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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Chlorpromazine (CPZ) is one of the most effective antipsychotic drugs used for managing psychotic related

disorders owing to its dopamine receptor blocking action. However, pharmacological investigations against

Keywords: CPZ’s cytotoxic effect have remained scarce. Hence, this study investigated the preventive and reversal effects of
Chlorpromazine taurine and coenzyme-Q10 (COQ-10), which are compounds with proven natural antioxidant properties, against
Taurine

CPZ-induced hematological impairments in male rats. In the preventive study, rats received oral saline (10 ml/
kg), taurine (150 mg/kg/day), COQ-10 (10 mg/kg/day) or in combination for 56 days, alongside CPZ (30 mg/kg,
p-0.) between days 29-56. In the reversal protocol, rats had CPZ repeatedly for 56 days before taurine and COQ-
10 treatments or their combination from days 29-56. Rats were also given taurine (150 mg/kg/day), and COQ-
10 (10 mg/kg/day) alone for 56 days. Serums were extracted and assayed for hematological, with oxidative and
inflammatory markers. CPZ induced decreased red/white blood cells, erythropoietin, platelet count, packed cell
volume and hemoglobin, neutrophil, and lymphocyte, which were prevented and reversed by taurine and COQ-
10, or their combination. Taurine and COQ-10 improved mean corpuscular volume, hemoglobin concentration,
with increased erythropoietin levels relative to CPZ groups. CPZ-induced increased malondialdehyde, tumor
necrosis factor-alpha and interleukin-6 levels with decreased interleukin-10, glutathione, and superoxide-
dismutase were prevented and reversed by taurine and COQ-10 in comparison with CPZ groups. Taurine and
COQ-10 alone notably improved the antioxidant/anti-inflammatory status relative to controls. Among other
mechanisms, taurine and COQ-10 abated CPZ-induced hematological deficiencies, via decreased serum levels of
oxidative stress, and pro-inflammatory cytokines release, with increased antioxidants and anti-inflammation
function.

Coenzyme-Q10
Blood disorders
Agranulocytosis

1. Introduction

The use of drugs in the management of various medical conditions
owing to the alarming disease burden, has increased tremendously in the
last three decades [61]. Consequently, pharmaceutical companies have
doubled their technological strategies in search of new drugs, based on
pressing needs (Harman et al., 2023). Of note, the prevalence of he-
matological disorders, such as impairments in platelet, white blood cell

functions, hemoglobin levels, and coagulation/fibrinolytic activity, has
progressively increased due to the toxic effects of existing drugs devel-
oped from obsolete animal models [26,38]. Accordingly, some first- and
second-generation antipsychotic medications such as chlorpromazine
(CPZ) and clozapine respectively, used in the treatment of different
psychotic disorders such as schizophrenia and bipolar disorder, have
been associated with several adverse effects, notably promoting hema-
tological disorders [37,43,49,50]. Hematological perturbations
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including any changes in the normal functioning of blood cells,
including alterations in their numbers, size, or function, have been
linked to chemical exposure and long-term use of some drugs [14,22,
31]. Consequently, these perturbations were moreover related to the
emergence of serious hematological disorders such as anemia, eosino-
philia, eosinopenia, thrombocytopenia, leukocytosis, neutropenia,
agranulocytosis, thrombocytopenia, and leukopenia, all of which have
been adjudged as contributors to low quality of life of vulnerable pa-
tients ([22,26,38,48]; Gover et al., 2020). More so, a study on different
antipsychotic drugs notably of the second generation such as CPZ,
promazine thioridazine, flufenazine and prochlorperazine, proved that
hematological derangements were significantly associated with these
drugs after chronic usage (Flanagan et al., 2007). Although the fre-
quency of hematological disorders induced by these medications is
relatively low, the majority of the cases are reported in patients with
co-morbidity underlying conditions [40,50]. According to a review of
case reports, the frequency of hematological disorders induced by these
medications is estimated to be approximately 1% [25,31]. However, the
severity of these hematological disorders can vary greatly, ranging from
mild abnormalities in blood counts to life-threatening conditions such as
agranulocytosis and thrombocytopenia [31]. Agranulocytosis is a con-
dition where the body produces an abnormally low number of white
blood cells, leaving the patient at risk for severe opportunistic infections
has been repeatedly reported [47,50,77]. Thrombocytopenia is a dis-
order where the body produces an abnormally low number of platelets,
leading to excessive bleeding. The direct causality of these medications
in inducing hematological disorders is not fully understood. It is
believed that these medications may affect the production and function
of blood cells in the bone marrow, leading to hematological abnormal-
ities [31,47]. In some cases, these medications may also cause an
immune-mediated reaction, where the body’s immune system attacks its
blood cells [77,81].

Although the mechanisms involved in drug and chemical-induced
blood dysfunctions remain completely unknown, notable mechanisms
involving increased production of free radicals and inflammatory me-
diators such as tumor necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6) [16,2], as well as hormonal imbalance [68] have been identi-
fied with the use of CPZ. Studies have shown that oxidative stress and
inflammation play important roles in damaging blood cell membranes,
notably, impairing RBC deformability, which is the ability of RBCs to
squeeze through tiny capillaries to eliminate damaged or old RBCs from
the circulation, thereby derangements of blood cells [58]. Pivotal
mechanistic nexus to this, include depletion of RBC antioxidants such as
catalase, glutathione peroxidase and peroxiredoxin-2 [58], decrease
glucose-6 phosphate dehydrogenase (G6PD) [65], prostanglandin-E2
(PGE,)-mediated activation of Ca%t permeable nonselective cation
channels in cell membranes [52], and protein kinase C-induced
increased phosphatidylserine exposure at erythrocyte surface (de Jong
et al., 2002), evidently promoting suicidal death or eryptosis of blood
cells, commonly seen in anemic conditions [15,51]. Of note,
CPZ-induced red blood cell swelling, evidenced by mean cell volume and
water content, was linked to increased RBC monovalent cation and CI’
content [23]. Moreover, CPZ-induced cytotoxicity mediated by oxida-
tive stress and inflammation, was also connected with alteration of
mitochondrial membrane potential, pericanalicular distribution of
F-actin, excessive expression of oxidative stress genes, increased IL-1f
and IL-6 release, and reduced Na'-taurocholate-co-expression poly-
peptide (NTCP), an important transporter that plays key role in the
regulation of bile homeostasis [10]. Therefore, inhibition of oxidative
stress and inflammatory pathways serves as important targets to protect
against or reverse the hematological perturbations induced by drug
toxicity such as CPZ-related hematological changes.

