®

fignllg tilwljall dlnge dlan S 527 Ajman Journal of Studies and Research

ISSN 1609-381X ISSN 1609-381X

inann dijga Refereed Periodical

oY) aasll — oy g pliall 5 SN Al Number22Volumel
—« 2023 - » 1444 1444 Hijri - 2023
porkaltly ABLALLY duugs (o ekl DY 1k gt Published by Rashed Ben Humaid Award for Culture and Science

Bl w2l S yLo¥) ddga = Hlons Ajman - United Arab Emirates



Olene —Oriasall o o asa
(0097150)-4770990 :Jsesa (06)— 7447777
A sl Ay Wl el oY) a1
majalat.ajman@rsh—award.org.ae: i, sy x)ll
www.rsh—-award.org.ac: i, SIy) ad sl




Eipadly cluball lane Uss
1Ssa 3:\ )9

ISSN1609-381X

o) asall —¢ygpinlly B sl

aV oYY — aVgtg

pslally 28BN yaa 0 ad)) BYla eyl
saaiall Ll chlaY) Aga —(laae



Eiadly ciluhl lene Aas
ool st
‘él_r_ S| I E- CON
il 58K
—hias (3l
il eliac]
‘é_umw\ dane e Lad

- (E
ok Ol o) dagal) S5 el Lo
ol =¥ L) dadla @hanad) s 0]
Lyl chlay) daala Ol de g .af
oY LA Zaala el of llana|
ahlayl eyl daals dielaud 4 e Lo
A gl g el dnala aseall deaa agd .a.f
e soalal) daals @Al deas .ad
cusl ) Jol Ly ll ygadl ajell S5l psind) Chuagy Bgipe -2
Gyl Qb oyl daala daae il aiga .
Ouadl Aulall o glel) dadla Aaldl Cuay .o
s sl bl daala oiled) deaa pllals .o

) a3l ¢ygphally ) sl igmdly ldall lene dlse



Gigaally lufpall Glane Alaa

B pas o0 23 83l e jaals dnalally AulaY) Glahally el &y sie Choal 1eSae doys0
ChlaY) s adine A Analally il daatilly el 3Y) A aalodl 41983 ale s Ally o lally
dakiall el c Gl 2oy elin] DA (e dale Rdeay adal) Gslail) (ulaa Jg35 3ald 55

sl Caloal
el e Jal e clldg Ogialll ooy ) Alua¥ls salad) duadally dulady) Eigadl i .1

o Gy alall Jalgil) ainss alall kg finll) (s AsSally Faalel) CDlal) ahags .2
Aaadidl GLKH Glealally Sl duakell il

zlal) ity saniall Aunpal) L) A gay Aabeiall Aali s Analally Alod) Lliadl) dallas .3
i)

ilag B Lsalall gy et sally aall laally gabyally sasall Gigaills Ciuyell .4
Aaalall

O 33all- 3 ally 1 alaall Gagadly Ll (lane Alaa



J_.&.m 49\‘94

oY) Al s A8l ALaYL Lassia cand) 06 o - 1
Ngale Caplaial) Jawall ael i slelye ae Gostlll clad¥) o WA legdas Gl s of 22
AL (10000) aia (40) Cadl Sslans YT .3

s (PDF )il 3 2 43 Jll g sVl e (WORD )aysl) diaams Ly < Gand) sy o .4
majalat.ajman@rsh—award.org.ae.  aSaill 5 pal Galidl @lily

JSAIS 250 5l Lo il Ladle Gl ey o e cupladY) o Appel) 2210 Eugad) Ji .5
.uailn

e A sl ala 4 JU Sl @l dlae il Balse e Jean ol ooy 3 8 Sl 0 YT L6

led (harall )l v Ll gl a Camy el 8 aag s st s i3 alyall 55 aalyall L7
S el Ty A 3 i oY e

:d_gﬂ\ SLJ*JA]\ ‘}.:LJ\ [ ?EJ 222l .. (.\5_) JB.A ca:ujﬂ\ (a.u:\ ct"'_\;,ﬂ\ u\}\r_ c&;u\ (.\.u\] Qt:!)_,..\“
Jimial (sl

aslalls ZEUEL dves (s 28] 53ila elial (ulaa cliac] §f Aladdl jjai dia sliacl 320V .8

Aladl b Hail) ciesall o dueas 513 s

Alaal 8 by 8 Gl maen a3 a1y .9

Al Lelpd aae Al By Haill Lelpd Alla 3 L) esid) isad) Jseal 2y Aad) o535 Y .10

s alayia) Eall)l G (e

Aede (e il agfisan Aadla b Gialll pes ¢34 2311

Al Aae S Calge b lete ein ol Lo loasey of Aladll 3 a8 ) Gl Glaad 30 Y12
ool Gady e Anlad s 2e0 Y

ALK (50) Hslans Y Ley il g pal 1 yee 2003 aiyis e 8yt 330 Gaals IS (3850013



¢ gant) g il Al claas dlaa
AaSala 4a ) g
¥V axadl - (g pliall g AL alaall
e\ﬂ\‘v—sﬂiii

Use of D—penicillamine and Selenium to Reduce Cisplatin-Induced Side Effects
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Use of D-penicillamine and Selenium to Reduce Cisplatin-Induced Side Effects

*PROF.Noorah Saleh Al-Sowayan

Abstract

Platinum compounds are used to treat various types
of cancer due to their tumor-suppressive
effects. One of the active platinum compounds is
cisplatin. Cisplatin is a well-known chemotherapy
drug that has been used to treat many human cancers
including bladder, head and neck, lung, ovarian, and
testicular cancers. It is also effective against
different types of cancers, including germ cell
tumors, lymphomas and sarcomas. However, this
drug has shown harmful complications in clinical
studies. This study aimed to investigate the side
effects of two doses of cisplatin, and to compare the
abilities of D-penicillamine and selenium, alone or
in combination, to reduce or prevent adverse side
effects of two doses of cisplatin in experimental
animals. The results indicated that treatment with
cisplatin caused defects in liver, pancreas, muscle
and bone marrow function. Results of this study also
showed that the combined injection of D-
penicillamine and selenium, along with a
therapeutic dose of cisplatin was effective in
protecting against the adverse side effects of
cisplatin alone. The results of this study are very
promising in reducing the side effects of this
effective drug, so this study recommends doing
more future studies to confirm the effectiveness of
using both D-penicillamine and selenium with
cisplatin to make sure that their effectiveness against
cancer was not affected, and this gives great hope
in use of cancer chemotherapy without any harmful
side effects.

Keywords: Cisplatin, Cancer treatment, D-
penicillamine, selenium

[The research that won the first place in the field of medicine
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Introduction

Cisplatin, cisplatinum, also called cis-diamminedichloroplatinum(ll), is a metallic

(platinum) coordination compound with a square planar geometry [1, 2, 3].

The compound gain scientific investigations in the 1960's when the initial observations
of Rosenberg and colleagues [4] at Michigan State University pointed out that certain
electrolysis products of platinum mesh electrodes were capable of inhibiting cell
division in Escherichia coli created much interest in the possible use of these products
in cancer chemotherapy. Since the identification of cis—dichlorodiammineplatinum (1)
(cisplatin, r)as the agent responsible for this activity, much interest has been
generated in the use of coordination complexes of platinum, palladium, and other noble

metals in the treatment of cancer [4].

Chemotherapeutic management of tumors, which involves cytotoxic and cytostatic
drugs, remains a primary method for the treatment of malignant neoplasms. Over the
past few years, breakthroughs have been made in tumor treatment, including the
production of various anticancer drugs with diverse mechanisms of action; however,
most of these drugs have toxic effects on the human body [3]. The intra—abdominal
administration of a multiple chemotherapy drugs—the most popular of which is cisplatin
can facilitate increased life expectancy and improvements in quality of life through the
prevention and treatment of cancer. However, the side effects associated with
cisplatin—based treatment of malignant tumors reduce both quality of life and life

expectancy [3].
Structure and Mechanism of Action

Today, platinum drugs (e.g., cisplatin) form the basis of chemotherapy for most solid
tumors. Satraplatin, picoplatin, and pyriplatin showed great promise, but they were not
superior to cisplatin. As an anticancer drug that contains the heavy metal platinum [5],
cisplatin exhibits a mechanism of action similar to the mechanisms of alkylating
antitumor drugs; its effects on malignant tumor cells include DNA crosslinking and
structural disruption, as well as DNA synthesis inhibition. These effects lead to
cessation of tumor cell mitosis, inhibition of tumor growth, and apoptosis of tumor cells

[5]. Cisplatin also possesses immunosuppressive and radiosensitizing properties [5].
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After intravenous administration, cisplatin is rapidly distributed to tissues or binds to
plasma proteins (T, of approximately 30 minutes); less than 10% of the drug is freely
available in the bloodstream. The excretion (clearance) of free cisplatin significantly
exceeds the glomerular filtration rate (by up to threefold), which indicates additional
tubular secretion of the drug [6]. Cisplatin causes nephrotoxicity through interactions
with the epithelial transfer proteins of the proximal convoluted tubules. The basolateral
membranes of these cells, which face the capillaries, contain the protein organic cation
transporter 2 (OCT2, also known as SLC22A2), which captures various organic
cations by using the membrane potential to act against the concentration gradient [7].
These organic cations are excreted into the urine through the apical membrane by
transporter proteins of the multidrug and toxin extrusion (MATE, also known as
SLC47A) family, MATE1 and MATE2-K [8]. The substrates of this transport system
include many endogenous compounds (e.g., creatinine, serotonin, adrenaline,
dopamine, and progesterone). Cisplatin demonstrates moderate affinity for OCT2, low
affinity for MATE1, and no interaction with MATE2-K; thus, it accumulates in cells

within the convoluted proximal tubules, causing the death of such cells [9].

Initially, cisplatin and its analogs were presumed to penetrate the cell membrane by
simple diffusion. However, the cisplatin molecule is hydrophilic, and its diffusion rate
into the cell is insufficient to create a cytotoxic concentration. Experimental
investigations gradually indicated the involvement of special transport proteins. In the
late 1990s, copper transport proteins were reported to participate in the transport of
cisplatin and its analogs (Fig. 1) [10]. Subsequent research has shown that these
cytostatic drugs are transported through a mechanism that is closely involved with
intracellular copper homeostasis. Copper ions are very toxic to cells because they
cause free radical formation; therefore, copper is almost always associated with carrier
proteins and its metabolism is closely regulated by mechanisms that appear similar to

platinum drug resistance [11, 12, 13].
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Figure 1. Transport and metabolism of cisplatin [13].

Copper (in the form of monovalent Cu+ ions) enters the cell by facilitated diffusion
with the aid of the copper transporter 1 (CTR1) transporter protein. CTR?2 is a homolog
of CTR] that has a lower affinity for copper ions and is located in the membranes of
endosomes and lysosomes; its functions are not entirely clear. Intracellular copper is
used in the synthesis of enzymes (e.g., superoxide dismutase and cytochrome c
oxidase); excess copper binds to antioxidant protein 1 (ATOX1), glutathione, and
metallothioneins [14]. ATOX1 delivers copper ions to the ATP—-dependent transporters
ATP7A and ATB7B for entry into the Golgi complex (e.g., for inclusion in various

proteins that exit the cell by exocytosis) [13].

The CRT] protein is a transmembrane channel formed by three identical molecules.
Compared with copper ions, cisplatin and its analogs are larger; however, they are
transported through this channel. Experimental suppression of CTR1 expression
prevented the penetration of cisplatin, carboplatin, and oxaliplatin into tumor cells,
producing resistance to these cytotoxic agents [12]. The mechanism of resistance may
also include disruption of glycosylation without changes to the amount of CTR]
protein. Notably, the CTR1 protein content was strongly correlated with the degree of
neuronal atrophy in the rat spinal ganglia [15]. The CTR2 protein also influences the
transport of cisplatin and carboplatin; however, unlike CTR1, it limits the accumulation
of these drugs (and subsequent cytotoxicity) through an unclear mechanism that may

involve sequestration in intracellular vacuoles [16].
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Clinical findings generally support a role for carrier proteins in the efficacy of platinum-
based treatment. In ovarian cancer, increased CTR] protein content in tumors was
associated with a longer the relapse—free period, while increased CTR?2 protein content
was associated with a shorter relapse—free period [17]. The entry of a small amount
of cisplatin into a target cell causes rapid reduction of the CTR1 protein content via
macropinocytosis and subsequent proteasomal destruction; suppression of CTR1 gene
expression has a similar effect [18]. Upon cisplatin entry, the CTR?2 protein content
increases, which further limits the accumulation of cisplatin. In an experimental
analysis of ovarian cancer cell lines, bortezomib, a proteasome inhibitor, prevented

destruction of the CTR] protein; this increased the activity of cisplatin [18].

