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ARTICLE INFO ABSTRACT

Avrticle History: Combination between anticancer drugs and natural products has a great
Received: Feb. 19,2021 attention aiming at exploiting their efficiency and reducing systemic
Accepted:March21, 2021  toxicity. Subsequently, the current study was constructed to evaluate the
Online: March 23,2021 potential curative role of crude Sepia ink extract (SIE) and Ellagic acid (EA)
against cyclophosphamide (CP) toxicity. Male albino rats were divided into

five groups (n = 10). All groups except group I received CP. Group | served
as control group, group 1l received a single dose of CP (200 mg/kg, i.p.) and
served as CP group, rats of group Il received CP + SIE (200 mg/kg body
weight), group 1V received CP + EA (60 mg/kg) and group V received CP +
SIE (200 mg/kg body weight) + EA (60 mg/kg). Data showed that, CP
administration significantly decreased RBCs, WBCs, PLTs count, PCV%
and Hb content. Post administration of SIE and EA caused a significant
elevation in the hematological values. Also, SIE and EA treated groups
reduced the hepatic and renal toxicity induced by CP treatment, where liver
and kidney functions (AST, ALT, ALP, creatinine, urea and uric acid)
significantly decrease. On the other hand, serum albumin and T. protein
levels increased compared to CP treated groups.The current results revealed
that CP induced hematological alterations and various tissues injury. Natural
products as SIE and EA eliminated the CP toxicity.
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Cyclophosphamide (CP), an alkylating agent, is chemotherapy for cancer that
suppress the immune system (Ahlmann and Hempel, 2016). This drug was used for the
treatment of chronic and acute leukemia, multiple myeloma, lymphoma, and rheumatic
arthritis (Nelius et al., 2010). Hepatic cytochrome P450 (CYP) isoenzyme activity can be
affected by CP in animals through the induction of gene expression of this enzyme (Xie
et al., 2002). Low counts of white blood cells, appetite loss, hair loss, vomiting, and
bladder bleeding are the common side effects of CP. Furthermore, allergic reactions,
pulmonary fibrosis and infertility are severe side effects of the drug (Wang et al., 2009).
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The negative roles of CP on male reproductive functions have been widely recognized
resulting in reduced dosage of anti-tumor drugs (Elangovan et al., 2006). CP therapy
causes toxicity through excessive production of reactive oxygen species (ROS) leading to
increased oxidative stress (Alenzi et al., 2010). The cytoprotectors will be used as
adjuvant drugs for chemotherapy to weakness the toxic damage on normal tissues, (Le et
al., 2015).

The integrating anticancer drugs with natural products have a great interest to
maximize their effectiveness and reduce systemic toxicity through the introduction of
lower drug dosages (Hanan et al., 2015). Freshwater and marine Products become
important source material for the development of drugs and specific health foods (Fahmy
and Soliman, 2013). Cuttlefish Sepia ink (a black suspension sprayed by Sepia to deter
predators) has been established beneficial and a kind of multi-functional bioactive marine
material as an antioxidant (Vate et al., 2015), anti-inflammatory, anti-ulcer (Fangping et
al., 2018), anti-retroviral (Israa et al., 2019), antimicrobial (Zakaria et al., 2019), anti-
radiation reagent (Lei et al., 2007), and to have anticancer properties (Kumar et al.,
2018), besides hematopoietic (Lei et al., 2007), immunoregulatory (Liu et al., 2011), and
chemoprophylactic activities (Wang et al. 2010). Proteins, amino acids, melanin, lipids,
metals, tetrodotoxin and peptidoglycans are included in Sepia ink (Derby, 2014).

The carbohydrate fraction of peptidoglycan (polysaccharide; SIP and oligopeptide;
SIO) extracted from Sepia ink (SIE) has demonstrated antitumor activity (Jismi et al.,
2018). Hence, it can induce cyclophosphamide-induced chemotherapy in model animals
(Wang et al., 2010). SIE is proven to be an alternative medicine because of containing a
variety of melanin-generating enzymes including tyrosine, an enzyme that rearranges
dopachrome (Soliman, 2011). Also, it helps to prevent cancer by boosting the action of
Killer cells and improves WBC production during chemotherapy (Zong et al., 2013).

Ellagic acid (EA) is a natural phenol that is found in various vegetables and fruits
such as raspberries, cloudberries and strawberries (Muthukumaran et al., 2017). It has
major health benefits against hepatotoxicity due to its antioxidant, antiproliferative
activities and pharmacological properties which increase the activity of the antioxidant
defense system (Sarker and Oba, 2019). EA has shown a protective effect on testicular,
pulmonary and nephrotoxicity induced by CP (Rehman et al., 2012 and Saba et al.,
2013). Therefore, the present study aimed to investigate the complications of the damage
induced by CP and the potential therapeutic role of SIE and EA against hepatic and renal
disturbances induced by CP in male rats.