Taurine and coenzyme-Q10 (COQ-10) are two naturally occurring
compounds reported to have protective and reversal effects on anti-
psychotic therapeutic-associated side effects [69,67,66]. Taurine is a
protein-containing amino acid abundantly present in mammalian
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tissues, particularly in the brain, heart, and blood cells [13,36,66,73,
79]. COQ-10, on the other hand, is a fat-soluble vitamin-like compound
found in all human cells. It plays a crucial role in the production of
energy and acts as a potent antioxidant [8,74]. Both taurine and COQ-10
have been extensively studied for their beneficial effects against various
diseases, including psychiatric disorders and reproductive impairment
[13,69,67,79] and inhibits leukocyte toxicity [19]. Although every drug
is expected to have side effects whether mild or not, numerous proofs
have shown the beneficial effects of taurine and co-enzyme Q10 and
their beneficial interactions with different medications, notably by
improving the function of distribution, CYP45-induced metabolism and
excretion induced by some xenobiotics ([55]; Mochizuki et al., 2023).
However, these alterations can be prevented and reversed by the sup-
plementation of taurine and coenzyme-Q10. However, given the evident
cases associated with CPZ-induced hematological derangements, we
hypothesized that CPZ-induced hematological alterations would be
prevented and reversed by the supplementation of taurine and
coenzyme-Q10. Hence, this was designed to evaluate the protective ef-
fects of COQ-10 and taurine as well as its possible mechanism against
CPZ-induced hematological perturbations in rats. Specifically, we
investigated the preventive and reversal effects of COQ-10 and taurine
on RBC and WBC changes, the role of oxidative stress and inflammation,
and erythropoietin alteration in drug naive and CPZ-treated rats.

2. Materials and Methods
2.1. Animals

The approved experimental protocol for the animal handling [male
rats: 200-250 g; 12:12 hr light/dark cycle] agreed with that of the Na-
tional Institute of Health (NIH) policies for animal use and care, as well
as the Delta State University (DELSU) Ethics Committee on Animal Care
(REC/FBMS/DELSU/18/04). The number of rats (n=6) approved for
this study was based on the 3Rs principle, the analysis of the results
obtained from our formal investigations with the same sample size, and
the power analysis formula: sample size/(1 [percent attrition/100]) that
is dependent on the effect size and standard deviation of previous
findings of similar studies.

2.2. Drugs and chemicals

The study utilized CPZ, COQ-10, and taurine (Sigma-Aldrich, St.
Louis, USA). As a vehicle, propylene glycol - PG (Mistral industrial
chemicals, UK) was used. The doses of CPZ (30 mg/kg.bw/day), COQ-10
(10 mg/kg.bw/day) [75], and taurine (150 mg/kg.bw/day) (Oyewole
et al., 2021) followed previous effect sizes from previous studies. The
vehicle, 20% PG at 0.5 ml body weight/day, was administered based on
the study by [75]. CPZ and taurine were dissolved in sterile distilled
water, while COQ-10 was dissolved in 20% propylene glycol (0.5 ml) in
the COQ-10 group [28]. All treatments were administered orally using
an orogastric canula. However, for standardization of drug administra-
tion of animals throughout 56 days treatments, the dosages were
adjusted weekly based on body weight. All administrations were given
once daily between 8.00 am and 9.00 am through oral route for 56
consecutive days (8 weeks).

2.3. Experimental Procedures

The study utilized three distinct experimental phases:

Phase 1-(Drug alone)

A total of 30 Wistar rats were randomly divided into five (5) groups
with six animals allocated in each group (Scheme 1):

Group 1: Received normal saline (0.5 ml/kg) and served as a nega-
tive control

Group 2: Received PG (0.5 ml of 20%) and served as a vehicle control

Group 3: Received taurine (150 mg/kg)
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Day 56

. Experiment 1: Drug alone

ﬂ
Saline (10 mg/kg), taurine (150 mg/kg) or COQ-10 (10 mg/kg)
Experiment 2: Preventive study
: : Assays for
Saline (10 mL/kg), taurine (150 mg/kg), or COQ-10 (10 mg/kg) P’ blood indices,
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Scheme 1. Experimental approach.

Group 4: Received COQ-10 (10 mg/kg)

Group 5: Received taurine (150 mg/kg) + COQ-10 (10 mg/kg)

Phase 2-(Reversal study)

To avoid duplication of the same groups 1 and 2 across phases 1-3
experiments based on the rule of R3 (reduce, reuse, and recycle) [41],
the control rats in groups 1 and 2 of phase 1 experiment served as the
same controls (normal and vehicle controls) for phase 2 experiment.
Accordingly, 24 male Wistar rats were randomly divided across groups
3-6 (n=6). Rats in group Groups 3-6 had CPZ (30 mg/kg, p.o./day)
continuously for 56 days. From days 29-56, rats in group 4 were addi-
tionally treated with taurine (150 mg/kg, p.o./day), group 5 was given
COQ-10 (10 mg/kg, p.o./day), while group 6 had the combination of
taurine (150 mg/kg, p.o./day) + COQ-10 (10 mg/kg, p.o./day) (Scheme
1). Administrations were made 30 min between each treatment.

Group 1: Received normal saline (0.5 ml/kg) and served as a normal
control

Group 2: Received PG (0.5 ml of 20%) and served as a vehicle control

Group 3: Received CPZ (30 mg/kg) + normal saline (10 ml/kg)

Group 4: Received CPZ (30 mg/kg) + taurine (150 mg/kg)

Group 5: Received CPZ (30 mg/kg) + CoQ-10 (10 mg/kg)

Group 6: Received CPZ (30 mg/kg) + taurine (150 mg/kg) + CoQ-10
(10 mg/kg)

Phase 3-(Preventive study)

As regards phase 3, control rats in groups 1 and 2 from phase 1
experiment also served as the same controls (normal and vehicle con-
trols) for the phase 2 experiment. Here also, a total of 24 male Wistar
rats were distributed between groups 3-6 (n=6). Rats in group 3 had
received normal saline (10 ml/kg ml/kg, p.o.), group 4 was pre-treated
with taurine (150 mg/kg, p.o./day), group 5 received COQ-10 (10 mg/
kg, p.o./day)), while group 6 was pre-treated the combination of taurine
(150 mg/kg, p.o./day) + COQ-10 (10 mg/kg, p.o./day) for 56 days.
However, from days 29-56, rats in groups 3-6 additionally received
chlorpromazine (30 mg/kg, p.o./day) once daily (Scheme 1). All treat-
ments were made 30 min between each treatment.

Group 1: Received normal saline (0.5 ml) and served as a negative
control

Group 2: Received PG (0.5 ml of 20%) and served as a vehicle control

Group 3: Received normal saline (0.5 ml/kg) + CPZ (30 mg/kg)

Group 4: Received taurine (150 mg/kg) + CPZ (30 mg/kg)

Group 5: Received COQ-10 (10 mg/kg) + CPZ (30 mg/kg)

Group 6: Received taurine (150 mg/kg) + COQ-10 (10 mg/kg) +
CPZ (30 mg/kg).

450

2.4. Body Weight measurement

Rats’ body weight was recorded just prior to the start of the exper-
iment with insignificant differences between all groups. On the 56th day
of the experiment, every rat was weighed, euthanized under mild thio-
pentone sodium anesthesia to prevent major biochemical effects, and
dissected.