Similar to the mechanisms involved in copper homeostasis, ATOX1 has an important
role in the coordination of cellular responses to the actions of platinum-based drugs
(Fig. 2) [19]. Cisplatin and its analogs bind to ATOXI in a manner similar to the
binding of copper ions; ATOX] thus simultaneously acts as an intracellular carrier
protein, chelator, and (potentially) a transcription factor. ATOX1 regulates the activities
of many transport chain components and the inactivation of cytostatic drugs,
particularly through changes in the gene expression patterns of CTR1 and CTR2 [9].
Therefore, target cells perceive cisplatin treatment as exposure to a large
concentration of copper ions; they quickly initiate defense mechanisms. Accordingly,
as the doses of platinum-based drugs increase, their cytotoxic effects quickly reach a
plateau. In addition to its regulatory roles, ATOX1 can directly participate in the
elimination of platinum-based drugs; ATOX] binding to such drugs facilitates their
transfer to the ATP7B protein [12]. ATP7B and (to a lesser extent) ATP7A were initially
presumed to release cisplatin into the Golgi complex or intracellular vacuoles for
subsequent removal from the cell. However, experimental data indicate that the
cisplatin removal mechanism involves simple binding and inactivation by ATOX1 and
ATP7B. Overall, increases in the contents of these proteins are associated with

resistance to platinum-based drugs [12].
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Figure 2. Two cysteine (Cys) residues in ATOX] associated with cisplatin [19].

Side Effects

Advances in chemotherapy have enabled successful treatment of many malignant
neoplasms that were previously considered fatal. Anticancer therapy destroys tumor
cells while damaging normal rapidly dividing cells [3]. The onset of side effects during
chemotherapeutic treatment of cancer patients is associated with the low specificity of
the antitumor effect, as well as the need to maintain a sufficiently high therapeutic
dose. The severity of side effects depends on the type, general and total dose of the
drug, along with the duration of chemotherapy. In randomized studies, cisplatin—based
chemotherapy has been shown to significantly increase survival rate and quality of
life; it also improves symptoms in most inoperable patients. Cisplatin can be used both
as monotherapy and in combination with other cytostatic drugs [3]. However, a serious
side effect of cisplatin, nephrotoxicity, can occur within 2 weeks after the first dose.
Symptoms of renal damage include increases in serum urea, creatinine, or uric acid
levels [20]. Renal toxicity is usually mild to moderate and reversible in patients who

receive standard doses of cisplatin.

Other side effects of cisplatin include dose—dependent and predominantly reversible
leukopenia, thrombocytopenia, and anemia. Myelosuppression is cumulative; patients
with neutropenia may develop fever and infections. Severe suppression of bone
marrow function (including agranulocytosis and/or aplastic anemia) can occur after the
administration of high—dose cisplatin [21]. Patients often experience anorexia, nausea,
vomiting, stomach pain, and diarrhea (usually 1-4 hours after cisplatin administration);
these symptoms resolve within 24 hours in most patients. Cisplatin treatment may
cause peripheral sensory neuropathy, which is usually bilateral; in some cases,

patients experience loss of taste or tactile function, or the onset of retrobulbar neuritis

6
(2023-6-15 jlaoWi gpb) Js¥isaali-0gaally Gl U &godly luhll Olasme 22



with vision loss and cerebral dysfunction [21]. Cisplatin—related kidney damage rarely
leads to hypomagnesemia, hypocalcemia, hyponatremia, hypophosphatemia, and
hypokalemia, along with muscle spasms and/or electrocardiography changes. Some
patients experience anaphylactic reactions (e.g., rash, urticaria, erythema, and itching)

or angioneurotic edema [21].
Liver-specific Side Effects

Cisplatin—induced liver damage is a very common side effect because the liver is a
primary site for cytostatic drug biotransformation. In addition to the toxic effects of
cisplatin, patients experience acute immunosuppression because of the tumor itself,
as well as cancer treatments and the presence of chronic hepatitis viral infections;
these suppressive effects exacerbate liver dysfunction. In primary or metastatic liver
disease, diffuse or focal infiltration by tumor cells is often detected during the
involvement of portal tracts and sinusoids, leading to portal hypertension [22].
Endotoxicosis syndrome is a key cause of functional and structural disorders of
hepatocytes in patients with cancer; it results from tumor intoxication and various
infections (viral or bacterial), and it can occur as a response to the administration of
anticancer drugs [23]. Studies of other drug—induced liver damage mechanisms, such
as immune hepatotoxicity [23], have shown that drugs and their metabolites can serve
as haptens for proteins in the liver parenchyma; the resulting immune responses can

cause liver damage.

Depletion of the cytochrome P45(0 system leads to accumulation in organs and
tissues. The presence of toxic components disrupts the disposal of endogenous
metabolic products and promotes the formation of secondary substances with greater
toxicity. Thus, depletion of the cytochrome P45(0 system increases cytostatic drug
toxicity [24, 25]. Additionally, cisplatin may considerably increase hepatocyte
sensitivity to endotoxin. Because the excretion of hepatotoxic substances in such
conditions is difficult, cisplatin can have a cumulative toxic effect on liver function [13].
Generally, the toxic effects of cisplatin are caused by decreased hepatocyte drug
extraction; this action is associated with both impaired enzyme activity and impaired

plasma protein binding activity [13].
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The liver experiences the greatest physiological stress from oral medication,
particularly for drugs that undergo a “first pass” through the liver. Therefore, many
doctors prescribe ancillary drugs that can reduce cisplatin toxicity. One such drug is
D-penicillamine; it is actively used to reduce lead—induced liver toxicity and oxidative
stress [26]. D—penicillamine has a complex and varied effect on molecular compounds.
Its key property is its robust metal ion—complexing activity; it binds mainly copper,
mercury, lead, manganese, and iron, as well as calcium, and the resulting complexes
are removed by the kidneys. D-penicillamine has a complex anti—inflammatory
mechanism. Its immunotropic effects include the inhibition of T helper cell function
without affecting B-lymphocyte activity [27]. In the presence of D—penicillamine, the
levels of pathological macroglobulins (e.g., rheumatoid factor) decrease through the
inhibition of gamma globulin thermal aggregation; notably, gamma globulin maintains
inflammatory activity and stimulates the synthesis of rheumatoid factor [27]. D-
penicillamine has substantial antioxidant activity, which is critical for the treatment of
systemic autoimmune diseases that involve oxidative stress [27]. D-penicillamine
forms complex compounds with copper, which facilitate copper delivery to tissues and
the enhancement of superoxide dismutase activity; these effects remove excess free
oxygen radicals. However, D—penicillamine has many side effects, most of which are
associated with the absence of copper removal selectivity. In addition to copper, D-
penicillamine can bind and remove many other trace elements (e.g., zinc) from the
body [27]. Therefore, combined treatment with D—penicillamine and zinc is performed

to reduce the dose of D—penicillamine and avoid its side effects [27].

The structural formula of D—penicillamine (D, (3, B dimethyl cystatin) ; this compound
is a fixed amino acid that contains a sulfhydryl group [28]. D—penicillamine is oxidized

to disulfuric remains that are also excreted by the kidney [29].

Selenium is another drug that can reduce the liver—specific side effects of cisplatin.
Based on an assessment of published literature, [30] hypothesized that short—term
selenium administration could reduce cisplatin toxicity; therefore, they investigated the
effect of selenium/nano—-selenium on cisplatin—induced nephrotoxicity in albino rats.
Their findings indicated that selenium and nano—selenium reduced cisplatin toxicity by
increasing the levels of antioxidant enzymes in both serum and kidney tissue.

However, they found that selenium and nano-selenium caused nephrotoxicity in the
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form of increased serum urea and creatinine levels. In 2016, Zhu and his colleagues
[31] reported similar results from the use of selenium to reduce liver toxicity during
cisplatin—based treatment of nasopharyngeal cancer. The protective effect of selenium
arose from the activity of caspase 3, which significantly increased after selenium
administration. Thus, selenium may be useful for reducing cisplatin—induced liver

toxicity.
The aims of this study were as follows:
1. Investigate the side effects of cisplatin, which is used to treat liver cancer.

2. Compare the effects of D—penicillamine and selenium on cisplatin—-induced side

effects in experimental animals.

3. Investigate the effects of combined treatment with D—penicillamine and selenium

on cisplatin—induced side effects in experimental animals.
Materials and Methods
Experimental Animals

In this study, we used Seventy male albino rats were obtained from laboratory animal
house unit, College of pharmacy, King Saud University, Saudi Arabia, (weight, 250—
300 g). The animals were housed in a controlled, clean environment with a consistent
temperature (25°) and good ventilation. All animals were acclimatized to the working
environment for 2 weeks; they received food (rabbit feed cubes, 4710; Arasco Feed

Factory, Buraydah, AlQassim, Saudia Arabia) and water ad libitum.
Treatment Reagents

Cisplatin (chemical formula: (NH;),PtCl,) was obtained from Nippon Kayaku Co., Ltd.
(Tokyo, Japan) as individual containers of 50 mg cisplatin dissolved in 100 ml
physiological (0.9%) sodium chloride. Cisplatin was injected into the experimental
animals after dilution to the correct dose (8 mg/kg body weight) [28]. D—penicillamine
(chemical composition: D, {3, 3, dimethyl cystatin) was obtained from Biochem GmbH
(Vienna, Austria) as individual capsules containing 250 mg D-penicillamine. The
capsule contents were dissolved in sterile distilled water to obtain the correct dose (80

mg/kg body weight) [28]. Selenium (sodium selenate salt, Na,SeO;5H,0) was
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obtained from from Retorte Aurubis Group (Germany) as individual containers of 10
mg selenate salt. The selenate salt was diluted to a concentration of 20 umol/ml by
dissolution in sterile distilled water to obtain the correct dose (20 umol/kg body weight)

[32].
Experimental Treatments

In this study, experimental animals Seventy male albino white rats were divided into
the following seven groups ten in each group, as shown in Table 1: control, cisplatin,
D-penicillamine, sodium selenite, cisplatin + D-penicillamine, cisplatin + sodium
selenite, and cisplatin + D—penicillamine + sodium selenite. Rats in the control group
underwent intraperitoneal injection of physiological saline solution (8 mg/kg body
weight) at 4-week intervals. Rats in the cisplatin group underwent intraperitoneal
injection of a therapeutic dose of cisplatin (8§ mg/kg body weight) at 4-week intervals,
in accordance with the method used by [28]. In this study, we administered two
therapeutic doses (i.e., first and second doses). Each therapeutic dose was divided
into five equal volumes; one volume was intraperitoneally injected each day for 5
consecutive days, in accordance with the method used by [33] to avoid drug poisoning.
The second dose was initiated 4 weeks after the initiation of the first dose. Rats in the
D-penicillamine group underwent intraperitoneal injection of D-penicillamine, using
the dose suggested by [28] (80 mg/kg body weight). The dose regimen was performed
in the manner used for cisplatin administration. Rats in the sodium selenite group
underwent intraperitoneal injection of sodium selenite salt, using the dose suggested
by [32] (20 pmol/kg body weight). The dose regimen was performed in the manner
used for cisplatin administration. Rats in the cisplatin + D-penicillamine group
underwent intraperitoneal injection of cisplatin (8§ mg/kg body weight) and D-
penicillamine (80 mg/kg body weight). The dose regimen was performed in the manner
used for cisplatin administration; D—penicillamine was injected immediately after the
injection of cisplatin. Rats in the cisplatin + sodium selenite group underwent
intraperitoneal injection of cisplatin (8 mg/kg body weight) and selenium (20 pmol/kg
body weight). The dose regimen was performed in the manner used for cisplatin
administration; sodium selenite was injected immediately after the injection of cisplatin.
Rats in the cisplatin + D-penicillamine + sodium selenite group underwent
intraperitoneal injection of cisplatin (8 mg/kg body weight), D—penicillamine (80 mg/kg
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body weight), and sodium selenite (20 umol/kg body weight). The dose regimen was
performed in the manner used for cisplatin administration; D—penicillamine and sodium

selenite were injected immediately after the injection of cisplatin.

