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Abstract

Carbontetrachloride (CG) is a known ecological hazardous xenobiotic that could motivate hepatotoxicity. We aimed to
examine, for the first time, the therapeutic potential of nickel(Il) diacetyl moneximgidyl hydrazone complex versus GCl
induced hepatotadgity in rats. We used six rat groups of ten animals each. The negative control, vehicle, normal rats injected
i.p. with the complex (2.4 mg/kg/day), positive control rats injected i.p. with,@@d treated rats administered complex via
injection at lowand high concentrations of 1.2 and 2.4 mg/kg/day, respectively at the same time ageCin for shor

term (3weeks) and londerm (8weeks) treatment. Intoxicateddents exhibited significant elevations in the liver index,
hepatic serum markers, @oxidative stress with significant reductions in the hepatic, antioxidants, nucleic acids, and proteins.
Complex cetreatment with CGl significantly suppressed the elevated liver enzyme activities, attenuated oxidative stress,
reactivated antioxidargydem components, and amended the hepatic tissue injury. The complex high dose was more efficient
than the low dose. Results of negative control were analogous to those of normal rats injected with the complex high dose. Th
histopathological analysis alsapported the above findings. These results show that complex has good antioxidant and
therapeutic properties, which can help in treating and preventingi@iCiced hepatotoxicity.

Keywords:CCls; Ni complex Hepatotoxicity Oxidative stressGSH, SOD; Caalase.

1. Introduction products of aerobic respiration or owing to external
As a critical metabolic tissue, the liver related sources such as xenobiotics. Extreme
encounters a pivotal role in the preservation, production of ROS crushes the lodr antioxidant
performance, and controlling of the body's defense system and generates oxidative stress (OS)
homeostasis. Any lack of harmony iretlctivity of which is known to play a critical role in the initiation
the liver results in its injury. Thus, for general body and progression of liver injury [6].
health keeping the liver healthy is a fundamental Carbon tetrachloride (Cgl is one of the
matter [1]. Hepatic injury is a common liver disease xenobiotic materials that gives riseitepatotoxicity in
caused by continuous exposure to harmful metabolitesboth animals and man [7]. CCkeleases to the
such as drugs, viruses, ba@erparasites, chemical ecosystem as one of the components in the water of
toxins, alcohol, chronic diseases like diabetes, obesity,industrial wastes, watdree liquid solvents used in
and tumor and may consequently lead to acute anddry-cleaning laundries and fire extinguishers liquids
chronic liver diseases as hepatitis, cirrhosis, [8]. CCls, in its metabolic pathay, trichloromethyl
hepatotoxicity [25]. Also, hepatic injury is coupled (CCl) and trichloromethylperoxyl (C@D.) radicals
with systemic oxidativestress, which leads to cellular have formed that start peroxidation of lipids and
necrosis, fibrosis, tissue lipid peroxidation, along with contribute to liver damage. Then, hepatic cells activate
depletion in glutathione levels [1]. their defense mechanism to avoid damaging effects of
Reactive oxygen species (ROS) are free radicalsROS by means of inteal antioxidants superoxide
resulting from molecular oxygen and are able to dismutase (SOD), catalase (CAT), and reduced
extremely interact with vital dielar components e.g.  glutathione (GSH), which are highly induced in OS
fats and nucleic acids, causing their destruction. [9,10]. Accordingly, natural/synthetic antioxidants
Cellular ROS are created either internally as -side
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have drawn a lot of attention for their potential 2.1 Chemicals
hepatoprotective roles. All solvents and chemicals procured for the

