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INTRODUCTION 

The coordination chemistry of transition metals with 

ligands from the hydrazide family has been of interest 

due to different bonding modes shown by these ligands 

with both electron rich and electron poor metals. Schiff 

bases play an important role in inorganic chemistry as 

they easily form stable complexes with most transition 

metal ions. The development of the field of bioinorganic 

chemistry has increased the interest in Schiff base 

complexes, since it has been recognized that many of 

these complexes may serve as models for biologically 

important species
[1-5]

.  

 

The remarkable biological activity of acid hydrazides R–

CO–NH–NH2, a class of Schiff base, their corresponding 

aroylhydrazones, R–CO–NH–N=CH–R and the 

dependence of their mode of chelation with transition 

metal ions present in the living system have been of 

significant interest
[6-12]

. Schiff base metal complexes 

have been widely studied because they have industrial, 

antifungal, antibacterial, anticancer and herbicidal 

applications
[13,14]

. Hydrazides successfully provide 

various active potential donor sites, namely C=O, N-H 

and NH2. Therefore, many metal complexes of 

hydrazides have been synthesized and characterized
[15-20]

. 

 

Liver fibrosis results from chronic damage to the liver in 

conjunction with the progressive accumulation of 

fibrillar extracellular matrix proteins. Hepatic fibrosis is 

characterized by increased deposition and altered 

composition of extracellular matrix (ECM). Its final 

stage is cirrhosis, with the liver architecture distorted by 

collagen bands and formation of islands of regenerating 

parenchymal cells
[21]

.  

 

Carbon tetrachloride (CCl4) is a hepatotoxin, causing 

liver necrosis, fibrosis and cirrhosis when administered 

sequentially. CCl4-induced fibrosis shares several 

characteristics with human fibrosis of different 

etiologies; thus, it is an adequate model of human 

fibrosis. CCl4 induced liver damage had been thought to 

depend on the formation of reactive intermediates such 
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ABSTRACT  

Metal complexes of the ligand, 2-(phenylamino)acetohydrazide (HL) with Cu(II), Ni(II), Co(II), Mn(II), Zn(II), 

Cr(III) and Fe(III) ions were synthesized and characterized using elemental, spectral (IR, UV- VIS), and thermal 

analyses (TGA) as well as magnetic moment and molar conductance measurements. The ligand in the obtained 

solid complexes coordinates as a bi-dentate either as a neutral via the amino group nitrogen and carbonyl oxygen 

atoms or anilino NH or as a monobasic via the amino group nitrogen atom and enolic (C-O) oxygen atom in the 

enolimine-tautomeric form. The cytotoxic effect of these complexes was estimated against Hep-G2 cancer cell 

lines. Also, the in-vivo model of hepatic fibrosis was induced by the intraperitoneal (i.p) injection of carbon 

tetrachloride (CCl4) in mice and the possible antifibrotic activities of these complexes were estimated. Moreover, 

liver function, histopathological examination of liver, and expression of caspase 3 in liver tissues were assayed. 

Results revealed that all the newly synthesized complexes exhibited cytotoxic effect on Hep-G2 cell lines. Also, 

administration of Cu(II) complexes to the CCl4-intoxicated mice led to improvement the hepatic function and liver 

histology. Furthermore, the treatment of CCl4-intoxicated with ligand and copper complexes led to a marked 

decrease in the caspase 3 expression in nucleus and cytoplasm of hepatic cells. In conclusion, Cu(II) complexes of 

hydrazide derivatives, specially Cu(II) perchlorate, showed anticancer and antifibrotic activities higher than the 

ligand. The potential activity of the tested complexes might be due to their cytotoxicity and ability to reduce the 

expression of apoptotic gene caspase-3 that helps in the repairing of liver cells. 

 

KEYWORDS: Cytotoxic activity; Hep-G2; Fibrosis; Caspase-3; Hydrazide ligand; Metal complexes. 
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as trichloromethyl (CCl3
●
) free radical produced by 

cytochrome P 450 mixed function oxidase system 

especially, P 450-2E1, the major human enzyme 

responsible for carbon tetrachloride bioactivation and 

further converted to a peroxy radical (CCl3O2
●
)

[22]
. 

 

Therefore, the present study was designed to prepare and 

characterize new metal complexes of ligand 2-

(phenylamino)acetohydrazide and to investigate its 

antifibrotic activities against hepatic fibrosis induced in 

rats by CCl4.  

 

EXPERIMENTAL 

Instrumentation and Measurements 

Reagent grade chemicals were used without further 

purification. Elemental Micro analyses [C, H and N] 

were determined in the Micro analytical unit of Cairo 

University of Egypt. The IR spectra were measured using 

KBr discs on FT-IR Shimadzu spectrophotometer. 

Electronic spectra in solid states were recorded in Nujol 

mulls using Shimadzu spectrophotometer. The molar 

conductance of 10
-3

 M solution of the complexes in DMF 

was measured at 25ºC with a Bibby conductmeter type 

MCl at the Chemistry Department, Faculty of Science, 

Menoufia University. The resistance measured in ohms 

and the molar conductivities were calculated according 

to the equation: 

M = VxKxg /Mw*  

 

Where: M = molar conductivity /
-1

cm
2
mol

-1
, V = 

volume of the complex solution/ ml, K = cell constant 

(0.92/ cm
-1

), Mw = molecular weight of the complex, g = 

weight of the complex/g,  = resistance/. The thermal 

analyses (TGA) were carried out in air using Shimadzu 

DT-30 thermal analyzer. Magnetic susceptibilities were 

measured at 27C using the modified Gouy method with 

a Johnson matthey balance. Magnetic moments were 

calculated using equation:    

eff= Tcorr

M
.84.2   

 

Preparation of Ethyl 2-(phenylamino) acetate 

Aniline (0.933g, 10 mmol in 30 mL ethanol) was added 

to a solution of ethylchloroacetate (1.22 g, 10 mmol in 

50 mL of ethanol). Sodium acetate trihydrate (1.36 g, 10 

mmol) dissolved in 15 mL distilled water was added to 

the mixture, then, it was refluxed with stirring for 6 hrs. 