Table 1. Dose and mode of cisplatin, D—penicillamine, and sodium selenite

treatments
Dose
Group
Treatment D- Sodium
number Cisplatin
penicillamine selenite
1 Control - - -
2 Cisplatin 8 mg/kg - -
3 D—penicillamine - 80 mg/kg -
4 Sodium selenite - - 20 pmol/kg
5 Cisplatin + D—penicillamine 8 mg/kg 80 mg/kg -
6 Cisplatin + sodium selenite 8 mg/kg - 20 pmol/kg
Cisplatin + D—penicillamine
7 : : 8 mg/kg 80 mg/kg | 20 umol/kg
+ sodium selenite

One week after the initial administration of each dose (i.e., 1 week and 5 weeks after
the start of treatment), ten animals from each group were sacrificed for analysis. Blood
was collected from the jugular vein and stored in tubes containing heparin; the samples
were stored under —70° for physiological and biochemical studies (described below).
The animals were then dissected; liver samples were collected for histological analyses

(described below).
Physiological and Biochemical Studies

First, we measured the concentrations of blood urea nitrogen, uric acid, and creatinine
in plasma; we measured the activities of glutamic oxaloacetic transaminase (GOT),
glutamic pyruvic transaminase (GPT), lactic dehydrogenase (LDH), alkaline
phosphatase, amylase, and creatine kinase in plasma. Then, we determined the levels
of blood sugar, total fat, triglycerides, total cholesterol, and bilirubin pigment in plasma.

also we measured the activities of Amylase and Insulin livels in plasma. Finally, we

11
(2023-6-15 jlaoWi gpb) Js¥isaali-0gaally Gl U &godly luhll Olasme 22



determined the numbers of white blood cells, platelets, and red blood cells, as well as

the hemoglobin content and hematocrit value.

Histological Studies

At the times indicated in the Experimental Treatments section, liver samples were
collected and fixed in 10% neutral formalin, then gradually dehydrated through an
ethanol gradient over (1 hour). Subsequently, samples were transferred to xylene
(three incubations of 5 minutes each). Then, the samples were subjected to incubation
in heated (56°C) paraffin wax plus xylene (1:1) for 10 minutes, followed by paraffin
embedding (three incubations of 2 hours each). Finally, the embedded samples were
cut into 3—6-um sections. The sections were fixed on slides and stained with
hematoxylin and eosin for general assessments of morphology and histopathological

changes.
Statistical analysis:

Data were analyzed using SPSS software (version 20; SPSS Inc., Chicago, IL, USA);
descriptive values are expressed as mean + standard error (Mean + SE). Groups
were compared using one-way and two-way analysis of variance tests; t-tests were
conducted to compare treatment groups with the control and cisplatin groups.

Differences were considered statistically significant when p<(.05.

Results

» The injection of a therapeutic dose of cisplatin led to disturbances in liver function
(Table 2). There were increases in plasma levels of glutamic oxaloacetic transaminase
(GOT), glutamic pyruvic transaminase (GPT), lactic dehydrogenase (LDH), and
alkaline phosphatase. These results indicated the occurrence of hepatic damage,
which led to a defect in carbohydrate metabolism and an increased blood sugar level
(Table 3). They also indicated an increases in the concentrations of cholesterol and

triglycerides (Table 3). Furthermore, the injection of a therapeutic dose of cisplatin led
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to severe pancreatic injury (Table 5). There was a meaningful increase in the Insulin
levels, amylase enzyme activity in plasma and an increasing in blood sugar level
(Table 3). The injection of cisplatin also led to increased creatine kinase enzyme
activity (Table 6). Cisplatin injection caused decreases in the numbers of white blood
cells, platelets, and red blood cells, as well as decreases in hemoglobin and hematocrit
levels (Table 7). Cisplatin injection also caused a significant increase in the total

concentration of bilirubin in plasma (Table 4).

The above results indicated that cisplatin treatment caused defects in hepatic,

pancreatic, muscle, and bone marrow functions.

* The injection of D—penicillamine (80 mg/kg body weight) with a therapeutic dose of
cisplatin was suitable for treatment of treating liver function disorders. Compared with
the injection of cisplatin alone, D—penicillamine prevented increases in the activities of
GOT, GPT, LDH, and alkaline phosphatase (Table 2); it also restored the normal
concentrations of cholesterol and triglycerides in plasma (Table 3). Furthermore, D—-
penicillamine restored normal pancreas function by returning the blood sugar level
(Table 3), amylase enzyme activity and Insulin levels (Table 5) to normal levels, while
preventing an increase in creatine kinase enzyme activity (Table 6). Throughout the
experiment, the injection of D—penicillamine reversed the cisplatin—induced decreases
in the numbers of white blood cells and platelets (Table 7), as well as the cisplatin-
induced increase in the concentration of total bilirubin pigment in plasma (Table 4).
Additionally, D—penicillamine reversed the cisplatin—induced decreases in the number
of red blood cells and the levels of both hemoglobin and hematocrit (Table 7);

however, these effects were weaker after the second dose of cisplatin.

* The injection of selenium (20 pmol/kg body weight) with a therapeutic dose of
cisplatin prevented liver function disorders and protected muscle tissue in a manner
similar to the effects of D—penicillamine. Notably, the injection of selenium reversed
the cisplatin—-induced decreases in the numbers of white blood cells and platelets
(Table 7). The injection of selenium partially reversed the cisplatin-induced increase
in amylase enzyme activity and Insulin levels (Table 5). The injection of selenium also
reduced the cisplatin-induced increase in bilirubin concentration in plasma (Table 4).
However, it did not restore the number of red blood cells and the blood levels of
hemoglobin and hematocrit (Table 7) to their normal levels.
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Histological analyses of liver tissue concerning the effects of a therapeutic dose of
cisplatin (figure 3-11), with or without D—penicillamine and/or selenium, revealed the

following findings:

Some histopathological changes were present in all hepatic tissues of experimental
animals that had received cisplatin. The severity of these changes increased as the
number of cisplatin doses increased. After the first dose, the cisplatin—induced
histopathological changes in hepatic tissue were focal macrovesicular and
microvesicular steatosis, as well as some hepatocyte degradation. After the second
dose, these changes were accompanied by some blood vessel congestion and hepatic
sinusoid dilation. The cisplatin-induced histopathological changes in liver were

presumably caused by increasing platinum accumulation.

Notably, the injection of D—penicillamine or selenium with cisplatin prevented the onset
of any histopathological changes in hepatic tissue. In the absence of cisplatin, the
injection of D—penicillamine or selenium did not cause any histopathological changes

in hepatic tissue.

In the absence of cisplatin, injections of D—penicillamine or selenium did not cause
any histopathological changes in liver tissue. The results also showed that the injection
of cisplatin with D-penicillamine and selenium did not cause any histopathological
changes in the liver tissue, that indicating its good role in protecting against the good

side effects of cisplatin.

Table 2. Effects of intraperitoneal administration of cisplatin with or without D-
penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite
alone, on liver function in plasma of male rats at 1 and 5 weeks after initial drug

administration.

Alkaline
GOT GPT LDH
phosphatase
(IU/L) (IU/L) (IU/L)
)
# | Treatment group
Weeks after Weeks after Weeks after Weeks after
initial drug initial drug initial drug initial drug
administration administration administration administration
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1 5 1 5 1 5 1 5
Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean
+SE | +SE | +SE | +SE | +SE | +SE | +SE | +SE
207.2 | 207.2 | 26.40 | 26.40 | 345.0 | 345.0 | 69.40 | 69.40

1 Control 0+ 0+ + + 0+ 0+ + +
11.48 | 11.48 | 1.80 1.80 5.01 5.01 4.20 4.20
391.2 | 486.6 722.4 | 748.6 | 148.6 | 117.4
56.00 | 52.60
0+ 0+ 0+ 0+ 0+ 0+
2 Cisplatin + +
29.46 | 92.12 14.40 | 11.70 | 18.50 | 10.14
a a 5.60% | 0.84° . . . .

176.6 | 248.4 | 25.80 | 26.00 | 352.4 | 353.8 | 62.60 | 70.40
3 D—penicillamine 0+ 0+ + + 0+ 0+
15.32 | 28.29 | 1.60 | 1.40 | 10.03 | 9.90 | 13.70 | 11.39
199.4 | 217.8 | 26.80 | 27.00 | 349.5 | 350.7 | 69.60 | 76.40

H
H

4 Sodium selenite 0+ 0+ + + 0+ 0+ + +
13.27 | 10.57 | 2.70 2.64 1.41 | 1.700 | 4.14 6.60
193.6 | 206.8 348.2 | 350.8 | 88.50
. . 28.60 | 27.40 57.00
Cisplatin + D- 0+ 0+ 0+ 0+ +
5 + + +
penicillamine 28.47 | 13.40 11.30 | 12.70 | 17.35
b b 0.60° | 2.23° b b b 3.53°
342.8 | 347.6 65.90
_ _ _ 190.6 | 197.0 | 28.20 | 26.80 75.40
Cisplatin + sodium 0+ 0+ +
6 0+ 0+ + + +
selenite 74.60 | 27.70 10.06
8.36° | 8.63° | 1.70° | 3.34° b b 7.24° b
. . 197.8 | 208.8 343.5 | 346.6 | 76.20
Cisplatin + D- 26.40 | 26.40 60.40
0+ 0+ 0+ 0+ +
7 penicillamine + + + +
19.70 | 44.04 17.10 | 12.50 | 13.08
sodium selenite 3.30° | 1.80° 2.81°

b b b b b

Each value represents the mean from analysis of ten experimental animals. (GOT)
glutamic oxaloacetic transaminase, (GPT) glutamic pyruvic transaminase, (LDH)
lactic dehydrogenase.

a, b = p<0.05 compared with control or cisplatin group, respectively.

Table 3. Effects of intraperitoneal administration of cisplatin with or without D-

penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite
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alone, on blood sugar and lipids in plasma of male rats at 1 and 5 weeks after initial

drug administration.

Blood sugar Total cholesterol Triglycerides
(mg/dI) (mg/dI) (mg/dI)
Weeks after initial | Weeks after initial | Weeks after initial
Treatment
# drug administration | drug administration | drug administration
group
1 5 1 5 1 5
Mean + | Mean+ | Mean + | Mean + | Mean + | Mean +
SE SE SE SE SE SE
113.40+ | 113.40+ | 34.40+ | 34.40+ | 53.80+ | 53.80+
1 Control
4.45 4.45 2.78 2.78 2.49 2.49
_ _ 154.60+ | 138.80+ | 74.40+ | 84.60% | 175.20+ | 102.60+
2 Cisplatin

11.882 6.20° 4.732 15.70° | 28.172 13.21°
117.00+ | 118.60+ | 31.40+ | 33.00+ | 54.40+ | 52.60+
4.14 6.52 2.20 2.07 2.86 7.61
115.20+ | 117.20+ | 33.40+ | 36.20+ | 56.60+ | 56.00+
3.47 3.10 3.64 2.13 1.34 8.47
Cisplatin + D— | 117.20+ | 110.80+ | 36.60+ | 40.40+ | 62.40+ | 56.00+
penicillamine 0.80° 0.20° 3.95° | 6.40° | 13.91° | 4.24°

Cisplatin + 116.20+ | 116.40+ | 36.80+ | 42.60+ | 54.60+ | 62.20+
sodium selenite | 8.47° 3.60° 5.20° | 3.77° | 0.23° 8.80°
Cisplatin + D-

3 | D—penicillamine

4 | Sodium selenite

155.20+ | 115.20+ | 35.00+ | 37.80+ | 58.80+ | 56.00+
3.78° 5.13° 5.76° 5.45° 3.90° 2.04°

7 | penicillamine +

sodium selenite

Each value represents the mean from analysis of ten experimental animals.

a, b = p<0.05 compared with control or cisplatin group, respectively.

Table 4. Effects of intraperitoneal administration of cisplatin with or without D-
penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite
alone, on total bilirubin concentration in plasma of male rats at 1 and 5 weeks after

initial drug administration.
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Total bilirubin
(mg/dI)
# Treatment group Weeks after initial drug administration
1 5
Mean + SE Mean + SE
0.05+ 0.05+
1 Control
0.01 0.01
0.48+ 0.29+
2 Cisplatin
0.06° 0.032
o _ 0.04+ 0.05+
3 D-penicillamine
0.02 0.01
_ _ 0.05+ 0.06+
4 Sodium selenite
0.01 0.02
s Cisplatin + D- 0.10+ 0.05+
penicillamine 0.04° 0.01°
6 Cisplatin + sodium 0.07+ 0.07+
selenite 0.01° 0.01°
Cisplatin + D-
o _ _ 0.05+ 0.05+
7 penicillamine + sodium
_ 0.02° 0.04°
selenite

Each value represents the mean from analysis of ten experimental animals.

a, b = p<0.05 compared with control or cisplatin group, respectively.