MATERIALS AND METHODS

Chemicals and reagents

Cyclophosphamide and Ellagic acid were purchased from Sigma—Aldrich (St.
Louis, MO, USA). Kits for all biochemical parameters were purchased from Bio-
diagnostic Company (Giza, Egypt).
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Collection of cuttlefish

The specimens of cuttlefish (Sepia pharaonis, Ehrenberg, 1831) were collected
from Hurghada (Red Sea). The specimens were preserved in ice box and were brought to
the laboratory through few hours of capture.

Preparation of Sepia ink extract

The collected specimens were washed by distilled water then dissected to get the
ink sac. The collected ink was diluted with an equal volume of distilled water and mixed
sufficiently. The admixture was concentrated and lyophilized to a black residue using a
lyophilizer (LABCONCO, shell freeze system, USA).

Animals

Male Wistar albino rats weighing between 180-250 g were obtained from the
animal house of the Egyptian Organization for Biological Products and Vaccines
(VACSERA), Helwan, Cairo, Egypt. All animals were housed under standard conditions
at (26 = 3°C) with 12:12 h day and night cycle. The investigation conforms to the guide
for the care and use of laboratory animals according to the ethical guidelines of the
institutional Animal Ethical Committee of the Faculty of Science, South Valley
University, Egypt.

Experimental Design

Male albino rats were divided into five groups, (n=10/group). The first control
group rats were intraperitoneal (ip) injected with 0.9% isotonic solution at a dose of 2
ml/kg body weight. Second group were ip injected with a single dose of
cyclophosphamide (CP) (200 mg/kg b.w.).The rats in third group were ip injected with a
single dose of CP (200 mg/kg b.w.) following treated orally with SIE (200 mg/kg b.w.)
daily for 30 days. Fourth group were ip injected with a single dose of CP (200 mg/kg
b.w.) then orally administrated with EA at dose of (60 mg/kg) daily for 30 days. Finally
rats in the fifth group were ip injected with a single dose of CP (200 mg/kg b.w.) then
treated with both SIE (200 mg/kg b.w.) and EA (60 mg/kg) daily for 30 days.

At the end of the experiment, blood samples were collected then divided into two
portions. The first portion was taken in EDTA containing tubes for hematological
analysis which done by Automated Hematology Analyzer (Diagon LTd - D cell 60). The
other one was left without anticoagulant at room temperature then serum was separated
by centrifugation for 20 minutes at 3000 rpm and stored at - 20°C until used for
biochemical analysis.

Biochemical Analysis

Activity of hepatic biomarkers aspartate aminotransferase (AST), alanine
aminotransferase (ALT) (IFCC, 1986) and alkaline phosphatase activity (ALP) (Moss,
1982), serum total protein (Gornal et al., 1949), serum albumin levels (Dumas et al.,
1971) and renal biomarkers creatinine, urea (Fawcett and Scott, 1960) and uric acid
(Fossati et al., 1980) were determined using Bio-diagnostic assay kits according to the
manufacturer’s instructions (Giza, Egypt).
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Statistical analysis

The variability degree of results was expressed as means + standard deviation of
means (Mean +SD). The data were statistically analyzed by ANOVA, unpaired t-test
(prism program) and the least significant difference was used to test the difference
between treatments. Results were considered statistically significant when P < (0.05).

RESULTS

1. Hematological results

Intake of CP (200 mg/kg, i.p.) induced severe alteration of hematological
biomarkers. Figure (1) indicated that CP significantly reduced the RBCs count which is
accompanied by a Hb content and PCV% decline compared to the control group. In the
meantime, WBCs and platelets count were significantly decreased with the percentage of
change 53.7% and 36.5% respectively. Post-treatment with (200 mg/kg) SIE alleviated
the toxicity induced by CP by increasing the values of the RBCs count, Hb content and
PCV% with the percentage of change 31.8%, 32,6% and 41.5% respectively. Also, the
treatment with (200 mg/kg, i.p.) SIE resulted in a significant increase the WBCs and
platelets count (P<0.01& P<0.05) respectively as compared to CP treated group but it was
not reach to normal animals. Furthermore, post-treatment with (60 mg/kg) EA for 30 days
reduced the toxicity of CP treatment since it significantly increased the RBCs count, Hb
content and PCV% (P<0.01). Values of WBCs were elevated (P<0.01) and non-
significantly alteration of platelets count was noticed as compared to the CP treated group
but still un remarkable change comparing with normal animals. Combined- therapy with
SIE extract and EA normalize blood alteration induced by CP treatment and significantly
restore all the hematological biomarkers (P<0.01) almost near to normal values when
compared with normal animals.
2. Liver function biomarkers

