medicine homology properties. The extracts from different parts
of the pomegranate plant have a wide range of biological effects, including antiviral, antibacterial,
anti-diabetic, improvement in sperm quality, cardioprotective, cancer prevention, antioxidant
properties, as well as anti-inflammatory [15].

Punica granatum peels (PgP) is a fantastic source of protein, bioactive peptides, polysaccharides,
and phenolic components [19,20]. PgP could significantly decreased total lipid, blood
glucose, and low-density lipoprotein cholesterol, while it increases high density lipoprotein
cholesterol levels, as well as improved kidney and liver functions [19].

More significantly, the possible use of fruit waste (mainly lignocellulosic biomass) has yet to be
recognized. Thus, upgrading fruit waste to carbonaceous-rich materials for producing biochar or
activated carbon is an alternative sustainable treatment [21].

Currently, many industrial and agricultural wastes (food-based biomass wastes, agricultural
biomass residues, and energy crops) are studied as low-cost, renewable, and abundant precursors to
produce sustainable activated carbons ACs [22,23]. This being involves an ecofriendly valorization
process and which also an alternative source to conventional precursors. One of the best-known
processes for producing ACs is the chemical activation. A study used a lignocellulosic waste material
such as fruit peels as the activated carbon precursor, which was not harmful and was sustainable
adsorbent for the renewable energy production [17].

Because of their easy synthesis process, readily adjustable surface chemistry, porosity, and cost-
effectiveness, biochar, and activated carbon have attracted the scientific community’s attention,
allowing various uses for these materials [15,21,24]. These materials include almond shells [25], bean
pods [26], cherry stones [27], olive stones [28,29], rice husks [30], and wild sugarcane [31].

In this context, Hussain et al. [32] reported that the activated carbon-derived P. granatum peels
PgP-ACs showed a surface area 0f183.89 m?/g, whereas the energy-dispersive X-ray indicated the
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existence of carbon, oxygen, silicon, and potassium, in addition to aluminum. Also, the activated
carbon-derived P. granatum peels PgP-ACs significantly removed chlorpyrifos from water, by 97.6%.
According to these findings, ACs derived from Punica granatum peels may be used as an alternative
pesticide adsorbent. Therefore, this study aims to explore the use of activated carbon derived from
pomegranate peels to mitigate chlorpyrifos toxicity in rats.

2. Materials and Methods

2.1. Plant Materials

Punica granatum L. (Pomegranate) was bought at a local market in Cairo, Egypt in January 2022.
The plant was recognized, and authenticated by Mrs. Terase Labib, senior specialist of plant
taxonomy, floral and taxonomy department, El-Orman Garden, Giza, Egypt. Voucher specimens
(PgF-NRC-22) are kept in the Faculty of Agriculture, Cairo University, Giza (Egypt).

2.2. Preparation of Punica granatum Peels

Pomegranate fruits were carefully cleansed with distilled water to eliminate any dust or dirt
adhering to the peel. After washing, the fruits were wiped dry. The fruit peels were hand peeled,
chopped into 2x2 cm pieces, and solar-dried for 96 h. The peels were pulverized entirely using a
grinder with 60 mesh sizes and passed through a 0.25 mm screen. L

2.3. Chemicals

The chemicals employed in this investigation were of HPLC analytical grade (Merck, Darmstadt,
Germany), and the water was doubly distilled using the Millipore purification apparatus (Millipore,
Billerica, MA 01821, USA). Bio Diagnostic Company, Giza, Egypt, provided kits for
aminotransferases (aspartate AST and alanine ALT), serum alkaline phosphatase (ALP), y-glutamy]l
transferase (GGT), creatinine, uric acid, urea, cholesterol, triglycerides, and high-density lipoprotein
(HDL) cholesterol. Chlorpyrifos is an organophosphate insecticide that was provided by Santa Cruz
Biotechnology Inc. (Santa Cruz, CA 95060, USA). It is chemical name is O,O-diethyl O-(3,5,6-trichloro-
2-pyridinyl) phosphorothioate.

2.4. Preparation of Punica granatum Peels-Based Activated Carbons (PgP-ACs)

The lignocellulosic waste (P. granatum peels) has been applied as renewable resources for
preparation of low cost, eco-friendly and high quality activated carbons. The ACs obtained from this
lignocellulosic waste was prepared according to Girgis et al. [33]. The peels that had been dried were
used to make activated carbon (500-850 um), utilizing phosphoric acid (HsPOs) in a single chemical
activation step. In a conical flask, 100 g of crushed peels were soaked in phosphoric acid in a 1:3 (w/w)
ratio while lightly stirring to ensure the acid penetrated the entire sample. The combination was
brought to 70°C for about 2 h, and left at room temperature overnight. The soaked solid was heated
to 500°C for 2 h at 5°C/min in a muffle furnace utterly devoid of oxygen. The acid was eliminated by
rinsing the carbon in distilled water until the pH reached 6.8. The carbon was then dried in an oven
at 110°C for 24 h.