2.5. Blood Sample Collection

The hematological and biochemical parameters were obtained from
blood samples of every animal through cardiac puncture. Samples for
hematological parameters were collected in EDTA bottles, while samples
for biochemical parameters were received in plain bottles. The plain
bottles containing blood samples were left to clot for 45 min at room
temperature before being centrifuged at 600 x g for 15 min. The
resulting serum was then used to analyze the various biochemical
parameters.

2.6. Hematological Parameters

2.6.1. Blood Cell Count

Red blood cell count (RBC count), total leukocyte count (TLC), and
platelet count were manually performed using a hemocytometer with
phosphate-buffered saline, turks fluid, and 1% ammonium oxalate,
respectively. The resulting counts were recorded as the number of cells
per pL of blood, in accordance with the method described by Lewis and
Aitken [53]. The individual responsible for conducting the count was
blinded to the experimental group of the animals.

2.6.2. Estimation of hemoglobin content

The hemoglobin test kit (Diagnova, Ranbaxy India) was utilized to
determine the hemoglobin content, following the cyanmethemoglobin
method. The resulting Hb content was expressed in g%.

2.6.3. Hematocrit [Packed cell volume (PCV)]

To determine the hematocrit level, the microhaematocrit method
was utilized. This involved filling a plain capillary tube with blood and
securing it with a plastic seal. The tube was then subjected to centrifu-
gation at a force of 12000 g for 5 min. Following centrifugation, the
ratio of cells to the entire column was assessed and the resulting value
was expressed as a percentage, as stated by Lewis and Aitken [53].

2.6.4. Blood Indices
The calculation of Mean Corpuscular Volume (MCV), Mean
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Corpuscular Hemoglobin (MCH), and Mean Corpuscular Hemoglobin
Concentration (MCHC) followed the formulae outlined by Dacie and
Lewis and were presented in units of pm3, pg, and percentage, respec-
tively [53].

2.6.5. Differential Count

Leishman’s stain was used to stain blood smears, and a differential
count was carried out. The resulting count was presented as a percentage
for each type, as stated by Lewis and colleagues in 2006. The individual
conducting the count was not informed of the sample’s experimental
group.

2.7. Biochemical Assay

2.7.1. Assessment of oxidative status

As previously reported [12,11], spectrophotometry was used to
perform assays for malondialdehyde (MDA) (Vancouver, WA, USA),
superoxide dismutase (SOD) and catalase (CAT) (Cayman Chemicals
Company in Ann Arbor, MI, USA), and glutathione (GSH) (Sigma-Al-
drich Chemie GmbH in Stein Dorf, Germany) using different commercial
kits.

2.7.2. Measurement of inflammatory indicators

The indicators for inflammation such as TNF-q, IL-6, and IL-10 were
analyzed using a rat ELISA kits from Shanghai YL Biotech Co. Ltd.,
China. The tests were carried out following the instructions provided by
the manufacturer.

2.8. Measurement of Erythropoietin
Erythropoietin concentration was measured using rat ELISA Kkits

from Shanghai YL Biotech Co. Ltd., China. The tests were carried out
following the instructions provided by the manufacturer.
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2.9. Statistical Analysis

Outliers were identified by the interquartile range method followed
by normality examination with Shapiro-Wilk test. Thereafter, mean,
and standard error of mean (SEM), was performed. The analysis was
carried out with the aid of GraphPad Prism (Version 8), and statistical
significance was determined through One-way ANOVA (Analysis of
Variance). When necessary, a Turkey post-hoc test was utilized for
multiple comparisons. Any disparities in the mean values were deemed
significant at a level of p<0.05.

3. Results

3.1. Effects of taurine, CoQ-10 or their combination on the body weight of
naive and chlorpromazine-induced changes in male Wistar rats

As shown in Fig. la-c, treatment with these substances did not
significantly affect initial or final body weights (Fig. 1a-c). In rats treated
with CPZ (Figs. 2b-c and 3b-c), there was a decrease in final body weight
and weight loss. However, taurine, COQ-10, and their combination
reversed this effect, notably leading to weight gain, with the combina-
tion being the most effective. Pre-treatment with taurine and COQ-10
also prevented the decrease in body weight caused by CPZ.

3.2. Effect of taurine, CoQ-10 or their combination on naive and
chlorpromagzine-induced changes in hematological indices in rats

Taurine and CoQ-10, either alone or in combination, had no signif-
icant effect on RBC, PCV, and platelet counts compared to normal
control rats. However, the combination of taurine and COQ-10
improved RBC, WBC, and PCV counts in rats compared to the normal
control (Table 1a). Treatment with CPZ caused a significant decrease in
various blood parameters, but these effects were reversed with the use of
taurine and COQ-10 alone or in combination (Table 1b). The combina-
tion of taurine and COQ-10 showed better results compared to indi-
vidual use in reversing the adverse effects of CPZ. However, there was no

(b)
250~
— =3 Control
o
5200- = PG (0.5mL)
R E& Taurine (150 mg/k
g 150- (150 mg/kg)
z B COQ-10 (10 mg/kg)
B 100 o Taurine (150 mg/kg)
2 + COQ-10 (10 mg/kg)
©
c 50
E
0 R
Treatment
=3 Control
=1 PG (0.5mL)
E=& Taurine (150 mg/kg)
=3 COQ-10 (10 mg/kg)
o Taurine (150 mg/kg)

+COQ-10 (10 mg/kg)

Fig. 1. Effects of taurine, COQ-10 or their combination on the body weights of naive male Wistar rats: (a) initial body weight, (b) final body weight and (c) body
weight gain/loss. Data are expressed as mean + S.E.M. (n = 6). PG: Propylene glycol; COQ-10: Coenzyme Q10.
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Fig. 2. Reversal effects of taurine, COQ-10 or their combination on CPZ-induced changes in body weight in male Wistar rats: (a) initial body weight, (b) final body
weight and (c) body weight gain/loss. Data are expressed as mean + S.E.M. (n = 6). *p<0.001 and ~"p <0.001 when compared with normal controls; *p <0.05 and
#an <0.001 when compared with CPZ; *p<0.05 when compared with CPZ + taurine group; p<0.05 when compared with CPZ + CoQ-10 group. PG: Propylene
glycol; COQ-10: Coenzyme Q10; CPZ; Chlorpromazine.
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Fig. 3. Preventive effects of taurine, CoQ-10 or their combination on CPZ-induced changes in body weight in male Wistar rats: (a) initial body weight, (b) final body
weight and (c) body weight gain/loss. Data are expressed as mean + S.E.M. (n = 6). *p<0.001 and ~""p < 0.001 when compared with normal controls; *p <0.05 and
825 <0.001 when compared with CPZ; "p<0.05 when compared with taurine + CPZ; p<0.05 when compared with COQ-10 + CPZ. PG: Propylene glycol; COQ-10:

Coenzyme Q10; CPZ; Chlorpromazine.

significant change in platelet count when the two compounds were used
together. Similarly, the preventive treatment with taurine and COQ-10
significantly prevents the negative effects of CPZ on RBC count, Hb
concentration, PCV, platelet and WBC counts. Pre-treatment with COQ-
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10 alone also increased RBC count levels compared to the taurine alone.
The combination of taurine and COQ-10 showed the most significant
increase in RBC count, PCV, platelet count, and WBC count compared to
either alone (Table 1c¢).
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Table 1a
Effects of taurine, COQ-10 or their combination on the hematological indices of
naive rats.

