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microorganisms, causing a menace to the efficacy of the existing antimicrobials. This has created a critical
need for innovative drugs with minimal toxicity. The present study aimed to assess the sub-chronic
toxicity of some transition metal complexes containing Schiff base ligand with 2,2-bipyridine.
Methods: A total of 36 male rats weighing 178.12+5.48 g were assigned to six groups of six per group.
Group A: administered 5% DMSO; Group B: treated with 200 mg kg-1 BW of 2, 2-Bipyridine; Group
C: treated with 200 mg kg-1 BW MPK-TSC; Group D: treated with 200 mg kg-1 body weight [Cu (MPK-
TSC) (Bipy)Cl,]; Group E: treated with 200 mg kg-1 BW [Ni (MPK-TSC) (Bipy)Cl.]; and Group F:
treated with 200 mg kg-1 BW [Zn (MPK-TSC) (Bipy)Cl,]. Blood was collected via cardiac puncture for
hematological analysis. Liver and kidney homogenates were used for plasma enzymes, liver and renal
functions, and the antioxidant indices. The histological sections of rats' liver and kidney tissue samples
were also examined.

Results: Animals from the control and different treated groups exhibited normal body weight gain
throughout the dosing period of 28 days, except those treated with Bipy, with a marked decrease in body
weight. The results of the study indicated that Bipy and MPK-TSC had significant adverse effects
(P<0.05) on various biochemical indices.

Conclusion: As evidenced by the obtained results, combining MPK-TSC with metal ions resulted in a
significant reduction in the toxicity of these compounds.
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Thiosemicarbazone

Introduction
The world is currently facing numerous cases of multi-
drug resistant pathogenic microbes due to their mutation

medicinal properties and offer advantages in terms of
producing minimal toxicity but with great efficacy [3].

over the years, posing serious threats to the therapeutic
efficacy of existing antimicrobial agents. Mohammad and
Asad described this problem as multidimensional since it
affects health care systems, the economy, and social and
human issues. The effects of drug resistance include
prolonged treatment, costly therapy, morbidity, high
mortality, and economic loss. As reported by the World
Bank [1, 2], by 2050, the annual global gross domestic
product will drop by 1.1% and 3.8% in minimally and
heavily impacted antimicrobial resistance areas,
respectively. This has, therefore, created a critical need for
innovative medicines to mitigate these threats. Metal
complexes of thiosemicarbazone (TSC) ligands and their
derivatives have been reported to exhibit satisfactory

Over the years, derivatives and metal complexes of
TSCs have been used owing to their pharmacological
properties [4, 5]. Pharmacological applications of TSC
derivatives and their metal complexes range from the
treatment of heavy metal toxicity [6], anticancer [7],
antimicrobial [8], anti-inflammatory [9], anti-diabetes
[10], and neurological disorders [11]. The relative
stability of transition metals in diverse oxidation states
earns them a significant function in biological redox
interactions. Moreover, there are extensive therapeutic
applications for metal complexes [12]. Schiff bases are
the condensation products of ketones or aldehydes with
primary amines. They act as flexi-dentate ligands and
coordinate commonly via the O atom of the
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deprotonated phenolic group and the N atom of the
azomethine group [13].

As a pharmacological compound, TSC is a major class
of Schiff bases. The intense chelating capability of TSC
can be attributable to the hydrazine nitrogen atom and
thioketone sulfur, thereby making them excellent
chromogenic agents for metal ions. The heightened
biological activity of TSC is reportedly due to excellent
chelation potentials with trace metal ions present in
biological systems [14]. Over the years, TSCs and their
metal derivatives have attracted much attention due to
their wide range of pharmacological properties. Having
been spurred from our previous research [5], the current
study aimed to assess the sub-chronic toxicity profile of a
28-day repeated dose of some metal complexes of methyl
phenyl ketone (MPK) with 2,2-Bipyridine (Bipy) in male
Wistar rats.

Materials and Methods

Synthesis of primary ligand: The ligand methylphenyl
ketone thiosemicarbazone (MPK-TSC) is produced by the
reaction of an equimolar methanolic solution of MPK with
TSC. After the addition of limited drops of concentrated
HCI to the mixture, it was refluxed with continuous
stirring at 60°C for 4 h. The mixture was reduced in
volume and refrigerated overnight, and white crystals
precipitated [5].