2.5. Characterization of Punica granatum Peels- Based Activated Carbon (PgP-ACs)

2.5.1. Transmission Electron Microscope (TEM)

TEM (HR-TEM, JEOL, JEM-2100, electron microscope, Japan) was applied to describe the
features of the particle shape and particle size of the prepared activated carbon. After dispersing the
powdered sample in ethanol, it is deposited onto a carbon-coated copper grid. It is laid out on a
carbon-coated copper grid. A voltage of 200 kV was used to allow the high resolution [34].
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2.5.2. Fourier Transform Infrared Spectroscopy (FTIR)

The functional groups in the synthesized activated carbon were studied using absorption
spectroscopy in the infrared band (400-4000 cm™) with a resolution of 4 cm [35]. A spectrometer
(Bruker JASCO FT/IR 4100, USA) was used to collect the FTIR spectra. The FTIR spectrometer was
purged to decrease spectral effects from water vapor and carbon dioxide. The mean of four spectra
from different granules was then calculated.

2.6. Experimental Animals

This study followed established regulations and ethical guidelines by the National Research
Centre Animal Care and Committee for the Update of the Guide for the Care and Use of Laboratory
Animals, National Research Council [36]. An ethical approval number CUIIF723 was obtained from
the Institutional Animal Care and Use Committee (CU-IACUC), Cairo University and the approval
date is 26 February 2023. Twenty-four male Sprague-Dawley rats (160-180 g) were procured from the
Animal House Colony, National Research Centre (Egypt). Rats were kept in an environmentally
controlled room with a temperature of 22 °C and humidity of 40-60% that was artificially lighted and
devoid of any source of chemical contamination at the Animal House, National Research Centre
(Egypt). Tap water and standard diet were available to rats.

2.7. Experimental Design

After one week of acclimatization, rats were randomly assigned to four groups (n = 6/cage) and
were divided as follows: Group (I): Control fed normal diet; Group (II): fed normal diet and given
chlorpyrifos; Group III: fed normal diet containing activated carbon derived pomegranate peels PgP-
ACs; Group 1IV: fed normal diet containing activated carbon derived pomegranate peels PgP-ACs
group and given chlorpyrifos. The chlorpyrifos was dissolved in vegetable oil and administered
orally through gavage for four weeks at a dose of 3.0 mg/kg body weight daily (~1/50 of the LDso)
[37,38]. Activated carbon-based pomegranate peels PgP-ACs were added to the diets of the treatment
groups at a 5.0% concentration [39]. Every day, the animals were evaluated for toxicity signs.
During the experiment, body weight and feed consumption were recorded separately. At the end of
the trial (after 4 weeks), the animals fasted for 12 hours, and blood samples were taken from the
retroorbital venous plexus without anticoagulant from each rat. After centrifugation of blood for 15
min at 1200 X g (Thermo Fisher Scientific, USA), the serum was stored at -20°C until evaluation. All
animals were sacrificed, and their kidney and livers were separated, weighed, and kept at -80°C until
analyses [40].

2.8. Biochemical Assay

The serum was tested for liver function (AST, ALT, ALP, and y- GGT), kidney function (urea,
creatinine, and uric acid), and lipid profile (triglycerides, total cholesterol, HDL cholesterol, and LDL
cholesterol) using Bio Diagnostic kits as per the manufacturer’s instructions. All biochemical
parameters were measured calorimetrically with a spectrophotometer.

2.9. Histopathological Studies

The kidneys and liver were fixed in 10% formalin, progressive ethanol grades, and paraffin-
embedded. A 5 um slice was cut and stained for histological examination with hematoxylin and eosin
[41].

2.10. Statistical Analysis

The results were provided as mean + SE. The statistical analysis was carried out using SPSS
software version 16. A one-way ANOVA was used, and P <0.05 was considered statistically
significant.

d0i:10.20944/preprints202504.1704.v1
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3. Results

3.1. Transmission Electron Microscope

The data in Figure 1 depicts the TEM image of the manufactured activated carbon. The results
showed that the TEM displayed a homogeneous shape due to the substantial microporosity of
chemically activated carbon ACs. Mesopores were typically less than 5 nm and accounted for a
significant portion of the carbon surface. The pores were spherical, rather than the slit-shaped pores
found in activated carbons.

?& HV mag [] | spot WD det HFW 3/24/2022 —_—5pm —
* | 20.00kv | 20000x | 3.5 | 13.3 mm | BSED | 20.7 pm | 1:52:22 PM NRC(QUANTA FEG250)

Figure 1. The TEM image of the prepared activated carbon.