Recenly, hepatic injury is still a global health experiments were used as received. 4&@H nickel
problem. Currently, many drugs for preventing and chloride were obtained from Sigma (St. louis, MO,
treating hepatic injury have been developed; USA). Diacetyl monoxime-pyridyl hydrazone
unfortunately, the current drugs often have limited ligand was generously provided by Prof. Mohamed M.
efficacy and sometimes with serious side effects [11]. Hassanien (Chemistry Department, Faculty of
Consequethy, great interest from researchers to seek Technology and Education, Be8uef University,
powerful and less/natoxic liver protective drugs has  BeniSuef, Egypt). All the further chemicals and
been observed globally. Besides, metals/metal reagents used in the experiments were of the highest
complexes application in therapeutics is a field of pure analtical grade available.
increasing importance [12]. 2.2 Complex preparation

Actually, transition metal contexes have been The complex was prepared in solution according
used as therapeutic agents against numerous diseasas Saad et al[22] by mixing two volumes of 1 x 10
[13]. In this regard, our research team is greatly M diacetyl monoxime-pyridyl hydrazine ligand
interested. We, for instance, used coloaiércetin dissolved in absolute EtOH with one volume of 1 x 10
complex [14] against diabetesron(lll) 32x0ANZ 4 M nickel chloride dissolved in Hdist. water.The
(pyridinZ2Z4/)butanamide complex H], cobalt(ll) prepared [Ni*(L)2]>* complex exhibits stability
diacetyl monoxime2-hydrazinopyridine complex constant of 6.5 x Fobserved spectrophotometrically
[16], a set ofmetal complexes derived from-2 at 390 nm.
hydrazinobenzothiazole[17] and iron-rifampicin The complexation ratio (1:2) was confirmed by
complex [18]against cancer. They provide the purpose the continuous variation technique. Thediion of
as free radical scavengers and thereby gaioitapce nickel chloride solution decreased the absorbance
as antioxidant agents. Nickel has been notable as arband of the ligand at 285 nm and a novel distinctive
essential trace element for humans-dépth, the band of the complex emerged at 390 nm. The plot at
inhibitory actions of nickel complexes have inspired 390 nm versus the ligand mole fraction displayed a
authors to discover its role as a potential antioxidant of peak of absorbance at X = 0.66 provinge th
the highly reactive oxygen resinlg free radicals [19]. complexation occurs in a 1:2 ratio.
Moreover, such antioxidant property acquired by some 2.3 Rats and treatment
nickel complexes may also support treating a variety The study conducted on 60 healthy adult male
of pathophysiological abnormalities that mostly result Wistar rats weighing 16220 g (about one month age)
from ROS. supplied from the Theodor Bilharz Research Institute,

Schiff base ligands, such as diacetyl monoxime Giza, Egypt. The animals were housed fboat one
2-pyridyl hydrazone, have great respect due to their month prior to experimental use and they were
prevalent biological applications attributed to their nourished with the standard pellet diet and water.
variable bioactivities such as antitumor and -anti Rodents were housed at standard laboratory conditions
carcinogenic properties [20]. In this regard, nickel(ll) agreeing with the criteria defined in the Guide for the
diacetyl monoxime2-pyridyl hydrazone complex, Care and Use of Laboratory Animals intiex by the
synthested and characterized by Basu et al. [21], was National Academy of Sciences and published by the
investigated in solution by our team [22]. We National Institute of Health, and approved by the
elucidated that it can hinder Ehrlich solid tumor Chemistry Department, Faculty of Science, Damietta
progression in micavithout serious adverse effects University, Egypt
towards the normal tissues and it exhibited both good The effects of CGland the complex on male rats
SOD-mimic activity and high anthemolytic effect were studiedy random grouping of the sixty animals
that indicate its redox capacity through scavenging into six-separated groups (ten animals/group). The
ROS including superoxide radicals. According to the first group (control) did not receive any treatment. The
literature, the impact of this Ni complex on GClI second group (vehicle group) was injected daily i.p.
toxicity was not investigated until this momemhus, with the equivalent solvent amount as that of the
in continuation of our interest, the present study aimed normal-complex treated rats group and with olive oil
to examine, for the first time, the possible protective 0.5 ml/kg/week. The thirgroup (normal+Dose 2.4)
effect of nickel(ll) diacetyl monoxim&-pyridyl was injected i.p. with the freshly prepared complex at
hydrazone complex against G@hduced liver a dose of 2.4 mg/kg/day. Rats in groups four, five, and
toxicity in rats and to prospect the underlying motfle  six were treated with 50% CLCin olive oil (0.5