Toxicology Reports 12 (2024) 448-462

Table 1c
Preventive effect of taurine, CoQ-10 or their combination on chlorpromazine-
induced changes in hematological indices in rats.

Group RBC PCV (%) Hb (g/ WBC Platelets Group RBC PCV (%) Hb (g/ WBC Platelets
(x10'%/ dL) (x10%/ Count (x10°/ (x10'%/1) dn) (x10°/L) Count
L) L) L) (x10%/L)
Control 8.18 + 4217 + 14.06 15.32 + 315.8 +
Control 8.18 + 4217 £ 14.06 15.32 + 315.8 0.10 0.75 + 0.25 0.59 12.53
0.10 0.75 + 0.25 0.59 +12.53 PG (0.5 ml/kg) 8.18 + 4217 + 14.05 15.33 + 317.2 +
PG (0.5 ml/kg) 8.18 + 4217 + 14.05 15.33 + 317.2 + 0.09 1.17 + 0.39 0.47 16.42
0.09 1.17 + 0.39 0.47 16.42 CPZ (30 mg/kg) 2.46 + 3417 £ 11.39 8.62 + 252.5 +
Taurine 8.22 + 43.50 + 14.50 17.00 + 319.7 + 0.31% 3.60* + 1.20 0.73* 29.98*
(150 mg/kg) 0.08 1.05 + 0.35 0.62* 15.50
COQ-10 (10 mg/ 8.26 + 43.83 £ 14.61 17.11 + 320.5 + Taurine 8.24 + 4417 £ 15.06 15.16 + 321.7 £
kg) 0.06 1.84 + 0.61 0.22* 10.31 (150 mg/kg) 0.11°% 1.17¢ +0.88" 0.32% 6.62°
Taurine 8.56 + 45.50 + 15.17 19.55 + 322.2 + + CPZ
(150 mg/kg) 0.24* 1.52",", + 0.50* 1.12* 15.09 COQ-10 8.407 + 45.83 + 15.28 15.85 + 336.2 £
+ C0Q-10 (10 mg/kg) +  0.137, 1.47° +0.49°  0.48° 13.09°
(10 mg/kg) cPz
Taurine 8.79 + 48.8 + 16.28 17.22 + 379.7 £
(150 mg/kg) 0.32%, "7 1.94%, 7 + 0.65" 0.85%,",” 18.08%,",”
Data are expressed as mean + S.E.M. (n = 6). +C0Q-10
" p<0.05 when compared with normal controls; (10 mg/kg) +
b Pp<0.05 when compared with taurine; CPZ

¢ p<0.05 when compared with COQ-10. PCV: Packed Cell volume; RBC; Red
blood cell; WBC: White blood cell; Hb: Hemoglobin. PG: Propylene glycol; TAU:
Taurine; COQ-10: Coenzyme Q10.

Table 1b
Reversal effect of taurine, CoQ-10 or their combination on chlorpromazine-
induced changes in hematological indices in rats.

Group RBC PCV (%) Hb (g/ WBC Platelets
(x10'%/ dL) (x10°/L) Count
L) (x10°/L)
Control 8.18 + 4217 + 14.06 15.32 + 315.8 +
0.10 0.75 +025 059 12.53
PG (0.5 ml/kg) 8.18 + 4217 + 14.05 15.33 + 317.2 +
0.09 1.17 +0.39  0.47 16.42
CPZ (30 mg/kg)  3.06 + 31.33 + 10.45 7.030 + 228.2 +
0.05* 1.21% +0.41*  0.13 10.07*
CPZ + Taurine 6.75 + 40.83 + 13.61 12.95 + 284.8 +
(150 mg/kg) 0.39° 0.98" +0.33°  0.69° 5.12%
CPZ + COQ-10 6.82 + 41.67 + 13.89 13.11 + 285.0 +
(10 mg/kg) 0.54" 1.63° +0.55"  0.64" 7.07°
CPZ + Taurine 6.97 + 417 + 14.33 14.06 + 287.5 +
(150 mg/kg) +  0.21%°%  0.75% ", +0.47  0.30° ', 6.22°
COQ-10
(10 mg/kg)

Data are expressed as mean + S.E.M. (n = 6).
PCV: Packed Cell volume; RBC: Red blood cell; WBC: White blood cell; Hb:
Hemoglobin. PG: Propylene glycol; COQ-10: Coenzyme Q10; CPZ:
Chlorpromazine.

" p<0.05 when compared with normal controls;

2 p<0.05 when compared with CPZ;

* p<0.05 when compared with the group given CPZ + taurine

* p<0.05 when compared with CPZ + COQ-10.

3.3. Effect of taurine, CoQ-10 or in combination on naive and
chlorpromagzine-induced changes in mean red blood cell indices in rats

Treatment with these substances did not cause any significant effect
on RBC indices (Fig. 2a). However, they were able to reverse the effects
of CPZ on mean corpuscular volume and mean corpuscular hemoglobin
(Fig. 2b). In the preventive treatment, taurine and COQ-10 increased
MCV and MCH levels but did not affect MCHC levels (Fig. 2c).

3.4. Effect of taurine, CoQ-10 and in combination on naive and
chlorpromagzine-induced changes in mean white blood cell differentials in
rats

Taurine and COQ-10, alone or in combination, increased neutrophil
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Data are expressed as mean + S.E.M. (n = 6).
PCV: Packed Cell volume; RBC: Red blood cell; WBC: White blood cell; Hb:
Hemoglobin. PG: Propylene glycol; COQ-10: Coenzyme Q10; CPZ:
Chlorpromazine.

" p<0.05 when compared with normal controls;

@ p<0.05 when compared with CPZ;

* p<0.05 when compared with taurine + CPZ;

? p<0.05 when compared with the group given COQ-10 + CPZ.

Table 2a
Effect of taurine, COQ-10 and their combination on mean red blood cell indices
in naive in rats.

Group MCV (fL) MCH (pg) MCHC (g/
dL)
Control 51.57 + 17.19 + 33.33 £
1.42 0.47 0.00
PG (0.5 ml/kg) 51.55 + 17.18 + 3333+
1.84 0.61 0.00
Taurine (150 mg/kg) 52.68 + 17.65 + 33.33 £
1.81 0.52 0.01
COQ-10 (10 mg/kg) 53.11 + 17.57 + 33.47 +
2.49 0.77 0.33
Taurine (150 mg/kg) + COQ-10 53.20 + 17.73 + 33.33 +
(10 mg/kg) 2.82 0.94 0.01

Data are expressed as mean + S.E.M. (n = 6). MCV: Mean corpuscular Volume;
MCH: Mean corpuscular Hemoglobin; MCHC: Mean corpuscular Hemoglobin
concentration. PG: Propylene glycol; COQ-10: Coenzyme Q10.

and lymphocyte levels in rats (Table 3a). They also reversed the negative
effects of CPZ on WBC levels (Table 3b). The combination had a greater
effect than the individual treatments. In the preventive treatment
(Table 3c), following CPZ treatment from days 29-56, the levels of
neutrophil and lymphocyte levels were significantly decreased, but
eosinophil levels increased compared to the normal controls. Pre-
treatment with taurine and COQ-10, either alone or in combination,
increased neutrophil and lymphocyte levels significantly compared to
the CPZ treatment alone. The combination of taurine and COQ-10
showed the most significant increase in neutrophil and lymphocyte
levels compared to individual treatments. (Table 3c).