The product was poured on crushed ice, and the solid 

precipitate which is formed was filtered off, washed 

several times with distilled water and dried over 

anhydrous CaCl2. 

 

Preparation of 2-(phenylamino)acetohydrazide (HL) 

Hydrazine hydrate (2.5 g, 50 mmol) was added drop wise 

to a solution of ethyl 2-(phenylamino) acetate (1.79 g, 10 

mmol) in 60 mL ethanol. The mixture was refluxed with 

stirring for 3 hrs, and then left to cool at room 

temperature. The formed precipitate was filtered off, 

washed several times with ethanol and dried over 

anhydrous CaCl2. 

Preparation of compounds' solutions 

The stock solutions (1mM) of the newly synthesized 

complexes were prepared by dissolving each complex 

individually in 70% DMSO in water and kept at 4
o
C. 

Only, ligand and complexes of Cu(II) 2, 4 and 5 were 

solubilized and tested for their biological activities. 

 

Cytotoxicity assay 

The anti-hepatocellular carcinoma activity of complexes 

against Hep-G2 was estimated by 3-(4,5-

dimethylthiazol-2-yl)-2,5-di phenyltetrazolium bromide 

(MTT) assay
[23]

. Briefly, cells were seeded in 96-well 

plates at 5 × 10
4
 cells/well in the corresponding media 

supplemented with culture materials mentioned above. 

After 24 h of culture, phthalimide derivatives were 

individually added in triplicate in a range of 5–10000 

µM, and the cells were further cultured for 24 h. The 

cells were then exposed to MTT (5 mg/mL in PBS) at a 

final concentration of 1 mg/mL in culture for 4 h. 

Formazan crystals formed during the incubation period 

were dissolved overnight at 37 °C by adding 10% SDS 

containing 0.02 N HCl. The absorbance was then 

measured at 570 nm. The half maximal growth inhibitory 

concentration (IC50 values) was calculated from the dose-

dependent curve equation of each compound. The 

experiment was repeated three times.  

 

Experimental animals and design 

Adult male Swiss mice, weighing about 22-25 g, were 

housed at 23 ± 2
o
C in the animal house of Faculty of 

Science, Menoufia University, Egypt. They were 

maintained under standard condition and fed standard 

chow and water ad libitum. All experiments were carried 

out in accordance with protocols approved by the local 

experimental animal ethics committee. Mice were 

randomly divided into 7 groups of seven animals each. 

Normal group includes animals that were given only 

standard pellet diet and water ad libitium and served as 

normal controls. Positive control animals were i.p. 

injected with CCl4 dissolved in corn oil (0.4 mg/kg 

B.W.) twice a week for 6 weeks. Animals in the third 

group were i.p. injected with DMSO (0.1 mg/kg B.W.) 

for 6 consecutive days. In order to evaluate the potential 

antifibrotic activities of the ligand and complexes 2, 4 

and 5, animals were i.p. injected with CCl4 (0.4 mg/kg, 

B.W) twice a week for six weeks, after that, they were 

i.p. injected with 10 µM of each complex for 6 

consecutive days.  

 

Blood and tissue samples collection 
At the end of experiments, blood was collected in non-

heparinized tubes and allowed to clot at room 

temperature. Serum samples were then obtained by 

centrifugation and were kept at –20
o
C until assayed. The 

liver was removed, washed with saline and divided into 

two parts. One part was stored in 10% neutral buffered 

formalin solution for histopathological examination and 

the second part was kept frozen at –80
o
C for further 

studies.  
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Assessment of liver function 

Alanine transaminase (ALT) and aspartate transaminase 

(AST) activities in serum were estimated according to 

the method of Reitman and Frankel
[24]

. The level of 

serum albumin (Alb) was determined according to the 

method of Baure
[25]

.  

 

Histopathological examination of liver 

Liver specimen was dehydrated in a graded alcohol 

series. After xylene treatment, the specimens were 

embedded in paraffin blocks. Four-micron thick sections 

were cut and stained with haematoxylin and eosin (H&E) 

staining and the changes were examined by light 

microscopy. Damaging effect of CCl4-induced liver 

fibrosis (hepatic architecture, inflammatory infiltrates, 

portal tracts, hepatocytes arrangement, variations in 

hepatocytes size and nuclei) was investigated. 

Unintentional bias was prevented by coding mouse’s 

tissue samples. 

 

Immunohistochemical determination of α-smooth 

muscle actin and caspase-3 

The serial sections were dewaxed, hydrated, and 

immersed in antigen retrieval (EDTA solution, pH 8). 