Synthesis of mixed ligand complexes: Two mmol
(0.387 g) MPK-TSC in 30 mL methanolic solution was
added slowly to 15 mL hot methanolic solution of the
metal salt. For the copper complex, 1 mmol (0.170 g) of
CuCl,. 2H,0 mixture was used. The reaction mixture was
constantly stirred and refluxed for 30 min until
precipitated. Thereafter, 2 mmol (0.312 g) of Bipy in 30
mL methanol solution was added slowly. Upon the
addition of 2, 2’-bipyridine, the reaction mixture became
apparent and was continuously stirred and refluxed for
another 4 h at 60°C. The mixture was reduced in volume
and refrigerated overnight, resulting in the formation of a
black powder [5].

Test compounds: The complexes used in the current
study had previously been prepared [5] and characterized
using spectroscopic and CHN elemental analysis. The
results of the previous research are introduced below:

Complex 1: [Cu(MPK-TSC)(Bipy)Clz] C1gH19Cl2CuNsS
(482.00 g/mol); mp. 250.18 °C; 57 % vyield as a black
powder. IR(KBr) cm* 3736 (br) 3308 (s), 2074 (s), 1641 (s),
1076 (s). 1037 (s) 723 (s), 473 (w), 468 (w), 418 (w). Anal
Calcd.: C: 47.16, H: 3.96, N: 14.47; Found: C: 47.57, H:
4.08, N: 14.86.

Complex 2: [Ni(MPK-TSC)(Bipy)Cl;] C1gH19CI2NsNiS
(477.01 g/mol); mp. 310. 40 DT; 54 % yield as a dark green
powder. IR(KBr) cm* 3119 (s), 3061 (s), 2063 (s), 1615 (5),
1257 (m), 1035 (s). 1064 (s) 767 (S), 512 (w), 431 (w), 416
(w). Anal Calcd: C: 47.64, H: 4.00, N: 14.62; Found: C:
47.70,H: 411, N: 14.79
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Complex 3: [Zn(MPK-TSC)(Bipy)Cl;]
Ci19H19CI2NsSZn (483.00 g/mol); mp. 210.10 °C; 75 %
yield as a white powder. IR (KBr) cm™ 3728 (br), 3495
(br), 3296 (s), 3173 (s), 2070 (s),1627 (s), 1068 (s) 725
(s), 563 (w), 466 (w), 437 (w). Anal Calcd.: C: 46.98, H:
3.94, N: 14.42; Found: C: 48.12, H: 4.06, N: 14.51

Experimental animals: A total of 36 male healthy
adult Wistar rats weighing 178.12+5.48 g were
purchased from the animal house section of the
Department of Biochemistry, Delta State University,
Abraka, Nigeria. They were kept in standard clean
metabolic cages and housed in a well-ventilated room
at 25C°°C,-30°C, under natural light and dark cycle. The
rats had free access to grower mash and tap water
during seven days of acclimatization plus the
experimental period of 28 days. All procedures were
performed in accordance with the Institutional Animal
Ethical Committee (approval code: REL/FOS/22/04).

Experimental design: The rats were assigned to six
main groups of six each as follows: Group A was
administered dimethyl sulfoxide (5% DMSQ); Group
B was treated with 200 mg/kg 2, 2-Bipy; Group C was
given 200 mg/kg MPK-TSC; Group D was treated with
200 mg/kg [Cu (MPK-TSC) (Bipy)Cl.]; Group E was
given 200 mg/kg [Ni (MPK-TSC) (Bipy)Cl;]; and
Group F was administered 200 mg/kg [Zn (MPK-TSC)
(Bipy)CIlz]. All complex doses were administered
orally.

Changes in body weights: Rats in all groups were
weighed on the first day and upon the completion of
their treatment periods, and the percent of body
weight changes were documented consistently in all
groups [15].

% change in body weight
_ final body weight — initial body weight

%X 1009
initial body weight %

Kidneys and liver as a ratio of body weights: The
kidneys and liver were removed from each aminal
under anesthesia and weighed immediately. The ratio
of the organ versus body weight was determined as a
percentage in each animal group [15].

Organ ratio (%)

ight
_ weig of f)rgan (9) % 100%
body weight (g)

Animal handling and tissue samples: After 28 days,
animals were euthanized under anesthesia using a diethyl
ether chamber. Blood specimens were collected from the
rats by cardiac puncture and added to EDTA-containing
tubes for the analyses of blood parameters. The liver and
kidneys from each rat were dissected immediately and
separated into two portions. One portion was used for
histological studies, while the second one was
homogenized and kept for biochemical analyses.
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Biochemical assay kits: The assay kits for liver
function indices and plasma proteins were obtained from
Teco Diagnostics Ltd., USA (Anaheim, CA). The renal
function indices and antioxidants assay kits were obtained
from Randox Laboratories Ltd. (Crumlin, UK). All other
reagents and chemicals were purchased from local
suppliers at analytical grade.