Table 5. Effects of intraperitoneal administration of cisplatin with or without D—
penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite
alone, on insulin and amylase levels in plasma of male rats at 1 and 5 weeks after

initial drug administration.

Insulin Amylase
D) (1)
# Treatment group Weeks after initial Weeks after initial drug
drug administration administration
1 5 1 5
17
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Mean + Mean + Mean +
Mean + SE
SE SE SE
3.45+ 3.45+ 4357.40+ 4357.40+
Control
0.16 0.16 221.90 221.90
_ _ 2.19+ 1.85+ 5899.00+ 6387.20+
Cisplatin
0.10° 0.42°2 477.00° 198.90°
o _ 3.06+ 3.636+ | 4380.00+ 4573.00+
D-penicillamine
0.07 0.24 8.90 228.50
. . 3.08+ 3.58+ 4267.40+ 4179.80+
Sodium selenite
0.05 0.18 14.60 339.00
Cisplatin + D- 3.01+ 3.35+ | 4274.20% 4442.40+
penicillamine 0.04° 0.13° 333.00° 226.80°
Cisplatin + 3.26+ 3.36+ 5199.60+ 5267.40+
sodium selenite 0.07° 0.12° 65.98° 261.10°
Cisplatin + D-
o ) 3.19+ 3.39+ 4377.40+ 4485.40+
penicillamine +
_ ) 0.08° 0.19° 224.20° 202.50°
sodium selenite

Each value represents the mean from analysis of ten experimental animals.

a, b = p<0.05 compared with control or cisplatin group, respectively.

Table 6. Effects of intraperitoneal administration of cisplatin with or without D—

penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite

alone, on creatine kinase activity in plasma of male rats at 1 and 5 weeks after initial

drug administration.

Creatine kinase
(V1)
# Treatment group Weeks after initial drug administration
1 5
Mean + SE Mean + SE
2514.60+ 2514.60+
1 Control
313.52 313.52
_ _ 3453.80+ 3564.60+
2 Cisplatin
154.20° 101.352
3 D-penicillamine 2708.00+ 2799.20+
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289.00 223.84
) ) 2577.80+ 2628.40+
4 Sodium selenite
345.37 233.78
_ _ o _ 2305.00+ 2254.20+
5 Cisplatin + D—penicillamine
445.20° 306.714°
_ _ _ _ 2148.20+ 2826.00+
6 Cisplatin + sodium selenite
57.80° 194.42°
; Cisplatin + D—penicillamine + | 2438.20+ 2531.60+
sodium selenite 176.46° 185.98°
Each value represents the mean from analysis of ten experimental animals.
White blood Blood Red blood Hematocrit
Hemoglobin
cells Platelets cells d (%)
(103/ml) (103/ml) (106/ml) (g/ )
Treat Weeks after Weeks after Weeks after Weeks after Weeks after
reatm
. initial drug initial drug initial drug initial drug initial drug
en
administration | administration | administration | administration administration
group
1 5 1 5 1 5 1 5 1 5
Mea Mea
Mean Mean | Mean Mean | Mean | Mean | Mean | Mean %
n+ n+
+ SE +SE | + SE +SE | +SE | +SE | + SE SE
SE SE
8.38 8.38 | 370.2 | 370.8 | 5.34 | 5.34+ | 14.32 | 14.32 | 40.92 | 40.92+1
.38+
Control 0.48 +0.4 | 0+41. | 0+68. | £0.0 | 0.22 | £0.44 | £0.44 | +1.02 .33
' 8 06 | 08 3
_ _ 4.88 | 231.4 | 185.0 | 4.71 | 3.99+ | 12.88 | 10.52 | 36.68 | 29.84+2
Cisplati | 4.98+
. +0.2 | 0+24. | 0+28. | +0.0 | 0.252 | +0.13 | £0.72 | +0.72 .06°
n 0.60 42 77 172 ga a a a
D- 7.46+ | 7.60 | 314.6 | 341.2 | 5.08 | 5.31+ | 13.82 | 14.16 | 39.44 | 40.32+1
penicilla | 0.93 | 0.5 | 0+42. | 0+74. | +0.2 | 0.23 | +0.59 | +0.42 | £1.65 41
mine 8 20 28 1
Sodi 7.72+ | 7.96 | 359.8 | 360.8 | 5.32 | 5.20+ | 14.16 | 14.16 | 40.48 | 40.32+0
odium
_ 1.23 | £0.6 | 0+17. | 0£33. | £0.2 | 0.10 | £0.49 | £0.02 | £1.65 .87
selenite
2 01 37 1
Cisplati 8.94+ | 7.96 | 367.4 | 420.4 | 5.22 | 4.74+ | 14.20 | 12.34 | 40.50 | 35.78+0
isplati
1.08° | £0.7 | 0+29. | 0+61. | 0.1 | 0.01 | +0.37 | +0.28 | +0.74 | .322P
n+D- 6° 5 b 70° 5b ab b ab b
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penicilla

mine

Cisplati | 8.36+ | 8.00 | 368.2 | 373.2 | 4.73 | 4.07+ | 12.62 | 11.74 | 36.04 | 33.20+0
n+ 0.76° | 0.9 | 0+£31. | 0£3.2 | 0.1 | 0.00® | +0.34 | +0.04 | +1.50 | .68°
sodium 8P 37°b 0P 5a a a a

selenite

Cisplati | 8.46+ | 7.55 | 371.2 | 373.2 | 5.32 | 5.07+ | 14.24 | 13.34 | 42.86 | 38.88+0
n+D- | 0.67° | 0.2 | 0+6.2 | 0£3.2 | +0.1 | 0.02° | £0.41 | £0.06 | +0.58 .26°

penicilla 8° 0° 0° 8P b b b
mine +

sodium

selenite

a, b = p<0.05 compared with control or cisplatin group, respectively.

Table 7. Effects of intraperitoneal administration of cisplatin with or without D—
penicillamine and/or sodium selenite, as well D—penicillamine or sodium selenite
alone, on complete blood counts in male rats at 1 and 5 weeks after initial drug
administration.

Each value represents the mean from analysis of ten experimental animals.

a, b = p<0.05 compared with control or cisplatin group, respectively.

Histology Results

Figure 3.

Photomicrograph of a
transverse saction

(T.S.) of the liver of a

control male rat
showing central vein
(C.V.), blood sinusoids
(B.S.), hepatic cell
trabeculae (H.C.T.),

and Kupffer cell
(arrow). (Hematoxylin
and eosin, x 200)

Figure 4.

20
(2023-6-15 JuoW 7)) JsYisaali=0g 2ally Gl Akt gondly Slalyall Oleme 22



A&B: Photomicrograph
of a T.S. of the liver of
a male rat, 1 week after
cisplatin treatment,
showing focal
microvesicular steatosis
(Mi.S.), macrovesicular
steatosis (Ma.S.),
spotty acidophilic
degeneration of hepatic
cells (arrowhead), and
Kupffer cell (arrow).
(Hematoxylin and eosin,
x 125)

R et

2k

A: Photomicrograph of
a T.S. of the liver of a
male rat, 5 weeks after
cisplatin treatment,
showing microvesicular
steatosis (Mi.S.),
macrovesicular
steatosis (Ma.S.),
acidophilic degeneration
(A.D.), congestion of
blood vessels (C.B.V.),
and Kupffer cell
(arrow).

(Hematoxylin and eosin,
x 200)
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B: Enlarged image of
section in panel A,
showing microvesicular
and macrovesicular
steatosis, as well as
acidophilic
degeneration.
(Hematoxylin and eosin,
x 500)

Figure 6.

Photomicrograph of a
T.S. of the liver of a
male rat, 5 weeks after
cisplatin treatment,
showing acidophilic
degeneration (A.D.),
macrovesicular
steatosis (Ma.S.),
congestion of blood
vessels (C.B.V.), and
dilated hepatic
sinusoids (D.H.S.).
(Hematoxylin and eosin,
x 125)

Figure 7.

A, B: Photomicrographs
of a T.S. of the liver of
a male rat treated with
D-penicillamine,
showing no pathological
changes.

A: 1 week after
treatment. (Hematoxylin

and eosin, x 200)
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B: 5 weeks after
treatment. (Hematoxylin

and eosin, x 125)

A, B: Photomicrographs
of a T.S. of the liver of
a male rat treated with
sodium selenite,
showing no pathological
changes.

A: 1 week after
treatment. (Hematoxylin

and eosin, x 125)

B: 5 weeks after
treatment. (Hematoxylin

and eosin, x 200)

Figure 9.

A, B: Photomicrographs
of a T.S. of the liver of
a male rat, treated with
cisplatin and D—-
penicillamine, showing
no pathological
changes.

A: 1 week after

treatment.

23
(2023-6-15 JuoW 7)) JsYisaali=0g 2ally Gl Akt gondly Slalyall Oleme 22



(Hematoxylin and eosin,
x 125)

B: 5 weeks after
treatment.

(Hematoxylin and eosin,
x 125)

Figure 10.

A, B: Photomicrographs
of a T.S. of the liver of
a male rat, treated with
cisplatin and sodium
selenite, showing no
pathological changes.
A: 1 week after
treatment.

(Hematoxylin and eosin,
x 125)

B: 5 weeks after
treatment.

(Hematoxylin and eosin,
x 125)

A, B: Photomicrographs
of a T.S. of the liver of
a male rat, treated with
cisplatin, D-
penicillamine, and
sodium selenite,
showing no pathological

changes.
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A: 1 week after
treatment.

(Hematoxylin and eosin,
x 125)

B: 5 weeks after
treatment.
(Hematoxylin and eosin,

x 125)

Discussion
The effect of cisplatin on liver histopathology

This study showed that cisplatin caused histopathological changes in the liver of
treated animals, compared with the control group. These changes comprised
acidophilic degeneration of liver cells, along with focal macrovesicular and
microvesicular steatosis. After the second dose, blood vessel congestion and dilated
hepatic sinusoids were observed. Notably, the severity of the changes depended on
the number of cisplatin doses. Our results are consistent with findings by [28] that a
therapeutic dose of cisplatin caused areas of necrosis throughout the liver in
experimental rats; after 3 weeks, hepatocyte lysis and liver vessel congestion
occurred, with increasing presence of rounded lymphocytes around vessels. The
destruction of hepatic tissue presumably occurs by the same chemical reactions that
cause tumor cell destruction. However, the reactions in proliferating tumor cells differ
from the reactions in normal liver cells. Furthermore, hepatocytes have many unique
systems that restore normal physiological function, while excreting toxins and
chemicals; the interactions of cisplatin with one of these systems can lead to cell
poisoning [34]. Thus, the side effects of some drugs include liver failure because of
accumulation in hepatocytes, where the drugs are transformed into toxic metabolites,

or because of weakened hepatocyte defense mechanisms [34].
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[35] reported that liver tissue contains a substantial amount of platinum after cisplatin
treatment. Previous studies of the pharmacological movement of cisplatin in humans
showed that a high concentration enters the liver [36]. However, there was no
evidence of excretion in bile [37]. [34] reported that the transport of drugs into
hepatocytes is carried out by a system of cytoplasmic proteins (i.e., ligands) that
interact with a wide range of compounds; they function in a manner similar to
glutathione transferase enzymes. At least six of the proteins constitute >3% of the
cytoplasmic proteins present in the human liver; these cytoplasmic proteins bind
bilirubin, steroids, and pigments, thus contributing to the synthesis and storage of their
target compounds. While the cytoplasmic proteins are essential for bilirubin synthesis,

they collect large quantities of toxins, leading to potential liver damage.
The effect of cisplatin on hepatic function