3.2. Fourier Transform Infrared Spectroscopy

The FTIR spectra of activated carbon-based P. granatum peels PgP-ACs were determined to gain
an understanding of the functional groupings that exist on the outside of the activated carbon (Figure
2). Data showed the presence of several peaks that indicated the complex nature of PgP-ACs. Bands
appeared at 2712.2, 1690.75, 1120.32, and 665.14 and were assigned to O-H stretching, carboxylic acid,
C=0 stretching, primary amide, C-O stretching, aliphatic ether, and C=C bending, alkene,
respectively. Meanwhile, the bands 2360.4, 2349.47, and 2337.64 were assigned to O=C=0, carbon
dioxide.
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Figure 2. The FTIR analysis of Punica granatum L. peels - based activated carbon (PgP-ACs).

3.3. Body Weight and Feed Intake

Throughout the trial, no rats died in any of the groups. The experimental rats were weighed at
the outset and during the trial. Chlorpyrifos-treated experimental rats (Group II) gained significantly
less body weight than the control (Group I) (Table 1). Experimental rats treated with chlorpyrifos and
activated carbon PgP-ACs (Group IV) regained body weight, but those given activated carbon PgP-
ACs alone (Group III) gained body weight equivalent to the control group. Feed intake increased
significantly in experimental rats taking chlorpyrifos (Group II). In contrast, experimental rats given
activated carbon PgP-ACs alone (Group III) or in combination with chlorpyrifos (Group IV) exhibited
considerable improvement in feed intake and were comparable to the control group.

Table 1. Effect of Punica granatum L. peels-based activated carbon (PgP-AC) on body weight gain and feed intake

in rats treated with chlorpyrifos.

Treatments Initial(g) End(g) Body weight gain(g) Feed intake(g) Feed ::g(c)lency
Control 162.5+ 10.12 211.0+13.18 48.5+3.06° 1890 £ 111 0.0257¢
Chlorpyrifos 163.5+11.21 189.3+11.48 25.8 £2.14% 1902 + 90 0.0136%
PgP-ACs 157.3+9.40 187.4 +£13.35 30.1+£1.52° 1830 + 121 0.0162°
Chlorpyrifos + 162.8 + 10.00 185.6 + 11.41 228+ 1.41° 1893 + 98 0.0121°
PgP-ACs

Results are mean + SE (n=6); within each column, different letters are considered significant, P<0.05.
3.4. Biochemical Parameters

3.4.1. Serum Biochemical Markers of Liver Function

Results in Table 2 display the concentrations of liver markers (AST, ALT, ALP, and GGT) in
serum. The study found substantial (P < 0.05) increases in ALT, AST, and ALP levels in experimental
rats treated with chlorpyrifos (Group II) compared to control (Group I). Experimental rats receiving
activated carbon PgP-ACs alone (Group III) showed no significant increase (P > 0.05) compared to
control (Group I). Meanwhile, co-treatment with activated carbon PgP-ACs and chlorpyrifos
(Group IV) resulted in better metrics and normalized ALT, AST, and ALP levels. It could be observed
that chlorpyrifos caused moderate hepatotoxicity, as seen by elevated liver function levels.
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Table 2. Effect of Punica granatum L. peels-based activated carbons (PgP-ACs) on liver function in rats treated

with chlorpyrifos.
Treatments ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L)
Control 137°+£11.02 161°+12.22 158>+ 17.11 75°+5.11
Chlorpyrifos 1672+ 12.12 1892 £ 16.15 1878+ 19.33 822+ 5.50
PgP-ACs 142% +10.31 164"+ 15.24 159 +20.13 798+ 491
Chlorpyrifos + PgP-ACs 159+ 13.14 167° + 14.44 1682 +18.16 802+ 5.12

Results are mean + SE (n=6); ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: Alkaline
phosphatase; GGT: Gamma glutamyl transferase; Within each column, different letters are considered
significant P<0.05.

3.4.2. Serum Biochemical Markers of Kidney Function

Regarding the evaluation of some serum kidney markers (urea, uric acid, creatinine) in rats, the
results in Table 3 revealed that administering chlorpyrifos (Group II) significantly increased (P < 0.05)
urea, uric acid, and creatinine levels, indicating kidney dysfunction due to chlorpyrifos
nephrotoxicity. Experimental rats receiving activated carbon PgP-ACs (Group III) showed no
significant difference (P > 0.05) and were quite similar to the control (Group I). The data also revealed
that activated carbon PgP-ACs plus chlorpyrifos (Group IV) resulted in improved metrics and
normalized urea, uric acid, and creatinine, and this efficiently prevented chlorpyrifos-induced
elevations in kidney function markers.

Table 3. Effect of Punica granatum L. peels-based activated carbons (PgP-ACs) on kidney function in rats treated

with chlorpyrifos.
Treatments Urea (mg/dl) Creatinine (mg/dl) Uric acid (mg/dl)
Control 19.00°+ 1.21 0.51°+0.03 1.33°+£0.10
Chlorpyrifos 27.67*+1.72 0.69*+0.04 2.16°+£0.16
PgP-ACs 21.00° £ 2.00 0.50°+ 0.04 1.67°+0.13
Chlorpyrifos + PgP-ACs 22.13"+1.83 0.53°+0.03 1.87°°+0.15

Results are mean + SE (n=6); Within each column, different letters are considered significant P<0.05.