action. ml/kg/week via i.p. injection) [23]. Rats in group four
did not get any additional treatment and used as
2. Experimental positive controls (CG), whereas rats in group five and
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group six were i.p. injected with the complex at low greenish color [27]. Hepatic DNA content was

(onetwentieth of the LIgy) and high énetenth of the estimated by the method of Dische & Schwarz [28]

LDsg concentrations of 1.2 and 2.4 mg/kg/day, The DNA in the supernatant interacts with

respectively [22] at the same time as £i@Jection. diphenylamine to yield blue colored complex.

The treatment was done for 21 days and 56 days where2.8 Hepatic total protein

each group was subdivided into two equal subgroups, Hepatic TP content was estimated according to

one of them was sacrificed aftéweeks and the other the procedure of Lowry et al. [29].

was sacrificed after 8 weeks. All animals were being 2.9 Histopathological assay

fasted for 8 hours then sacrificed under diethyl ether A sample of liver obtained after decapitation was

anesthesia. cleaned in saline and fixed at once in 10% formalin,
Quickly, cardiac blood specimens were dehydrated by @ssing in ascending series of alcohol,

collected, left to settle, and sera were harvested aftercleared with xylene, and embedded in paraffin wax.

centrifugation ad500 rpm for 15 min then stored-at  Sections of the tissues off e m t hi ckness

20 °C until used for the assays of liver markers. The prepared and stained with hematoxylin and eosin

liver was detached and cleaned usingdokl saline. (H&E) dye. The pathologist assessing liver sections

A small piece from the liver was cut and fixed in 10% was uninformed ofhe rats' treatment.

formaldehyde for histopathology assay. The residual 2.10 Statistics

liver pieces were homogenized in iceld PBS (pH All the data were expressed by means + standard

7.2), centrifuged at 4500 rpm for 15 min at 4 °C to get error (SE) and the statistical analysis was achieved by

(10%, W/V) homogenate for the estimation of hepatic SPSS version 22. Ongay analysis (ANOVA) was

oxidative stress markers, and liver content of nucleic applied for testing the significance tfe treatment.

\

acids and total protein content. Differences between groupso r

Body weight wasecorded each week during the by Tukey's test and correlation analysis was done
experiment. Ratsd i niti alusing iR8tydiowersiogp Hi3.sP yaR&y)< @0 akkay O,
ynal BW on day 21 and daggnifkeht. respectively, and the

net ynal BW were recofrded. BW gain = (ynal BW
initial BW) and % BW change = [BW gain / initial 3. Results
BW] x 100 were determirtk 3.1 Effects on body weights
2.4 Liver index During the 3 weeks or 8 weeks experiment,
The body mass of each rat was measured earliernormal, vehicle, and normal treated with the complex
to being sacriyced. Si migtoaps lewealed ihslyrficaht alterations iwthe weight wa s
measured directly after gaia il CC group exhibitee a deriowselecling im d e x =
[liver weight / body mass] x100. weight gain when compared with the normal
2.5 Serum markers of hepatotoxicity (p=0.0001). At the end of treatment, G@its treged

Serum hepatianarkers including activities of  with the complex showed a dedependent increase
aspartate aminotransferase (AST), alanine in body weight change percentage compared with the
aminotransferase (ALT) and alkaline phosphatase CCly group [p=0.002 and p=0.0001, respectively for
(ALP), and levels of protein (albumin (ALB) and total the 3week experimentHig. 1A), and p=0.06, and
(TP)) were assayed by using available assay kits p=0.0001, respectively for the-v@eek experiment