Hematological analyses: A full blood count was
carried out on each blood sample of the respective groups
using an Erba Mannheim Automatic Hematology
Analyzer (Elite 580) by adopting the Coulter method [16].

Liver and kidney homogenates: The liver and kidney
tissue samples were homogenized (10% w/v) in ice-cold
0.1 M Tris-HCI buffer (pH 7.4). The homogenates were
centrifuged at 3000 rpm for 15 min at 4°C, and the
supernatant was used for biochemical analyses.

Liver function biochemical analyses: Liver function
parameters were determined by established methods [17-
21]. These parameters included alkaline Phosphatase
(ALP), Lactate dehydrogenase (LDH), total protein (TP),
and albumin. The serum globulin (Glo) level was
calculated as the difference between total protein and
albumin, while the albumin globulin (A/G) ratio was
determined by dividing the values of albumin over
globulin [21].

Renal function biochemical analyses: Blood urea
nitrogen (BUN) was evaluated by the modified Berthelot
method, according to Tobacco et al. [22]. Creatinine
(CRT) was assayed by the method of Bartels et al. [23]
and uric acid (UA) was evaluated using the method
proposed by Duncan et al. [24].

Antioxidant enzymes analyses: The catalase (CAT)
activity was estimated using the method of Cohen et al.
[25]. Superoxide dismutase (SOD) activity was
determined using the methods of Misra and Fridovich
[26]. The determination of glutathione peroxidase (Gpx)
activity was achieved by the method of Chance and
Maehly [27]. The assay method of Gutteridge and Wilkins
[28] was adopted for the assay of Malondialdehyde
(MDA) concentration.

Organs histopathology: For histopathological
examinations, the liver and kidney slices were fixed in
10% formal saline and embedded in paraffin wax blocks.

Thereafter, 5um -thick sections were made, stained
with hematoxylin and eosin (H&E), and examined
under a light microscope for the determination of
pathological alterations [29].

Statistical analyses: Experimental values were
expressed as meanzstandard deviation (n = 6). To
determine differences between the groups, one-way
analysis of variance (ANOVA) and Duncan post-hoc
tests were used to compare the group means, with the
statistical significance set at P<0.05. We used SPSS
software (version 23.0) for the statistical analyses, and
the charts were plotted using GraphPad Prism
(version 8).

Results

Effects on body and organ weights: The effects of
MPK-TSC and its metal complexes on body, organ
weights, and the relative body-to-organ weight ratio of
rats are presented in Table 1. Compared to controls, the
results demonstrated significant decreases (P<0.05) in
the body weights of the rats treated with 2, 2-
Bipyridine, MPK-TSC, [Cu(MPK-TSC) (Bipy)Cly]
and [Ni(MPK-TSC) (Bipy)Cl;]. In addition, the rats
treated with 2, 2-Bipyridine exhibited significant
differences (P<0.05) in their liver and kidney weights
as compared to controls. Nonetheless, the
corresponding data for the animals treated with
[Zn(MPK-TSC)  (Bipy)Cl,] were insignificant
compared to those of controls.

Effects on hematological indices: The effects of
MPK-TSC and its metal complexes on the
hematological indices of rats are presented in Table 2.
The result of experimental animals indicated
significant decreases in the RBC, Hb, and MCHC
values across all groups compared to the control group
(P<0.05). In a similar vein, all groups experienced a
significant increase in white blood cell count compared
to the control group except for the Zn-(MPK-TSC)
(Bipy) Cl, treated group (P<0.05). The PCV, MCV,
MCH, and platelet levels decreased significantly
(P<0.05) except for the group treated with Zn-(MPK-
TSC)(Bipy)Cl. as compared to controls.

Table 1. Effects of MPK-TSC and its metal complexes on body weight, liver & kidney weights, and organ to body weight ratio in rats.

