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ABSTRACT

In response to the emergence of SARS-CoV-2, in-vitro studies and clinical observations have provided evidence to
support the use of Hydroxychloroquine (HCQ) and ivermectin in the treatment and prevention of COVID-19 leading to
a surge in their therapeutic application. Blood is widely used in toxicological research as an indicator of physiological
and pathological changes. The aim of this study was to determine the combined effect of co-administration of
ivermectin and HCQ on blood parameters. In this study, an experimental design was adopted using eighty-four wistar
rats randomly divided into seven groups (Groups A to G). Rats were administered HCQ, Ivermectin and a combination
of both therapeutic agents; the rats were sacrificed after drug administration for a period of five, fourteen and twenty-
eight days for analysis of blood parameters. Findings of this study revealed that HCQ and ivermectin interfered with
hemoglobin concentration, WBC count, RBC count and PCV when compared to control. On the other hand, platelet
counts were significantly higher at low doses of the therapeutic agents and significantly reduced when HCQ and
ivermectin were co-administered at high doses. Furthermore, hematological indices showed elevated levels of MCV in
group D (61.73 £ 0.2111), E (59.77 £ 0.06f1) and G (60.63 + 0.12f]) while significantly higher MCH values were
observed in groups D (21.83 +0.35pg) and E (22.30 + 0.30pg). Most of these findings are indicative of iron deficiency

anemia, vitamin B deficiency induced anemia and hemolytic anemia possibly in response to drug toxicity.
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INTRODUCTION

B lood is a constantly circulating fluid through
blood vessels (arteries and veins) that provides
the body with nutrition, oxygen, and waste removal.'

mean cellular volume (MCV) and mean cellular
hemoglobin concentration (MCHC) can serve as
health indicators.” Diagnosis with data obtained
from blood examination is made possible because
hematological parameters and indices are often
tightly regulated and under constant genetic control,
therefore, alterations of these parameters indicate
some forms of physiological and pathological

Blood is widely used in toxicological research as a
promising indicator of physiological and
pathological changes. Hematological parameters
namely; hemoglobin (Hb), Hematocrit (Hct), Red

Blood Cells (RBCs), White Blood Cells (WBCs) and
platelets as well as hematological indices namely;

3
changes.

HCQ, an analog of chloroquine (CQ) is an
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immunomodulator used for the treatment of malaria.
It acts by interference with the digestion of
haemoglobin in the erythrocytic stages of the malaria
life cycle. In recent times, HCQ has been used in the
treatment of rheumatoid arthritis and systemic lupus
erythematosus. In the treatment of rheumatoid
arthritis, HCQ increases the pH within intracellular
vacuoles and alters processes such as protein
degradation by acidic hydrolases in the lysosome,
assembly of macromolecules in the endosomes, and
post-translation modification of proteins in the Golgi
apparatus.’ Over the years, Ivermectin has remained
the mainstay for the elimination of onchocerciasis
and lymphatic filariasis; two global disfiguring and
devastating diseases that blight the lives of billions of
the poor and disadvantaged populations throughout
the tropics. I[vermectin has equally been used to treat
a variety of internal nematode infections, including
onchocerciasis, strongyloidiasis, ascariasis,
cutaneous larva migrans, filariases, gnathostomiasis
and trichuriasis, as well as in the oral treatment of
ectoparasitic infections, such as pediculosis and
scabies.’

In 2019 severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) also known as
coronavirus disease 19 (COVID-19) was first
detected in Wuhan, China’ and immediately spread
across all countries of the world, hence its timely
classification by the WHO as an epidemic.*’The high
infection rate and death toll associated with COVID-
19 coupled with the absence of any known treatment
heightened the quest for an urgent therapeutic
strategy to control the spread of the novel COVID-19
virus and treat ailing patients infected by it, "’ hence
many studies on treatments for COVID-19 were
championed by researchers. From the research
conducted as in-vitro studies and clinical
observations described by some as “basic and
inconsistent”,"" evidence to support the use of HCQ
and ivermectin in the treatment and prevention of
COVID-19 emanated. One of such research
conducted as an in-vitro study showed that
ivermectin produces a 99% reduction in the COVID-
19 viral load within 48—72 hours. ''In another study,
the antiviral action of ivermectin against the SARS-
CoV-2 clinical isolate in-vitro was demonstrated,

