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Abstract

Sepia ink, a black suspension of melanin granules, is a multifunctional marine bioactive material. The present study aims
to evaluate the ameliorative effect of the ink extract (IE) of the cuttlefish (Sepia officinalis) during high dosage
administration of the FA in rats. Kidney injury induced by a single oral dose of FA (250 mg /kg). Eighteen male Wistar
albino rats were the control, FA group, and FA+ IE group (250mg/kg). The IE showed a significant ameliorative effect
against hepatorenal injury induced by high intake of FA as evident by decreasing the levels of serum aminotransferases
(AST and ALT), urea, creatinine, uric acid, and significantly increased total serum albumin. Treatment with IE
normalized the antioxidant status of the injured animals by reducing the MDA and the significant increase in the levels
of GSH and CAT. The present study revealed that [E had an insightful effect against hepatorenal injury-induced following
high intake of FA in rats, as it alleviates the alterations in the oxidative stress markers.
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1. Introduction

Folate is a water-soluble vitamin that is required for cell growth and development [1]. The liver is the major organ for
the storage and metabolism of folates [2]. Hypervitaminosis has been linked to liver injury, according to recent research
[3]- In Egypt, folic acid (FA) is a synthetic folate that is added to fortify Baladi bread [4]. Increased folic acid use has been
linked to liver damage (2015). According to new findings, folic acid is biotransformed into 5-methyl-tetrahydro folic
acid (5-MTHF) in the hepatic portal vein [5]. Concerns about the safety of long-term high-dose folic acid
supplementation that results in the accumulation of unmetabolized folic acid (UFA) have been growing [6].
Furthermore, Field et al. suggested that the development of liver injury as a result of UFA could be related to enzyme
inhibition [7]. Unmetabolized homocysteine accumulates after a high dose of UFA, according to a significant body of
research [6]. Unfortunately, evidence suggests that high levels of homocysteine are associated with negative
consequences such as oxidative stress and non-alcoholic fatty liver disease (NAFLD) [8].

Acute kidney damage is a major public health problem that affects millions of people around the world [9]. Acute kidney
injury (AKI) is defined by a sudden drop in renal function that is accompanied by multiple overlapping and complex
pathophysiological processes [10]. Kidneys have become a powerful platform for a variety of duties, including
maintaining general fluid balance, controlling and filtering minerals from the blood, filtering waste materials from food,
drugs, and harmful chemicals, and so on. [11]. It has been discovered that one of the most important techniques for
maintaining a normal folate level in the blood is efficient renal reabsorption. The rapid formation of folic acid crystals
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in renal tubules, on the other hand, causes acute tubular necrosis and renal cortical scarring, resulting in acute renal
failure (ARF) [12]. As a result, FA is one of the model chemicals commonly employed to research the pathophysiology
of ARF [13]. Acute and chronic renal failure develops after FA treatment [14]. The development of ARF after a single
dose of FA injection could be related to a general impairment in solute handling as a result of the suppression of the
Na+/K+ ATPase activity [15]. Furthermore, high-dose folic acid administration causes kidney damage, as evidenced by
increased creatinine levels and tubule interstitial injury scores [15]. Acute renal failure (ARF) with high dosages of FA
has been documented to be a severe clinical concern [16].

Unfortunately, traditional nephrotoxicity and hepatotoxicity medications are insufficient and can have substantial
adverse effects. As a result, generating novel drugs from natural ingredients may reduce the risk of toxicity while
maintaining therapeutic efficacy in clinical trials.

Chemicals produced by aquatic organisms can help us learn more about human ailments and how to cure them [17].
Undiscovered chemicals found in marine organisms lead to new molecular structures with varied features [18]. Many
marine items (animal, algae, fungi, and bacteria) have recently been evaluated for bio-activities, such as antifungal and
antibacterial properties [19].