They were then treated with hydrogen peroxide 0.3% and 

protein block, followed by incubation with anti-caspase-

3 (Santa cruz, 1:100 dilution) (Lab-vision; ready to use) 

at 4°C overnight. The slides were rinsed three times with 

PBS, incubated with anti-mouse IgG secondary 

antibodies (EnVision + System HRP; Dako) for 30 

minutes at room temperature, visualized with 

diaminobenzidine commercial kits (Liquid 

DAB+Substrate Chromogen System; Dako), and finally 

counterstained with Mayer's haematoxylin. As a negative 

control procedure, the primary antibody was replaced by 

normal mouse serum. Immunolabeling reactions were 

scored for caspase-3, a distinct brown-coloured reaction 

either within the cytoplasm or the nucleus was observed. 

The positive cells were counted from seven high-power 

fields of 400x. Labeling index (%) was determined by 

the number of positive cells/total cells.  

 

Statistical analysis    
All statistical analyses were performed using Statistical 

Package for Social Science (SPSS) version 19 (SPSS, 

Inc., Chicago, IL). Data are presented as means with 

corresponding standard deviation (SD). Comparisons 

between different groups were performed by one-way 

analysis of variance (ANOVA). In all tests, the level of 

significance was set at p < 0.05. 

 

RESULTS AND DISCUSSION 
All the prepared metal complexes are stable at room 

temperature, non-hygroscopic and partly soluble in most 

organic solvents and water, but completely soluble in 

dimethylformamide (DMF) or dimethylsulphoxide 

(DMSO) except complexes 6-10 are insoluble. Elemental 

analyses, physical data (table 1) and infrared spectral 

data (table 2), are consistent with the proposed structures 

as shown in figure (1). The elemental analyses confirmed 

that the complexes 2, 4, and 6 -11 are formed in 1:1 

molar ratio between the metal ion and ligand whereas, 

complexes 5 and 12 are formed in 1:2 molar ratio 

between the metal ion and the ligand. Complex 3 is a 

binuclear complex. 

 

The molar conductance 
The molar conductance values of the metal complexes in 

DMF (10
-3

M) are listed in table (1). The values of molar 

conductance show that all complexes are non-

electrolytes
[26]

. This confirms that the anions in all these 

complexes are directly attached to the metal ion. 

 

Infrared spectra 

The most diagnostic infrared spectral bands of the ligand 

HL are depicted in table (2) and figure (2A-D). The 

spectrum of ligand HL shows bands at 3460, 3342, 3309, 

3200, 3106 cm
-1

,
 

assigned to (N-H) absorptions 

characteristic to NH and NH2 groups. The spectrum also 

displays bands at 1651 and 1583 cm
-1

, assigned to 

(C=O) and (NH2), respectively. 

 

The mode of bonding of the ligand, HL in the metal 

complexes has been deduced from the IR spectra. The 

most important diagnostic spectral bands of the ligand 

and its metal complexes are depicted in table (2). Results 

show that the infrared spectra of all complexes reveal 

that the band characteristic to (NH2) is shifted to lower 

or to higher wavenumbers compared to that of the free 

ligand, indicating that the NH2 group participates in 

coordination via the nitrogen atom in all metal 

complexes. IR spectra of metal complexes 4, 8, 10-12 

lack absorption bands attributable to (C=O) and instead, 

a new  intense band appears  at ca. 1605-1629 cm
-1

, 

assigned to (C=N), suggesting that the NH proton is 

likely lost via de-protonation induced by the metal and 

the resulting enolic oxygen participates in 

coordination.
[27]

 

 

The above arguments indicate that the ligand in 

complexes 4, 8 and 10-12 behaved as monobasic bi-

dentate, coordinating via the enolic oxygen atom and the 

nitrogen atom of NH2 group. The (C=O) band appears 

in the spectra of complexes 2, 3, 5 and 6  at lower 

wavenumbers relative to that of the free ligand as a result 

of its involvement in bond formation with the central 

metal ion. This indicates that the ligand in This complex 

behaved as a neutral bidentate, coordinating through the 

carbonyl oxygen atom and the amine nitrogen atom. 

Moreover, (C=O) remains at the same position as that 

of the free ligand in the spectra of the two complexes 7 

and 9 in addition the positions of the bands ascribed to 

(N-H) perturbed upon complex formation, indicating 

that the carbonyl oxygen does not participate in 

coordination and the aniline NH nitrogen atom involved 

in coordination beside the NH2 nitrogen atom.  

 

The spectra of the acetato complexes 5 and 10  show two 

absorption bands at 1620-1603 and 1400-1382 cm
-1

, 

assigned to υ(C=O) and υ(C-O) , respectively. The 
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difference between these two bands about 220 cm
-1

 

indicates that the acetate in these complexes coordinates 

to the metal ion as a monodentate ligand
[28]

. The acetate 

bands in infrared spectrum of complex 6 appear at 1507 

and 1414 cm
-1

. The difference between these two bands 

is 93 cm
-1

, indicates that the acetate in these complexes 

coordinates to the metal ion as a bidentate ligand. 