3.5. Taurine and Coenzyme Q10 abate chlorpromazine-induced oxidative
stress in rats serum

The results shown in Fig. 4a-c demonstrate the effects of taurine and
COQ-10 on the levels of oxidative stress markers in both naive and CPZ-
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Table 2b
Reversal effect of taurine, CoQ-10 and their combination on chlorpromazine-
induced changes in mean red blood cell indices in rats.

Toxicology Reports 12 (2024) 448-462

Table 3b
Reversal effect of taurine, CoQ-10 and in combination on chlorpromazine-
induced changes in mean white blood cell differentials in rats.

Group MCV (fL) MCH (pg) MCHC (g/ Group Neutrophil Eosinophil Lymphocyte
dL) (%) (%) (%)

Control 51.57 + 17.19 + 33.33 + Control 31.17 £ 7.36 1.50 £+ 0.55 81.71 + 2.22
1.42 0.47 0.00 PG(0.5 ml/kg) 31.17 + 5.08 1.50 + 0.55 81.70 + 1.76

PG (0.5 ml/kg) 51.55 + 17.18 + 33.33 ¢ CPZ (30 mg/kg) 10.33 + 1.03* 3.17 £ 0.75* 50.41 + 1.02*
1.84 0.61 0.00 CPZ (30 mg/kg) + Taurine 24.50 + 1.05" 2.33 + 0.52° 63.12 + 2.59°

CPZ (30 mg/kg) 102.4 + 34.14 + 33.33 & (150 mg/kg)
3.82% 1.27* 0.01 CPZ + COQ-10 (10 mg/kg) 26.17 + 2.17 £ 0.41° 63.10 + 2.66"

CPZ + Taurine (150 mg/kg) 60.60 + 20.20 + 33.33 + 0.75%,
2.69" 0.89" 0.01 CPZ + Taurine (150 mg/kg) + 29.17 + 1.67 + 0.52" 67.00 +

CPZ + COQ-10 (10 mg/kg) 61.36 + 20.36 + 33.33 & COQ-10 (10 mg/kg) 0.75% " 1.59%, 7
4.35° 1.52° 0.01

CPZ + Taurine (150 mg/kg) + COQ-  61.66 = 20.53 + 33.47 + Data are expressed as mean + S.E.M. (n = 6).

10 (10 mg/kg) 3.51° 1.26% 0.78 PG: Propylene glycol; TAU: Taurine; COQ-10: Coenzyme Q10; CPZ:

Data are expressed as mean + S.E.M. (n = 6).

" p<0.05 when compared with normal controls;

# p<0.05 when compared with CPZ. MCV: Mean corpuscular Volume; MCH:
Mean corpuscular Hemoglobin; MCHC: Mean corpuscular Hemoglobin concen-
tration. PG: Propylene glycol; COQ-10: Coenzyme Q10; CPZ: Chlorpromazine

Table 2¢
Preventive effect of taurine, CoQ-10 and their combination on naive and
chlorpromazine-induced changes in mean red blood cell indices in rats.

Group MCV (fL) MCH (pg) MCHC (g/
dL)
Control 51.57 + 17.19 + 3333+
1.42 0.47 0.00
PG (0.5 ml/kg) 51.55 + 17.18 + 33.33 £
1.84 0.61 0.00
CPZ (30 mg/kg) 142.4 + 47.48 + 3333+
33.43* 11.14* 0.01
Taurine (150 mg/kg) + CPZ 53.60 + 18.27 + 34.09 £
1.95% 1.12° 1.86
COQ-10 (10 mg/kg) + CPZ 54.55 + 18.10 + 3333+
2.44" 0.88" 0.01
Taurine (150 mg/kg) + COQ-10 55.62 + 18.54 + 33.34 £
(10 mg/kg) + CPZ 2.83" 0.94" 0.01

Data are expressed as mean + S.E.M. (n = 6).

* p<0.05 when compared with normal controls;

2 p<0.05 when compared with CPZ. MCV: Mean corpuscular Volume; MCH:
Mean corpuscular Hemoglobin; MCHC: Mean corpuscular Hemoglobin concen-
tration. PG: Propylene glycol; COQ-10: Coenzyme Q10; CPZ: Chlorpromazine

Table 3a
Effect of taurine, CoQ-10 and in combination on mean white blood Cell indices
of naive rats.

Group Neutrophil Eosinophil Lymphocyte
(%) (%) (%)
Control 31.17 £7.36 1.50 + 0.55 81.71 + 2.22
PG (0.5 ml/kg) 31.17 £ 5.08 1.50 £ 0.55 81.70 + 1.76
Taurine (150 mg/kg) 34.83 £2.93*  1.00 + 0.89 85.23 + 2.72*
COQ-10 (10 mg/kg) 36.17 +£3.31°,  0.83 + 0.98 86.46 + 2.37~
Taurine (150 mg/kg) + COQ- 39.17 £ 0.67 + 0.52* 88.16 + 1.42*
10 (10 mg/kg) 2.04°,%

Data are expressed as mean + S.E.M. (n = 6).

" p<0.05 when compared with normal controls,

b p<0.05 as compared to taurine treatment;

¢ p<0.05 as compared to COQ-10 treatment. PG: Propylene glycol; COQ-10:
Coenzyme Q10

treated rats. Fig. 4 illustrates that the administration of either an indi-
vidual drug or a combination of both significantly reduced MDA levels
(p < 0.001) compared to the control group. In both the preventative and
reversal treatment groups, CPZ caused an increase in MDA levels, while
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Chlorpromazine
" p<0.05 when compared with normal controls;
4 p<0.05 when compared with CPZ;
* p<0.05 when compared with CPZ + taurine;
? p<0.05 when compared with the group given CPZ + COQ-10.

Table 3c
Preventive effect of taurine, CoQ-10 and in combination on chlorpromazine-
induced changes in mean white blood cell differentials in rats.