Squid, octopus, and cuttlefish are cephalopod mollusks which have a unique defensive trait of spewing ink when
assaulted. The cuttlefish Sepia officinalis ejects a black ink as it attacks [20]. This ink is a marine bioactive substance
with several functions. It contains a variety of bioactive chemicals, including anticancer, antiviral, and antifungal agents
[21]. Sepia ink extract also has anticancer activities [22], leukocyte-number-increasing characteristics, antioxidant
characteristics [22], anti-retrovirus capabilities and antibacterial characteristics [23]. Sepia ink has previously been
found to alleviate the in vivo immunosuppression caused by cyclophosphamide in mice [19]. The therapeutic effect of
sepia ink extract against cholestasis-induced renal abnormalities in male rats was discovered by Soliman et al. [24]. The
goal of this study was to see if the ink extract (IE) of the marine mollusk cuttlefish (Sepia officinalis) could protect rats
against the effects of large doses of FA.

2. Material and methods

2.1. Chemicals and reagents

All drugs, chemicals, and solvents were purchased from local firms (Egypt), and they were of the highest purity and
analytical grade.

2.2. Preparation of cuttlefish ink extract (IE)

Fresh cuttlefish (Sepia officinalis) were obtained from a fishmonger and transported quickly to the laboratory, where
they were dissected and the ink collected. Using a lyophilizer, the extraction was reduced to a dark residue (LABCONCO
lyophilizer, shell freeze system, USA).

2.3. Animals, housing conditions, and diet

The experimental animals used in this research were the adult male albino rats (Rattus norvegicus) weighing 150 - 170
g. The animals were obtained from National Research Center (NRC), Dokki, Cairo, Egypt. Animals were caged in groups
of six and given food and water ad libitum. Rats were kept under fixed appropriate conditions of housing and handling.
Rats were acclimatized to laboratory conditions for 7 days before commencement of the experiment.

2.4. Experimental protocol

The animals were divided into three groups, each with six animals. The first group (Control) consisted of rats that were
given a single oral dose of 0.3M Na2COs and then given dist. water every day for seven days. The animals in the second
group (FA) received a single oral dosage of FA (250 mg/kg) [25] and then administered orally with dist. water daily for
seven days. The third group (FA+ ink extract) received a single oral dosage of FA (250 mg/kg) before receiving 200
mg/kg of ink extract orally for seven days [26].

2.5. Animal Handling

At the end of the experimental period, animals were euthanized by intraperitoneal injection sodium pentobarbital (50
mg/kg body weight). Blood samples were obtained by cardiac puncture and then they were centrifuged at 3000 rpm
for 20 minutes. The clear non-hemolyzed sera were aspirated into sterilized Eppendorf tubes for each rat. The sera were
kept in a deep freezer at -80°C pending biochemical analysis. After blood collection, the rats were rapidly dissected.
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Pieces of liver and kidney from each rat were washed and fixed in neutral buffered formalin pending histological
investigations.

2.6. Tissue homogenate preparation

Tissue were weighted and homogenized (10% w/v) in ice-cold 0.1 M Tris-HCI buffers (pH 7.4). The homogenate was
centrifuged at 860 xg for 15 min. and the resultant supernatant was saved in aliquots and stored at -20°C for the
biochemical analyses

2.7. Histopathological Preparation

Kidney and liver were excised and immersed in 10% formalin solution. Samples were embedded in paraffin. From the
paraffin blocks, sections of 5 pm in thickness were made and stained with hematoxylin and eosin to assess the
pathological changes using light microscopy at 40X.

2.8. Biochemical Assessment

The appropriate kits (Biodiagnostic kits) were used for the determination of albumin level; serum aminotransferase
enzymes (ASAT & ALAT) activities, creatinine, urea, and uric acid were measured according to the manufacturer's
instructions using Bio-diagnostic kits (Giza, Egypt). MDA level is a record of lipid peroxidation, glutathione reduced
(GSH) and catalase were determined in the liver and kidney homogenates supernatant as indicated by the producer
directions using Biodiagnostic (Giza, Egypt).