Monodentate co-ordination of perchlorate ligand causes 

a lowering of symmetry,Td→C3v. The originally –

degenrate modes υ3 and υ4 of the free perchlorate ion, are 

both split into two bands
[29]

. The infrared spectrum of the 

perchlorate [CuClO4LH2O)].H2O complex showed that 

the υ3 band is split into two bands at 1114 and 1089 cm
-1

, 

while υ4 is also split into two bands at 630 and 605 cm
-1

, 

indicating that the perchlorate coordinates to the metal 

ion as a monodentate ligand. The coordination 

of SO4
2 −

 to metal ions decreases the symmetry of the 

group and the 𝜈3 and 𝜈4 modes are split
[30-32]

. In the case, 

the SO4
2 −

 site symmetry is lowered from 𝑇d to 𝐶3v 

(monodentate coordination), both 𝜈3and 𝜈4 each splits 

into two bands
[31]

. When the SO4
2 −

 site symmetry is 

lowered from 𝑇d to 𝐶2v (bidentate chelating or bridging 

co-ordination), again 𝜈3 and 𝜈4 each splits into three 

bands. The infrared spectrum of the chromium complex 

shows that the 𝜈3  splits into three bands at 1130, 1040 

and 981 cm
-1

 and the 𝜈4 band also split into three bands at 

754, 693 and 609 cm
-1

, indicate that the sulphato ligand 

coordinates to the chromium ion as a bidentate ligand
[33]

. 

The
 
infrared spectra of the hydrated complexes display a 

broad band at 3450-3405 cm
-1

, assigned to (OH) of 

water molecule
[34]

. The IR spectra of all complexes 

display a new band at 574-426 cm
-1

, assigned to (M-

N)
[35-37]

. The spectra of all metal complexes except 7 and 

9, show a new band at 695- 659 cm
-1

, assigned to υ(M-

O)
[35-37]

. 

 

Magnetic and electronic spectra 

The values of room temperature magnetic moments (eff 

β.M. per metal atom) and electronic spectral bands for 

metal complexes in the solid state are listed in table (3) 

and showed in figure (3A-D) .The data showed that, three 

bands were observed in the spectrum of the ligand at 

270, 290 and 307 nm. The first two bands at 270 and 290 

nm (omitted from table 3) are attributed to intraligand 

π→π* transition within the phenyl ring of the ligand 

which is almost unchanged upon complex formation. 

The third band at 307 nm ,ascribed to intraligand n→π* 

transition within the carbonyl group which showed a 

change upon complex formation indicating participation 

of this group in the complex formation
[38,39]

. In some 

complexes, new bands were observed in the 511-320 nm 

ranges, which are due to charge transfer electronic 

transitions from ligand to metal (LMCT) (O (,π 

→M)
[40]

. 

 

Copper (II) complexes 2, 4 and 5 show  magnetic 

moment values 1.94, 1.97 and 1.87 β.M.; respectively. 

These values close to spin-only value for one unpaired 

spin (~1.73 B.M.). This indicates also that there is no any 

sort of molecular association of copper (II) ions in a 

square planar environment
[29,39,40]

. However, the room 

temperature magnetic moment value of the dimeric 

copper (II) complex 3  (0.42 β.M) is much lower than 

expected for spin only- value (1.73 β.M). This can be 

explained on the basis that a strong antiferromagnetic 

interaction between the two copper (II) centers in the 

dimeric as expected for all the dicopper (II) complexes 

[41]. The electronic absorption spectra of the Cu(II) 

complexes 2, 3, 4 and 5 showed a broad band at 710,550, 

600 and 725 nm, respectively assignable to the transition 
2
B1g → 

2
Eg, suggesting a square planar geometry around 

the copper (II) ion.  

 

The nickel(II) complexes were found to be paramagnetic, 

what ruled out a square-planar configuration. The values 

of magnetic moment for nickel (II) complexes 6 and 7 

are 2.98 and 3.05B.M respectively, fall in the range 

reported for four-coordinate tetrahedral, five coordinate 

square pyramidal or trigonal bipyramidal, and six-

coordinate octahedral configurations. The possible 

geometry for the complexes had been assigned from their 

electronic spectral studies. The  electronic spectra of 

Ni(II) complexes 6 and 7 showed abroad weak band at 

625-543 nm and a strong one at 580-480 nm ,assignable 

to 
3
A2g(F) →

3T
1g(P)(υ3), 

3
A2g(F) →

3T
1g(F)(υ2 ) transitions 

in octahedral environment
[42-45]

. 

 

Cobalt (II) complex 8 recorded a magnetic moment value 

was 4.08 β.M per metal ion ,suggesting high spin cobalt 

complex. The electronic spectrum of complex 8 

displayed a broad band at 450 nm and a strong split band 

at 617 and 601 nm, assignable to  
4
A2→

4
T1(F) (v2)

 
and 

 

4
A2→

4
T1(P) (v3) transitions respectively, indicates a 

tetrahedral arrangement around Co(II) ion
[39,46]

. 

 

Manganese(II) complex 9, showed a value for magnetic 

moment equal to 5.95 β.M per metal ion, indicates a high 

spin manganese complex. The electronic spectrum of 

Mn(II) complex reveals very weak bands at 400, 550 nm, 

these bands are attributed to transitions 
6
A1→

4
E1(F) and 

6
A1→

4
T1(F) transitions respectively. These transitions 

characteristic to a tetrahedral environment for Mn(II) 

complex
[39,46]

. 

 

The magnetic moment value for chromium(III) complex 

11 is 3.97 β.M per metal ion. This value is compatible 

with three unpaired electrons. The electronic spectrum of 

this complex showed four weak bands at 610, 580, 410 

and 340 nm. , assigned to
 4

B1g→
4
E

a
g (v1), 

4
B1g→

4
B2g 

(v2), 
4
B1g→

4
E

b
g (v3) and 

4
B1g→

4
A1g (v4) electronic 

transitions within a low symmetry octahedral Cr(III) 

complex
[47]

.   