CP (200 mg/kg, i.p.) caused hepatic deterioration which could be represented by
elevation of liver function biomarkers. The activity of ALT and AST, ALP significantly
increased after CP treatment with the percentage of change 77%, 49.5% and 51.5%
respectively. While, it significantly decreased both of albumin and total protein (P<0.01)
as compared to control group. Fig. (2a, b, c, d, e) clarifying the hepatoprotective activity
of SIE against the CP induced hepatotoxicity. As observed, ALT, AST, and ALP activity
were reduced with the 38%, 24% and 29.5% compared to the CP treated group and these
result still higher than normal animals. On the other hand, SIE significantly increased
albumin and total protein content (P<0.01, P<0.05) compared to CP treated group but this
increase still not reachable to normal animals, but this increase still not reachable to
normal animals. Similarly, (60 mg/kg) EA post-treatment improved the hepatic status by
declining the liver function enzymes (P<0.01) and significantly rising albumin level with
non-considerable change in total protein level compared to CP treated group as well as,
this increase in Albumin and total protein levels were nearly reachable to normal levels.
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Combined- therapy with SIE and EA ameliorate the hepatic injury induced by CP
treatment and significantly restore all the hepatic biomarkers (P<0.01) as revealed in Fig.

2.
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Figure 1. Therapeutic effects of SIE (200 mg/kg), EA (60 mg/kg) and SIE (200
mg/kg) + EA (60 mg/kg) on the hematological alterations induced by CP (200
mg/kg). (a) RBCs count, (b) Hb concentration (g/dl) (c) PCV%, (d) WBCs count and
(e) Platelets count.* P<0.01 as compared to control group. o P<0.05, # P<0.01 as
compared to CP treated group.

3. Biomarkers for renal Function

The current results revealed that CP treatment significantly increased the levels of
creatinine, urea and uric acid (P<0.01) as compared to the corresponding control group.
Post-treatment either with SIE (200 mg/kg) or EA (60 mg/kg) improved the renal
function biomarkers, where it significantly decreased the levels of creatinine, urea and
uric acid (P<0.01) as compared to CP treated group, this indicated an improved but not
approached to the normal level. The same effect was observed in combined post-
treatment group. Figs. (3a, b, ¢) pointed to the level of renal function biomarkers in the
control and experimental groups. The result recorded a remarkable improvement, they
become near to normal animals.
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Figure 2. Therapeutic effects of SIE (200 mg/kg), EA (60 mg/kg) and SIE (200 mg/kg)+ EA
(60mg/kg) against CP (200 mg/kg ) on the hepatic biomarkers. (a) ALT (U/mL), (b) AST
(U/mL), (¢) ALP (U/mL), (d) Albumin (U/L) and (e) Total protein (g/d)* P<0.01 as
compared to control group. o P<0.05, # P<0.01 as compared to CP. treated group.
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Figure 3. Therapeutic effects of SIE (200 mg/kg), EA (60 mg/kg) and SIE (200
mg/kg)+ EA (60 mg/kg) on the renal biomarkers alteration induced by CP (200
mg/kg). (a) Creatinine (mg/dl), (b) Urea (mg/dl) and (c) Uric acid (mg/dl).* P<0.01
as compared to control group. # P<0.01 as compared to CP treated group.
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DISCUSSION

Anticancer medications are used under strict supervision because of their narrow
therapeutic window, high toxicity profile and significance of drug interaction. The drugs
especially affect vital organs like kidney or liver and those who undergo rapid cell
division (Raschi et al., 2010).

CP is an alkylating agent with extreme cytotoxic and immunosuppressive activity
(Vasiliou and Nebert, 2005). The electrophilic alkyl group allows the drug to react with
nucleophilic constituents of DNA or proteins, this leads to the covalent transfer of an
alkyl group. CP requires activation by cytochromes (P450) in the liver (Marchitti et al.,
2008). The institution of hydroxyl group to the oxazaphosphorine ring produces 4-
hydroxy cyclophosphamide, which co-occurs in equilibrium with its isomer,
aldophosphamide. Then, aldophosphamide is converted into phosphoramide mustard and
acrolein. Acrolein is the cause of hemorrhagic cystitis, one of the major toxicities of CP
therapy. Other toxicities with cumulative doses include bone marrow suppression,
cardiotoxicity and gonadal toxicity (Xie et al., 2013).