with a single dose of the drug able to control viral
replication within 24 to 48 hours possibly as a result
of the inhibition of importin-o/p1-mediated nuclear
import of viral proteins, as shown for other RNA
viruses.” As Ivermectin has been stated to act as a
specific inhibitor of importin-o/B—mediated nuclear
import.”” Thus, by impacting on importin-
a/B—dependent nuclear transport of viral proteins,
ivermectin suppresses the replication of several
RNA viruses.” Similarly, in-vitro studies of the
effect of HCQ on COVID-19 have also been
reported to show antiviral effects at both pre-
infection and post-infection stages of the corona
virus." Its mode of action is thought to be by
interference with the glycosylation of angiotensin-
converting enzyme 2, thereby reducing the binding
efficiency between angiotensin-converting enzyme
2 on host cells and the SARS-CoV-2 spike protein."”
These findings therefore encouraged the
administration of ivermectin and HCQ either
separately or together in the prevention and
treatment of COVID- 19.

While the administration of these drugs is geared at
saving lives is remarkable, it is worthy of note that
the administration of HCQ or ivermectin as well as
the co-administration of both agents in the
prevention and treatment of COVID-19 is without
the approval of Federal Drug Administration,
National Institutes of Health, World Health
Organization, Public Health Officials and majority
of Health Care providers.”” This is particularly
because, there is no concrete proof of its
effectiveness in COVID-19 treatment or clear
definition of the possible effects of the co-
administration of both drugs (ivermectin and HCQ)
on the health of an individual during and after
treatment.

However, in spite of the limited evidence of the
effectiveness of HCQ and ivermectin in the
prevention and treatment of COVID-19, a rise in
prescriptions and sales of both drugs during the
COVID-19 scare was observed by researchers in
several countries across the globe.'™" This
increased demand for both drugs was also
experienced in Nigeria and is evident in the price
hike of both drugs during same period. In Nigeria,
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the Presidential Task Force (PTF) on COVID-19
pandemic raised the alarm over the attitude of some
Nigerians who were buying hydroxychloroquine and
ivermectin in large quantities and even storing the
drug.”These findings indicate an increased intake of
ivermectin and hydroxychloroquine in the Nigerian
population as well as other populations of the world
and the possibility of a co-administration of both
drugs either on the instruction of physicians or as a
result of self-medication. Hence the necessity to
evaluate the effect of the administration and co-
administration of ivermectin and HCQ on blood
parameters; specifically on the hematological
parameters namely, hemoglobin concentration, red
blood cell count, white blood cell count, neutrophils,
lymphocytes, monocytes, packed cell volume and
platelets as well as on the hematological indices
namely mean corpuscular volume, mean corpuscular
hemoglobin and mean corpuscular hemoglobin
concentration, using Wistar rats as a way of
identifying and predicting the effects of the
administration and co-administration of both drugs
on humans.

MATERIALSAND METHODS

This study adopted an experimental research design
using wistar rats. Eighty-four (84) adult Wistar rats
of average weight of 150g upon purchase from
Animal Holdings of the Department of Anatomy,
School of Basic Medical Sciences, University of
Benin, Benin city, Nigeria were randomly assigned
into seven groups; groups A to G making a total of 12
rats per group (n = 12). Group A served as control
while groups B to G served as treatment groups.
Acclimatization lasted a period of 15 days.
Materials/agents used in this study include Rat feed
(CHIKUN FEED), Rat cage, Hydroxychloroquine
(HCQ), Ivermectin, Hand gloves, Gavage, Sample
collection tubes, Syringe and Needle, Automated
Hematology Analyzer.

Drug administration was done by direct feeding
using a gavage for a period of 28 days as specified in
Table 1. The day of treatment commencement (day
16 of rat arrival) was therefore taken as treatment day
1(Td,)

Table 1: Dosage of HCQ and Ivermectin

Group Agent Dosage
Day 1 and 2 Day3to28
A(Control) | - — | e

B HCQ 6.66mg/kg body weight bd 3.33mg/kg body weight bd

C HCQ 13.33mgkg body weight hd 6.66mg/kg body weight hd

D [vermectin 0.2mg/kg body weight od

E Ivermectin 0.4mg/kg body weight od

F HCQ 0.66mg/kg body weight bd \ 3.33mglkg body weight hd
+ Ivermectin 0.2mg/kg body weight od

G HCQ 13.33mg/kg body weight bd \ 6.66mg/kg body weight hd
+ Ivermectin 04mg/kg body weight od

Blood sample for analysis were collected from three
rats/group on TD,, TD,, and Td,, of the experiment.
*Blood sample collected was analysed to determine
the hematological parameters and indices using an
automated hematology analyzer.”