 

Iron(III) complex 12 gave a magnetic moment value 

equal to.5.98 β.M per metal ion, corresponding to high 

spin d
5 

configuration iron (III) complex. The electronic 

spectrum of this complex 12 gave bands at 295, 362 

(br,s), 401, 440 (br,s), 530 and 580 nm. The first two 

bands are assigned to intraligand (π→π*/n→π*) 

transitions. The bands at 401 and 440 nm, assignable to 
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charge transfer from ligand to metal (LMCT). The last 

two bands at 580 and 530 nm are considered to arise 

from the 
6
A1g →

4
T1g and 

4
T2g transitions, respectively, in 

the octahedral geometry around Fe (III)
[48]

. 

 

Thermal Analysis  
Thermogravimetric analysis (TGA and DTG) of metal 

complexes are used to i. get information about the 

thermal stability of new complexes, ii. decide whether 

the water molecules are inside or outside the inner co-

ordination sphere of the central metal ion and iii. suggest 

a general scheme for thermal decomposition of chelates.  

 

In the present investigation, heating rates were suitably 

controlled at 10°C min
-1
 under nitrogen atmosphere and 

the weight loss was measured from the am ient 

temperature up to –  900°C. The TGA data are presented 

in table- 4. and shown in Figure 4 (A-C). 

 

The TGA results for some of the solid complexes 6 and 8 

-12 as shown in table (4) indicate that the results are in 

good agreement with the formulae suggested from the 

analytical, spectral and magnetic data (figure 1). A 

general decomposition pattern was concluded, whereby 

the complexes decomposed in three or four stages. The 

first stage is the loss of molecules of hydrated water at 

23-162C, the second decomposition stage is the loss of 

the coordinated water molecules at 100 -240
o
C, the third 

decomposition stage is an envelope stage as a result of 

overlaped processes include, the loss of  anions, Cl
-
 or 

OAc
-
 anions,  decomposition of complex to loss partially  

the ligands to form metal oxide mixed in some 

complexes with carbon residue. 

 

Anticancer activity against Hep-G2 cells 

The newly synthesized complexes were tested against 

HepG2 cells using MTT assay. IC50 values are reported 

in Figure 5. All the tested complexes showed activity 

towards HepG2 cell lines. The recorded IC50 values were 

72, 49, 172 µM for complexes 2, 4, and 5, respectively 

compared to 1 (ligand) (565 µM).  

 

Evaluation of liver function  

As shown in figures 1 and 2, injection of CCl4 to mice 

twice a week for 6 weeks resulted in a significant 

increase (P < 0.05) in the activities of ALT and AST as 

compared to those of normal control group. In addition, 

the capacity of liver to synthesize albumin is markedly 

deteriorated in mice after injection with CCl4 as 

compared to that of normal control group. Results 

revealed that the ligand and Cu (II) complexes 2, 4 and 5 

ameliorated the activities of ALT and AST as well as 

level of albumin. Complex 4 exhibited the highest 

ameliorative effect on the liver as compared to other 

tested complexes (Figure 6 and 7).  

 

Histopathological examination of liver  

The liver of control animals showed hepatic lobules 

which consisted from normal hepatocytes arranged in 

cords in radiating manner around the central vein. The 

hepatic cords was separated with endothelial lined the 

blood sinusoids. The portal area was located between 

each three hepatic lobules and consisted from hepatic 

artery, portal vein and bile duct (Figure 8-A).  

 

The liver of animals treated with CCl4 showed various 

hepatotoxic lesions starting from cell swelling till hepatic 

necrosis. The most prominent feature is the hepatic 

vacuolation consistent with fatty changes, as most of 

vacuoles were round in border and with clear lumen. The 

portal area showed marked degree of periportal fibrosis. 

The hepatic degeneration was mainly noticed in 

periportal areas associated with fibroblastic cell 

proliferation (Figure 8-B). The most interesting feature is 

the increase the fibroblastic proliferation which markedly 

extended into the hepatic lobules which forming small 

nodules consisted from hepatocytes (Figure 8-C). In 

addition, the hepatocytes within the centrolobular area 

showed marked vacuolation of hepatocytes (Figure 8-D).  

 

The liver tissues of CCl4-intoxicated animals treated with 

ligand showed remarkable heptopatoxicity features 

represented with marked vacuolar and fatty degeneration 

of hepatocytes (Figure 8-E). Animals treated with CCl4 + 

complex 2 showed decreases in the hepatic degeneration 

with mild to moderate degree of portal fibrosis (Figure 8-

F). Animals treated with CCl4 + complex 4 revealed 

marked decrease CCl4-induced lesions such as fatty 

changes and the periportal and intra-lobular hepatic 

fibrosis (Figure 8-G). Livers from mice treated with CCl4 

+ complex 5 revealed marked decline in both 

hepatotoxicity and portal fibrosis (Figure 8-H).   

 

Caspase-3 expression 

The caspase-3 protein is a member of the cysteine-

aspartic acid protease (caspase) family [49]. Sequential 

activation of caspases plays a central role in the 

execution-phase of cell apoptosis. Caspases exist as 

inactive proenzymes that undergo proteolytic processing 

at conserved aspartic residues to produce two subunits, 

large and small, that dimerize to form the active enzyme. 

Caspase-3 is activated in the apoptotic cell both by 

extrinsic (death ligand) and intrinsic (mitochondrial) 

pathways
[50,51]

. The zymogen feature of caspase-3 is 

necessary because if unregulated, caspase activity would 

kill cells indiscriminately
[52]

. 

  

Data of nuclear and cytoplasmic expression of caspase-3 

is displayed in figure (9 A-F) and summarized in table 5. 