Generally, some antioxidant agents are considered useful to reduce the toxic
adverse effects and oxidative stress induced by anticancer drugs. Accordingly, a
treatment regimen with potential antioxidant agents could be an approach to ameliorate
chemotherapeutic toxicity (Selim et al., 2018). So this study focused on the therapeutic
activity of SIE and EA as natural products against CP toxicity.

From the mentioned results it is clear that CP treatment resulted in disorders in the
hematological constituents as manifested by severe decline in the RBCs count,
remarkable fall in hemoglobin content (Hb) and highly significant drop in PCV value,
WBCs and PLTs count, which may be owing to alteration in hemopoietic system of the
animals. Similar observations were obtained by (Kennedy et al., 2014). Many
chemotherapeutic agents including CP have been implicated in short-term damage of the
bone marrow which results in abnormally low numbers of leukocytes, erythrocytes and
platelets regarded as bone marrow suppression (Friberg et al., 2002).

The reduction in erythrocytes count could be consequent to a drop in their
production and/or increased destruction where, the property of chemotherapeutic drugs is
to kill rapidly dividing cancer and normal cells including RBCs. Results of the present
study were in harmony with those of Vinoy et al. (2013) who suggested that bone
marrow ability to produce new ones was inhibited by CP treatment. From the present
results, the highly significant decrease of Hb content might be related to the decrease of
RBCs count. Furthermore, ROS induced by CP may be caused hemoglobin oxidation and
denaturation (Puchala et al., 2004).

Leucopenia which was reported in the CP treated animals might be the consequence
of CP-induced lipid peroxidation and damage of their cell membranes. CP affects the
immune system by causing acute damage to the hemopoietic tissue, thus causing transient
reduction in circulating leukocytes (Hickman-Davis et al., 2001). It was also found that,
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there is a highly significant decrease in platelets count. This is in agreement with
Ayhanci et al. (2009). The least toxic effect of CP was observed on the circulating
thrombocytes, reduction in blood platelet count. A similar result was reported, indicating
that reduction in platelets occurs only at high doses of CP (Korkmaz et al., 2007).
Besides that, the present recorded results in this study showed a highly significant drop in
PCV value. The depression in the hematocrit value can be attributed to the total cell
depletion in peripheral blood aided by disturbances in steady state mechanisms in blood
forming organs after CP injection. The observed result runs in full agreement with Zhang
et al. (2017).

One of the aims of the present study is to evaluate the deleterious effects of CP and
the therapeutic role afforded by SIE, EA and (SIE+ EA). The sepia ink extract
administrated to rats injected with CP, improved the hematological parameters indicated
by increasing of the RBCs count, hemoglobin contents (Hb) and PCV%, besides a
remarkable improvement in WBCs and PLTs count.

EA is a naturally occurring polyphenolic compound that exhibits antioxidative,
antiinflammatory, anti-hyperlipidaemic and anticarcinogenic activities (Devipriya et al.,
2007). In the current results RBCs, Hb and PCV%, WBCs and PLT count, obtained from
administration of EA were approximately near to those of control group. These results
might be attributed to the antioxidant activity of EA. Jie-Ping et al. (2009) revealed that
SIE elevated leukocyte quantity due to improve hemopoiesis of marrow in mice but not
reach to normal animals.

The current study revealed that hepatic damage induced by i.p treatment of CP,
which is emphasized by highly significant elevation in serum levels of ALT, AST and
ALP enzymes, while serum albumin and T. protein recorded a highly significant decline,
which are considered to be the most sensitive biomarkers of liver injury (Kim et al.,
2008), where leakage of AST, ALT and ALP hepatic enzymes into the systemic
circulation are routinely used as a reliable biochemical index for hepatocellular necrosis
as cell damage (Haldar et al., 2011). These deleterious changes in liver enzyme levels
indicate a loss of tissue integrity with consequent apoptosis and necrosis of hepatocytes
(Amalia et al., 2007). The present results are in agreement with other studies (Germoush
and Mahmoud, 2014). CP treatment leads to the formation of toxic metabolite causes
liver tissues injury as represented by an increase serum liver function enzymes
(Shokrzadeh et al., 2014).