3.5. Lipid Profile

Table 4 revealed that experimental rats given chlorpyrifos (Group II) exhibited a substantial rise
in cholesterol and triglycerides, indicating a change in their lipid profile. The use of activated carbon
PgP-ACs (Group III) significantly reduced the rise in these indicators, with findings showing
comparable cholesterol and triglyceride levels to the control (Group I). The combined chlorpyrifos
and activated carbon PgP-ACs (Group IV) improved and decreased cholesterol and triglyceride
levels. Experimental animals treated with chlorpyrifos (Group II) showed a substantial rise in LDL
and a drop in HDL levels when compared to the control (Group I). The experimental animals treated
with activated carbon PgP-ACs (Group III) had higher HDL and lower LDL levels. The combination
therapy of chlorpyrifos and activated carbon PgP-ACs (Group IV) restored HDL and LDL levels
towards control.

Table 4. Effect of Punica granatum L. peels-based activated carbon (PgP-ACs) on lipid profile in rats treated with

chlorpyrifos.
Treatments Cholesterol (mg/dl) Triglycerides (mg/dl) HDL (mg/dl) LDL (mg/dl)
Control 81.67°+£5.63 58.33°+3.27 22.00°+3.91 36.60° + 1.23
Chlorpyrifos 107.332 + 6.66 129.332+ 7.81 28.33*+4.00 26.41°+2.13
PgP-ACs 84.33+ 534 74.00° £ 4.16 23.40°+ 4.01 31.53*+ 1.86
Chlorpyrifos + PgP-ACs 86.67°+5.02 108.70° + 6.09 25.00% + 3.96 28.67% +2.01

Results are mean + SE (n=6); Within each column, different letters are considered significant P<0.05.

3.6. Effect of PgP-ACs on Histology of Kidney and Liver in Chlorpyrifos -Induced Toxicity
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Results in Table 5 and Figure 3 summarize the histopathological lesion scores in kidneys across
experimental groups. Control experimental rats had normal histological architecture in their renal
tissue, standard tubular brush borders, intact glomeruli, and Bowman’s capsule (Figure 3A). The
kidney sections from chlorpyrifos-treated animals showed distributed overall mesangial
proliferation with near complete thinning out of the Bowman’s capsule, characterized by venous
congestion, hemorrhage with lymphocytic prevalence, and the tubular cells were swelled up with
tubular fluid and debris, indicating multiple focal tubular nephritides (Figure 3B). The kidney section
of the experimental rats given activated carbon had normal glomeruli, ample urinary space, and
moderate tubules (Figure 3C). The kidneys of rats given a combination of chlorpyrifos and activated
carbon had less disease, with localized glomerular mesangial growth and diffused slightly enlarged
tubules (Figure 3D).

Table 5. Histopathological changes in the liver and kidney sections of rats.

Liver Kidney
Treatments Hepatlc. Apoptosis Inﬂz:lmmat Others Glomeruli Tubules Other
Degeneration ion
Control +N - - - +N +N -
Chlorpyrifos n n 4y i Focal Sfleros1s Focal de%reneratlon )
Kupfter cell
PgP-ACs +N - - hyperplasia +N +N -
+
Chlorpyrifos + Portal
+ - - + + -
PoP-ACs N T N N

Scoring was done as follows: none (-), mild (+), moderate (++), and severe (+++).
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Figure 3. A) Photomicrograph of a kidney section of control rats showing normal tubular brush borders and
intact glomeruli and Bowman'’s capsule; B) a kidney section of rats treated with chlorpyrifos alone showing focal
glomerulosclerosis (red arrow) and tubal epithelial degeneration (yellow arrow); C) a kidney section of rats
treated with Punica granatum L. peels - based activated carbon (PgP-ACs) alone showing nearly normal tubular

brush borders and intact glomeruli and Bowman’s capsule; and D) a kidney section of rats treated with
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chlorpyrifos and Punica granatum L. peels - based activated carbon (PgP-ACs) showing dense perivascular

lymphoplasmacytic cellular infiltration (yellow arrows) (Hematoxylin and Eosin stain, X400).

Data in Table 5 and Figure 4 summarize the histopathological lesion scores in the liver across
experimental groups. Microscopic examination of control rats’ livers revealed conventional
hepatocyte architecture, with blood sinusoids separating the primary vein and regular hepatic cords
(Figure 4A). On the other hand, the liver sections of the rats treated with chlorpyrifos showed
significant histological changes, including vacuolar degeneration and inflammatory cells around the
arteries (Figure 4B). In experimental animals given activated carbon, their liver sections had almost
normal hepatocytes and central veins (Figure 4C). However, combining chlorpyrifos and activated
animals improved most of the hepatocytes and major vein abnormalities, with just a few
inflammatory cells around the portal tract (Figure 4D).