(Biodiagnostic, Giza, Egypt). (Fig. 1B)].
2.6 Oxidative damage assays in liver homogenate 3.2 Effects on liver weight and liver index
To evaluate the degree of cellular damage in At the end of3 weeks or 8 weeks of treatment,

hepatocytesthe malondialdehyde (MDA) conterd, the liver weight increased (p=0.001) in GChts as
degrading product of lipid peroxidation, was compared to the control ones. Administration of
determined in tissue according to the thiobarbituric complex with CClat all doses reduced liver weight in
acid methodas aescribed by Ohkawa et §24]. Liver comparison with the C&lgroup in a doselependent
glutathione (GSH) levelvas estimated by the method mode. Also, veitle, normal administrated with 2.4
depending on t he-dithobig2a k ddosen and €ontrd ,gouis displayed insignificant
nitrobenzoic acid) resulting in yellow color. Total variances in the weight of the liveFi¢. 2A,B).
antioxidant capacity (TAC) was estimatesl stated in Liver index here is a measu of the degree of
the kit guidelines (Biodiagnostic, Giza, Egypihe liver injury prompted by CGl At the end of either 3
activity of SOD was assessed as stated by Dechateletveeks or 8 weeks of treatment, the liver index of the
[25]. Hydrogen peroxide degradation was the basis of CCl, intoxicated group was greater than that of the

measuring the activity of catalase (CAT) [26]. normal group (p=0.000Eig. 2A.B). It was declined
2.7 Nuclec acids in liver tissue by complex administration with C&ht the doses of

Hepatic RNAconcentration was assayed by the 1.2 and 2.4 mg/kg (p=0.0001) for 3 weeksg( 2A),
way of Mejbaum using orcinol reagent to develop a and significantly further improved towards normal at
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the end of 8 weeks of treatment. Treatment of
intoxicated rats with 2.4 mg/kg dose showed an
insignificant change in the liver index compared to the
normal group. Also, the liver index aformal rats

administered 2.4 mg complex/kg was not different
from those of the normal and vehicle groups indicating

After 8 weeks of treatment, when the G&lose
l2andCCk dose 2.4 groups
only CClL-given group, it was found that the GSH
levels increased in both (p<0.05). There was a
significant decrease in TAC, CAT, and SOD between
the CCl+1.2 dose group and the healthy control

that the complex was safe for the longtime treatment group. But, CCHcomplex treatment (2.4 mg/kg)

(Fig. 2B).
3.3 Effects of on serum parameters
Table 1showed that administration of CGbr 3

insignificantly decreaskthe activities of TAC, CAT,
and SOD as compared to the healthy control group.
There was no significant difference in GSH, CAT,

wer e

weeks led to rising (p=0.0001 versus negative control) SOD, and TAC between the control negative group
in activities of hepatic enzymes (ALT, AST, and and normal+2.4 mg/kg dose groupaple?).
ALP). A further significant rise in their activities is MDA was significantly positively correlated
shown inTable 2regarding the administration of CGCI  with liver enzymes and antioxidants but was
for 8 weeks. By administration of 1.2 or 2.4 complex negatively correlated with nucleic acids, TP, and ALB.
dose with CC, these changes in liver enzymesreve  While the antioxidant enzymes were correlated
significantly reduced compared to the ¢@loup. In negatively with liver enzymes and MDA, and
depth, the higher dose showed a better protectivepositively with each other and with nucleic acids,
effect than the lower dose on liver injury in rats serum TP and ALBTable 3andTable 4.
according to ALT, AST, and ALP levels. Moreover, 3.5 Effects on nucleic acids and protein
no significant differences in these enzymatic Isve In Table 5 the results obtained after 3 weeks or
were observed between the G(2.4 dose and the 8 weeks of treatment indicated that compatimghe
control group, indicating normalization of liver normal, vehicle, and normal+2.4 dose, &£CI
functions Table landTable 9. intoxication triggered significant reductions in DNA,
On contrary, the current data showed that:@Cl  RNA, and protein contents in the liver. However,
the 3 weeks experimenidble ) and in the 8 weeks administration of the complex (1.2 and 2.4 mg/kg)
experiment T[able 2 significantly reduced serum along with CCJ significantly increased liver DNA,
levels of TP and ALB as measured with respect to the RNA, and protein content in respect to untreated
control group. However, administration of complex at CCli intoxicated rats depending on the dose. No
all doses with CGlcaused insignificant changes in significant changes were observed in DNA, RNA, and
these levels as compared to the control group orprotein contents in the liver between 2.4 mg/kg of