2.9. Statistics

All Values were expressed as means * standard error of mean (SEM). The comparisons within groups were evaluated
utilizing one-way analysis of variance (ANOVA) with Duncan's post hoc test to compare the group means and p < 0.05
was considered statistically significant. SPSS for Windows (version 15.0) was used for the statistical analysis.

3. Results

3.1. Effects of Sepia officinalis ink extract (IE) on serum biomarkers

The levels of the serum AST, ALT, albumin, creatinine, urea, and uric acid in control, untreated and IE-treated groups
showed in Table 1. The FA group showed a significant increase (P<0.05) in AST, ALT, creatinine, urea, and uric acid
levels, while albumin decreased significantly compared to the control grou However, treatment with IE significantly
decreased (P<0.05) the serum AST, ALT, creatinine, urea, and uric acid levels while albumin level increased compared
to the FA grou

Table 1 Therapeutic effect of Sepia officinalis ink on kidney functions in folic acid treated rats

Parameters Control FA FA+IE

AST (U/ml) 6.80+1.20 a 13.23+0.49 ¢ 10.1x0.49b
ALT (U/ml) 138.1+2.05a | 153.01+1.69c | 142.82+1.76b
Albumin (g/dl) 23.82+1.26¢c | 14.97+0.82a 19.99+0.36 b
Creatinine (mg/dl) 0.31+0.03a 1.27+0.04c 0.57%.05b
Urea (mg/dl) 8.75+.73 a 60.83+1.35c 54.17+1.13b
Uric acid (mg/dl) 3.98 £0.05 a 5.51+0.13 c 4.65+.05b

Values are means * se (n = 6 per group). Each value not sharing a common letter superscript is significantly different (P <0.05).

3.2. Effects of Sepia officinalis ink extract (IE) on oxidative stress markers

Significant decreases (p < 0.05) in GSH and CAT levels were observed in the FA-treated group compared to the control
grou However, MDA concentration was increased significantly (Table 2). After the IE treatment, there has been a
significant increase in GSH and CAT levels while MDA concentration decreased significantly compared to the FA grou
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Table 2 Therapeutic effect of Sepia officinalis ink on oxidative stress markers in folic acid treated rats

Parameters Tissue | Control FA FA+ IE

MDA Liver 3.354£0.282 | 6.11+0.87¢ | 4.15%0.68b
(nmol/gtissue) | gidney | 4.55:0.86a | 8.56+1.26¢ | 6.1%0.35b

GSH Liver 17.57+2.38¢ | 8.93+1.34a | 17.57+2.38¢
(mg/gtissue) | Kidney | 19.7+0.49¢ | 9.6£0.422 | 14.23+0.60°
CAT Liver 4.54+0.24¢ | 1.01+0.232 | 4.54+0.24¢

(U/g-tissue) Kidney | 0.14#0.01¢ | 0.04%0.012 | 0.09+0.02"

Values are means * se (n = 6 per group). Each value not sharing a common letter superscript is significantly different (P <0.05).

3.3. Histopathological analysis

The liver of control rats is formed of the classic hepatic lobules. Blood sinusoids were seen separating the cords of the
liver cells and lined by flattened endothelial cells and Von Kupffer cells (K) (Fig. 1). The histology of liver sections
obtained from FA-treated rats showed the loss of hepatic lobular architecture morphological alterations, necrosis (N),
and congested sinusoids (S) (Fig. 1). Liver sections of Ink-treated rats showed moderate to mild degenerated changes
in hepatocytes and a clear improvement in the hepatic architecture (Fig. 1).

Control FA FA+IE

Figure 1 Histopathological examination of the liver. (H) Hebatocyte, (K) Von Kupffer cells, (N) necrosis, and (S)
congested sinusoids

Microscopic examination of kidneys of control groups showed normal histoarchitecture of the tissue. Glomeruli (G)
appear as dense tufts of capillaries enclosed in the outer layer of Bowman capsules. Numerous renal tubules (r) were
observed (Fig. 2). On the other hand, FA-treated rats showed severe degeneration in the glomerulus with deformed
renal tissue architecture (Fig. 2). In contrast, the treatment with ink caused marked regeneration in the glomerulus and
Bowman'’s capsule with typical renal tissue architecture (Fig. 2).