This study reported the impact of activated carbon on chlorpyrifos in rats. For four weeks,
activated carbon at a concentration of 5.0% w/w in the diet strongly protected rats against many
biochemical and histological alterations caused by chlorpyrifos, as indicated by restoring several
serum indices to near-normal levels. PgP-derived activated carbon (PgP-ACs) was well-tolerated and
showed no obvious evidence of toxicity, suggesting that it can be safe and effective for ameliorating
chlorpyrifos toxicity in rats.

Figure 4. A) Photomicrograph of a liver section of control rats showing normal hepatocyte architecture; B) a

liver section of rats treated with chlorpyrifos alone showing focal infiltration of the hepatic lobule by
mononuclear inflammatory cells (yellow arrows); C) a liver section of rats treated with Punica granatum L. peels
- based activated carbon (PgP-ACs) alone showing hyperplastic and pigmented Kupffer cells (yellow arrows);
and D) a liver section of rats treated with chlorpyrifos and Punica granatum L. peels - based activated carbon
(PgP-ACs) showing marked hydropic degeneration of hepatocytes (yellow arrows) (Hematoxylin and Eosin
stain, X400).

4. Discussion
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The objective of the present investigation was to evaluate the potential of Punica granatum L.
peels —derived activated carbons (PgP-ACs) to attenuate liver and kidney toxicities caused by
chlorpyrifos in rats.

Transmission electron microscope (TEM) was applied to describe the features of the particle
shape and particle size of the prepared Acs and fourier transform infrared spectroscopy (FTIR) was used
to study the functional groups in ACs. TEM image of the manufactured activated carbon was
illustrated in Figure 1. TEM has a homogeneous shape due to the substantial microporosity of
chemically activated carbon ACs. The pores were spherical, rather than the slit-shaped pores found
in activated carbons. Mesopores were typically less than 5 nm and accounted for a significant portion
of the carbon surface. The homogenous morphology of the activated carbon could be due to the
chemically activated carbon’s significant microporosity [42]. This suggests that the mesoporous
structure has a significant impact on the performance of activated carbon in many applications.

To gain an understanding of the functional groupings that exist on the outside of the activated
carbon (Figure 2), FTIR spectra of activated carbon-based P. granatum peels PgP-ACs were
determined. Several peaks that indicated the complex nature of PgP-ACs were present. Bands
appeared at Data showed the presence of several peaks that indicated the complex nature of PgP-
ACs. Bands appeared at 2712.2, 1690.75, 1120.32, and 665.14 and were assigned to O-H stretching,
carboxylic acid, C=O stretching, primary amide, C-O stretching, aliphatic ether, and C=C bending,
alkene, respectively. Meanwhile, the bands 2360.4, 2349.47, and 2337.64 were assigned to O=C=0,
carbon dioxide. The FTIR findings for activated carbon-based P. granatum peels PgP-ACs agreed with
those reported by Ali et al. [43]. Meanwhile, Kristianto et al. [44] revealed the presence of several
functional groups, including carboxylic acid. Carboxylic acid detected in activated carbon could
mostly be derived from cellulose, pectin, or lignin present in PgP. With the peaks changing and
merging often, the difficult preparation conditions of temperature treatment in inert and oxidizing
environments for activated carbon samples result in varying peak strengths of all corresponding
particular absorption bands. This might be because all residual oxide and hydrogen groups are
removed at these high temperatures, transforming organic source materials into nearly pure carbon
structures [45]. The control group showed the highest body weight gain, as expected, with normal
feed efficiency. The rats treated with chlorpyrifos showed a significant weight reduction, which could
be attributed to its deleterious effects on metabolism or appetite suppression.

Evaluation of body weight and feed intake was carried out. No rats died in any of the groups
through the experiment. The animals were weighed at the outset and during the trial. The rats of
Group II (chlorpyrifos-treated) have gained significantly less body weight than Group I (the control)
(Table 1). The rats of Group IV (treated with chlorpyrifos and activated carbon PgP-ACs) regained
body weight. While those given activated carbon PgP-ACs alone (Group III) gained body weight
equivalent to the control group (Group I). Feed intake in experimental rats has increased significantly
in Group II (the group taking chlorpyrifos). In contrast, Group III (experimental rats given activated
carbon PgP-ACs alone) or Group IV (in combination with chlorpyrifos have exhibited considerable
improvement in feed intake and were comparable to the control group. In agreement, Tanvir et al.
[46] found that chlorpyrifos -intoxicated rats gained less weight than the control group. These
findings might be attributed to the increased lipid breakdown that chlorpyrifos may have directly
induced as a role in the body’s lower weight [47]. In contrast, Nishi and Hundal [48] indicated that
no significant changes were observed in body weight and feed intake in female Wistar rats given
chlorpyrifos. This might have been due to the low chlorpyrifos concentration (0.1 and 2.5 mg/kg/day)
given to the rats.

