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Abstract | The study of aplastic anemia was induced in adult male dogs using benzene. the efficacy of cyclosporine-laden 
chitosan nanoparticles in treating induced aplastic anemia was evaluated and the effect of cyclosporine loaded with chi-
tosan nanoparticles with their doses alone was compared. The investigation of possible side effects of treatment regimens 
used. This study aimed to prepare chitosan nanoparticle and cyclosporine loaded on nanochitosan and pure chitosan. 
Pure chitosan was prepared using the gelation method. The appropriate cross-linking ratio and cross-linking times of 
2% (w/v) chitosan CNPS/cyclosporine nanofibers and solution were prepared. It was dissolved in deionized water at a 
weight ratio of 2G CNPS diluted with 100 ml DW, and mixtures were prepared by stirring at 80 Co for three and adding 
five drops of acetic acid. The physical properties and chemical composition were characterized using FE-SEM. Prepara-
tion of chitosan nanoparticles with sizes ranging from 20 – 50 nanometers. For succession. Bone marrow examination, 
counting myeloid cells to nucleated red blood cells revealed significant differences (P < 0.05) between the negative con-
trol group and the other groups, where the myeloid cells to nucleated red blood cells after induction of aplastic anemia 
in adult male dogs decreased from 2 on day 0 to 0.61 On day 15 for the positive control group, from 2.13 to 0.8 for the 
first group, and from 2.1 to 0.3 for the second group and from 2 to 1.07 for the third group and in the induction stage 
before giving it the treatment compared to the negative control group, respectively. In a hematological examination, the 
means of RBC count (1012/l) did not reveal differences in the negative control group. They were 6.5, 7.1, and 6.99 in 
three consecutive periods, respectively, while the positive control group, there were significant differences in RBC count 
(1012/l) between zero time, 15-day, and 45-day periods, as it decreased from 7.3 to 3.24, then to 2.48, respectively the 
results of the blood test after a month of treatment confirmed that there was a clear response to the treatment for the 
three groups compared to the positive and negative control groups.
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INTRODUCTION 

Aplastic anemia in dogs is a life- threatening disease 
resulting from the bone marrow’s inability to replen-

ish all three major cell lines in the peripheral blood supply 
and presence of hypocellular bone marrow (Brazzell and 
Weiss 2006). These cells include erythrocytes, responsible 
for carrying oxygen to the tissues in the body; leukocytes, 
responsible for protecting the body from infections; and 
thrombocytes, responsible for preventing bleeding through 
primary hemostasis. Aplastic anemia is also more appropri-
ately named aplastic pancytopenia since “pan” meaning “all” 
of the cell linages are affected, not just the erythroid lineage 
as the term “anemia. Implies (Brazzell and Weiss 2006). 
The bone marrow spaces that lack these important progen-
itor cells are also replaced with adipose tissue (Weiss 2003). 
Patients that are clinically affected usually are young and 
show very non-specific signs such as lethargy, weight loss, 
and possibly vomiting. Bleeding tendencies, such as pete-
chiae, are the most common clinical manifestations and are 
directly related to thrombocytopenia Bone marrow aplasia 
is believed to result from destruction of or genetic defect in 
stem cells, an altered marrow microenvironment including 
vascular and stromal components, and/or dysregulation of 
cell production from abnormal humoral mediators or other 
cellular products (Brazzell and Weiss 2006).

During the 1970 S, nanotechnology was seen as a poten-
tially useful tool for creating special materials. One to one 
hundred nanometers was the range of their sizes (Youssef 
et al., 2020). Additionally, it was involved in a variety of 
sectors, including drug delivery, biology, and agriculture ( 
Mohammed Badawi et al., 2022; Underwood and van Eps 
2012) . The large surface area, higher potency, and bioactiv-
ity of nanoparticles, along with their controlled molecule 
size and excellent drug delivery, have been confirmed by 
numerous articles and references as reasons why they are 
more beneficial and effective than bulk materials (Youssef 
et al., 2019); (Num and Useh 2013) . 