Obtained data were analyzed using Statistical
Product and Service Solutions (SPSS) version 21.
One-way analysis of variance (ANOVA) to
determine the difference in the mean between the
groups. Tukey's Honest Significant Difference
(HSD) test was used to determine the statistical
significance of observed differences at 0.05 level of
significance. Results were expressed as Mean =+
Standard Error of Mean (SEM).

Ethical approval for this study was obtained from
Ambrose Alli University Research Ethics
Committee, (REC).

RESULTS

Findings from this study on the hematological
parameters and indices of wistar rats are presented
below in a logical order in Table 2. Note that *
implies that the calculated mean is statistically
significantly different from control at the 0.05 level.

Singular and co-administration of HCQ and
Ivermectin caused a statistically significant decline
in hemoglobin concentration on TD; in Groups C
(8.77 +£0.21g/dL), D (10.17 £ 0.29g/dL), E (8.53 £
0.06g/dL) and G (6.80 + 0.10g/dL). Similarly, a
statistically significant decline in RBC counts as
observed in group C (4.24 +0.03 x 10%/uL), D (4.66
+0.07 x 10°/uL), E (3.82 + 0.03 x 10%/uL) and G
(3.39 + 0.06 x 10%uL) on TD, while in group F a
statistically significant increase in RBC count of
6.37+0.26x 10°/uL was observed.

WBC count of the control group was observed to
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increase as the days progressed form 5833.33 =+
1289.70/mm’ on TD;, to 8833.33 £ 251.66/mm’ on
TD,, and 14600.33 + 100.00/mm’ on TD,,. In Group
B, WBC count of 11900 + 556.88/mm’ was recorded
on TD,, followed by a decline to 9000.00 =+
1000.00/mm’ onTD,,and apeak of 15300.00 +
200.00/mm’ on TD,,. The WBC counts onTD,,and
TD,of group B did not differ significantly from
control. In group C there was a continuous increase
in WBC count as the days progresses from 4533.33 +
57.74/mm’, 11600 + 300.00/mm’ and 13200.00 +
200.00/mm’ on TD,, TD,, and TD,, respectively as
observed in the control group. In groups C, D, E and
G there was a decline in WBCs on TD; followed by a
rapid increase on TD,, and then a decrease on TD28
(exceptin group E where the increase continued).

Neutrophil count in the Control group increased
throughout the period of the experiment from 7.67 +
0.58% on TD, to 10.00 + 2.00% on TD,, and
eventually its peak of 10.33 +3.06% on TD,,. When
compared with the control group, a statistically
significant decline in lymphocyte count was
observed in group G (5.33 + 0.58%) on TD, and
groups E (5.67 = 1.53%), F (4.67 + 2.31%) and G
(6.33 £ 0.58%) on TD,, while a statistically
significant increase in lymphocyte count from
control was observed in group D (12.67 £ 0.58%) on
TD

Lymphocyte count differed statistically from control
in group D on TD; (70.33 + 0.58%) where a decline
was recorded but in groups E (88.33 +2.08%) and F
(87.67+£1.53%)onTD,, an increase was recorded.

Monocyte count was found to increase from 8.67 +
0.58% on TD, to 13.00 + 1.00% on TD,, followed by
adeclineto 11.00 + 3.46 on TD,; in the control group.
The monocyte count observed in this study on TDj
when compared with the control, revealed that the
monocyte count in all treatment groups were higher.
This increase in monocyte count was statistically
significant in groups B (10.67 +0.58%), C (12.67 +
1.15%) and D (17.33 + 0.58%) with the increase
most notable in group D. The monocyte count was
statistically significantly less than control in groups
D (9.00 + 2.00%), E (6.67 + 0.58%) and F (8.33 +
0.58%) onTD ,and in group G (7.00+0.00%).

The PCV of'rats in the control group were within the
range of 31.33 +3.06% and 34.33 + 1.53%. On TD,,
demonstrating a statistically significant decrease in
PCV when compared to what was observed in
groups C (24.00 + 0.00%), D (28.33 + 0.58%), E
(22.33 £ 0.58%) and G (20.33 + 0.58%).On TD,,, a
statistically significant increase in PCV was
observed in group D (38.67 + 0.58%).