Figure 2 Histopathological examination of the kidney. (G) Glomeruli and (r) renal tubules
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4., Discussion

MAFLD (metabolic dysfunction-associated fatty liver disease) is a leading cause of morbidity and mortality, as well as a
major public health issue globally [27]. The hunt for selective and less toxic molecules for the treatment of liver disease
is ongoing. Natural chemicals have a low toxicity and show very few side effects when used as a protective liver remedy.
In marine species, one of the most important suppliers of these natural chemicals. Endogenous synthesis of protective
compounds has been shown as a selection advantage for many marine invertebrates [28]. Given the link between
oxidative stress and chronic liver disease, it's been hypothesised that consuming antioxidants can help prevent fibrosis
by triggering the stress response [29]. The beneficial effects of melanin on liver structure and function have been proven
[30]. The liver impairment generated by high dosages of FA in this investigation resulted in hyperhomocysteinemia,
which interfered with melanin biosynthesis. Assume, then, that the novel hepatic protective medication can preserve
liver stability during large doses of FA by acting as both an antioxidant and a melanin reservoir. It could be a promising
liver protective medication in that circumstances. As a result, the current investigation shed information on the Sepia
officinalis ink extract (IE)'s protective role during high-dose administration of the FA in rats.

Biochemical marker enzymes, such as serum aminotransferases, AST, and ALT, are commonly used to measure liver
damage and are used for accurate detection and early diagnosis. The liver plays a crucial role in folate metabolism [31].
The increased activity of the serum enzymes ASAT and ALAT in the current investigation could be attributed to a strong
link with the hyperhomocysteinemia condition that occurs after high FA administration [32]. The findings of this
investigation backed up those of Obeid and Herrmann, who found that homocysteine altered intracellular lipid
metabolism and promoted hepatic fat storage [33]. Increased activity of the enzymes investigated as a result of
disruption in their biosynthesis, as well as changes in the permeability of the liver membrane. In high FA-treated rats,
treatment with IE extract dramatically reduced serum AST and ALT activity, showing that the hepatic cell membrane's
functional integrity was maintained.

Albumins are anti-inflammatory proteins that indicate a problem with synthetic liver function. The present
investigation found a considerable decrease in albumin content following high FA treatment in rats, similar to the
findings of Chilom et al. [34]. The drop in albumin level could be due to hepatic cell malfunction, resulting in the liver's
ability to synthesis albumin being reduced. Furthermore, the decrease in albumin levels could be owing to its role as an
FA transporter in the blood [34]. Treatment with IE, on the other hand, restores albumin levels to near-normal levels.
Albumin levels returning to normal indicate hebetic cell regeneration. In addition, the histopathological finding in the
present investigation confirmed the regeneration of the hepatic cells that affirmed their ability to re-synthesis the
albumin.

Nephrotoxicity is a kidney disorder caused by exposure to a variety of harmful xenobiotics, such as medications and
environmental pollutants. Furthermore, the prevalence of acute renal failure (ARF) and chronic kidney disease (CKD)
has steadily increased in recent years [9]. There has been a significant increase in the consumption of folic acid (FA),
which is used to treat anaemia and vitamin deficiencies. Furthermore, there is a strong link between FA overdoses and
kidney damage [35]. Finding a safe and antioxidant chemical that can block renal damage is critical for the prevention
of renal injury and disease during FA treatment. As a result, the goal of this investigation was to see if the antioxidant
sepia ink extract (IE) could protect against renal impairment caused by FA.