Weight (g) /Animal Control (5%

[Cu(MPK-TSC)  [Ni(MPK-TSC)  [Zn(MPK-TSC)

groupings pmso) 2 2Bipyridine  MPK-TSC (Bipy)Cly] (Bipy)Cly] (Bipy)Cly]
Initial body weight 178.00 + 4.28 181.12 + 4.54 182.47 + 4.63 180.42 +4.55 182.31 +4.61 175.83 + 4.25
Final body weight 182.56 +4.71 174.60 +4.23 186.88 + 4.65 184.75 +4.43 186.22 + 4.67 180.31 + 3.89
Changes in body weight 2.56° -3.60° 2.42° 2.40¢ 2.14° 2.552
Liver weight 4,98 +£0.61 6.64 +0.73 5.20 £ 0.59 5.12+0.51 5.21+0.58 4.87 +£0.59
Relative Liver weight (%0) 2.732 3.80° 2.782 2772 2.802 2.702
Kidney weight 1.21 +0.05 1.83 +0.09 1.29 +0.07 1.25+0.05 1.31+0.06 1.18 +0.04
Relative kidney weight (%0) 0.662 1.05° 0.692 0.682 0.71° 0.65?2

Data are mean + standard deviation per group (n=6). The mean values on the same row with different superscript letters are significantly different (P<0.05),

one-way analysis of variance followed by posthoc LSD.
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Table 2. Effects of MPK-TSC and its Metal Complexes on Haematological Indices of wistar Rats.

Control (5% 29. Cu(MPK- Ni(MPK- Zn(MPK-
Haematological parameters DMSO) Bipy;’i dine MPK-TSC TSC) (Bipy) TSC) TSC)
Cl, (Bipy)Cl, (Bipy)Cl»
PCV (%) 42.31+2.45° 34.2242.42°  38.55+2.49° 39.32+2.53¢ 38.87+£2.18°  40.68+1.98°
RBC (X 105uL™1) 7.60+0.98% 5.13+0.71° 6.90+£0.92° 7.01+0.95¢ 6.96+0.93° 6.94+0.90°
Hb (gdL™1) 13.83+2.45% 9.21+2.00° 10.99+2.11° 12.09+2.21¢ 11.54+2.23¢ 12.78+2.32f
WBC (x 103uL™t) 9.86+1.97% 13.83+2.47° 11.93+2.13° 10.78+2.07¢ 11.06+2.11¢  10.21+2.19*
MCV (fL) 67.23+1.54° 50.44+1.43°  58.14+155° 61.51+1.52¢ 60.11+1.32°  64.19+1.61°
MCH (pg) 33.16+1.35* 25.23+1.27°  27.17+1.21° 30.33+1.23¢ 28.88+1.29°  31.59+1.32°
MCHC (gdL™) 43.44+1.99° 31.31+1.86°  35.38+1.94° 39.47+1.92¢ 37.89+1.76°  40.07+1.81
Platelet (10°L~1) 9102+19.67° 6783+17.34"  7765+18.69° 8543+19.65¢ 8321+19.49°  8903+19.77%

Data are mean + standard deviation (n=6). Mean values on same row with different superscript letters are significantly different (p < 0.05), one-way analysis

of variance followed by posthoc LSD.

Effects on liver function: The effects of MPK-TSC
and its Cu, Ni, and Zn complexes on liver function indices
of rats are presented in Figure 1. As observed in this
Figure, 2, 2BiPy illustrated significantly high toxicity in
all groups against the four liver enzymes, alanine
transaminase (ALT) and aspartate transaminase (AST),
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Figure 1. The effect of MPK-TSC and its metal complexes on the liver enzymes.
Data are means + Standard deviations (n=6). Same parameters with different superscript letter are significantly different (P<0.05), one-way ANOVA.
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ALP, and LDH, compared to that of controls (P<0.05).
On the contrary, the complexes of MPK-TSC with Cu,
Ni, or Zn particles significantly lowered the toxicity
levels, with the Zn complex showing no toxicity,
similar to that of controls.

Control (5% DMSO)
2,2-BiPY
MPK-TSC

Cu(MPK-TSC)
(Bipy)Cl,]

Ni(MPK-TSC)(Bipy)Cl,]
Zn(MPK-TSC)(Bipy)Cl,]

I 086

Control (5% DMSO)
2,2-BiPY

MPK-TSC
[Cu(MPK-TSC)(Bipy)Cl,]
Ni(MPK-TSC)(Bipy)Cl,]
Zn(MPK-TSC)(Bipy)Cl,]

Yz

Figure 2. The effect of MPK-TSC and its metal complexes on plasma protein levels.
Data are means + Standard deviations (n=6). Same parameter with different superscript letter are significantly different (P<0.05), one-way ANOVA. Key:
TP: total protein; ALB: albumin; GLO: globulin; A/G: albumin globulin ratio.