This study showed that there was an increase in
platelet count as the treatment days progressed from
1.35+0.21 x 107/uL on TD, to 1.88 £ 0.04 x 10°/uL
on TD,, and 3.83 + 0.68 x 10°/uL on TD,,. On TD,
when compared with control. Groups B, D and F had
statistically significant increase in platelet counts of
2.93+0.29x10°/uL,2.90+0.07 x 10’/uLand 3.06 £
0.23 x 107/uL respectively while in group G platelet
count was significantly reduced (0.42 + 0.07 x
10°/uL). On TD,, groups B, D and G had statistically
significantly increased reduced platelet counts of
7.07+0.60x 10°/uL,4.93+0.63x 10/pLand 5.48 +
0.46 x 10°/uL. On TD,,, the platelet count in all
treatment groups was statistically significantly
higher that control.

MCYV of wistar rats recorded in the control group of
this study is found to be within the range of 53.67 +
0.8111 and 56.70 + 1.14fl. Statistically significant
elevated levels of MCV were observed in groups D
(61.73 £ 0.2111), E (59.77 + 0.0611) and G (60.63 +
0.1211) on TD, and group B (60.27 = 2.6011) on TD,.
MCH values of control in this study ranged from
19.20 + 0.20pg to 21.53 + 0.21pg. In comparison
with control on TD, groups D (21.83 +0.35pg) and E
(22.30+ 0.30pg) as well as group F (21.80 +2.33pg)
on TD,, had significantly higher MCH values. On
TD,,, a similar comparison with control revealed that
groups B (19.27 + 2.35pg) and E (18.43 + 0.55pg)
had significantly less MCH than control. MCHC of
wistar rats have been reported in this study to range
from 35.40 + 0.36g/dL to 39.90 + 0.35g/DI. Lower
MCHC than control was observed in group G (33.10
+0.66g/dL) on TD,, groups B to Gon TD,, and group
B (33.17+0.57g/dL) on TD,,. On the other hand, on
TD28, group G had significantly higher MCHC
values 0f 38.70+0.46g/dL.
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Table 2: Effect of HCQ and Ivermectin on hematological paramenters and indices