A therapeutic dose of cisplatin caused considerable disruption of hepatic function.
GOT, GPT, LDH, and alkaline phosphatase levels increased in plasma. Importantly,
GOT, GPT, and LDH are released into the blood during the destruction of hepatic
parenchyma cells [38, 39]. Our results are consistent with the findings in previous
reports. During the treatment of a patient with bladder cancer, using an intravenous
dose of 280 mg/m2 cisplatin at 4-week intervals, the activities of serum GOT and
alkaline phosphatase were initially normal. After 4 weeks, the second dose was not
administered because of hepatic disorder; the serum GOT activity in plasma was 58
units per 100 ml (compared with 18 units per 100 ml at baseline). Furthermore, the
alkaline phosphatase activity was 55 units per 100 ml (compared with 45 units per
100 ml at baseline). The third dose was administered in accordance with the treatment
plan because all values were within normal ranges; when the fourth dose was
administered, the abovementioned values increased again [4(0]. Similarly, [36] and
[41] observed temporary increases in serum GOT values at 5-14 days after cisplatin
administration, indicating that cisplatin affects hepatic function. In 21 patients aged
between +28 years with stage Ill and IV ovarian cancer, [42] found that treatment with
a dose of 40 mg/mz/day for 5 days led to disruption of hepatic function, represented

by increases in the serum levels of GPT and GOT.
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The present findings indicated that liver damage occurred with increasing blood sugar
level, leading to disorders in carbohydrate metabolism. Exposure to heavy metals also
causes disordered lipid metabolism [43, 44]. Our results showed increases in the
concentrations of total lipids in plasma (i.e., hyperlipidemia), cholesterol (i.e.,
hypercholesterolemia), and triglycerides. Because hypothyroidism causes an increase
in the concentration of cholesterol [45], increases in the concentrations of total lipids,
cholesterol, and triglycerides in plasma may be caused by hypothyroidism;
alternatively, they may be related to liver dysfunction because the liver is the main

center of lipid metabolism [39].
The effect of cisplatin on the pancreas

In addition to disruptions of renal and hepatic function, this study showed that a
therapeutic dose of cisplatin caused severe pancreatic injury, indicated by a significant
increase in amylase enzyme activity in plasma compared with the control group. The
increased activity of this enzyme in plasma reflects changes in its transport from the
pancreas into the small intestine [46]. Both exocrine and endocrine glands in the
pancreas presumably malfunctioned because the blood sugar level also significantly
increased after cisplatin treatment. Similarly, [47] reported that pancreatitis occurred
in dogs treated with cisplatin; patients treated with cisplatin also exhibited an increased

blood sugar level [48].
The effect of cisplatin on muscles

Our results demonstrated a defect in muscle activity, represented by the increased
creatine kinase activity (an indicator of muscle defects; [39]. This may be related to
the increased concentration of platinum in muscles, as demonstrated in the present

study and in the study by [49].
The effect of cisplatin on blood components and bilirubin concentration

In this study, a therapeutic dose of cisplatin caused decreases in the numbers of white
blood cells, platelets, and red blood cells; it also caused decreases in hemoglobin and
hematocrit levels. Moreover, it caused a significant increase in the total concentration

of bilirubin in plasma. These results are consistent with findings reported by [40, 50].
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They observed cumulative bone marrow suppression, which was directly proportional
to the dose of cisplatin. The key features of this suppression were decreases in the
numbers of white blood cells and platelets, as well as a decrease in the hemoglobin

concentration (and subsequent anemia).

[41] also reported a 9%—4(0% decrease in hemoglobin and a 2%-50% decrease in
the number of platelets; the number of platelets decreased to SO,OOO/mm3 in some
patients. Although the use of water and diuretics can minimize cisplatin—induced
nephrotoxicity, it does not reduce the risk of bone marrow suppression [51]. Moreover,
patients who received high doses of cisplatin exhibited significant decreases in the

number of platelets and a subsequent requirement for platelet transfer [52].

In addition to bone marrow suppression, thymic and splenic atrophy may contribute to
decreases in the number of white blood cells. [48] observed such atrophy in
experimental rats that had received intravenous cisplatin. In dogs and monkeys,
cisplatin reportedly destroys circulating lymphocytes and causes severe lymphatic
atrophy [50]. [53] reported that cisplatin is toxic to the spleen and the
macrophage/granulocyte—forming components of bone marrow because of its
association with DNA; the decreased number of platelets arises from platelet

breakdown and bone marrow inhibition [54].

Notably, the decreased number of red blood cells arises from a decrease in the
secretion of the hormone erythropoietin, secreted by renal and hepatic tissues; it may
also arise from the short lifespan of red blood cells [38]. Erythropoietin secretion is an
essential kidney function, and deficient secretion leads to renal anemia. Erythropoietin
is a glycoprotein with a molecular weight of 35 kDa; it is primarily formed in the kidney,
while some formation occurs in the liver [38]. [55] reported that treatment with cisplatin
led to decreased erythropoietin secretion. The short lifespan of red blood cells is
caused by defects in the cell wall, the cytoplasmic enzyme system, or hemoglobin.
One of these defects leads to weaker red blood cells that are more likely to be
destroyed during passage through the vascular system; such destruction causes
hemolytic anemia, where large amounts of heme (a precursor to hemoglobin) are
released from damaged blood cells to the reticule-endothelial system (particularly the
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spleen); this heme is excreted into bile. Thus, the blood concentration of bilirubin
increases [38]. The emergence of these defects may be caused by platinum
accumulation in bone marrow, as previously demonstrated [35]. Alternatively, the
increase in bilirubin concentration can result from hepatic dysfunction, as described in
a previous paragraph. These results are supported by the works of [56] and [23], who
reported that cisplatin treatment led to an increases in the concentration of bilirubin.
Our results indicated that the volume of red blood cells did not change as a result of
cisplatin treatment or cisplatin—-induced anemia. Moreover, despite the noticeable
decreases in hemoglobin concentration in the blood and the number of red blood cells,
the mean corpuscular hemoglobin value did not significantly change. Similarly, the
mean corpuscular hemoglobin concentration did not change because of decreases in

the levels of hemoglobin or hematocrit.

Taken together, these results imply that a therapeutic dose of cisplatin led to platinum
accumulation in various tissues and organs, which caused functional imbalances in

the liver, pancreas, muscles, and bone marrow.

[57] reported that the hydrolysis of cisplatin in the body yields a positively charged
molecule: cis—[Pt(NH3), CI(H,0)]", a hydrated form with robust nucleophilic activity.
The hydroxylated derivatives may be cytotoxic because of interactions with the
electron-rich ¢—carboxyl groups of amino acids; the cytotoxicity and tissue toxicity

may also arise from the formation of toxic anionic metabolites [58].
The effects of D—penicillamine on cisplatin—induced side effects

Heavy metal poisoning is treated by using extracts that reduce the toxic effects of the
metal by forming complexes with it; these complexes are excreted more rapidly than

the metal alone [59].

The present study showed that a dose of D—penicillamine (80 mg/kg) was sufficient
to prevent the disruption of liver function, as represented by the restoration of GOT,
GPT, LDH, and alkaline phosphatase activities to normal levels; it also restored total
lipid, cholesterol, and triglycerides concentrations to normal levels in plasma. Normal

pancreas function was achieved, which led to a normal blood sugar level and normal
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amylase enzyme activity. Normal muscle function was indicated by the restoration of

normal creatine kinase enzyme activity.

D-penicillamine may have provided some protection for secondary lymphoid organs
(e-g-, the spleen) and primary lymphoid organs (e.g., the thymus) from the side effects
of cisplatin injection. Although the number of white blood cells returned to normal, the

number of platelets did not.

The ability of D—penicillamine to prevent cisplatin—-induced side effects may be related
to the following two factors: a decreased concentration of platinum in all studied body
tissues, as indicated by a previous study [35], and the binding of platinum to other
elements such as zinc and calcium (particularly in the liver) through toxicity-reducing

interactions with metallothionein proteins [60, 61].

The results showed significant differences in the number of red blood cells and the
levels of hemoglobin and hematocrit between the cisplatin and cisplatin + D-
penicillamine groups. These differences were unaffected by the restoration of a normal
serum iron concentration, which may be related to the ability of D—penicillamine to
reduce the platinum concentration in bone [35]. The results also indicate partial
reversal of bone marrow inhibition. Additionally, D—penicillamine was able to prevent
defects in the walls or cytoplasmic enzyme systems of red blood cells, which had
caused red blood cell damage and an increased concentration of bilirubin in plasma;
this was indicated by the restoration of a normal bilirubin concentration in the cisplatin

+ D-penicillamine group.

In previous studies, treatment with D-penicillamine alone was reported to have a
harmful effect on vital functions. [62] described side effects of treatment with D-
penicillamine, including skin damage and changes in the activities of alkaline
phosphatase, LDH, and zinc-dependent enzymes. D—penicillamine also inhibited bone
marrow activity and led to decreases in the numbers of leukocytes and platelets
through reduced levels of megakaryocytes in bone; other effects included chills,
shivering, and fever [63]. Moreover, [64] reported that a 46—year-old woman treated

with D-penicillamine exhibited an increased level of platelets associated with IgG
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antibodies. However, the present study showed that the administration of two doses
of D—penicillamine (80 mg/kg body weight) at 4-week intervals did not result in any
side effects. This is presumably because most D—penicillamine-related changes are
dose- and duration—dependent; they are reversed when treatment is discontinued [635,

54].
The effects of selenium on cisplatin—induced side effects

Selenium is known to compound with elements such as cadmium and mercury. It also
has chemical properties similar to sulfur, which suggests that it may be useful for the
management of cisplatin—induced side effects. Furthermore, it has been reported to

offer some protection from harmful side effects of cisplatin treatment [32].

In this study, we performed intraperitoneal administration of selenium (20 pmol/kg
body weight) immediately after the administration of cisplatin. The results showed that
the antagonism between selenium and platinum was sufficient to prevent the onset of
histopathological changes in the liver of experimental animals. It protected liver
functions by restoring normal activities of GOT, GPT, alkaline phosphatase, and LDH.
This protection led to normal concentrations of total lipids, cholesterol, triglycerides,
and blood sugar. In muscles, selenium protected muscle tissue from cisplatin-induced
side effects, as indicated by the absence of a significant difference in creatine kinase
activity in plasma between the cisplatin + selenium and control groups. These
protective effects were presumably because of the following two factors: decreases in
platinum concentrations in muscle tissues and/or the interactions of residual platinum

with proteins and other elements to form less toxic metallothionein complexes.

Selenium may also protect secondary lymphoid organs (e.g., the spleen) and primary
lymphoid organs (e.g., the thymus) from cisplatin-induced side effects, as indicated
by the restoration of a normal number of white blood cells. Furthermore, the number
of platelets did not change because they were protected from damage. Similarly,
selenium reversed the cisplatin—induced significant increase in amylase activity,

implying that selenium provides partial protection for pancreatic tissue.
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Notably, the concentration of bilirubin in plasma decreased, which indicated reduced
sensitivity of red blood cells and decreased occurrence of red blood cell damage during
passage through the retinal endothelial system. However, selenium could not prevent
cisplatin-induced inhibition of stem cells, which are necessary to form red blood cells;
the number of red blood cells remained low (similar to the cisplatin group). Moreover,
the hemoglobin concentration and hematocrit value did not return to normal levels
despite the decreased concentration of platinum in bone marrow. This was presumably
related to the decreased concentration of iron in serum and/or the inhibitory effects of

residual platinum on red blood cell formation in bone marrow.

[66] previously reported that the administration of selenium with cisplatin at a ratio of
1:3.5 was sufficient to reduce the toxic side effects of cisplatin. The effect of selenium
administration with cisplatin for the treatment of yolk sac cancer in experimental rats
was investigated by [67]; they reported that selenium and cisplatin produced a robust
treatment effect without extensive side effects. Unfortunately, there is minimal
information in the literature concerning the pharmacokinetics of the interaction between
selenium and cisplatin. Notably, the toxic effects of cisplatin are not related to its
covalent structure, which can inhibit carcinogenic activity; they are caused by the Pt*2
produced during the decomposition of cisplatin within the body [68]. Selenium may

react with the toxic Pt"> and reduce its toxicity.

Studies of experimental rats previous showed that selenium reduces cisplatin—induced
nephrotoxicity without affecting tumor growth, thereby dramatically improving tumor
suppression. Thus, the hypoxic process by binding to molecules of no importance in
the anticancer activity (non-covalent interactions) may prevent the tubular re-

absorption of the molecular complex [69].

In this study, we investigated the combined protective effect of D—penicillamine (80
mg/kg body weight) and selenium (20 pmol/kg body weight) against cisplatin-induced
side effects. As mentioned earlier, these treatments were sufficient to prevent the side
effects of cisplatin. Further studies are needed to more fully characterize the

interactions of cisplatin with D—penicillamine and selenium during cancer treatment;
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appropriate treatment regimens may alleviate cancer severity without causing harmful

side effects.