High level of serum alkaline phosphatase is related to synthesis increased of it by
cells lining bile canaliculi usually in response to cholestasis and increased biliary pressure
(Kanchana and Sadiq, 2011 and Kasem, 2019). In addition, Senthilkumar et al. (2006)
found that hypo-proteinemia was observed in rats injected with CP for two days and
attributed to the CP exerts a direct impact on plasma cells where, it inhibits protein
synthesis and results in a liver damage cells. So that, the decreased level of serum total
proteins and albumin in CP injected animals evidenced hepatotoxicity.
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Albumin is the most important protein in plasma synthesized by the liver and is a
useful indicator of hepatic function (Singh and Khan, 2013). Our study revealed that the
serum albumin concentration of CP rats decreased significantly throughout the
experimental periods. This decrease in serum albumin concentration could be related to
hepatic dysfunction and decreased protein synthesis (Helal et al., 2012).

In parallel, previous reports have described CP induced hepatotoxicity. CP elevated
circulating liver marker enzymes and produced a marked depression in antioxidant
defense mechanism which was described as a major mechanism of CP induced hepatic
damage. DNA damage is another proposed mechanism for CP hepatotoxicity (Tuorkey,
2017). CP could induce inflammation in liver tissue via regulation of pro-inflammatory
cytokines (Mahmoud et al., 2017).

SIE was able to ameliorate injury induced by CP in model animals (Wang et al.,
2010). A pronounced decrease in the activities of serum AST, ALT and ALP of rats
treated with SIE throughout the experiment, as compared to CP group, indicates its ability
to maintain hepatic function and structure of hepatic cells. Similarly, treatment with SIE
caused general decreases in serum ALP activity in CP rats. The lowering of enzyme
activity is a definite indication of hepatoprotective action and denotes functional integrity
of the hepatic cell membrane (Fahmy and Hamdi, 2011). On the other hand, the serum
albumin concentration of rats treated with SIE increased significantly after all
experimental periods. This effect may be related to the antioxidant properties of SIE (Lee
et al., 2013). Moreover, this increase may be due to enhanced synthesis of proteins and
albumin, which works to accelerate the regeneration process, thus affording protection to
the liver (Murali et al., 2012).

The present study also revealed that, administration of rats with EA ameliorated
the liver biomarkers (ALT, AST and ALP). EA was reported to have hepatoprotective
activity in experimental animals being useful in arresting hepatic fibrosis, reducing
inflammation (Girish and Pradhan, 2008). It has also been reported that oral
administration of EA decreases the activities of liver marker enzymes during toxicity
(Devipriya et al., 2007).

Administration of EA significantly decreased the AST, ALT and ALP activities,
suggesting that they offer protection by preserving the structural integrity of the
hepatocellular membrane (Priyadarsini et al., 2002). Furthermore, EA protects
hepatocytes from damage by inhibiting mitochondrial production of reactive oxygen
species, also protects against cell death and elevation of ALT and AST in mice induced
liver damage (Hwang et al., 2010). In addition, Barch et al. (1996) reported that EA
induces cellular enzymes which detoxify carcinogens by increasing the expression of
glutathione S-transferase-Ya gene through increasing total hepatic GST activity by
inducing transcription of the GST-Ya gene. In addition, it caused alleviation in albumin
and total protein disturbed by CP treatment. Kannan et al. (2012) showed that,
pretreatment with EA improved serum albumin and total protein.
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Our results disclosed that, serum creatinine increased significantly in CP treated
group. Elevation of serum creatinine may be due to the hepatic damage which evolved
into a stage with features of hepatorenal syndrome (Arroyo and Jimenez, 2000)
including reduction in creatinine clearance and low glomerular filtration rate (Briglia and
Anania, 2002). Also, concentration of serum uric acid significantly increased in CP
treated rats. Oxidative stress is reported to play an important role in CP-induced renal
damage (Abraham and Rabi, 2011). Increased triglyceride synthesis in individuals with
metabolic abnormalities would also accelerate serum uric acid production and
accumulation (Choi and Diehl, 2008).

On the other hand, supplementation with either IE or EA ameliorated the serum
creatinine, urea and uric acid concentration after CP treatment in comparison with CP
group. Atessahin et al. (2007) showed that, EA treatment provides a significant
protection against nephrotoxicity and reduces plasma creatinine and urea levels. Decrease
in the level of serum urea and creatinine biomarkers of renal damage in EA treated rats
suggested that EA was effective in improving kidney function in treated rats (Amel et al.,
2014).

CONCLUSION

In conclusion, the present study demonstrated an evidence for the therapeutic effect
of either IE or EA against the toxicity of CP anticancer drug. By combining CP treatment
with natural products, the therapeutic effect could be represented by improvement the
hematological, hepatic and renal status.
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