Effects on plasma proteins: The effect of MPK-
TSC and its metal complexes on plasma proteins are
depicted in Figure 2, demonstrating TP, albumin (ALB),
globulin (GLO), and albumin globulin ratio (A/G). As
illustrated in Figure 2, the plasma levels of TP, ALB, and
GLO are significantly higher than that of controls but
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below the corresponding levels induced by Bipy. On
the contrary, the A/G ratios for the MPK-TSC metal
complexes were consistently but insignificantly above
that level found for Bipy, as compared to the control.
Effects on renal function: The effects of MPK-
TSC and its metal complexes on the renal function of
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rats are presented in Figure 3, based on the blood levels of
CRT, BUN, and UA. All three renal parameters were
significantly lower than that induced by Bipy but
insignificantly higher or similar to those found in the
blood collected from control rats. Notably, the zinc
complex of MPK-TSC caused the lowest levels of CRT,
BUN, and UA compared to those induced by the other two
metal complexes of MPK-TSC compounds (Figure 3).
Effects on antioxidant indices: The effects of

BUNXx10

Renal function parameters

MPK-TSC and its metal complexes on antioxidant
parameters of rats are displayed in Figure 4, based on
the blood levels of CAT, superoxide dismutase (SOD),
glutathione peroxidase (Gpx), and malondialdehyde
(MDA). The blood levels of CAT, SOD, and Gpx were
significantly higher in all of the six rat groups than in
those treated with Bipy. Nevertheless, MDA levels
were significantly lower in experimental groups and
controls than in the rats treated with Bipy.

g °] =1 Control (5% DMSO)
ge_ Ea 2,2-BiPY

8 B8 MPK-TSC

% 4- [Cu(MPK-TSC)(Bipy)Cl,]
2 == Ni(MPK-TSC)(Bipy)Cl,]
2 27 m Zn(MPK-TSC)(Bipy)Cl,]
g o

Figure 3. The effects of MPK-TSC and its metal complexes on renal function of male wistar rats. Data are the mean + standard deviation (n=6).

Same parameter with different superscript letter are significantly different (P<0.05), one-way ANOVA. Key: CRT: creatinine; BUN; blood urea nitrogen; UA:

uric acid.

10+
2 =1 Control (5% DMSO)
8- Em 2,2-BiPY
] i ?% a 2 @i MPK-TSC
& ®=a [Cu(MPK-TSC)(Bipy)Cl,]

Antioxidant concentrations

[AARK IR RRRXRRRR KRR R R R
R R R RRReys

R o

T070707070707070707070707070
L0 0.0 0 0 0 0 0 0 o o (H

CATx1 SOD

GPy

== Ni(MPK-TSC)(Bipy)Cl,]

== Zn(MPK-TSC)(Bipy)Cl,]

I —to

MDA

Antioxidant parameters

Figure 4. The effects of MPK-TSC and its metal complexes on the antioxidant status of male wistar rats. Data are the means + Standard deviations (n=6).
Same parameter with different superscript letter are significantly different (P<0.05), one-way ANOVA. Key: CAT: catalase, SOD: superoxide dismutase,

GPx: glutathione peroxidase, and MDA: malondiadehyde.

Liver and kidney histopathological examinations

Liver histopathology: The normal and pathological
changes in liver tissue samples are displayed in Figure 5.
They represent the six distinct experimental conditions,
the microscopic results of which are observed in Figure 5,
panels A to F. In the control group, micrographs
illustrated normal liver histology, showing visible
centrioles and fenestrated sinusoidal areas. The
hepatocytes appeared distinct with well-differentiated
nuclei. In the rat group treated with Bipy, the microscopic
images exhibited hydropic degeneration, hyperplasia, and
some multifocal areas of congestion (arrows). In the rat
group treated with MPK-TSC, the liver tissue illustrated

pathological changes, such as fatty changes and
hydropic degeneration. Furthermore, there were
multifocal coagulations of hepatocytes and some portal
biliary hyperplasia.

In the three rat groups treated with MPK-TSC
complexed with the three metal particles, healthy
centrioles were found with well-fenestrated sinusoidal
spaces. The hepatocytes appear distinct with well-
differentiated nuclei, and the liver histology appeared
essentially normal. In the group that received the nickel
compound, less fatty changes and hydropic
degeneration of the hepatocytes were observed. In
addition, there were fewer multifocal congestions of
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the centriole; nonetheless, occasional neutrophilic
infiltrates were noted close to the centrioles. In the rat
group treated with MPK-TSC combined with zinc,
distinct centrioles were observed with well-fenestrated
sinusoidal spaces. Moreover, the hepatocytes appeared
distinct with well-differentiated nuclei, and the liver
histology appeared essentially normal.