Conclusion

Although the use of cisplatin has extended the boundaries of theoretical concepts.
However, the use of cisplatin has serious limitations: it causes severe side effects
during treatment. A key feature of cisplatin treatment is its hepatotoxicity. Therefore,
doctors are increasingly prescribing ancillary drugs to reduce cisplatin toxicity for
patients undergoing chemotherapy. Such aids include selenium and nano-selenium,
which reduce cisplatin toxicity through antioxidant mechanisms, they also include D—-
penicillamine, which has robust antioxidant activity that may reduce oxidative stress.
By performing synergistic treatment with these drugs, clinicians may substantially
reduce cisplatin toxicity and the incidence of cisplatin—-induced side effects, while
increasing treatment effectiveness. The results of this study are very promising in
reducing the side effects of this effective drug, and this gives great hope in use of

cancer chemotherapy without any harmful side effects.
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Enhanced Abiotic Stress Tolerance and Yield of Wheat (Triticum aestivum L.)
Plants Expressing AtWRKY39 Gene
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** PROF.Mohamed A. El-Esawi

Abstract
Wheat is one of the important cereal crops used for
human food globally. Drought and heat stresses
negatively affect wheat growth and productivity.
Enhancing wheat tolerance to drought and heat
stresses is therefore of paramount importance to
sustain crop production and food security. WRKY
transcription factors have a key role in enhancing
stress tolerance in plants. Therefore, the main aim
of the present study was to investigate and assess
the functional role of Arabidopsis thaliana
WRKY39 (AtWRKY39) in enhancing wheat
productivity and tolerance to drought and heat
stresses. In the present investigation, AtWRKY39
transcription factor was genetically cloned and
expressed in wheat plants. The results showed that
the transgenic wheat plants had significant
increases in growth, biomass, transpiration rate,
photosynthetic rate, chlorophyll content, relative
water content, proline content, soluble proteins
content, soluble sugars content, and activity of
antioxidant enzymes (catalase (CAT), superoxide
dismutase (SOD), and ascorbate
peroxidase (APX)) compared to wild-
type plants. While significant decreases
were recorded in the levels of electrolyte leakage,
malondialdehyde, and hydrogen peroxide in the
transgenic plants, compared to wild-type plants.
Additionally, significant increases in the
expression level of antioxidant genes (CAT, Mn-
SOD, APX) and stress-responsive genes (DREBS,
WRKY19, and AQP7) were recorded in the

[The research winning the first place in the field of environmental
sciences in the 39th session of the Rashid Bin Humaid Award for
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transgenic wheat plants, compared to the wild type
plants. Wheat transgenic plants also has significant
increases in grain yield traits under drought and
heat stress conditions, compared to the wild-type
plants. Taken together, the results demonstrated
that AtWRKY39 play a key role in enhancing
drought and heat stress tolerance in wheat by
inducing antioxidant mechanisms, osmolytes
synthesis, and stress-related genes expression. This
is the first study to prove the functional role of the
AtWRKY39 gene in improving the productivity of
food crop and enhancing its ability to withstand
drought and heat stresses.

Keywords: wheat; AtWRKY39; drought; heat;
antioxidant mechanisms; genes expression.
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a1 Ll A5)lae Aayal B)lally Cilall Cagyl 5l it cans S ) ks g 3auSY) lalias
Gl A 5auSY) lalian e Allad 8 Gygiae ol clid QA Qulal) e ekl Cag )l s
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Caliall Clalgay cblall Aaglie e @ydes Aol s sl Al bl e clls baysn Al
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Evaluation of a nutritional, educational program directed at the women of Al Jabal Al Akhdar in
Nizwa on pregnancy care

*Asma bint Muhammad bin Saif Al-Fahdiya

Abstract

Childbearing and birth are natural phenomenon,
however they aren’t without danger. Mother’s care is a
continuous process starting from childhood by
strengthening the mother’s health, preparing her to
become a successful mother, and protecting her
against health issues related to pregnancy and

birth.

This study aimed to discover the lack of knowledge
and women’s beliefs regarding early detection and the
mother’s nutrition. The study sample consisted of
(103) woman from AlJabal AlAkhdhar, (80) of which
participated in the intervention program. A survey
was used, and the data was analyzed using SPSS
before the intervention, after that a seminar was given
to the women in nutrition and care of pregnant women
followed by a survey for final assessment. The data
was analyzed using SPSS and were compared against
the preceding results to assess the effect of the
program on the women.

Results are as follows:

The women’s knowledge on the benefits of folic acid
tablets (birth defects preventative) was good after the
program rising from 8.8% to 67.5%.

The percentage of the women who mentioned that
citric fruits help iron absorption was 29.3% before the
intervention and rose to 90.7% after.

38.7% of the sample had not agreed that taking folic
acid and iron tablets during pregnancy results in
increasing the weight of the fetus, which rose to 72%
afterwards.

In conclusion there is lack of knowledge on the type
of tests, vaccines and tablets given to pregnant
women, and on signs of danger during the three
trimesters.

[The winning research in the first place in the field of
nutrition in the thirty-ninth session of the Rashid Prize
B Bin Humaid for Culture and Science]

*Ministry of Health, Nizwa Health Complex, Nutrition
Clinic
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Contemporary Taxes in Islamic jurisprudence and UAE Legislation
(A Comparative Study)

*Mr. Hussain Ali Shaheen Al-Maazmi
Abstract
Taxes are considered one of the remedies that
may be used in case of shortage of resources in
the country. At this time, taxes are imposed for
covering the overheads as it is spent on the
general services that can be beneficial to the
whole community. This research aims to indicate
the legal ruling of taxes. The study included an
introduction and two themes; the introduction
addressed the concept of taxes, while the study
of the first theme addressed the contemporary
taxes in Islamic jurisprudence. For the second
theme, the study reviewed the taxes developed in
UAE legislation. The research tackled the
inductive method which is based on gathering
information from its sources as well as the
analytical method which is based on addressing
and analyzing these issues and tracking the
proofs and discussion along with the
comparative method which is based on
indicating the views of schools of jurisprudence
and explaining the system of taxes in law. The
study reached various results as follows: Taxes
are imposed for achieving the political, financial,
economic and social goals. Moreover, the
legality of imposing taxes shall be as per specific
conditions such as the real need to money,
vacancy of money from treasury, consultation
with jurists and scholars, expenditure of taxes
revenue for public interest and the imposition of
taxes shall be temporary and constrained by the
need.
Keywords:contemporary taxes, Islamic
jurisprudence and UAE legislation.

[The research that won the second place in the field
of Sharia studies in the 39th session of the Rashid
Bin Humaid Award for Culture and Science]
*College of Islamic Studies - Al Wasl University, United
Arab Emirates
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The reality of implementing distance education in Saudi universities during the Corona
pandemic and its proposed scenarios

* Dr. Talib bin Saleh bin Hassan Al-Attas
** Mr. Dr. Mohamed Abdel Raouf Attia alsayed
Abstract

This study aimed to assess the reality of implementing
distance education in Saudi universities (university
procedures, educational practices, and obstacles)
during the Corona pandemic from the viewpoints of
faculty members and graduate students. It also revealed
the perceptions of academic leaders in Saudi
universities towards overcoming the obstacles that
faced implementing distance education during the
Corona pandemic, while proposing future scenarios for
implementing distance education in Saudi universities
after the Corona pandemic. This survey descriptive
study relied on the mixed method, where a
guestionnaire was applied on 513 faculty members and
1690 students to achieve the first goal. Interview was
conducted with 11 academic leaders from department
heads and deputies of some Saudi universities to
achieve the second goal, and the scenarios method was
used to achieve the third goal. The study results showed
the success of the experience of implementing distance
education in Saudi universities during the pandemic to
a large extent. Based on the perceptions of academic
leaders, the study also developed three scenarios related
to the educational process during the crisis, where the
first scenario assumed the continuation of
implementing distance education without change but
with overcoming the obstacles that appeared during
implementation. The second scenario tried to reform
and improve the reality of distance education to keep
pace with the age developments. As for the third
scenario; it innovated an educational model that
foresaw the future.

Keywords: assessment, distance education, COVID-
19, Saudi universities, scenario.
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Family factors associated with Internet Gaming Disorder among a sample of adolescents in
Omani schools and suggestions to confront them

*Dr. Ahmed Thabet Helal Ibrahim

Abstract

On February 28, 2022, the textual revision of the fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5-TR) issued by the American Psychiatric Association
has indicated some updates on Internet Gaming Disorder
(IGD) as one of the mental disorders affecting with children
and adults all over the world. This first appearance of this
disorder was in mid-2018 with the eleventh revision of the
International Classification of Diseases (ICD-11) issued by
the World Health Organization, which addresses the risks of
internet addiction by different age groups, and refers to this
evidence indicated that this new disorder has serious
consequences. Since then, this disorder has officially become
one of the mental disorders facing adolescents and young
adults in all societies around the world.

The spread of this disorder has achieved great importance in
public health research. So, many professional organizations
asked specialists in different sciences and disciplines to
conduct studies concerned with the extent of this disorder, and
its clinical course, as well as identify the various factors
associated with the occurrence of this disorder in young
people and adolescents. From this point of view, this study has
attempted to determine the family factors associated with
Internet Gaming Disorder in a sample of (100) adolescents in
three schools at the North Al Batinah Governorate in the
Sultanate of Oman. The recommendations of this study may
help to promote future research interested in dealing with
issues related to Internet Gaming Disorder in the Gulf
environment.

Keywords: Family Factors, Internet Gaming Disorder, Omani
Adolescents.

[The research winning the first place in the field of social
studies at the 39th session of the Rashid bin Humaid Award for
Culture and Science]

* Sociology and Social Work Department, College of Arts
andSocial Sciences, Sultan Qaboos University, Oman
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Proposed model to measure the impact of e-services quality dimensions
on customer satisfaction in government sector

* Dr. Suleiman bin Abdullah Al-Thuwaini
Abstract

The study aimed to present a model for the process of
measuring the quality of electronic government services
and its impact on customer satisfaction in "Absher"
smartphone application of the Ministry of Interior,
Kingdom of Saudi Arabia. The study was considered an
evaluation research of a practical/field nature and aimed
to shed light on the concept of measuring the quality of
e-government services from the point of view of its
beneficiaries (citizens). The researcher used the
descriptive analytical method, and the questionnaire was
used as a tool for collecting primary data through
convenience sampling. A total of 640 valid
questionnaires were obtained for statistical analysis.
After the data collection process, it was processed
statistically using the Statistical Package for Social
Sciences (SPSS). Frequencies, means, standard
deviations, analysis of variance, multiple and simple
regression were used in the statistical analysis of the data.
The results showed that the level of quality of electronic
services provided by the Ministry of Interior in “Absher”
from the point of view of citizens was high. The results
also indicated that the level of citizens' satisfaction with
the e-government services provided in “Absher” was
high. The results also indicated that there was a
statistically significant effect of applying the proposed
model of quality standards for e-government services on
the level of citizens' satisfaction with these services
provided to them in “Absher”. The study recommended
the importance of continuing to conduct more evaluation
studies to measure the impact of the quality of e-
government services provided to citizens in various
sectors of the state.

[The research winning the first place in the field of
administrative studies in the 39th session of the Rashid
Bin Humaid Award for Culture and Science]

* Dean of the College of Business Studies , Arab Open
University, Saudi Arabia
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The Impact of Investment in Intellectual Capital on Bank’s Performance in the Kingdom of
Bahrain: A Comparative study between Islamic and Conventional Banks

* Dr. Amina Mohamed Buallay

Abstract

The study aimed to investigate the impact of investment in
intellectual capital on bank’s performance in the Kingdom
of Bahrain. Through it, the researcher presented a model
for the relationship between investment in intellectual
capital and operational, financial and market performance.
On the other hand, the relationship between bank’s
performance and each component of intellectual capital
(human, structural, relational, and working) has been
investigated. Moreover, the researcher compared these
relationships between conventional and Islamic banks.
This was applied over a period of ten years from 2011-
2020 for ten banks (five conventional and five Islamic).
The descriptive results concluded that there is a low
percentage of investment in tangible assets, which
corresponds to a high percentage of investment in
intangible assets, which is an indicator that gives us clear
indications about the contribution of banks to the
transformation of the economy of the Kingdom of Bahrain
from a rentier economy to a knowledge economy. The
descriptive results also showed that the percentages of
investment in intellectual capital are gradually increasing
over the years, which indicates the interest of banks in the
Kingdom of Bahrain in the investment policy in
intellectual capital. As for the results of hypothesis testing,
it shows that there is an impact of investment in
intellectual capital on the financial and market
performance of banks in the Kingdom of Bahrain. While
there is no impact on the operational performance of these
banks.