Group Neutrophil Eosinophil Lymphocyte
(%) (%) (%)
Control 31.17 £ 7.36 1.50 £+ 0.55 81.71 + 2.22
PG (0.5 ml/kg) 31.17 + 5.08 1.50 £+ 0.55 81.70 + 1.76
CPZ (30 mg/kg) 15.83 + 2.32* 2.667 + 61.51 + 2.05*
0.82*

Taurine (150 mg/kg) + CPZ 37.33 +1.75° 1.00 + 0.00" 80.08 + 0.63"
COQ-10 (10 mg/kg) + CPZ 38.83 +1.17° 0.83 + 0.75" 80.48 £ 0.57%
Taurine (150 mg/kg) + COQ- 41.00 + 0.67 + 0.52° 83.31 +

10 (10 mg/kg) + CPZ 3.58% "7 1.24%, 7

Data are expressed as mean + S.E.M. (n = 6).
PG: Propylene glycol; TAU: Taurine; COQ-10: Coenzyme Q10; CPZ:
Chlorpromazine

" p<0.05 when compared with normal controls;

4 p<0.05 when compared with CPZ;

* p<0.05 when compared with taurine + CPZ;

* p<0.05 when compared with the group given COQ-10 + CPZ.

taurine, COQ-10, or their combination of both drugs effectively pre-
vented and reversed CPZ-induced oxidative stress.

3.6 Taurine and CO-QIO improved chlorpromazine-induced changes
in enzymatic antioxidant systems in the preventive and reversal treat-
ments in rats’ serum.

Figs. 5 and 6 depict the effects of taurine, COQ-10, or a combination
of both drugs on serum enzymatic antioxidant levels in both naive and
CPZ-treated rats. Upon administration of taurine and COQ-10, SOD and
GSH were significantly increased (p > 0.05) (Figs. 5a and 6a) compared
to the control groups. Furthermore, the combined treatment of taurine
and COQ-10 significantly (p < 0.001) increased the activities of SOD,
and GSH levels compared to the control groups (Figs. 5a and 6a). In both
experiments, CPZ treatment significantly reduced the activities of SOD
(p < 0.001) (Fig. 5b-a) and GSH (Fig. 6b-c) compared to the control
groups. However, this reduction was counteracted by the administration
of taurine, COQ-10, or a combination of both drugs in both studies.

3.7 Taurine and CO-QIO prevent and reverse chlorpromazine-
induced alterations in pro-inflammatory and anti-inflammatory cyto-
kines in rats’ serum.

The results shown in Figs. 7 and 8 demonstrate the effects of taurine
and COQ-10 on inflammatory markers in both naive and CPZ-treated
rats. Figs. 7 and 8 illustrate that administration of either taurine and
COQ-10, or their combination of both significantly reduced TNF-a and
IL-6 levels (p < 0.001), with profound increases in IL-10 (Fig. 9)
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Fig. 4. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in malondialdehyde (MDA) in naive (a), preventive (b) and
reversal (c) studies. Mean + S.E.M. (n = 6) are presented in bars. *p <0.05 as compared to normal control; °p<0.05 as compared to CPZ; °p<0.05 as compared to
taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; p<0.05 when compared with CPZ +
COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.
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Fig. 5. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in superoxide dismutase (SOD) in naive (a), preventive (b),
and reversal (c) studies. Mean + S.E.M. (n = 6) are presented in bars. *p<0.05 as compared to normal control; %p <0.05 as compared to CPZ; °» <0.05 as compared
to taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; “p<0.05 when compared with CPZ +
COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.
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Fig. 6. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in glutathione (GSH) in naive (a), preventive (b), and
reversal (c) studies. Mean + S.E.M. (n = 6) are presented in bars. *p <0.05 as compared to normal control; °p<0.05 as compared to CPZ; °p<0.05 as compared to
taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; “p<0.05 when compared with CPZ +

COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.
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Fig. 7. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in necrosis factor-alpha (TNF-«) in naive (a), preventive (b),
and reversal (c) studies. Mean + S.E.M. (n = 6) is represented by bars. *p <0.05 as compared to normal control; ®p <0.05 as compared to CPZ; °p <0.05 as compared
to taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; “p<0.05 when compared with CPZ +

COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.

compared to the control groups. In both the preventative and reversal
treatment groups, CPZ caused a marked increase in TNF-a and IL-6 levels
accompanied by decreased IL-10 levels (Fig. 9), which were prevented
and reversed by taurine, COQ-10, or their combination (Figs. 7-9).

3.8 Taurine and CO-QIO abate against chlorpromazine-mediated
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changes in erythropoietin levels in the preventive and reversal proto-
col in rats’ serum.

Fig. 10 depicts the effects of taurine, COQ-10 or a combination of
both drugs on serum erythropoietin levels in both naive and CPZ-treated
rats. Upon administration of taurine and COQ-10, erythropoietin
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Fig. 8. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in interleukin-6 (IL-6) (a-c) in naive (a), preventive (b), and
reversal (c) studies. Mean + S.E.M. (n = 6) is represented by bars. *p <0.05 as compared to normal control; °p <0.05 as compared to CPZ; b <0.05 as compared to
taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; p<0.05 when compared with CPZ +
COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.
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Fig. 9. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in interleukin-10 (IL-10) (a-c) in naive (a), preventive (b),
and reversal (c) studies. Mean + S.E.M. (n = 6) are depicted by bars. *p <0.05 as compared to normal control; °p <0.05 as compared to CPZ; bp <0.05 as compared to
taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; p<0.05 when compared with CPZ +
COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.
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Fig. 10. Effects of taurine and COQ-10 in male Wister rats exposed to chlorpromazine-induced alterations in erythropoietin (EPO) in naive (a), preventive (b), and
reversal (c) studies. Mean + S.E.M. (n = 6) were shown as bars. *p<0.05 as compared to normal control; ®p<0.05 as compared to CPZ; °p<0.05 as compared to
taurine treatment; p<0.05 as compared to COQ-10 treatment; "p<0.05 when compared with CPZ + taurine/ taurine + CPZ; “p<0.05 when compared with CPZ +

COQ-10/ COQ-10 + CPZ. PG = Propylene glycol; COQ-10 = Coenzyme-Q10.

significantly increased compared to the control group. Furthermore, the
combined treatment of taurine and COQ-10 significantly (p < 0.001)
increased the activities of erythropoietin compared to the control
groups. In both experiments, CPZ treatment significantly reduced
erythropoietin compared to the control groups. However, this reduction
was counteracted by the administration of taurine, COQ-10, or a com-
bination of both drugs in both studies.

4. Discussion

Despite being a widely utilized antipsychotic drug and for several
other uses such as hiccup, CPZ remains a subject of debate due to its
adverse effects [26,48,69,67]. While its efficacy has been established
since its introduction, concerns about its side effects on blood cells have
been ongoing and only a very few pharmacological studies have
attempted to investigate agents that can efficiently reverse its hemato-
logical derangements. In its early stages, the focus was on its cytotox-
icity, but recent studies have shifted to its potentially fatal
hematological effects ([22,26,38,48]; Gover et al., 2020).