normal treated withhie high dose of the complex.
Our results showed significant positive

correlations between the liver enzymes. But both TP

and ALB were negatively correlated with ALT, AST,
and ALP (Table 3andTable4).
3.4 Effects on hepatic oxidative stress

To inspecthe protection mechanisms behind the
Ni complex on the liver intoxication by CQh vivo,
the | evels of MDA and

complex combined withthe CCl, normal+dose 2.4,
and normal control groups.

In addition, a significant positive correlation was
detected between the liver DNA, RNA, protein
content, and serum TP and ALBable 3and Table
4).

3.6 Effects on histological analysis of liver
After 21 days of treatmenE{g. 3A), the livers in

a ntheinormal abrarol,tnarmal rats treatee with 2a4tmg/kg

tissues were determined. The present data shown incomplex, and vehicle groups were further found to

Table 1and Table 2indicate that giving CGlfor 3
weeks 018 weeks initiated significant accretion in the
hepatic MDA level as lipid peroxidation index, and
significant dowrregulation of TAC, SOD, CAT, and
GSH levels with respect to normal, vehicle, or
normal+dose 2.4 groups. Whereas;tmatment of
CCls with 1.2 mg/kg and 2.4 mg/kg doses of the
complex for 3 weeksT@able 1 strengthened the
hepatic antioxidant protection mechanism by

have normal lobular morphology and hepatocytes with
well-defined sinusoids. The hepatic injury in thésra
treated with CCl manifested as congestion of portal
area blood vessels associated with hepatic steatosis
and sinusoidal cell activation. But, focal aggregation
of mononuclear cell inflammatory in the livers of 1.2
mg/Kg treated rats with C&IThe livas of the rats
treated with 2.4 mg/kg complex with GG3howing

mild focal aggregation of mononuclear cell

increasing the antioxidants levels (p<0.05), at the sameinflammatory cell infiltration.

time, inducing significant fall in the MDA level as
regard to those dhe CCl group. The higher dose of
complex ceadministered with CGl showed a
nonsignificant change in hepatic antioxidants
compared to normal rats.
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Table 1 Biochemical parameters of rats groups at the end of 3 weeks treatment