Unexpectedly, the combination of chlorpyrifos and PgP-ACs resulted in the lowest body weight
growth, much lower than chlorpyrifos alone. This contradicts the hypothesis that PgP-ACs would be
protective, implying potential additive or synergistic toxicity, thus suggesting that PgP-ACs may
exacerbate chlorpyrifos-induced metabolic disruption rather than ameliorate it. Meanwhile, the PgP-
ACs alone caused intermediate weight gain, less than control but higher than chlorpyrifos,
suggesting that PgP-ACs may partially counteract metabolic disruptions or have mild growth-
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modulating effects, thus improving digestion, increasing nutrient absorption capacity in intestinal
villi, and thereby increasing feed utilization. In agreement, Amjad et al. [49] reported that Nile
tilapia fed with 2% activated carbon-supplemented feed for 4 weeks exhibited considerably better
growth performance. Similarly, Michael et al. [50] found that 3% commercial wood charcoal
increased the growth performance of red tilapia juveniles. Activated carbon was found to enhance
growth performance by removing pollutants and gases from the intestinal tract, thus improving
digestion, increasing nutrient absorption capacity in intestinal villi, and thereby increasing feed
utilization.

Serum biochemical markers of liver function were recoded (Table 2).The liver plays an important
role in the detoxification and biotransformation of chemicals and xenobiotics. ALT, AST, y-GGT, and
ALP activities are important indicators for detecting hepatotoxicity and hepatic dysfunction
[11,12]. In serum, the concentrations of AST, ALT, ALP, and GGT as liver markers were evaluated
Their were substantial increases in ALT, AST, and ALP levels (P < 0.05) in experimental rats Group
II (treated with chlorpyrifos) compared to Group I (control). Experimental rats of Group IlII (receiving
activated carbon PgP-ACs alone) has showed no significant (P > 0.05) increase compared to the
control Group I. Better metrics and normalized ALT, AST, and ALP levels were resulted in the co-
treatment with activated carbon PgP-ACs and chlorpyrifos (Group IV).

It could be observed that chlorpyrifos caused moderate hepatotoxicity, as seen by elevated liver
function levels. Results are in agreement with those reported by Tanvir et al. [46] who revealed that
chlorpyrifos treatment increased ALT, AST, and ALP levels in rats’ serum, which are considered
signs of hepatic injury. It is well-established that liver dysfunction disrupts the production of those
enzymes and changes the liver membrane permeability [51]. Furthermore, chlorpyrifos exposure has
been linked to increased diagnostic markers for hepatocellular damage [3,6,7]. As a result, the
observed rise might be attributable to the release of cytoplasmic liver enzymes into the bloodstream
following liver damage. This enzyme release can cause liver necrosis and inflammatory responses
[3,7]. Meanwhile, similar findings indicated that OP insecticide malathion had been linked to
increased enzyme activity [52].

Many biological pathways have been activated by chlorpyrifos chronic toxicity, such as
inhibiting Na*/Ca* channels causing apoptosis, inflammation, and oxidative stress. An elevation in
the liver function markers (ALT, y-GGT, ALP, and AST) have exerted by chlorpyrifos toxicity as a
direct result of hepatocyte damage [53]. Histological findings may include the degenerative changes,
infiltration of leukocytes, and other symptoms have been demonstrated in hepatotoxicity caused by
chlorpyrifos. The formation of ROS could be explained the hepatocyte degeneration, inflammatory
cell infiltration, and apoptosis in rats exposed to toxication of chlorpyrifos [52,53]. In this study, the
liver function parameters (ALT, AST, and ALP) value increased significantly and many
histopathological lesions were reported in liver of rat when exposed to chlorpyrifos toxication [53].

However when the animal exposed to chlorpyrifos toxicity were given oral supplements of PgP-
ACs, liver function improved. This was demonstrating its strong hepatoprotective efficacy by
reducing histological changes. Chlorpyrifos substantially provoked several tissue alterations
histological abnormalities in the liver and kidneys. Hepatic degeneration, apoptosis and
inflammation were the histopathological lesion scores in liver across experimental groups. Focal
sclerosis as well as glomeruli and focal degeneration tubules were the main lesions in kidney.

Activated carbon’s ability to adsorb and eliminate toxicants such as aflatoxins and pesticide
residues has been demonstrated in vitro [54,55], whereas activated carbon’s detoxifying properties
are linked to its physical and chemical features, including pore size, surface area, and adsorption
capacity. The effect of activated carbon on the decrease in ALT and AST activities was also noticed in
Nile tilapia-fed activated carbon-supplemented diets [56].