The regulation of blood within a normal range is crucial for main-
taining homeostasis and carrying out its vital functions. In this study,
rats treated with CPZ (30 mg/kg/d) for 56 days showed signs of anemia
and changes in their blood composition, which are in line with previous
studies [32,35,50]. These changes included alterations in RBC, eryth-
ropoietin, WBC, platelet count, PCV, Hb, neutrophil, lymphocyte, and a
significant increase in MCV, MCH, and Eos levels. Alterations in certain
protective blood agents serve as important indicators of the harmful
impact of substances such as drugs, chemicals, and diseases [20].
Accordingly, the hematotoxic effects of CPZ were further evidenced by
elevated levels of MDA, TNF-a, and IL-6 in the rats’ serum relative to
controls. The decrease in SOD and GSH levels in the serum is believed to
also serve as an important marker for cell damage, especially during
monitoring of drug-induced hematological changes. Indeed, previous
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studies have elucidated the role of oxidative stress and inflammation in
the pathogenesis of cytotoxicity and blood impairments. Important
mechanisms are interconnected with depletion of RBC antioxidants
[58], PGEg-induced permeability of nonselective cation in cell mem-
branes [52], and protein kinase C and C-reactive protein-induced
increased phosphatidylserine exposure at erythrocyte surface (de Jong
et al., 2002), evidently promoting blood eryptosis [15,51].

In our analysis, administration of CPZ significantly up-regulates
generation of ROS and release of inflammatory cytokines, which have
been linked to hematological changes in both clinical and preclinical
studies [20,50]. The alterations in MCV and MCH, both of which mea-
sure the average size of RBCs and the amount of hemoglobin known to
transport oxygen in the RBCs respectively, observed in hematological
research indicate that CPZ-induced a hemolytic anemic condition linked
to RBC disorders [29], and is in line with previous clinical findings [40].
Chronic life-threatening hematological RBC disorders such as agranu-
locytosis, have been largely reported in psychotic patients treated with
antipsychotic drugs, notably CPZ [32,35,50]. Although the specific
management of anemic-like conditions includes the use of blood trans-
fusion and iron-based supplements, application of naturally occurring
compounds with antioxidant functions has increased in recent years
owing to the role of oxidative stress in the pathogenesis of hemolytic
blood disorders [30,72]. In line with this, our intervention with taurine
and COQ-10 was shown to profoundly reverse and prevent CPZ-induced
anemic-like condition, evidenced by increased RBC, erythropoietin,
PCV, Hb, neutrophil, with significant increase in MCV and MCH levels.
Erythrocytes have limited antioxidant defenses, making them vulner-
able to changes in the balance between antioxidants and pro-oxidants
[5]. While decreased GSH levels and increased lipoperoxidation were
reported to induce cell lysis [59], in line with a recent finding, our
intervention with taurine and COQ-10 suggests as increase in RBC count,
possibly mediated through their antioxidant properties, particularly
protecting RBCs from oxidative stress. Evidence from previous reports
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has shown that taurine and COQ-10 improve xenobiotic-induced
down-regulation of nuclear factor erythroid 2-related factor 2 (nfr2)
activity, with decreased inflammatory cytokine genes such as Cox-2,
TNF-a, IL-1a, and IL-6f, which were related to inhibition of NF-xf
expression [4,54]. Furthermore, previous investigations have deter-
mined that PCVs in the blood was closely linked to the size and quantity
of RBCs [76]. Therefore, the decrease in Hb and PCV observed in this
study may be attributed to the cytotoxic impacts of CPZ, as previously
demonstrated (Kumar et al., 1990; [10]). Additionally, it has been
consistently reported that the accumulation of RBCs and WBCs in the
spleen could lead to a reduction in PCV and Hb levels [26,63]. Previous
studies have also shown that exposure to reactive oxygen species (ROS)
causes mechanical stress on hematological precursors, thus leading to
anemia [71]. However, treatment with taurine and COQ-10, both as a
preventative and a reversal measure, resulted in significant increases in
RBC counts, Hb levels, and PCV concentrations in the CPZ-exposed rats.
The observed effects of taurine and COQ-10 on red blood cells may be
attributed to their antioxidant properties, as they can scavenge ROS and
prevent membrane lipid peroxidation and hemolysis. This stabilizes the
membrane, leading to increased levels of RBCs and associated machin-
ery such as Hb and PCV. This could also be linked to the protection of
bone marrow and liver, as well as the inhibition of hematological
metabolism. Interestingly, these findings are in line with previous
studies by Anand et al. [6] and Akande et al. [3], remarkably showing
that taurine and COQ-10 mitigate restraint stress-induced anemic
response in rats by improving RBC count, PCV and hemoglobin con-
centration. Although this is the first study combining the effect of
taurine and COQ-10 against CPZ-induced hematological impairments,
these findings notably suggest that their ability to improve the integrity
of erythrocyte membrane could be associated with reduction of oxida-
tive damage. Additionally, taurine and COQ-10 have been shown to
stimulate the production of erythropoietin, a hormone that promotes the
production of RBCs, thus reversing the anemia induced by CPZ [62].

Reduced WBCs and other related armouries have also been reported
to be reduced in the serum after during treatment with antipsychotic
drugs such as CPZ [17,35,50], suggesting altered immune functions
during treatment with these drugs. In line with this, we showed that
chronic administration of CPZ to rats causes reduced levels of WBCs
relative to control, which is in line with previous studies [35,50]. This
agrees with the findings of Patrick-Iwuanyanwu et al. (2007), who re-
ported that the introduction of an antigen into an organism triggers the
production of antibodies in response. The use of CPZ has been linked to a
severe reduction in WBCs and abnormally low platelet count, suggesting
the possibility of agranulocytosis, which is a popular life-threatening
side effect frequently reported in psychotic patients with schizo-
phrenia [35,50]. This is consistent with the results of Muhammad and
Oloyede (2009), who observed a decrease in platelet count in animals
treated with CPZ as well as the findings of Kumar et al., [46], as well as
Nelson and Cox [64]. However, treatment with taurine and COQ-10
significantly abated CPZ-induced depletion of WBCs and related
indices relative to CPZ groups. However, reports by Anand et al. [6] and
Paunovi¢ et al., [70], demonstrated no noteworthy changes in WBC
counts, RBC, Eos, PCV, MCV, Hb, and a decrease in platelet count in
taurine-treated albino Wistar rats. Although the reason for this disparity
remains unknown, one major explainable reason could be associated
with the absence of a disease state. The increase in neutrophil and
lymphocyte count mediated by taurine and COQ-10 in CPZ-treated
groups indicate that these substances provided protection against
destruction of these cells. The ability of taurine to prevent and reverse
CPZ-induced depletion of WBCs including eosinophil, lymphocytes and
neutrophil, might be linked to their presence in cell membranes where
they act as scavengers of lipid peroxide radicals, thereby maintaining
the viability of human neutrophils and lymphocytes. This is achieved
through mechanisms that involve preserving membrane stability, as
demonstrated by studies conducted by Kim et al. [45], Frick et al. [33],
and Halliwell and Gutteridge [39].
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Although the specific mechanisms underlying CPZ-induced changes
in blood cells are not fully understood, previous evidence following CPZ-
induced cytotoxicity and genotoxicity suggest the role of inflammation
and oxidative stress [7]; Bachour-EL et al., 2014; [69]). Thus, our cur-
rent findings complement previous reports showing that molecular
processes involving the release of pro-inflammatory cytokines, and
increased generation of free radicals notably induce oxidative
damage-mediated blood cell destruction, and important components
[23,60]. Moreover, there is evidence of concentration-dependent effect
of CPZ, notably involving red blood cell swelling and shape change [23],
increased release of cytokines, loss of membrane integrity and tight
junction, increased activity of xenobiotic transporter and membrane
phospholipids in HepaRG hepatic cells [60]. CPZ has been shown to alter
the release of TNF-a and other interleukins in vivo [44] and oxidative
markers [30]. In this study, our findings also revealed that CPZ-induced
changes in blood cells were associated with an increase in the serum
lipid peroxidation product, MDA with decreased antioxidant system
(GSH, and SOD) relative to controls, suggesting the role of oxidative
damage in CPZ-induced blood cell dysfunction. Furthermore, our study
demonstrated that co-administration of taurine and COQ-10 with CPZ
significantly reduced the impacts of CPZ on markers of oxidative stress
and lipid peroxidation. These findings interestingly support the antiox-
idant functions of taurine and COQ-10, notably supported by previous
studies related to neurotoxic and hematoxic experiments [1,24,42,54,
65,70].