Kidney histopathology: As displayed in Figure 6, the
microscopic examinations of rats' kidney tissues revealed
some histopathological alterations under the six
experimental conditions as discussed for the liver of rats.
The control kidney sections showed normal histological

leer Hlstologlcal Examlnatlons

and microanatomical features. These sections indicated
detailed cortical parenchyma and the renal corpuscles
that appeared dense and round structures. Tissue
samples from the rats treated with MPK-TSC and Bipy,
respectively, showed mild to moderate distortions,
disruptions, and edema in the microanatomy of the
renal cortex and parenchyma. Nonetheless, the rats
exposed to MPK-TSC complexed with metal
nanoparticles demonstrated renal histological integrity
essentially the same as those observed in controls.

Normal smusmdal space (D) low fatty changes congestlon normal ceIIs & centrloles (E, F).
Figure 5. Normal and pathological alterations of liver tissue upon histological examinations exposed to six experimental treatments (x40 magnification).
Keys: A: Control; B: Bipy; C: MPK-TSC; D: MPK-TSC + Cu; E: MPK-TSC + Ni; F: MPK-TSC + Zn.

Kidney Histological Examinations

Kidney histology in D, E and F sections showed normal cortical parynchema, corpuscles and mlcroanatomlcal features.
Figure 6. Normal and pathological alterations of the kidney tissue samples noted upon histological examinations after exposure to six experimental treatments

(x40 magnification).

Keys: A: Control; B: Bipy; C: MPK-TSC; D: MPK-TSC + Cu; E: MPK-TSC + Ni; F: MPK-TSC + Zn.
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Discussion

Alteration in body weight is a salient indicator of the
overall health status of animals [30]. It is also a major
pointer to the adverse effects of xenobiotics [31]. An
estimated loss of body weight between 15%-29% in an
interval of five to seven days is critical [32]. Weight
reduction arising from the xenobiotics challenge could be
attributed to a distressed cytochrome Paso during hepatic
metabolism [33]. In descriptive statistics, we expressed
the body weight of rats in percentage, as presented in
Table 1. After 28 days of treatment, all the rat groups
experienced progressive increases in body weight except
for the rats administered with the Bipy. They showed a
significant weight loss (P<0.05), indicating that the
physical status of this group was compromised, probably
due to acute loss of fluid, proteolysis, and lipolysis
induced by the toxic agent.

The findings of this study suggested that not all of the
test drugs had adverse effects on body weight except for
Bipy. Organ weight is also regarded as a delicate measure
of drug toxicity. This is commonly demonstrated as
significant differences in organ weights between treated
and control animals, occurring in the absence of
morphological changes [34]. Therefore, The assessment
of alterations in organ weight in the presence of body
weight differences can result in the use of an organ-to-
body weight ratio to assess the given treatment effects in
toxicity studies [35]. This approach also helps evaluate the
safety of the administered drugs. It is also a common
practice to compare organ weight relative to the body
weight of animals, aiding researchers in eliminating the
bias originating from differences in animal body weights.
This approach, which supports the use of relative organ
weights, was employed in the current study. Our findings
indicated a marked increase in liver and kidneys, as well
as the relative weights of liver and kidneys (P<0.05) of the
group administered with Bipy. All other test drugs,
however, led to no significant differences (P<0.05). The
changes detected in the groups treated with Bipy may be
due to enzyme induction in the tested organs. A study has
suggested that increases in organ weight, e.g., liver and
kidney, without microscopic lacerations, are likely to be
linked to such processes as enzyme induction [34].

Haemoglobin, as the most commonly used biomarker of
anemia, plays a significant role in the perfusion of bodily
tissue. On the other hand, the red blood cell (RBC) count
reflects the number of circulating RBCs and is particularly
useful in identifying erythrocytosis. A decline in RBC
count, hemoglobin, and/or the blood levels of MCH,
MCV, and MCHC is an indication of anemia [36].
Platelets maintain the integrity of the vascular tree and
produce platelet plug in the first phase of clotting and
platelet factor 3, an essential component of the
coagulation cascade [37]. Platelets are rapidly deployed to
tissue injuries or infection sites and potentially modulate

inflammatory processes by interacting with leukocytes,
secreting  cytokines, chemokines, and other
inflammatory mediators. Platelets are of great
importance in the initiation of thrombosis; therefore,
their morphological and functional changes are closely
correlated with the occurrence and development of
coronary artery thrombosis [38].