1. Effect of HCQ and ivermectin administration on Hemoglobin
Hemoglobin

TREATMENT GROUP TD: D TDas
A (Control) 12.43 +0.31 12.30 + 1.10 12.77 + 0.06
B 12.13 +£0.15 12.03 +0.40 13.07 £0.12
C 8.77+0.21* 12.67 +1.53 13.03+£0.35
D 10.17 £ 0.29* 14.70 + 0.52 11.80 +0.87
E 8.53 +0.06% 10.43 +1.85 12.67+1.31
F 12.40 +0.36 11.67 +1.75 13.60+ 1.00
G 6.80 +0.10% 10.57 +2.21 12.73+0.70
2. Effect of HCQ and ivermectin administration on RBC count
TREATMENT GROUP RBC COUNT (x fouL)
TDs TDia TDas
A (Control) 598 +0.16 5.73+0.49 5.92+0.84
B 6.01 +0.06 6.45+0.99 6.31+0.73
C 4.24 4+ 0.03* 5.85+0.59 6.74+0.16
D 4.66 +0.07* 6.90 +0.15 6.02+0.45
E 3.82+0.03* 5.50 +0.94 6.28 +0.37
F 6.37 +0.26% 6.40 +0.79 6.80_+ 0.40
G 3.39 +0.06* 543+ 1.11 6.25+0.33
3. Effect of HCQ and ivermectin administration on WBC count
TREATMENT GROUP WBC COUNT (/mm"')
TDs TDus TDas
A (Control) 5833.33 +1289.70 8833.33 +251.66 14600.00 +100.00
B 11900.00 + 556.78* 9000.00 + 1000.00 15300.00 +200.00
C 4533.33 +57.74 11600.00 + 300.00% 13200.00 +173.21
D 3933.33 + 152.75% 13500.00 +351.19% 8000.00 + 721.11%*
E 4700.00 + 173.21 7400.00 +916.52* 10900.00 +763.76*
F 10366.67 +723.42% 7200.00 +360.56* 12700.00 +1850.23
G 2400.00 + 173.21* 13900.00 +173.21* 10800.00 +300.00*
4. Effect of HCQ and ivermectin administration on Neutrophil count
TREATMENT GROUP NEUTROPHIL COUNT (%)
TDs TDua TDas
A (Control) 7.67+0.58 10.00 +2.00 10.33 +3.06
B 7.33+0.58 8.33+0.58 11.67 +2.52
C 6.67+1.15 6.67 +0.58 7.00 +0.00
D 12.67 + 0.58* 6.67 +1.53 9.33 +2.31
E 6.33+0.58 5.67+1.53* 10.00+3.61
F 9.00 +1.00 4.67+231* 7.67+1.53
G 5.33+0.58* 6.33 +0.58* 11.33+1.15
5. Effect of HCQ and ivermectin administration on Lymphocyte count
TREATMENT GROUP LYMPHOCYTE COUNT (%)
TDs TDs TDas
A (Control) 86.00 +5.20 80.00 +6.00 80.00 + 6.00
B 82.00 + 1.00 78.00 + 2.65 77.33 +4.04
C 80.67 +2.31 84.33+1.15 83.33+1.15
D 70.33 +0.58% 85.00 +3.61 82.33+5.03
E 82.33+ 1.15 88.33 +2.08* 79.00 + 4.00
F 80.67 +2.08 87.67 +1.53*% 81.00+2.00
G 83.33+0.58 82.33+1.53 80.67+0.58
6.  Effect of HCQ and ivermectin administration on Monocyte count
TREATMENT GROUP MONOCYTE COUNT (%)
TDs TDus TDag
A (Control) 8.67 +0.58 13.00 + 1.00 11.00 + 3.46
B 10.67 +0.58* 13.67 +2.31 1133 +1.53
C 12,67 + 1.15% 9.67+1.53 10.00 + 1.00
D 17.33 4 0.58* 9.00 + 2.00* 9.67+1.53
E 11.33 +£0.58 6.67 +0.58* 11.67 +0.58
F 10.00 +1.00 8.33 +0.58* 11.33+0.58
G 10.00 +1.00 11.00 + 1.00 7.00+ 0.00%
7. Effect of HCQ and ivermectin administration on Packed Cell Volume
TREATMENT GROUP Packed Cell Volume (%)
TDs TDus TDag
A (Control) 34.33+1.53 31.33+3.06 32.00 +3.61
B 33.67+0.58 33.67 +0.58 36.00 +2.00
C 24.00 +0.00* 36.67 +2.31 37.00 + 1.00
D 28.33 +£0.58* 38.67 £0.58* 3333 +4.04
E 22.33 +0.58* 28.67 £4.51 35.33+3.51
F 33.67+1.53 31.33+4.51 37.00_+2.00
G 20.33 +0.58* 33.67+1.53 32.67+1.53
8. Effect of HCQ and ivermectin administration on Platelet count
TREATMENT GROUP PLATELETS (x lOS/uL)
TDs TDus TDas
A (Control) 1.35+0.21 1.88+£0.04 3.83+0.68
B 2.93 £0.29* 7.07 + 0.60* 6.72 £0.13*
C 1.23+0.18 1.82+0.11 6.17 £0.09*
D 2.90 +0.07* 4.93 +£0.63* 5.82+0.10*%
E 1.17+0.11 2.83+0.34 9.34£0.15*
F 3.06£0.23* 1.31£0.13 6.05 £ 0.62*
G 0.42£0.07* 5.48 £ 0.46* 6.46 £ 0.03*
9.  Effect of HCQ and ivermectin administration on the Mean Corpuscular Volume (MCV)
TREATMENT GROUP Mean Corpuscular Volume (fentoliters - fl)
TDs TDua TD2s
A (Control) 56.70 +1.14 53.67 +0.81 5433+1.25
B 56.27+0.12 63.13 + 17.05 60.27 = 2.60*
C 57.60 +0.20 56.30 +2.45 57.47+1.81
D 61.73 £0.21* 56.37+0.93 55.93+2.34
E 59.77 + 0.06* 53.70 + 1.91 57.10+2.33
F 55.73 +0.51 53.83 +3.87 54.87+0.25
G 60.63 +0.12* 53.40 +1.00 52.97 +0.40
10. Effect of HCQ and ivermectin administration on the Mean Corpuscular Hemoglobin (MCH)
TREATMENT GROUP Mean Corpuscular Hemoglobin (picograms - pg)
TDs TDua TDas
A (Control) 2027 +0.67 21.53+0.21 19.20 +0.20
B 20.20 +0.44 19.27 +2.35% 20.00 +0.50
C 20.70 +0.36 21.30 +0.46 19.20+0.10
D 21.83 +0.35* 21.17+0.12 19.90 +0.17
E 22.30 +0.30* 19.53 +0.35 20.30+0.98
F 20.07 £0.51 18.43 + 0.55% 21.80 + 2.33*
G R c 20-07"*"_0-35‘ " . 20.27 +0.06 20.50+0.10
1 FI“]?SAO;II\-[/I%?\I?I{“(I}ROUP on the Mean Corp ; ¢ (MCHC) Mean Corpuscular Hemoglobin Concentration (g/dL)
TDs TDus TD2s
A (Control) 35.80+1.48 39.90 +0.35 35.40+0.36
B 35.90 +0.79 36.67 +0.55% 33.17 +0.57*
c 35.90 +0.75 37.80 +0.90* 34.87 +0.31
D 3533 +0.71 37.80 + 0.80* 3590 +1.75
E 37.33+0.55 36.90+ 0.56* 35.33+0.15
F 36.00 +0.61 36.43 +0.58* 36.60+0.72
G 33.10 +0.66* 38.13 +0.72* . 38.70_+ 0.46*
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DISCUSSION