Furthermore, CPZ was also shown to increase the levels of TNF-a and
IL-6 levels with reduced levels of IL-10. While TNF-a and IL-6 are pop-
ular pro-inflammatory with diverse roles in disease states, IL-10 is a
pleiotropic anti-inflammatory cytokine known to regulate inappropriate
immune programs and autoimmune dysfunctions, by inhibiting inordi-
nate inflammatory activities in matured hematopoietic cells involving
erythropoiesis [21]. Previous evidence established that IL-10 stimulates
the differentiation and proliferation of erythroid cells synergistically
with erythropoietin, a natural stimulant of pluripotent hematopoietic
stem cell growth [78,83], and there is evidence both may play a
prominent role in erythropoiesis [80]. More specifically, IL-10 receptor
knockout mice were shown to demonstrate decreased hemopoietic stem
cells with reduced peripheral blood relative to wide type, suggesting
that IL-10 acts on multiple stem and progenitor populations responsible
for blood hemostasis. Previous studies have shown that up-regulation of
IL-10 inhibits inflammatory cytokines such as TNF-a and IL-6 levels and
causes suppression of interferon gamma-dependent emergency myelo-
poiesis in all T-cells [18,21]. It was therefore proposed that the relative
capacity of antioxidant elements such as taurine and COQ-10 to improve
IL-10 functions and reduce the levels of TNF-a and IL-6, would indicate
improved hematopoietic function. In this study, we showed that
CPZ-induced blood derangement was accompanied by reduced the level
of IL-10 and increased TNF-a and IL-6 concentrations when compared
with normal control. However, we intriguingly showed that
up-regulation of IL-10 levels with decreased TNF-a and IL-6 concentra-
tion were observed in the prevention and reversal of CPZ-induced he-
matological dysfunction comparative to CPZ groups. Interestingly, the
combination taurine and COQ-10 in this study was also shown to in-
crease IL-10 levels with a complimentary reduction of TNF-a and IL-6
concentrations relative to normal control. These effects are most likely
achieved through the direct impact of taurine and COQ-10 on cytokine
release, as well as indirectly through their antioxidant properties [69].
These findings with taurine and COQ-10 supplementation are consistent
with existing reports [65,70], which demonstrated that treatment with
taurine and COQ-10 could protect against cytotoxicity and genotoxicity
related erythrocyte damage and anemia involving oxido-inflammatory
responses in rats by increasing G6PD, a cytoplasmic housekeeping
enzyme found in all cells that protect RBCs from damage and premature
destruction from ROS [9]. More so, the hemato-protective effects of
taurine and COQ-10 also revealed increased serum levels of erythro-
poietin in CPZ-treated rats or without CPZ. The ability of taurine and
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COQ-10 to increase erythropoietin levels suggest the relative capacity to
stimulate erythropoiesis hematologically compromised patients.

In terms of safety profile, taurine and COQ-10 have been studied in
different preclinical and clinical studies and were shown to be generally
safe when administered at different doses. In vivo and in vitro studies
have shown that taurine and COQ-10 are non-toxic in animal studies
[34]. Studies have also demonstrated the high safety profile of taurine
and COQ-10, with no adverse effects related to genotoxicity and tera-
togenicity in humans and rodents after ingestion of high doses [56,73,
79], notably demonstrating the safe transnationality of these agents to
the human setting for future therapeutic strategies. In terms of fertility,
there was also no observable effect on sperm quality when rats were fed
with taurine and COQ-10 [69,67,66]. Based on the available evidence,
the safety profile of taurine and COQ-10 was considered good, as studies
have shown that it is generally well tolerated and safe for application
[27,82]. When co-administered with other medications, it improves the
function of distribution, CYP45-induced metabolism and excretion
induced by some xenobiotics (Matsuda et al., 2002; [82]). As regards
cytotoxicity, taurine and COQ-10 are naturally distributed in many cells
and membranes, both acting as essential co-factor for ATP production,
cellular metabolism, and DNA repair enzymes ([57]; Matsuda et al.,
2002).

In summary, taurine and CoQ-10 exert their effects through various
biological pathways, by improved RBC membrane integrity through
improved antioxidant system, modulation of inflammatory response,
and enhancement of immune function as evidenced by increased IL-10.
These mechanisms work together to protect the hematological system
from the adverse effects of CPZ treatment and may also help to reverse
possible hematological alterations. While these findings suggest poten-
tial benefits of taurine and COQ-10 in mitigating the hematological ef-
fects of CPZ in rats, their translation to humans is limited by the
differences in species-specific mechanisms of action, lack of human
clinical trials, concomitant medications, and different health conditions.
Hence, Further studies are needed to clarify their effectiveness and
safety in human subjects and to identify the optimal dosages and
treatment regimens. Specifically future research is suggested to focus on:
i) comparative studies to investigate species-specific differences in CPZ
metabolism and hematological effects. ii) clinical trials in humans to
evaluate the preventive and reversal effects of taurine and coenzyme-
Q10 during CPZ-induced hematological alterations in patients with
active psychotic-like disorders. iii) explore the mechanisms of action of
taurine and COQ-10 in both rats and humans in different states such as
comorbidities, concomitant medications, and environmental factors, to
further identify potential targets for therapeutic interventions.

5. Conclusion

The combined findings indicate that taurine and COQ-10 CPZ-
induced hematological changes in rats. Our study demonstrated that the
hemato-protective properties of taurine and COQ-10 were accompanied
by significant prevention and reversal of CPZ-induced oxidative blood
cell membrane lipid peroxidation, with increased antioxidant defenses,
and anti-inflammatory cytokine (IL-10) levels, as well as a decrease in
proinflammatory cytokines. Additionally, taurine and COQ-10 also
abated CPZ-induced hematological deficiency by stimulating increased
levels of erythropoietin. These findings suggest that taurine and COQ-10
may be beneficial treatment options for patients with psychiatric dis-
orders who are at risk for CPZ-induced hematological side effects.
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