Platelet count and blood level can also be employed
to determine the thrombopoietic activity of the bone
marrow. Furthermore, an increase or decrease in
platelet numbers can point to disorders of hemostasis
[39] or liver disease [40]. White blood cells (WBCs)
are cellular elements involved in humoral and cell-
mediated immunity. Elevated WBC count is
considered a risk factor for cardiovascular disease and
mortality [41]. Subsets of WBC, such as neutrophils,
lymphocytes, monocytes, or ratio of neutrophil to
lymphocyte counts (N/L), have been identified as easy,
simple, inexpensive, and reliable prognostic indices to
evaluate the host immunity [42]. Blood is
acknowledged as one of the most critical body fluids
that controls our various vital functions, including
metabolite transport and defense against xenobiotic
attacks. Moreover, blood is a major indicator of our
pathological exposure to toxicants and adverse agents
[43]. The assessment of hematological parameters can
be used to explain the function of a chemical compound
in an organism and further provides information
regarding the status of bone marrow activity and
hemolysis. It can also be used to define the degree of
deleterious effects of foreign compounds on blood
constituents in an animal.

The current study assessed the effects of MPK-TSC
and its metal complexes on some hematological
indices. The results indicated a significant decrease
(P<0.05) in the levels of RBC, Hb, and MCHC across
all the groups as compared to the control group. In a
similar vein, all groups experienced a marked increase
(P<0.05) in WBC as compared to the control except the
Zn (MPK-TSC) (Bipy)Cl, treated group. The blood
levels of PCV, MCV, MCH, and platelets were
decreased significantly (P<0.05) except in the rat group
that received Zn(MPK-TSC) (Bipy)Cl,, as compared to
controls.

The liver is the largest and one of the most active and
complex organs in the human body. It plays an
important function in the intermediary metabolism of
itself and other organs in maintaining the internal body
milieu. It is essentially involved in the regulation,
synthesis, storage, and secretion of essential nutrients
and chemicals. It also plays a major role in the
biotransformation of xenobiotics [20], making the liver
susceptible to damage caused by various noxious
compounds that enter the body. Serum AST, ALT,
ALP, and LDH are cytoplasmic enzymes released into
the circulation following cellular damage. They are the
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most sensitive biomarkers used in the diagnosis of hepatic
lesions associated with some infections [44]. An increase
in the values of these enzymes is directly linked to the
degree of tissue damage, which is also an indication of
loss of tissue functional integrity and cell membranes and,
consequently, leakage into the bloodstream.

Aminotransferases are ubiquitous pyridoxal-5’-
phosphate-dependent enzymes that catalyze the reversible
transfer of amino groups from amino acids to a-keto acids.
They play a key role in the metabolism of amino acids in
all species. Aspartate aminotransferase (AST) exists at
high concentrations in the hepatic, renal, cardiac, and
skeletal muscle tissues, as well as erythrocytes. Damage
to any of these tissues increases the AST levels in the
blood. Alkaline phosphatase (ALP) is a ubiquitous
membrane-bound glycoprotein that catalyzes the
hydrolysis of phosphate monoesters at basic pH values.
This enzyme is a vital serum analyte, and its elevation in
the serum correlates with ongoing bone and liver diseases
[45]. Decreased levels of ALP are less common than its
rise, probably occurring due to such conditions as
hypophosphatasia, postmenopausal women receiving
estrogen therapy, men with new heart surgery,
malnutrition, magnesium deficiency, hypothyroidism,
severe anemia, and children with achondroplasia [45].

Alanine aminotransferase (ALT) is found ubiquitously
in the kidney, myocardium, skeletal muscle, brain,
pancreas, spleen, and lungs. More precisely, the highest
tissue level of ALT activity can be detected in the cytosol
of hepatocytes. This enzyme catalyzes the transfer of
amino groups from the L-alanine to alpha-ketoglutarate,
and the conversion products are L-glutamate and
pyruvate. The process is critical in the liver in the
tricarboxylic acid cycle. Pyruvate can be used in the citric
acid cycle to produce cellular energy. The release of ALT
from dying or damaged hepatocytes results in increased
serum ALT levels, and therefore, it is more specific for
hepatic damage [21]. The cytoplasmic enzyme LDH is
present in most body tissues but at high levels in muscles,
liver, and kidneys. It is a central enzyme in the anaerobic
metabolic pathway. It belongs to the class of
oxidoreductases with an enzyme commission number.
The function of this enzyme is to catalyze the reversible
conversion of lactate to pyruvate with the reduction of
NAD* to NADH and vice versa. Factors that can cause
increased LDH in the blood may include liver
diseases, anemia, heart attack, bone fractures, muscle
trauma, cancers, and such infections as meningitis,
encephalitis, and HIV [46].