Normal groups

Intoxicated groups

Control

Vehicle

Normal + Dose

2.4

CCl4

Measurements Control Vehicle Normal+Dose 2.4 CCl, CCly+Dose 1.2 CCly+Dose 2.4
ALT (U/ml) 37.2+1.40 38.2+£1.35 36.8+£1.90 55.6 + 2.04°¢ 46.2 +0.9°cd 34.8 + 1.40¢
§ ) AST (U/ml) 71.4 £1.40 72.8+1.35 72.4 £1.53 82.6 +1.47b¢ 79.0 + 1.46° 74.0 +1.50
E % ALP (1U/1) 68.4+1.20 70.4+1.32 69.4+1.30 81.0 + 1.40°¢ 72.4+1.43 70.0 +1.90
=}
g €  Albumin (g/dl) 3.25+0.02 3.26 £ 0.01 3.21+0.03 3.0 £0.03b¢ 3.17 +0.01 3.22 +0.02
TP (g/dl) 7.27+0.11 7.02+0.20 7.35+0.20 6.11 +0.18¢ 7.05+0.11 7.36+0.18
(2]
3 TAC (mM/qg) 1.73 £0.02 1.68 £ 0.07 1.71 £ 0.02 1.24 +0.05:b¢ 1.5 +0.03¢%¢ 1.80 + 0.08°
g % CAT (el g) 69.14+14 68.17+1.36 68.19+15 48.48 + 1.56°¢ 59.01 + 1.9bcd 67.76 + 2.6°
-% % GSH (uM/g) 0.3+£0.012 0.29+£0.015 0.28 +£0.009 0.16 + 0.012°°¢ 0.24 +0.008 0.30 £ 0.01¢
g E SOD (%) 60.6 +2.5 62.4+2.80 57.4+1.60 38.2 +2.80°¢ 57.6 +2.30 62.2+1.80
o MDA (mM/g) 156+011 1.69+0.13 215+0.15 3.07 + 0.26°¢ 2.15+0.12 1.93+0.18
Data represented as mean = SEM
aSignificantwhen compared with the control healthy rat group.
bSignificant when compared with the vehicle treated rat group.
¢Significant when compared with the normal rat treated with 2.4 mg/kg dose of Ni complex group.
dSignificantwhen compared with the CQhjected rat group
Significant when compared with the G@ijected rat treated with 1.2 mg/kg dose of Ni complex group
14 m% Change from 0-7day BE% Change from 0-14 day 0% Change from 0-21 day
12 ab,d a,d
10
a,b,c
8
6
4
2
0 2
Control Vehicle Normal + Dose 2.4 CCl4 CCl4 + Dose 1.2 CCl4 + Dose 2.4
B % Change from 0 -7 day 0% Change from 0-14 day B % Change from 0-21 day
@% Change from 0-28day @% Change from 0-35 day B % Change from 0-42 day
40.00 -
30.00 -
20.00 -
10.00 -
0.00 -

CCl4 + Dose 1.2 CCl4 + Dose 2.4

Fig. 1 (A) Bar graphs showing the percentage of body weight change in all studied groups throughout the 3 weeks of treatmemagBg Ba
showing the percentage of body weight change in all studied groups throughout the 8 weeks of treatment. Signiitams alterexpressed
relative to untreated rats (marked with asterisks a), to Vehicle (marked with crosses b), to Normal+Dose 2.4 (markedesitt),dom CGI
(marked with ampersand d), and to @Tlose 1.2 (marked with ampersand e). Statistical @iffee was considered significant p<0.05.
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E Liver Weight OLiver Index
a,c

8.00 -
7.00 -
6.00 -
5.00 -
4.00 -
3.00 -
2.00 -
1.00 -

0.00 -

a’byc a,b,d a,b,C,d

Control Vehicle Normal + Dose 2.4 CCl4 CCl4 + Dose 1.2 CCl4 + Dose 2.4

mLiver Weight @Liver Index

a,b,c

10.00 +

8.00 -

6.00 -

4.00 -

2.00 -

Vehicle Normal + Dose CCl4 CCl4 + Dose 1.2CCl4 + Dose 2.4

2.4

Control

Fig. 2 (A): Bar graphs showing the change in liver weight and liver index in all studied groups throughout the 3 weeks of t(Bxtant.
graphs showing the change in liver weight and liver index in all studied groups throughout the 8 weeks of treanifieantSitierations are
expressed relative to untreated rats (marked with asterisks a), to Vehicle (marked with crosses b), to Normal+Dosed2utiiroeskees c),
and to CCJ (marked with ampersand d). Statistical difference was considered significant p<0.05