Findings of this study showed that administration of
HCQ in Group C influenced hemoglobin
concentration thus implying inadequate tissue
oxygenation.” Iron deficiency and vitamin B-12
deficiency are believed to be the cause of the
observed decreased hemoglobin concentration; as
drug intake at high dosage has been proven to reduce

23,24
and

absorption of vitamins and essential nutrients
cause loss of appetite”. These two side effects of
HCQ intake can result in iron and vitamin deficiency.
Reduction in hemoglobin concentrations was
observed upon administration of ivermectin which
shows that upon administration of ivermectin, the
body possibly experienced a “shock” that caused a
depletion in hemoglobin concentration. The side
effects of ivermectin intake such as loss of appetite,
nausea, vomiting, abdominal pain, diarrhea and
constipation” can be possible reasons for the initial
shock. The depleted hemoglobin concentration
equally implies reduced delivery of oxygen to cells
which could be the reason behind the weakness of
wistar rats to whom ivermectin was administered, in
addition to weakness being a known side effect of
ivermectin intake.” Co-administration of HCQ and
Ivermectin also resulted in a decline in hemoglobin
concentration. On comparing results of group E and
G, it further confirms that the body possibly
experienced a shock that caused a depletion in
hemoglobin concentration. The further decrease in
haemoglobin concentration as observed in group G
when compared with group E can be explained using
data from Group C which equally showed a
statistically significant reduction in hemoglobin
concentration. It therefore means that the low
hemoglobin concentration observed in group G
which is notably the lowest observed in all groups
throughout the period of study is a summative effect
ofthe co-administration of both ivermectin and HCQ
on hemoglobin concentration. Side effects of
ivermectin intake such as loss of appetite, nausea,
vomiting, stomach pain, diarrhea and constipation™
as well as side effects of HCQ such as low blood
sugar, low amount of magnesium and potassium in
the blood, anaemia, anaemia from pyruvate kinase
and G6PD deficiencies™* and loss of appetite”could

be the reasons for the lower-than-normal
hemoglobin concentration.”

Administration of HCQ and Ivermectin resulted in
lower RBC counts as observed in groups C, D, E and
G onTD,. However, in all the treatment groups, RBC
count was normalized by TD,, and TD,, These
findings imply a negative impact on RBC count
which may be brought about either by a reduction in
the synthesis of RBCs or by increasing RBC
breakdown possibly caused by HCQ intake
especially because anaemia is a side effect of
HCQ.™* The statistically significant increase in
RBC count observed in group F on TD,canpossibly
be as aresult of dehydration and somewhat related to
hemoglobin concentration.

WBC count of the control group was observed to
increase as the treatment days progressed. In groups
C, D, E and G there was a decline in WBCs on TD;
followed by a rapid increase on TD,, and then a
decrease on TD,, (except in group E where the
increase continued). It is thus postulated that low
doses of HCQ in groups B and F caused a spike in
WBC count within five days of drug administration
indicating that HCQ at a lower concentration
induced a form of stress on the system of wistar rats
that resulted in elevated WBC counts possibly
because of overproduction and early release of
WBCs from the bone marrow. Stress of any form can
result in this release of white blood cells.” A higher
dose of HCQ in groups C and G caused a notable
reduction in the WBC count within five days of drug
administration. On the other hand, ivermectin
administration at high and low doses caused a
decrease in WBC count within the first five days of
drug administration as observed in groups D and E.
Notably, by TD,,, WBC count was regularized
(similar to control) in groups B, C and F while in
groups D, E and G the anomaly in WBC count when
compared with control persisted.