Finally, it turned out that there is a difference in the impact
of investment in intellectual capital on operational
performance between Islamic and conventional banks in
the Kingdom of Bahrain.
Keywords: Intellectual

Capital, Islamic

Conventional Banks, Kingdom of Bahrain.

Banks,

[The research winning the first place in the field of
economic studies in the 39th session of the Rashid bin
Humaid Award for Culture and Science]

*Acting Director of Accreditation and Licensing
Higher Education Council- Kingdom of Bahrain
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) i) el Ja
s HCE :lia 4 e Jady (535 Jidl inal) ey (Intellectual Capital) Sl Jull Ly s IC
Structural capital ) ISl Jud) ) 35S a5 SCE «(Human capital efficiency) (g,a) Jull o) Bl
Jwl ), 8 CEE LI ¢(Relational capital efficiency) el JWll L, 3:US a5 RCE(efficiency

(Capital employed efficiency) Jalall
t S (2) 8y Asled) e Jpemnl) (Ko ¢Gilall 7 35all Andlial) il Jlaoks

ROAiy = S, + p:IC,,, (HCE + SCE + RCE +CEE) + S2TA, g + f3FL, 0 + &,0....(4)

itg
ROEii = f3, + 81IC,.o(HCE + SCE + RCE +CEE) + 82TA, g + 83FL, s + &,0....(5)
TQitg = S, + p1IC,,o(HCE + SCE + RCE + CEE) + S2TA, ¢ + f3FL, ¢ + &;9....(6)

.(Financial Leverage) Z.lll 223} a5 FL ((Total Assets) Usa¥l dad 58 TA 10 Hsayll i

oo O el e i el et Sedal)l Wadll e a1 Al jag Al e alad) 8 5ymmall Hea)l) W
LJsall

il z3saill Gl Cullady Caage

Jpaall 8 lgpadlis canld b cansl ) Cullully kil 23l & ey IS Cuped Al (e giadl 138 zunsy
2s1) &

Ssall e 1 3) Jpaal

el Sl el
Uiiwall Ayiiall
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L)) AUl Ayl Jgea) Jadiig dusgale il Jpal) (1 de gana IC
Lad slal lealasnn) (Sa Al

oSl Jdl Ly

PPy 6&: ?@3‘)35} U:\n.i::‘}d\ Ny caliSoli ct\)gl 3 [TJEEN ‘?_..\LJ By HCE

@il JWll )
KSJ;..M BJ:‘J:.A 3.5‘)“

A5l Jals ¥ ls cleha) ¢ calilad) ac) i€ Aaaiall cila slaall A sana SCE

Sl W Ly
Anadanill JSlelly ¢ "

Al cllee 8 8l IS8 aged ) Am)lall GLLY) e gen RCE

S S
AsSally cpea bl ¢y gall LIS i

A PDAA Ll Jreiil Al glial) Jpusa) g gane CEE Jaledl JW L
Al o piiall

Aelpeal (Mlaa] ) o A0 Lnsy 5 ROA EEEAAEY

et lasall ga Maa) ) Lo 2580 Lasy 585 ROE RINREN
Aol \gied ) daws 250 A8 el i) ke TQ sl el
iaylial) el paidl)

A B Jpal) gsana TA Joay) Laid

L) \glalia) ad (al5ay) e 3K, alae) s FL L) Al

Chaaiall (el bl 22 48 Jaal)

okl cilas 573\ ) pariall
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Usiuuall fpisall

Usaall Aliaal) L)Sal) Aadl) Limgia 3yl e Sall Jla) Gy sl IC
S JW G ale af desn Al teSdl) W)
(HCE+SCE+RCE+CEE)
Lol o) G cgpid) JWl uly e Ao suie diliasll Al 40 | | HCE
by DY) G + cpilisall 2SS + el myl) = dilad) @il Sl Ly
copibasa) e (385 A i pemall aues =gyl JW)
dadll o Cus (Al JW ) Slo Aaguia diliadl) dadll G | | SCE
by DY) Gas + cpalisall 2SS + Lall ml) = ddlad) Sl Sl
cgriall QL) Gl — Adliaal) dadl) = Ael) JLa
Al o Cum ¢ A JW) ) e Aa g Ailiad) dadl) 4 | | RCE
by DY) G + cpalisall 2SS + Laill ml) = dilad) SO JW )
cGlaaally Gaguil) A ¢ ane = @Dl JL)
el o Cua odaladl JWl () e daguie 38lead) daall 4o | | CEE
by DAY G + cpalisall 2SS + Ladill ml) = Ailad) Jeladl JWl
oY) Aligla (gualls Cpealuad) Bsia g sane =dalall L)
daalill cilpiiall
sl gyane o Losuda Ja ila 4 | | ROA il el
Cnaalaall (Bgin g gana o dasuda JAA Lila 4w | | ROE RINAEY
J(S2Y 3y ¢ gaall A 18l Al + (e Lusal) (3 s 4 gudl) el )
Y g sanad Lo all Aol TQ Ssadl el
iaslal) clpaid)
cJaY) Alshally sumill 8 Jpa) g gana TA Jpa¥) dad
cOsed bl Bgia e o Aaguie Ol £ sanne A FL LIl dad)l
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o) ASles oo & i) elal a8 05 (9SH) JL) () B olena) 8l ) Auhall o3 e
e (e Ak LES1 a5 38 Cangll 13 Gty ol ASkes 8 sl sn Al adine ol Cangd) 13 e ol
(2020-2011) oo 5iss plsel e ) i Guia) 55adl (Lol nads Faadla) Bnad) Cpad) ASlaa b Cajlias
t YIS Al

($2) - a2l aY) el L]

(G) - pn b sl ) oy .2

(als) “p i cudgs) 3

() e b sl el ey 4

() oo (5 Alaall CDlgatll yadl 3555 .5

() p b @l adall Capad) .6

(o)) i LY il Gy LT

(o) e G Al LAY 4S5 .8

(D)) - A padd) A5 Aesana .9

(D)) wep b il = Ll Cipas . 10
(S isal) () il o3ed ) pial) AL AHgE (pa bl pan o3
Slas¥) sl

Ukl 038 Aaa (go SH (e Yol 2 Y el @l HLESY Vsea s gl Ll 7 3Laill b Ayl iy aladind U
Sl ¢aagl) 138 (gaatly .z Slatll el A (g Led doasil) s ) il A (ge 2SBU @l 62 Wbl = 3Ll
oDl b Lad) s s bl o3 Auhall (e gial) 138 a0k Caga bl sbai ) Callul (e sl
asds ((Normal distribution) 2__uhall cblul andall ayill ladls ((Time series stationarity) 4.3l
il ((Autocorrelation) 1Al Lals,¥ls «(Multicollinearity) (Jaall Jalull oo sl Aol #3l Asa
Pairwise alilly Jiwad) uxial) o 28 slasl lasls ((Homoskedasticity) Js—sal) Uadll cpls <l o
Hausman ) aakiiall Gl deshl Couliall dasiall lasi¥) g Laal 1aals «(Granger Causality Tests)

.(Test
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(el Judldl i s

05 Gl b ) ((Stationarity) dudtall el gl (i dsell Jedld) ansis Al kil Sla) )
((Lag) Lna3l sendll o add aaiad yfiia) o8 o (Covariance) alaall 2ad S el el ledawsia
U Bl Loty el Gams 35 .37 (2015 cclasn) bl (uld 4z g3 adsl el e sl
Aallas o o1 135 ¢(Non—Stationary) sygiue e duhall e Pt S Aiasll ALl oy (Autocorrelation)
S Ty ¥) A e aLsas) 2y salall Ay L led) Joasill 2 Al Aol il aseed (e Y a3l (S Gl 030
sl Jg S 5LasY Aieaidl (Unit Root) sasgll jia cihlasl tlgie csie Gy aladials A3iadl Judlull
o gt Al ALl o e ai cesall (il o 48 ¢ el (Augmented Dicky—Fuller test ADF

e g gl Jimer Baasl) 3a

oAl Ciela 8 %1 gl e el Ciela Alg ) o paiall (ADF) laal mil o B (3) a8y Jsanll (e
Al ALl daa ) litala) i€as adde s o5 e lgasan Aliiaall il piiall Ziajl) Judbad) ol ALl Zua al

Ailaay) chlaal) Juals g a6 dessiell
tohall Jalsl) jlas)

Ge e IS Pl 3z e Lol uf acias (General Linear Model GLM) alall sl 73 5aill 538 &)
Y ¢ Ggaaill mhiay ¥ Ndie alal) Q.L;J\ zasaill Gla edajall 1aa iay 13l <(Independency) Wieal) ) iaiall
(Collinearity (jsbie alasi ) 2 alld asily €7 (2003 ccjlasa) clalaall 5 Aileal 1n o)liic) Ky
Jalaa alag] & &5 (e Al @iyl (e e I (Tolerance) Jwlae cl—ials (Diagnostics)
Jomandl &) i vl clysrnall (o by il Labiae Jalaall 138 303 3) ¢(Variance Inflation Factor VIF)
0n J8ls gron sl salgl (e ST e Aagil g elalinl ams ing o aall 2l Ayl aso(VIF) dad e
ol 3l A e dsms Y ey G 0l (10) (o el Aal) cul€ 13) Wl catine Jali)) 35ms (sing Assedl
(3) o) sl b Aadase b L Alkisall il Jadl) Jadall las) il el 28 . ginall Jisall sl
Gllad 0.1 oo il bl cul 136 <0.2 (e ST ciela Tolerance gl <<y .5 e il (VIF) lod) ded ¢
(Al ] Ayl Clyatie c Jad JAIS dag Y Al 62 e AL ) i) o S Jals dllia o e

leadliny (350 (Sars Aanmaa Auball 3l (s tades

cililall dsia chlad) ¢ 3.8, Jsaal
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Aaagl) Judlad) i il Jals
Stationarity Collinearity N
sl ] e
sl Lsa) Jlaal VIF sl
ADF ADF Tolerance VIF N
17.506 0.735 0.228 4.387 HCE Sl Jl )
18.990 0.691 0.201 5.364 SCE el S
17.699 0.724 0.247 4.043 RCE S L )
20.070 0.534 0.186 6.335 CEE Jalal JLI
Gllall apdall 2 al)

kil bl ays Ao capel) e i 3 ¢ ande IS G Aejpe bl O (e KB Laa¥) 138 slass ol zy
(slesdll (Jarque—Bera) Laal ladn ) 5 celly 3dat dal (o5 - cilimydl) HLaaY WD Sleasy) il )
oo S1 (I-B) Jlas) ddlaal @l 1Y) paadall aojsil aim cliball Ol Lasall 33l Jod DA 3208 (55

.(0.05)

I3k gl a3l g i Auhal) Cyaiie men o (4) o) Jsaall (b canlall sl Las) il ekl
o sling - andall Al e i bl G Luesel) i 8 il (3 (Jarque-Bera) Jlaa) jLasdl
9 2- O L Cjb:\:\ C.E‘)ﬂﬁ\j c\;ﬂ‘ﬂ\ ?95 ulci cull ‘(4) dj&,;l\ ‘f C_.A}a By LASA.'}}A C_L)Gﬂb ;\;\N\ e dSc:}\JJ

(8) (George, 2011) _whall gjsill e Vgita Sds s Jlly 2+

il _xlal) gl cleal 14 G, Jsaall

s |52
deat | s sl sl > =l
byl ol sily! Jarque—Bera |
Usiwal) o piiall
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2.458 1.097 0.301 HCE @il JWI L,
1.924 1.551 0.227 SCE el JU oy
2.053 -0.935 0.143 RCE skl Jld) o
1.339 1.781 0.105 CEE Jalad) JL) Ly

deslilf o piiall
2.354 -0.148 0.427 ROA (ol )
1.599 -0.685 0.123 ROE Sl el
1.218 1.733 0.113 TQ (Shsul )
1.958 -0.013 0.160 aylizal) el paidl)
1.966 1.639 0.227 FL L) Al
2.486 1.814 0.290 TA Joa) dasd