It was clearly noticed that caspase-3 immunostaining 

markedly increased within the CCl4-treated animal 

mostly within the centrolobular area. Treatment with 

ligand slightly reduces the expression of the caspase-3. 

Interestingly, the complex 2, 4, and 5 markedly decrease 

the caspase-3 expression.  

 

CONCLUSION 

In the current study, novel metal complexes of the 

ligand, 2-(phenylamino)acetohydrazide (HL) with 

Cu(II), Ni(II), Co(II), Mn(II), Zn(II), Cr(III) and Fe(III) 
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ions were synthesized. The possible antifibrotic activities 

and histopathological examination of Cu(II) complexes 

were estimated as well as their effect on liver function 

and caspase 3 and α-smooth muscle actin (α-SMA) 

expressions were assayed. Results revealed that 

administration of Cu(II) complexes to the CCl4-

intoxicated mice led to improvement in the hepatic 

function as well as liver histology. Moreover, treatment 

with these complexes led to a marked decline in the 

caspase-3 expressionin hepatic cells. Further study to 

investigate the molecular mechanism of these complexes 

was recommended. 

 

REFERENCES 

1. Z. H. Chohan and S. K. A. Sheazi, “Synthesis and 

Characterization of Some Co(II), Cu(II) and Ni(II) 

Complexes with Nicotinoylhydrazine Derivatives 

and the Biological Role of Metals and Anions (SO4 
--

, NO3 
−
, CzO4 

--
 and CH3CO

-
) on the Antibacterial 

Properties”, Synth React Inorg Met-Org Chem., 

1999; 29: 105-108. 

2. C. Jayabalakrishnan and K. Natarajan, “Synthesis, 

Characterization, and Biological Activities of 

Ruthenium(II) Carbony Complexes Contaning 

Bifunctional Tridentate Shiff Bases”, Synt React 

Inorg Met-Org Chem., 2001; 31: 983-995. 

3. T. Jeeworth, H. L. K. Wah, M. G. Bhowon, D. 

Ghoorhoo and K. Ba ooram, “Synthesis and Anti-

Bacterial/Catalytic Properties of Schiff Bases and 

Schiff Base Metal Complexes Derived from 2,3-

Diaminopyridine”, Synt React Inorg Met-Org 

Chem., 2000; 30: 1023-1038. 

4. N. Dharmaraj, P. Viswanalhamurthi and K. 

Natarajan, “Ruthenium(II) complexes containing 

 identate Schiff  ases and their antifungal activity” 

Trans Met Chem., 2001; 26: 105. 

5. C. H. Colins and P. M Lyne, “Synthesis, 

Characterization and Thermal Analysis of New 

Cu(II) Complexes with Hydrazide Ligands”, 

Microhiul Methods, University Park Press, 

Baltimore, 1970; 422. 

6. L. Savanini, L. Chiasserini, A. Gaeta and C. 

Pellerano, “Synthesis and anti-tubercular evaluation 

of 4-quinolylhydrazones”, Med Chem., 2002; 10: 

2193. 

7. E. Ochiai, Bioinorganic Chemistry, Allyn and 

Bacon, Boston, 1977. 

8. J. A. Anten, D. Nicholis, J. M. Markpoulos and O. 

Markopoulou, “Synthesis, characterization and 

thermal analysis ofHg(II) complexes with hydrazide 

ligands”, Polyhedron, 1987; 6: 1074. 

9. I. A.Tossadis, C. A. Bolos, P. N. Aslanidis and G. A. 

Katsoulos, “Monohalo-genobenzoyl Hydrazones III. 

Synthesis and Structural Studies of Pt(II), Pd(II) and 

Rh(III) complexes of Di-(2-pyridyl) 

ketonechloro enzoyl Hydrazones”, Inorg Chim 

Acta,  1987; 133: 275-280. 

10. A. Maiti and S. Ghosh, “Synthesis and Reactivity of 

some Octacoordinated Dioxouranium(VI) 

Complexes of Diacetyl bis(benzoylhydrazone) and 

Benzil bis(benzoylhydrazone)”, Indian J Chem., 

1989; 28A: 980. 

11. R. C. Aggarwal, N. K. Singh, and R. P. Singh, 

“Synthesis and Spectral Studies of Copper(II) 

Complexes with Amide Group Ligands”, Inorg 

Chim Acta,  29: 2794. 

12. J. C. Craliz, J. C. Rub, D. Willis and J. 

Edger,“Synthesis and Characterization of some 

Lanthanide(III) Perchlorato Complexes of 

Hydrazones of Isonicotinic Acid Hydrazide”, 

Nature, 1955; 34: 176. 

13. Cozzi P G, “Metal–Salen Schiff base complexes in 

catalysis: practical aspects”, Chem Soc Rev., 2004; 

33: 410-421. 

14. S. Chandra and J. Sangeetika, “EPR and Eectronic 

Spectral Studies on Copper (II) Complexes of some 

NO Donor Ligands”, Indian Chem Soc., 2004; 81: 

203-206. 

15. M. S. Hussain, S. U. Z. Rehman, “Synthesis and 

Characterization of Ni(II), Cu(II) and Zn(II) 

Tetrahedral Transition Metal Complexes of 

Modified Hydrazine”, Naturforsch. 1978; 33b: 67-

71. 

16. M. S. Hussain, S. U. Rehman, “Synthesis and 

Biological Studies of Complexes of 2- amino-N(2-

aminobenzoyl) Benzohydrazide with Co(II), Ni(II), 

and Cu(II)”, Inorg. Chim. Acta, 1982; 60: 231-238. 