This study's findings on Neutrophil count are
expected because neutrophils make up roughly half
of the white blood cell population, so it is expected
that there will be an increase in neutrophil count in
the event of an increase in WBC count. However, the
peak neutrophil count observed in the control group
is less than the normal neutrophil counts reported as
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22.64 + 6.4% for male wistar rats.” Since neutrophils
are usually the first cells of the immune system to
respond to invaders such as bacteria or viruses, it is
possible that the reduced count of neutrophils
recorded generally in the study (when compared with
previously reported neutrophil counts) is as a result
of non-stimulation of the body by the presence of
bacteria and viruses.” In comparison with control,
neutrophil counts differed statistically from control
in Group D and G on TD; as well as groups E, F and G
on TD,,. By TD,, the variations in neutrophil count
across the groups were not statistically significant.
This ability of neutrophil count to normalize can be
hinged on the fact that drugs administered may have
cleared most of the foreign bodies that can initiate
neutrophil synthesis and release from the bone
marrow. Also, since the neutrophil cells live for
about 8 hours "' it is easy for the body to regulate its
presence in the absence of foreign bodies and
organisms by reducing its release from bone marrow.
There is a notable similarity in groups D and F as the
wistar rats in both groups were administered
ivermectin at a low dose of 0.2mg/kg body weight
once daily alone (group D) and in combination with
HCQ (group F). This possibly indicates that at a dose
of 0.2mg/kg body weight of, ivermectin is unable to
eradicate the organism elucidating the increased
neutrophil synthesis. However, the presence of HCQ
seems to have reduced the presence of the intruding
organisms and/or effect accounting for the reduced
neutrophil count in group D when compared with
group F. The reduced neutrophil count observed in
groups B, C, and G could be because of HCQ intake
since low levels of a type of white blood cell called
neutrophils is a known side effect of HCQ intake.”**
Findings of this study on the effects of singular and
co-administration of HCQ and ivermectin on
lymphocyte count showed a decline in absolute
lymphocyte count or an increase in neutrophil —
lymphocyte ratio, similar reports have been recorded
in previous studies >’ Such findings are
characteristic of disease states resulting from
impairment to varying degrees by infectious diseases
where the blood is in a state of hypercoagulation. *
This finding agrees with reports from previous
studies. **”*" In comparison with control a

statistically significant decline in lymphocyte count
was observed in group D on TD; indicating the
presence of a disease condition among the rats in this
group. This conclusion is further proven by the
earlier reports of increased neutrophil count in same
group D on TD, and previously reported decline in
absolute lymphocyte count in disease conditions. ***
Monocyte count was found to increase from TD; to
TD,, followed by a decline on TD,, in the control
group, all these values are in line with previous
reports that 5% to 12% of white blood cells in the
bloodstream are monocytes. ** The monocyte count
observed in this study on TD; in comparison with
control revealed that the monocyte count in all
treatment groups were higher. This finding agrees
with those of WBC, neutrophil and lymphocyte
count. The reduced monocyte count was statistically
significant in groups D, E and F indicating the
absence of foreign bodies that required clearing
from the bloodstream. On TD,,the monocyte count
was least in group G also indicating the absence of
destroyed foreign bodies requiring clearance by
monocytes.