Some serum biochemical markers of kidney function were evaluated (urea, uric acid, creatinine).
The administering of chlorpyrifos (Group II) significantly (P < 0.05) increased the level of urea, uric
acid, and creatinine (Table 3). It indicates kidney dysfunction due to chlorpyrifos nephrotoxicity.
While no significant difference (P > 0.05) in Group III (the experimental rats receiving activated
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carbon PgP-ACs) and there were quite similar to Group I (the control). Group IV (the activated carbon
PgP-ACs plus chlorpyrifos-treated rats) resulted in improved metrics and normalized urea, uric acid,
and creatinine, and this efficiently prevented chlorpyrifos-induced elevations in kidney function
markers.

Song et al. [57] also reported a rise in serum creatinine and urea in the chlorpyrifos-treated
groups, indicating renal failure. The rise in creatinine and urea suggests that the kidneys’ capacity to
filter and eliminate waste materials from the urine has weakened. Mari et al. [58] discovered a
relationship between hyperuricemia and kidney injury. Hyperuricemia-activated autophagy and
NLRP3 inflammasome-mediated inflammation result in renal damage, tubular injury, and kidney
fibrosis [59].

Previous studies highlighted the implication of natural products attenuate chlorpyrifos-induced
kidney injury by mitigating oxidative stress and inflammation [8]. Chlorpyrifos has reported to
reduce the activation of antioxidative enzymes including catalase, superoxide dismutase, and
glutathione peroxidase that could be ameliorated by some natural products.

The data of the current study showed the reduction in liver necrosis or serum ALT is consistent
with documented patterns of antioxidant-mediated protection. Direct quantification of ROS-
scavenging activity will be critical in future research.

Table 4 illustrated that Group III (the activated carbon PgP-ACs-treated) significantly showed a
reduction of the rise in these indicators, with findings showing comparable cholesterol and
triglyceride levels to the control (Group I). Group II (the experimental rats given chlorpyrifos)
exhibited a substantial rise in cholesterol and triglycerides, indicating a change in their lipid profile.
Group IV (the group used combination of chlorpyrifos and activated carbon PgP-ACs) has showed
an improvement and decreasing in the level of cholesterols and triglycerides. A substantial rise in
LDL and a drop in HDL levels were reported in the experimental animals treated with chlorpyrifos
(Group II) when compared to Group I (the control). The combination therapy of chlorpyrifos and
activated carbon PgP-ACs (Group IV) restored HDL and LDL levels towards control. The
experimental animals treated with activated carbon PgP-ACs (Group III) had higher HDL and lower
LDL levels.

In agreement, Tanvir et al. [46] reported higher cholesterol and triglyceride levels in pesticide-
treated rats. Excess cholesterol can injure liver cells through a variety of mechanisms [57]. One such
mechanism is cholesterol-induced mitochondrial dysfunction, in which excessive levels of cholesterol
in the mitochondrial membrane cause membrane stiffness and impedes membrane protein activity
[58]. Furthermore, a blockage in the liver’s biliary system inhibits cholesterol production into the
duodenum, potentially leading to high cholesterol levels and liver failure [46,59]. The significantly
higher LDL levels and lower HDL values are consistent with the findings of Saoudi et al. [60] and
Djekkoun et al. [61]. Furthermore, these changes are strongly associated with an increased risk of
coronary artery disease [62]. Furthermore, low HDL levels may be associated with chlorpyrifos-
induced hepatic damage that affects lipoprotein production [1,6,46]. Long-term chlorpyrifos
exposure may be a major risk factor for the advancement of chronic heart disease [1,2,6,63].

The Effect of PgP-ACs on Histology of Kidney and Liver in Chlorpyrifos -Induced Toxicity was
evaluated. The histopathological lesion scores in kidneys across experimental groups were reported
as showed in Table 5 and Figure 3. The kidney sections from chlorpyrifos-treated animals showed
distributed overall mesangial proliferation with near complete thinning out of the Bowman'’s capsule.
Control experimental rats had normal histological architecture in their renal tissue, standard tubular
brush borders, intact glomeruli, and Bowman’s capsule (Figure 3A). The kidney of chlorpyrifos-
treated animals has venous congestion, hemorrhage with lymphocytic prevalence with other
multiple focal tubular nephritides (Figure 3B). The experimental rats given activated carbon PgP-ACs
had kidney section with normal glomeruli, ample urinary space, and moderate tubules (Figure 3C).
Figure 3D illustrated that the animals treated with a combination of chlorpyrifos and activated
carbon PgP-ACs had less disease, with localized glomerular mesangial growth and diffused slightly
enlarged tubules. The histopathological lesion scores in the liver across experimental groups were
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summarized in Table 5 and Figure 4. Figure 4A illustrated that the microscopic examination of control
rats’ livers. Conventional hepatocyte architecture with blood sinusoids separating the primary vein
and regular hepatic cords were observed. On the other hand, the rats treated with chlorpyrifos
showed significant histological changes in their liver sections. The changes included inflammatory
cells around the arteries and vacuolar degeneration (Figure 4B). While almost normal hepatocytes
and central veins were observed in the liver of experimental animals given activated carbon PgP-ACs
(Figure 4C). However, Figure 4D showed that treatment with a combining chlorpyrifos and activated
carbon PgP-ACs has improved most of the hepatocytes and major vein abnormalities (with just a few
inflammatory cells around the portal tract).