Table 2 Biochemical parameters of rats groups at the end of 8 weeks treatment

Normal groups Intoxicated groups

Measurements Control Vehicle Normal+Dose 2.4 CCl, CCly+Dose 1.2 CCly+Dose 2.4
- ALT (U/ml) 38.2+1.10 40.2 £1.15 42.8+1.70 67.6 + 1.56"° 48.8 +1.86"°¢ 41.0+2.3¢
2 o AST (U/ml) 72.2+1.70 70.6 +1.70 70.0+1.30 89.4 +1.96°¢ 79.6 + 1.4bcd 77.4 +0.9%€
g % ALP (1U/) 68.8 + 1.56 69.0+1.70 69.8 +1.30 86.0 + 1.76°¢ 75.2+1.20 70.2+1.70
g £ Albumin (g/dl) 3.22+0.02 3.18 +0.03 3.21+ 0.030 2.93 +0.02°¢ 3.14 +0.01 3.19 +0.08

TP (g/dl) 7.16+0.11 6.95+0.10 7.5+0.220 6.09 + 0.18°¢ 6.96 + 0.07 7.18 +0.11
§ TAC (mM/g) 1.94 +0.04 1.93+0.01 1.97 £0.10 0.87 + 0.04P¢ 1.60 + 0.03°cd 1.80 +0.07
B8 CAT (e/ g 71.8%21 7003+27 63.31£25 41.9 +1.96°¢ 60.4 + 1.1254 69.24 + 1.50
.2 g GSH (uM/g) 0.28 £ 0.02 0.28 £ 0.02 0.3 £0.008 0.13 + 0.008"¢ 0.22 +0.007¢ 0.27 £ 0.02
g £ SOD (%) 61.6 +2.08 59.6 +2.70 63.8+1.50 34.2 +1.808°° 50.2 + 2.16bcd 58.6 +1.70
3 MDA (mM/g) 1.56 + 0.08 1.46+0.14 1.99 + 0.06 3.23 +0.130°° 2.16 + 0.20¢ 1.95+0.12

Data represented as mean + SEM
agignificant when compared with the control healthy rat group.’Significant when compared with the vehicle treated rat group.

Significant when compared with the normal rat treated with 2.4 mg/kg dose of Ni complex group.

dSignificantwhen compared with the CGhjected rat group

eSignificant when compared with the C@hjected rat treated with 1.2 mg/kg dose of Ni complex group
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Table 3 Pearson correlation analysis of serum marker as well as hepatic nucleic acids and antioxadlesttedied groups throughout
the 3 weeks of treatment

ALT AST ALP ALB TP TAC CAT GSH SOD MDA  DNA RNA  TissueTP

ALT R 1 076 078 -0.83 -0.64 -0.86 -0.87 -0.76 -0.76 0.7 -0.57 -0.8 -0.69
AST R 1 0.62 -0.76 -0.5 -0.69 -0.81 -0.7 -0.53 0.63 -0.55 -0.6 -0.54
ALP R 1 -0.76 -0.7 -0.76 -0.72 -0.69 -0.79 0.58 -0.59 -0.74 -0.63
ALB R 1 0.62 0.73 0.78 0.77 0.71 -0.75 0.62 0.78 0.67
TP R 1 0.63 0.63 0.65 0.61 -0.65 0.55 0.75 0.62
TAC R 1 0.8 0.79 0.83 -0.62 0.72 0.83 0.74
CAT R 1 0.84 0.77 -0.66 0.65 0.77 0.73
GSH R 1 0.78 -0.72 0.67 0.7 0.74
SOD R 1 -0.62 0.7 0.76 0.73
MDA R 1 -0.56  -0.68 -0.45
DNA R 1 0.7 0.68
RNA R 1 0.81

Where R= Pearson correlatioRed numbers indicate significant negative correlations, and black numbers indicate significant positive
correlations (pO0.0001).