Findings of this study from the analysis of blood
samples revealed that the PCV of wistar rats in the
control group was within the range of normal PCV
value of 39.38 + 7.6% in male rats.”” The low
hematocrit values observed in groups C, D, E and G
are indicative of anaemia,” low red blood cell count
and iron-deficient anemia that may be as a result of
malnutrition™ bearing in mind that loss of appetite
which is a known side effects of HCQ intake™ is
capable of resulting in iron and vitamin deficiency as
well as malnutrition. Similarly, the side effects of
ivermectin such as loss of appetite” and anaemia
could also be a cause of the observed declined PCV
values. The high hematocrit value observed in group
D may be indicative of dehydration. It is also
possible that there may have been pulmonary
conditions associated with hypoxia which may have
elicited an increased production of red blood cells.”
A previous study reported that Chloroquine and
Hydroxychloroquine could result in HCQ
neuromyotoxicity, proximal myopathy, neuropathy
or cardiomyopathy in response to HCQ toxicity **,
these conditions could result in hypoxia.
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Findings of the effects of singular HCQ and
ivermectin administration as well as their co-
administration on the platelet count of Wistar rats are
in agreement with that of a previous study that
reported normal platelet count of an adult male
wistar ratas 3.44 + 0.8 x 10"/ pL.” In groups B, D and
F an increase in platelet count was observed while in
group G, platelet count was significantly reduced.
The platelet count in Groups C and E were less than
that of control, although the decrease was not
statistically significant. This could mean that low
doses of ivermectin and hydroxychloroquine
enhanced platelet synthesis and/or release and a
combination of both drugs at same dose further
enhanced the synthesis and/or release while a higher
concentration of ivermectin and HCQ administered
reduced platelet synthesis and/or release. The far less
platelet count known as thrombocytopenia observed
in group G which received a combination of HCQ
and ivermectin at high doses is in line with the fact
that thrombocytopenia is a known side effect of
taking certain medications.”On TD,, groups B and D
(low dose groups) continued the trend of greatly
enhanced platelet synthesis, groups C and E (high
dose groups) had a slight increase in platelet count.
The drug co-administered group F (low dose) had
reduced platelet count while the co-administered
group G had an increased platelet count. Finally, by
TD,, all drug administered groups had significantly
higher platelet counts than control implying that after
long term treatment using HCQ, ivermectin or HCQ
+ ivermectin, there is likely to be increased blood
clotting activity. It is possible that on TD,the body's
attempt to maintain homeostasis after introduction of
the drug agents at high concentration led to the
consumption of platelets. Elevated platelets count
known as thrombocytosis observed in all treatment
groups except control may be because of
inflammation and occurrence of internal minor
capillary injuries occurring as a result of continuous
drug intake induced toxicity. Increased platelet
counts seem to have resulted from the body's attempt
at enhancing its preparedness to carry out defense
and improved capillary resistance to prevent RBC
leakage.” Thrombocytosis observed in the treatment
groups could also be a result of inflammation in the

bowels caused by drug toxicity.

MCYV of wistar rats in the control group of this study
was less than the findings of past study which
reported a value of 77.04 + 20.1fl as normal for male
wistar rats. Elevated levels of MCV (a measurement
of the average size of RBCs)" were observed in
group D, E and G on TD, and group B on TD,, which
imply that the RBCs of rats in these groups are larger
than normal. This larger than normal size could be
indicative of anemia caused by vitamin B deficiency,
a possible side effect of drug intake at high doses or
for a prolonged period. Vitamin B deficiency
induced anaemia may be resulting from
malnutrition, loss of appetite or because of liver
injury induced by drug toxicity. In male wistar rats,
normal MCH values have been reported as 26.53 +
4.8pg” which is seen to be slightly different from
those observed in control in this study. In
comparison with control, on TD;, groups D and E
had significantly higher MCH values indicative of
anemia also caused by a vitamin B deficiency.
Groups B and E had significantly less MCH than
control which is indicative of iron deficiency
anemia, a possible side effect of drug intake.
Increased MCH values detected in group F was
possibly for the same reason of vitamin B deficiency.
MCHC of wistar rats reported in this study agree
with a previous report of 36.69 + 12.5g/dL for male
wistar rats.”” Lower MCHC observed in group G is
indicative of iron deficiency which can be a side
effect of the drug administration. All other treatment
groups except group G on TD,, and TD,, in
comparison with control had reduced MCHC
showing that prolonged drug intake could result in
anemia. On the other hand, on TD,,, group G had
significantly higher MCHC values which may be
indicative of hemolytic anemia.

CONCLUSION

HCQ and ivermectin interfere with hemoglobin
concentration, WBC count, RBC count and PCV
causing a decline in the values recorded when
compared to control. On the other hand, platelet
counts were significantly higher at low doses of the
therapeutic agents but was significantly reduced
when HCQ and ivermectin were co-administered at
high doses insinuating the occurrence of
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thrombocytopenia; a known side effect of taking
certain medications.” Hematological indices MCV,
MCH and MCHC were equally not spared from the
effect of HCQ and ivermectin as differences were
observed between control and the treatment groups.
Most of these findings are indicative of iron
deficiency anemia, vitamin B deficiency induced
anemia and hemolytic anemia possibly in response
to drug toxicity. The mechanism of action of both
drugs on hematological parameters and indices
requires attention.

Recommendations

In line with the findings from this study, the
researchers recommend the following.

1.) Hydroxychloroquine and ivermectin should not
be administered for a long period of time to
prevent the occurrence of drug-induced toxicity.

ii.) Administration of HCQ and ivermectin should be
accompanied by vitamin rich diets and intake of
water to prevent vitamin deficiency and
dehydration.

iii.) Continuous blood monitoring is required when
administering these therapeutic agents
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