17. S. U. Rehman, S. Noreen, I. M. Rashida, K. Ali, I. 

Ahmad, M. Arshad, I. Bukhari, “Synthesis and 

Characterization of Ni(II), Cu(II) and Zn(II) 

Tetrahedral Transition Metal Complexes of 

Modified Hydrazine”, The Nucleus, 2009; 46: 501-

506. 

18. S. A. Galal, K. H. Hegab, A. S. Kassab, M. L. 

Rodriguez, S. M. Kerwin, A. M. A. El Khamry, H. I. 

Diwani, “New transition metal ion complexes with 

benzimidazole-5-carboxylic acid hydrazides with 

antitumor activity”, Eur. J. Med. Chem., 2009; 44: 

1500-1508. 

19. R. Chang, “Physical Chemistry for the Biosciences”, 

University Science Books, Mill Valley, 2005; 482. 

20. R. R. Roe, and Y. Pang, “Zinc′s Exclusive 

Tetrahedral Coordination Governed by Its Electronic 

Structure”, J. Mol. Model., 2009; 5: 134-140. 

21. R. Bataller, and D. Brenner.” Liver fibrosis”,  J Clin 

Invest., 2005; 115: 209-218. 

22. R. Zangar, J. Benson, V. Burnett, and D. Springer, 

“Cytochrome P450 2E1 is the primary enzyme 

responsible for low-dose carbon tetrachloride 

metabolism in human liver microsomes.” Chem. 

Biol. Interact., 2000; 125(3): 233-243. 

23. BYA El-Aarag, T. Kasai, MAH. Zahran, NI 

Zakhary, T. Shigehiro, SC. Sekhar, HS Agwa, A. 

Mizutani, H. Murakami, H. Kakuta,and M. SenoIn, 

“In vitro anti-proliferative and anti-angiogenic 

activities of thalidomide dithiocar amate”, 

analogsInt. Immunopharmacol. 2014; 21: 283. 

24. S. Reitman and S. Frankel, “A Colorimetric Method 

for the Determination of Serum Glutamic Oxalacetic 

https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=22018495
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=22018495
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=22018495
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=22018495


Fathy et al.                                                                      European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

92 

 

and Glutamic Pyruvic”, Transaminases American 

Journal of Clinical Pathology, 1957; 28(1):  56–63. 

25. L. Bauer, I. E. Emrich, J. W. Pickering, K. 

Untersteller, F. Sandermann, K. Rogacev, S. Seiler-

Mussler, D. Fliser, and G. Heine, “Best Albuminuria 

Measu-rement to Predict Cardiovascular and Renal 

Events”. Am J Nephrol. 2016; 43(5): 383-8.  

26. W. J. Geary, “The Use of Conductivity 

Measurements in Organic Solvents for The 

Characterization of Coordination Compounds”, 

Coordination Chemistry Reviews, 1971; 7: 81-122. 

27. M. F. R. Fouda, M. M. Abd-Elzaher, 

M. M. E. Shakdofa, F. A. El Saied, M. I. Ayad, and 

A. S. El Ta l, “Synthesis and Characterization of 

Transition Metal Complexes of N′-[(1,5-dimethyl-3-

oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-

yl)methylene]thiophene-2-car ohydrazide”, 

Transition Metal Chemistry, 2008; 33: 219-228. 

28. B. Murukan and K. Mohanan, “Synthesis, 

Characterization, Electrochemical Properties and 

Antibacterial Activity of Some Transition Metal 

Complexes with [(2-hydroxy-1-naphthaldehyde)-3- 

isatin]-bishydrazone”, Transition Met Chem, 2006; 31: 

441-446. 

29. C. Rreti and G. Tosr, “Complexes of Co alt (II), 

Nickel (II) and Copper Acetates, Perchlorates, and 

Tetrafluoroborates with Heterocyclic Ligands 

Containing VA and VIA group Donor Atoms", can. J. 

chem., 1975; 53: 177. 

30. C. papatriantafyllopoulou, E. Manessi, Zoupa, A. 

Escuer, and S. Perlepes, “The Sulfate Ligand as a 

Promising Player in 3d-Metal Cluster Chemistry”, 

Inorganic Chimica Acta, 2009; 362(3): 634. 

31. K. Nakamoto, “Infrared and Roman Spectra of 

Inorganic and Co-ordination Compounds”, Wiley, 

New york, NY, USA, 4
th
 edition, 1986. 

32. C. papatriantafyllopoulou and C. G. Efthymiou, “Initial 
Use of the di-2-Pyridylketone/sulfate blend in 3d- 

Metal Cluster Chemistry: Preparation, X-ray Structures 

and Physical Studies of Zn(II) and Nickel(II) 

Cu anes”, Journal of molecular structure, 2009;  

829(1-3): 176. 

33. F. A. El-Saied, S. A. Aly, and T. A. Salem, “Synthesis, 

Characterization of Vanadium Complexes and 

Evaluation their Anti-hyperglycerimic Effect”, J. chem. 

pharm. Res., 2016; 171. 

34. R. C. Maurya and S. Rajput, “Neutral 

Dioxovanadium(V) Complexes of Biomimetic 

Hydrazones ONO Donor Ligands of Bioinorganic and 

Medicinal Relevance: Synthesis via Air Oxidation of 

bis(acetylacetonato)oxovanadium(IV), 

Characterization, Biological activity and 3D Molecular 

Modeling”, J. Mol. struct., 2007; 133: 833. 