Table 4 Pearson correlation analysis of serum marker as well as hepatic nucleic acids and antioxidants in all studibdogghms the 8 weeks of
treatment

ALT AST ALP ALB TP TAC CAT GSH SOD MDA DNA RNA  Tissue TF

ALT R 1 081 088 -079 -0.71 -0.85 -0.89 -0.8 -0.85 0.88 -0.78 -0.82 -0.81
AST R 1 072 -0.73 -063 -0.79 -0.71 -0.67 -0.89 0.7 -0.75 -0.82 -0.84
ALP R 1 -0.76 -0.69 -0.86 -0.84 -0.72 -0.82 0.81 -0.72 -0.78 -0.72
ALB R 1 073 079 0381 0.78 081 -0.74 0.7 0.75 0.77
TP R 1 0.73 0.61 0.73 0.78 -0.54 0.65 0.74 0.56
TAC R 1 0.81 0.83 0.88 -0.78 0.75 0.92 0.73
CAT R 1 0.78 0.74 -0.87 0.76 0.79 0.78
GSH R 1 0.75 -0.76 0.67 0.77 0.64
SOD R 1 -0.67 0.81 0.87 0.8
MDA R 1 -0.58 -0.7 -0.72
DNA R 1 0.78 0.71
RNA R 1 0.74

Where R= Pearson correlatioRed numbers indicate significant negative correlations, and black numbers indicate significant positive
correlations (pOO0.0001).

periportal hepatic necrasiand a severe degree of
After 56 days, a mild degree of hepatic hepatic vacuolation associated with focal aggregation
vacuolation was observed the liver of the vehicle of mononuclear inflammatory cells. However, treated
treated group. Notably, the livers of the normal rats rats with 1.2 mg/kg complex with C£$howed mild
treated with 2.4 mg/kg complex revealed hepatic liver damage. Interestingly, the 2.4 mg/kg complex
vacuolation mostly consistent with fatty degeneration. with the CC} group showd a mild degree of hepatic
Nevertheless, the Cg£lgroup showing marked steatosis congestion of blood sinusoigis(3B).

Table 5 Dosedependent effects of nickel(ll) diacetyl monoxu@yridyl hydrazonecomplex on DNA, RNA and total prein levels
in rat liver tissues

Grouns 3 Weeks treatments 8 Weeks treatments
P DNA (pg/ml) RNA (ug/ml) TP (g%) DNA (ug/ml) RNA (ug/ml) TP (9%)

— Control 64.38+ 2.6 111.8+1.60 8.03+0.2 59.9+1.20 107.3+2.9 8.12+0.30
<
1S % Vehicle 61.93+2.1 107.3+1.90 7.8+0.10 56.46 + 2.5 1126+2.4 7.90+0.28
o =
z= Normal+Dose 2.4  60.15+ 2.6 108.09 £ 2.7 8.2+0.24 59.07 £+ 2.7 1129+24 7.85+0.22
§ w» CCl 45.7 + 1.07P¢ 87.90 +1.80v°¢ 6.1 +0.180¢ 40.22 + 2.3b¢ 76.41 + 1.8°¢ 5.9 +£0.16°°
IS4
; % CCly+Dose 1.2 61.23 +2.26 100.56 + 2.03¢ 7.32+0.19 55.40 + 2.36 101.2 +1.8¢¢ 7.21+0.27
S o
= CCly+Dose 2.4 61.84 +2.86 110.13 + 1.96¢ 7.92 +0.20 59.23 +2.08 108.9 + 3.06 7.93+0.10

Data represented as mean + SEM

agignificant when compared with the control healthy rat grougSignificant when compared with the vehicle treated rat group.
Significantwhen compared with the normal rat treated with 2.4 mg/kg dose of Ni complex group.

dSignificant when compared with the C@bjected rat group

€Significant when compared with the C@hjected rat treated with 1.2 mg/kg dose of Ni complex group
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Fig. 3: Liver histopathology. (A) Liver structure (H&E, X100) of all studied groups after 3 weeks treatment. (B) Liver
structure (H&E, X100) of all studied groups after 8 weeks treatment.
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