The loss of kidney function that occurs as a result of renal disease ranges from an increase in serum creatinine to renal
failure. Indeed, the most extensively utilized markers for nephrotoxicity and kidney injury have historically been serum
urea and creatinine concentrations. The results of the present study showed a significant increase in the serum urea,
uric acid, and creatinine following FA administration. The rise in serum kidney function indices after FA administration
could be attributable to renal injury, such as a decrease in creatinine clearance due to an overall impairment in solute
handling caused by inhibition of the Na+/K+ ATPase activity [15]. [36] confirmed this interpretation, stating that high
dose FA treatment resulted in a decrease in creatinine clearance, which can occur despite an increase in renal blood
flow. Furthermore, in the current study, the results of the histological analysis of kidney tissues revealed glomerular
atrophy and enlargement of the proximal tubules, which could be attributable to secondary brush border destruction
or a decrease in the height of the lining cells as a result of degeneration. Furthermore, higher net tubular absorption
may result in hyperuricemia once a large dose of FA is administered.

On the other hand, oral co-administration of IE with FA resulted in a considerable reduction in serum urea, uric acid,
and creatinine concentrations. According to the current findings, IE has a strong protective impact, which is supported
by its ability to restore the analyzed renal function parameters to near-control levels, which could be owing to a
contributing self-healing mechanism that restores kidney structure and function. The current study backed with the
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findings of Hung et al, who found that melanin, one of the most prevalent components of the IE, possesses
renoprotective properties [37].

According to a study, there is a substantial correlation between the accumulation of unmetabolized homocysteine and
oxidative stress after consuming a high quantity of UFA. [32]. Due to lipid peroxidation, MDA is one of the highly reactive
metabolic products produced [38]. Increased MDA levels have been linked to increased lipid peroxidation [2]. MDA
increased after high dosages of FA addition, which appears to validate the current findings [8]. It has been shown that
homocysteine may easily self-oxidize to produce ROS and can activate NADPH oxidase to produce ROS [39] and can
activate NADPH oxidase to generate ROS [40].

MDA levels, on the other hand, were considerably lower in rats given IE. Reduced lipid peroxidation-mediated oxidative
stress, on the other hand, could be a viable and successful method for avoiding and treating hepatorenal damage. The
findings of Fahm et al., who reported that IE greatly reduced MDA levels in injured liver and kidney tissues, implying
that IE's injury-protective mechanism is due to its antioxidant action [18]. Reduced glutathione (GSH) is a critical
component of the intracellular protective mechanisms that scavenge free radicals in all cell types [41]. GSH protects
against free radicals and reactive oxygen intermediates by neutralising them. Indeed, the SH group of cysteine, an amino
acid component of GSH, has a strong electron-donating ability, neutralising the hydroxyl radical and plays an important
role against inflammation and oxidative stress [42]. Following high dose administration of FA, there may be a shortage
of non-enzymatic antioxidant GSH as a result of increased use for trapping free radicals. In comparison to controls, the
level of GSH in the hepatorenal tissues was significantly reduced in the current study's results. GSH levels are restored
after treatment with IE, which may be attributable to its antioxidant action.

Catalase (CAT) is an essential enzyme that catalyzes the elimination of hydrogen peroxide produced by the SOD-
catalyzed process. In line with the findings of Stallons et al., the current investigation found that high-dose FA treatment
resulted in a decrease in CAT activity in hepatorenal tissues, which could be due to mitochondrial toxicity-induced AKI
[43]. The increased homocysteine (Hcy)-mediated superoxide generation from NADPH oxidase, which is a potent
inhibitor of catalase, implies that the FA group's catalase function is inhibited. However, after treatment with IE, renal
CAT activity increased considerably in FA rats, which could be owing to its antioxidant impact and ability to scavenge
free radicals.

5. Conclusion

The current study demonstrates that IE increased antioxidant state and avoided hepatorenal damage under high FA
dosages. Furthermore, I[E demonstrated a strong protective impact, as evidenced by its capacity to restore the examined
liver and renal function parameters to near-control levels, which could be owing to a contributing self-healing
mechanism that restores tissue structure and function. Finally, our research shown that IE can be used as a
supplemental protective medication during hepatorenal damage.
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