35. Z. H. Abd El-Wahab, M. M. Mashaly, A. A. Salman, 

B. A. El-Shetary, A. A. Faheim, “Binary and Ternary 

Copper(II) Complexes of a New Schiff base Ligand 

Derived from 4-acetyl-5,6-diphenyl-3(2H)-

pyridazinone: Synthesis, Spectral, Thermal, 

Antimicro ial and Antitumor Studies”, Spectrochem. 

Acta., 2004; 20: 2860. 

36. S. A. Sallam, A. S. Orabi, B. A. El-Shetary, and A. 

Lentz., “Copper, Nickel and Cobalt Complexes of 

Schiff- ases derived from β-diketones”, Transition 

Met. Chem., 2002;  27: 447. 

37. A. Tossidis, C. A. Bolos, 

“Monohalogeno enzoylhydrazones II. Synthesis and 

Study of Ti(IV) Complexes with 

Monochlorobenzoylhydrazones of 2-Furaldehyde, 2-

Thiophenaldehyde, 2-Pyrrolaldehyde and Di-2-

pyridylketone as Ligands”, Inorg. Chim. Acta, 1986; 

93: 112. 

38. M. F. R. Fouda, M. M. Abd-Elzaher, M. M. 

Shakdofa, F. F. A. El-Saied, M. I. Ayad, and A. S. 

El Ta l, “Synthesis and Characterization of a 

Hydrazone Ligand Containing Antipyrine and its 

Transition Metal Complexes”, J Coord Chem, vol. 

61, pp. 1983-1996, 2008. 

39. A. B. P. Lever “Electronic Spectra of Some 
Transition Metal Complexes: Derivation of Dq and 

B.”, J Chem Educ, 1968; 45: 711-712. 

40. F. Ainscough, A. M. Brodie and N. G. Larsen, 

“Sulphur Ligand Metal Complexes. Part 15. [1]. 

Sulphur Nitrogen Donor Ligand Complexes of 

Copper”, Inorg. Chim. Acta, 1982; 60: 25. 

41. M. Akbar Ali, A. Mirza, C. Yee, H. Rahgeni, and P. 

Bernhardt, “Mixed-ligand ternary complexes of 

potentially pentadentate but functionally tridentate 

Schiff base chelates”, Polyhedron, 2011; 30: 542-

548. 

42. D. N. Sathyanarayana, “Electronic  a sorption  
spectroscopy  and  related techniques”,  Orient  

BlackSwan Universities press, India, 2001. 

43. A. B. P. Lever, “Inorganic electronic spectroscopy”, 
Elsevier science Pub. Co.,, Amsterdam 1984. 

44. M. M. Ibrahim, G. A. M. Mersal, S. Al-Juaid, S. A. 

El-Shazly. “Syntheses, Characterization, and SOD 

Activity Studies of Barbital-based Nickel(II) 

Complexes with Different Chelating Amines: The 

X-ray Crystal Structures of Barb-H and 

[Ni(Barb)2(en)2] (Barb = 5,5-diethyl ar iturate)”, 

Journal of Molecular Structure, 2014; 1056-1057: 

166-175. 

45. S. Xiao-Hui, Y. Xiao-Zeng, L. Cun, X. Ren-Gen, 

and Y. Kai-Be, “Synthesis, Spectral and Magnetic 

Studies on Mixed-ligand Complexes 

M(DIAFO)2(NCS)2 and M(DIAFH)2X2 (M = Fe
II
, 

Co
II
, Ni

II
). The Crystal Structure of 

Co(DIAFO)2(NCS)2”, Transition Metal Chemistry, 

1995; 20: 191-195. 

46. N. El-Wakiel, M. El-Keiy and M, Ga er, “Synthesis, 

Spectral, Antitumor, Antioxidant and Antimicrobial 

Studies on Cu(II), Ni(II) and Co(II) Complexes of 4-

[(1H-Benzoimidazol-2-ylimino)-methyl]-benzene-

1,3-diol.”, Spectrochim Acta Part A Mol Biomol 

Spectrosc 2015; 147: 117-123. 

47. S. Chandra, and P. Pipli, “Chromium (III) 

Complexes: Synthesis, Spectral Charactrization and 

Microbial Studie”, J. Chem. Pharma. Res., 2014; 6: 

44. 



Fathy et al.                                                                      European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

93 

 

48. A. B. P. Lever, “Inorganic electronic spectroscopy”, 
Amsterdam, 1984. 

49. Es. Alnemri, Dj. Livingston, DW. Nicholson, G. 

Salvesen, NA. Thornberry, WW. Wong, and J. 

Yuan. "Human ICE/CED-3 protease nomenclature". 

Cell. 1996; 87(2): 171. 

50. GS. Salvesen, “Caspases: opening the boxes and 

interpreting the arrows”. Cell Death and 

Differentiation”, 2002; 9(1): 3–5. 

51. S. Ghavami, M. Hashemi, SR. Ande, B. Yeganeh, 

W. Xiao, M. Eshraghi, CJ. Bus K. Kadkhoda, E. 

Wiechec, AJ. Halayko, M. Los. “Apoptosis and 

cancer: mutations within caspase genes”. Journal of 

Medical Genetics. 2009; 46(8): 497–510.  

52. KM. Boatright, GS. Salvesen. “Mechanisms of 

caspase activation. Current Opinion in Cell”, 

Biology. 2003; 15(6): 725–31. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