The lactate dehydrogenase enzyme functions as a major
indicator of acute and chronic diseases. After 28 days of
treatment with the test drugs, 2, 2-Bipyridine, MPK-TSC,
and [Ni (MPK-TSC) (Bipy)Cl.] had a significant effect
(P<0.05) on the concentrations of AST, ALT, ALP, and
LDH levels. It can be suggested that these test drugs, after
28 days, had marked toxicological effects on the liver of
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the treated rats. Chen et al. [47] corroborated these
findings. These compounds are thought to exert their
toxicity primarily through redox cycling to produce
free radicals, such as superoxide anions, and
diminishing NADPH [48]. The core plasma protein
fractions are albumin, globulin, and fibrinogen. Plasma
proteins are present at well-adjusted concentrations,
with a normal albumin-to-globulin ratio (A/G) being
the standard. This ratio could be altered in liver
diseases [20]. Amplified total protein concentration
may be due to dehydration or increased
immunoglobulin concentration due to infections.
Reduction in total protein concentrations may occur as
a result of overhydration, impaired protein synthesis
due to malnutrition, malabsorption, liver disease, and
hypo-gammaglobulinemia. Alternatively, it can be
ascribed to increased protein loss due to renal,
gastrointestinal, and skin disorders [49]. Albumin
synthesis is a vital function of the liver, performing a
significant physiological role in preserving osmotic
pressure, transporting both endogenous and exogenous
substances, and serving as a protein reservoir. Albumin
concentrations depend on infections, nutritional
deficiency, catabolism, hormonal factors, and urinary
and gastrointestinal losses. All experimental test drugs
caused significant changes (P<0.05) in the values of
plasma proteins of total protein, albumin, globulin, and
ALB/GLO ratio except for the Zn-(MPK-TSC)
(Bipy)Cl; and Cu(MPK-TSC) (Bipy)Cl. treated group
as compared to controls. It is believed that the integrity
and synthetic ability of the rats' liver were not
compromised by these two test drugs.

Renal function is essential for homeostasis. The
kidneys play important pleiotropic  functions,
encompassing the removal of metabolic wastes and the
maintenance of water-electrolyte balance and blood
pressure [15]. The assessment of renal function is the
key to ensuring drug administration safety and
recognizing acute kidney damage at early onset. The
non-significant changes(P<0.05) in renal function
parameters (creatinine, urea, and uric acid) of the rats
administered with [Cu (MPK-TSC) (Bipy)Cl2], [Ni
(MPK-TSC) (Bipy)Cls], [Zn (MPK-TSC) (Bipy)Cl;] as
compared to the control group is an indication of the
non-adverse effect of these test drugs on the kidney.
Nonetheless, the 2, 2-Bipyridine and MPK-TSC caused
significant changes (P<0.05) in the renal function
indices as compared to the controls. The significantly
decreased activities of SOD, CAT, and GPx antioxidant
enzymes coupled with increased activities of MDA in
the groups treated with Bipy and MPK-TSC compared
to the controls support the fact that these antioxidants
are easily deactivated by the test drugs through the
release of ROS and lipid peroxides. In contrast, the
other test compounds did not display a significantly
marked effect on these antioxidant indices (P<0.05).
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Histomorphological check of the liver and kidneys in
the control and test groups administered with [Cu (MPK-
TSC)(Bipy)Cl2], [Ni (MPK-TSC) (Bipy)Cl;Jand[Zn
(MPK-TSC) (Bipy)Cl.] (Figures 5 and 6) demonstrated
liver cells with visible centrioles with well fenestrated
sinusoidal areas. The hepatocytes appeared distinct, with
well-differentiated nuclei at both low and high
magnification, while the kidney section showed normal
histological features. The section indicated detailed
cortical parenchyma, and the renal corpuscles appeared
dense and rounded. The liver in the rat groups treated with
Bipy and MPK-TSC exhibited visible fatty changes and
hydropic degeneration of the hepatocytes besides
multifocal hepatocytic coagulation and portal biliary
hyperplasia. The histology of kidney sections revealed
varying degrees of distortion and disruption in
microanatomy of the renal cortex, including queried
edema, as compared to controls.

Conclusions

As evidenced by the results of this study, Bipy and
MPK-TSC had significant adverse effects on various
biochemical indices that were evaluated. However,
complexing the compounds with metal ions demonstrated
a significant reduction in the margin of toxicity, as
indicated by the levels of biochemical parameters
evaluated and the histology findings from the organs.
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