Ll ¢z 3led daaa

I By el

OG5S fzdsall Aaa B i Uee t3daljie 5)slaiall claa il culS 13 z35all 8 313 Ll V) A5 ek
kel g A A 030 dsmy (s Raills Bl S el (e 5y Aap )l 8 Alid) eyl
Gyl €T e HLaaY) 138 323 3 ¢(Durbin Watson Test) "¢suils cuyly' Hlas) Jie Afies cohlaal aladinl iy
Vs sl e Al Aamll O LS (4 0) G LAY 138 Aad iy ¢ Garlidl) Cualai@] G Lladi)
Aal) Wl (g Gl b)) asay ) o ¢(4) e Al Al Wl idlanal (Esad) Gu (58 Gange L)) sas
g el Byslatiall adll g I3 Bkl dsms pae ) e 3 ¢(2.5 = 1.5) c zalin ) e ¢ Sl
AU Sia O Gsdas (2) e A Daganal) (D-W) dad 5S5 Ladie agadlis ) ol ¢ alidl) sl aid)

dinsas 3 Ll agmy e Qo Y 3 633la Cuad 1A LY

A leman bl z3lail (5) Jsaall b spalally snall (D-W) "Croaily ol Dbl o of Jaals Ll sadle

LI LY Al (e 33 Y Apall 2 3las o8 saddes . LA iaY) ad) G 1

t sl Ladl) ol @il el
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(Ordinary Least el (s all Gl Ayl Gubiiy ¢ SIS jlaatV) 7 dlal Aagall il Y1 (gaa)
S ¢ piall Gslue 058 o cons Wedawsgia &1 ) ALY el 33805 5l (UasY) (pls G 58 Squares OLS)
oY) Jlas) of s 5 Jsaall 8 Gae s LS. s fad) Jadll opls il e STl opjlaa) Leass )
by ) sk Lea 4328 B ap Jo e Ja e (0.05) e ST 4 (Breusch—Pagan and koenker)

Al 3l b el Alptall el Gl of ) olielaY) (Sa B e ecplal) G L b

Auhall 3l daa cihlaa) 15 8y Jaal

Sl Lala)y) (gl laall s cils
Autocorrelation Heteroscedasticity
Jlaial
olaal z sl
ki) Jlaa) okasl
Breusch—
Durbin Watson Koenker
Pagan
1.814 0.207 0.218 sl el i1z 3ail
1.806 0.118 0.011 Sl el 12 23l
1.939 0.113 0.140 Sl Y113 7 3al

il ol puially Jsal) uriall o ALl slad) Ll

Sl JW Gy G Al oladl e giall Al ) clpinall S e S A ilaial) e D leleall ani Sy

. ;.\f)!\;

O A Ale 39a 22 e (Pairwise Granger Causality Tests) 4wl jloal 8 dseaal) dpia dll paii

J5 e SSTF ey dglaay) ANV cilS 13 ailly i) kil

W oy of gl ¢ 0.003¢ 0.005:0.007) %5 e il &ilany) AN i ((6) Jsaall b (e 1 WS
oA Gas 1Y) (o)SAl

Al ol paially el paiall A8 oLl Ll 6: ?EJ Jsasl)
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Pairwise Granger Causality Tests
ilasy) AV Folaal Laeaall G il
0.007 5.141 ) oY) 8 L Gl (oSall JU) G,
0.005 6.220 S el 8 L Gl (S8 W) G,
0.003 7.638 sl el 8 L Gl @S W) )

(aha%) Aaaia Auhll 038 3 ) Alube (V5 coneiall HlaaiV1 pladiuls Auhall b i laal ) Gl U
Hausman Test alassul) &5 s dahiiall cllall Coulial) saiall Slasi¥) g ddyee Jua Ay o SA] A ey a
Sl ol Al o3 3 Aeadt i) bl Anadal il sa A1l aaidl Jlaai) IS L e el
13 Y oyl laaiV1 Al pre e Hausman Test jlasl b Guesell Lo jdl) asiy . 51 Jlsde saeidl
Csliad) g AV el saxid) Jaad) o iy 7 Jsand) (g5 .57 (e J8 Chi=Sq jlaay dglaay) AVl culS
A il Jal (0.072) %5 e AST L) Jlaial da el un duhall o3a 8 deadt ual) clibul) dasdal

Al o3 (el dakafiall illbll V) cul saeiall laai¥) e as Abad)

Ll Al DL 23aidl) Jaai) g k) 7 Gy Jpaall

Hausman Test
Chi-Sq. Jlaal
Statistic kasy)
19.772 0.072
Lgilia g gblas g bl
Lt sl Ayl
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) Al chriall san cclitie jde DA e gl 8 385 Al Gl B kas 8 H) Jsaall adk
(B L)l ¢ Al T Gy gyl Jal) (ud) Aiiasall ysiiall ¢ Bpnd) el o Jal) o)1 ¢ Luasal)
(U5 Ay ALl Zaiyll) Ansliall ol puiially o Jalad) Jlad) (s

sl ela 3 ¢opadl Al b Al JU) ) A L) e it daw @l of Laali 8 Jsaall e
B (DA L %12 )l L gia @ @) W) Gl 8 Lenadl daalls Jl pSally %0669 sy

S Ol (aly i s€a Ay gan Al B Asd o4y <Ayl

2 Jsagh b (ED JWI Gudys Al JWI Gl copid) Jladl () (oSl JUall i 38D bl <all )
Jyal Cillassia gsana o olial Jgaall (pe Laaliy . ugale (gale dual 5o Jalad) JWI ) o con (B Rusale
& gl o MG i .0.329 AW dalad) JU) (uf) Janigia 0o SIS Aef sag (16,32 58 dusalall e

s galall Joa) e ST dgaldll e Jpa) (e Aad 3185 cppall ASkes

e s Al Ll e b L) s 8 e W) Al 3 Al Jea) & L) s palidsl )
Syl ) canll alai®V) e Guyaall ASles alail Jead B o) dealie Joa dauialy Adae SV Lnlaay

Auldl Joal) i (30 Y Ayedl) Joua) o S DA G el

Al Clial eagll slasy) 8: o8, Jsaal)

@baall iyl Zod il Lod S Jasul dass sial) o < uiial)
Adiaal) cfypaiial)
13.287 -23.045 47.440 16.906 16.578 IC peSall Ol
3.146 -0.621 26.953 3.392 4.038 HCE @il Jlll L)
0.541 -6.759 3.004 0.713 0.669 SCE Sl Jl) G
12.813 -24.281 37.401 13.035 11.612 RCE ) JLal )
0.888 -3.990 6.902 0.141 0.329 CEE Jeladl JWI
Aalill o yuaiall
0.113 -1.014 0.174 0.017 0.008 ROA RER RN
0.716 -8.072 0.374 0.123 0.047 ROE RINREY
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0.049 0.845 1.626 0.980 0.986 TQ Ssudl el

Uaylizal) e panial)
8.458 5.558 116.018 17.840 19.204 FL Allal) Zad) )
88108583 4134 671000 99253 23447400 TA Jya¥) Ao

Lahall gt DA )Kal) Jlall Gy 43lae

Al i Al il DA el ASles 8 (S8 JLll Gy Alae ) sall 138 3 A uhall e
el il P (S Gl ) @ilis€e 9 saall Seday cctlgin 10 ) 508 ey s (aed ] sl
Y1 (2012-2011) ) o) 3 1.228 oIS 5 clamnyn aliy (yal) JUll Gy 8 L) of ol Cam
M Ay Al L) )y 8 L) Qi3S (2020-2019) cntipudl o ndl 55,288 ) ainf 4
ddaall 3 13.10050.623 ) s 43 ¥) ) Laal &dad) 8 11.05050.511 oIS 88 o) 550 pe

Gsalall a3l

O 38 Loy iy Jalall JLall ul) (3 i Y1 of i) G (0L () (3l Y1 8 Ol Sl
~2019) &—walall A3l Al 8 0.244 ) atad) i ¥) (2012-2011) 59 2elll 2 3 0.680
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(el S ) Asssalall a1 3 L) e @il <3S (2011) Jd Losd) o (9) dsaall (e Laals
Il Gy gl Ll b)) Aspale yd) Jsuad) L] 8 e ls)) g 338 AW A3 seole 54l L
3 Gl ASlee gl of 55 A paldl) Jpal) L) G aalil 13 o) L (GED W) s ¢ Sl
o) (b LY alaa¥) DA G hpmall SlaiBV) ) Jsilly dpaall Jaal) (b liia) dpaal ) o

sl JW)
bl Slgie PIA Auhall yuaial Jbasll sbas) 9 a8 Jsaall
2014~ 2009- | 2015 -2013 -2011
2018 2013 2016 2014 2012 o purciall
5.288 4.077 | 3.232 2.205 1.228 @il JW) Ly
0.623 0.610 | 0.599 0.598 0.511 Sl JU! )
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13.100 12.770 | 12.557 12.060 11.050 skl JLall o)
0.244 0.304 | 0.530 0.770 0.680 Jalal) Jla)

Al gl

I Cargdl Gl
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o3 e 3y .(0.000) %5 oo Jii t jlad) il AElany) AN Cela G ¢l ASkas 3 @lsill L)
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Cognitive as a critical approach Theme and conceptual structure in
(Arms and the Man) as model

*PROF. Abdulrahman Hassan Albariqi O e 2 s T
Abstruct ks
This study adopts Cognitive linguistics as a O W) s 5 AUk G st ST YL il ods Juoss

critical approach, in particular the Roach's
prototype theory and Lakoff's conceptual
metaphor theory, to analyze the text of the play
(Man and arms). The aim is to reveal the theme of
the title and its openness to several cognitive
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categories and to identify what the lexicon Al i ol Lty (3 STy (ST,
evokes . UTPETENA [ INTPPS NN JE KIC
The study tried to answer a number of questions, ) s Ol e 3 Sl Al ekl (S ST @
such as: ooy
-How can we approach the title of the play by )
prototype theory ? el Bylis €5 3 Ayt Bz RS it T ) @
- ?How can we approach the play by cognitive Uy ) e 3
metaphors s DIV el ) Jsod) Cugrads
It aims to achieve a number of goals, including:
-The approaching of the title of the play o
cognitively. Al (3 iyl Sl af bl —
- Identifying the most important cognitive
metaphors in the play. ol i (hosh el oAbl e A5 e 5 T

To this end, the study relied on the descriptive CSU dsad) Blaa¥ly e Lkl B bY By STy
approach, exploiting the cognitive analysis in
accordance with the aforementioned two theories: - o
the prototype of Roche and the conceptual | | 772"\ o2ttt QlLabll s £ odlel iy 20
metaphor of Lakoff and Johnson. The study Ayt ally Olsall dad ayae ] sland (Uyadl
concluded with a number of results, including:
--The theme of the title ((Arms and the Man) in its
English version seems elusive, as it can refer to
two different (spaces) or two different Login S0 il st of il sz 1) L2 OF S5 cady o
connotations, each with its different elements Y 3] il Bl 3 Slsliadl on 35 g e il o slis
-The theme of love and war dominated the play A L . .
with its lexical device, and formed its allegorical 3 (Man) 5 (Arms) iz O ells solcliad e e o gsis
conceptual structures gl Y 3 or LS5 Y ety OlanazY g
The play generally revolved around two sy omall Wil ) Lo Oty (bl At caana -
conceptual metaphors-: )
-Traditions are constraints
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[The research winning the first place in the field of e

literary criticism in the 39th competition of the Rashid
Bin Humaid Award for Culture and Science]
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Towards applying artificial intelligence in enhancing and developing the quality of
professional performance of auditors

*DR.Abd EI Rahman mohammed solieman
rashwan
**Dr.Fatma shaoib Mostafa mohammed

Abstract
This research aimed to clarify the role of applying
artificial intelligence in enhancing and developing the
guality of the professional performance of auditors. In
this research, the author relied on the inductive and
field approach through viewing and studying the
scientific research contained in accounting literature
whether directly or indirectly. The work also relied on
the sources represented in books, references,
periodicals, reports and conferences related to the
subject of the research and how to benefit from them
in addressing the research problem.
Some descriptive statistical methods and non-
parametric tests were used to test the research
hypotheses, The sample of the study consisted of 60
individual external auditors who were randomly
selected from external audit offices. The researcher
reached several results, the most important of which :
- There is a significant relationship between auditors'
awareness of the importance of applying artificial
intelligence and enhancing and developing the quality
of professional performance.
- There is a significant relationship between the
availability of technological skills for auditors to
apply artificial intelligence and enhance and develop
the quality of professional performance.
- There is a significant relationship between the
availability of an appropriate culture for auditors to
apply artificial intelligence and the promotion and
development of the quality of professional
performance.
Key words: artificial intelligence - quality of
professional performance — auditors.

* Department of Financial and Administrative Sciences,
University College of Science and Technology, Gaza,
Palestine.

**Faculty of Commerce. Suez Canal University, Arab
Republic of Egypt
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