Our results of microscopic examination of chlorpyrifos-exposed rats’ livers were in agreement
with another study, revealed a variety of histopathological abnormalities, including inflammatory
cell infiltration ranging from moderate to severe and progressive hepatocyte necrosis [65].
Chlorpyrifos may persist in the liver, which is necessary for detoxification, but its poisoning has also
been linked to epithelial deterioration and necrosis in kidney tissue [2,6,66]. Furthermore, OP
insecticides have been linked to a range of histopathological abnormalities in liver tissues [67-69].
Other studies on chlorpyrifos’ effects on rats’ livers corroborated our findings [70].

Activated carbon is a versatile adsorption material that combines low cost and good quality [17.
21]. Due to its porous carbonaceous nature and because commercial activated carbon is expensive,
the activated carbon has many uses in water treatment and desalination, wastewater treatment, and
air purification [17,21,71]. Activated carbon is a versatile adsorbent material with a high degree of
porosity and surface area, and it may contain up to 90% carbon [21,72]. Furthermore, carbon
structures contain the key functional groups involved in contaminant adsorption, such as carboxyl,
carbonyl, phenol, lactone, and quinone. Oxygen, hydrogen, sulfur, and nitrogen are also in the
activated carbon structure as functional groups or chemical atoms [73]. The distinctive adsorption
capabilities of activated carbon depend on the existing functional groups, which are produced
primarily through activation methods, precursors, and thermal purification [74].

In our previous work [32], we prepared activated carbon from different agricultural wastes
(banana peels, orange peels, pomegranate peels, and date stones), and found that the activated carbon
significantly removed chlorpyrifos from water, especially PgP-ACs, which removed 97.6% of
chlorpyrifos. Thus, indicating that activated carbon might be a promising adsorbent.

The present study reported the impact of activated carbon on chlorpyrifos in rats. For four
weeks, activated carbon at a concentration of 5.0% w/w in the diet strongly protected rats against
many biochemical and histological alterations caused by chlorpyrifos, as indicated by restoring
several serum indices to near-normal levels. PgP-derived activated carbon (PgP-ACs) was well-
tolerated and showed no obvious evidence of toxicity, suggesting that it can be safe and effective for
ameliorating chlorpyrifos toxicity in rats. One of the primary processes by which activated carbon
improves biochemical parameters and histological appearance is its antioxidant activity [75]. Also,
activated carbon might have reduced oxidative stress manifestation and helped to restore organisms’
inherent detoxifying capability by delignating serum proteins from endogenous metabolites and
toxins [76]. The dose of 5.0% w/w PgP-ACs was chosen due to its demonstrated efficacy in previous
investigations [39]. While a complete dose-response investigation would provide significant insights into
appropriate dosing. Our current experimental design focused on confirming the detoxifying capacity of PgP-
ACs.

In the present investigation, repeated administration of PgP-ACs (at the tested dose of 5.0% w/w
of the feed) had no deleterious effects on biochemical parameters, as ALT, AST, ALP, v-GGT, urea,
creatinine, and uric acid levels were all within acceptable ranges, showing no significant differences
to the control (Tables 2 and 3). The Hé&E-stained liver and kidney exhibited no necrosis,
inflammation, or tissue damage (Figures 4 and 5).
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5. Conclusions

Chlorpyrifos produced hepatoxicity and nephrotoxicity, as demonstrated by a considerable rise
in serum AST, ALT, ALP, GGT, creatinine, uric acid, urea, cholesterol, triglyceride, and a significant
decline in HDL. The combination of activated carbon ACs and P. granatum L. peels (PgP) prevented
chlorpyrifos-induced hepatoxicity and nephrotoxicity. Green and Sustainable activated carbon was
obtained by chemical activation process using the lignocellulosic waste of PgP as precursor. The
study found that PgP-ACs generated from the peels of P. granatum considerably reduced the harmful
effects of chlorpyrifos in rats. These findings also revealed that activated carbon prepared from these
peels may be an effective, environmentally friendly adsorbent for reducing pesticide toxicity in
biological systems. The study emphasizes the double benefits of converting agricultural waste into a
beneficial detoxifying agent, which promotes both environmental sustainability and public health.
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The following abbreviations are used in this manuscript:

LDL Low Density Lipoprotein cholesterol
HDL High Density Lipoprotein cholesterol
ALP Serum Alkaline Phosphatase

AST Aspartate Aminotransferase

ALT Alanine Aminotransferase

v-GGT v-Glutamyl Transferase
PgP Punica granatum L. peels
PgP-ACs Punica granatum L. peels—derived activated carbon
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