According to (McMillan et al., 2011), applying nanostruc-
tured materials in veterinary medicine has demonstrated 
great effects against bacterial strains and multi-resistant 
pathogens. Because chitosan is less hazardous and more 
biodegradable, it is advised for use in a variety of applica-
tions. In comparison to other biological polymers, it is also 
regarded as one of the polymers that is employed the most 
widely. Many types of literature confirmed that the synthe-
sis of chitosan nanoparticles is primarily which based on 
the ionic gelation method, which involves the interaction 
of opposite charged macromolecules; chitosan nanoparti-
cles are unique carriers for less soluble and poorly absorbed 
materials at the field of drug delivery systems (Shanmuga-
rathinam and Puratchikody 2014).

In terms of distribution, use, and availability, chitosan is a 
naturally occurring polysaccharide that comes in second 
to cellulose (Younus and Abdallaha 2023; Mincea et al., 
2012). According to (Mourya and Inamdar 2008), chi-
tosan is chemically composed of residues of glucosamine 
and N-acetyl glucosamine. After chitin is N-deacetylated, 
a linear polyamine saccharide known as chitosan [(1, 4)- 2 
- amino - 2 – deoxy – D - glucan] is produced. Accord-
ing to (Illum et al., 2001) , chitin is a structural element 
of the exoskeletons of shrimp, lobsters , and crabs. It is 
also found in the cell walls of yeast, fungi, as well as in the 
pens of squid. The antimicrobial, pain-relieving, hemosta-
sis-promoting, microorganism-inhibiting, and epidermal 
cell-growth characteristics of chitosan (Balakrishnan et al., 
2005; Howling et al., 2001) are a little different. Their pro-
spective uses in pharmaceutical and medical fields are of 
great interest. Chitosan’s positive qualities like its biocom-
patibility, capacity to hold certain organic molecules, capa-
bility for enzymatic hydrolysis, and intrinsic physiological 
activity with along its non-toxicities are the reasons for the 
surge in interest in the material (Wang et al., 2003). These 
characteristics are helpful for biological applications such 
“tissues engineering, medication delivery and targeting, 
wound healing, and Nano biotechnology”. “Chitosan” has 
gained popularity as drug delivery ingredient and deliver-
ing other macromolecules due to its biological and physic-
ochemical qualities (Okay 2010). 

The present study aims to determine the efficiency of cyclo-
sporine lodded chitosan nanoparticals for treating the in-
duced aplastic anemia , compare the effect of cyclosporine 
loaded with chitosan nanoparticle with their alone doses 
and investigate the possible side effect of the used treat-
ment regimens.

METHODOLOGY

Study design
The study was applied to 25 healthy adult male dogs of 
a local breed. Every animal’s health was regularly checked 
both before and during the study by clinical examination 
and all experimental animals were clinically examined and 
housed in the Animal House belongs to the Department 
of Surgery and Obstetrics, College of Veterinary Medicine, 
University of Baghdad, where they experienced controlled 
environmental conditions characterized by moderate tem-
perature and 12 hours light and 12 hours dark cycle. As 
a part of the acclimatization process, the animals were 
housed in cages (1×2×1 m3) for a duration of two weeks 
prior to the commencement of the experiment, in which 
they were provided with standard dog food, meat, and 
bread, offered twice daily (morning and evening), and had 
constant access to tap water throughout the experimental 
period. A prophylactic anthelmintic treatment (oral drontal 
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plus, prazquantal 50 mg/febantel 150mg /pyrantel 144 mg) 
and injected intramuscularly with a combined prepara-
tion of linco- spectin (lincomycin 50mg andspectinomycin 
100mg) was provided before starting the experiment.

Induction of aplastic anemia
The study was conducted on five groups of adult male dogs 
over six months. The first group was the negative control 
group and left without inducing aplastic anemia. The other 
four groups, which were from the second group to the fifth, 
respectively, these groups were exposed to aplastic anemia 
induced with 2ml/Kg of benzene for 15 dose (i.e. for 15 
days), the dose and duration have been chosen according to 
our experience and literature survey (Elsayed 2017).

Grouping of the animals
The dogs were divided into five in adult male dogs, and five 
were included in each group. The first group was a negative 
control group that was discharged without receiving any 
medication; the second group was a positive control group 
that was given aplastic anemia; the third group (T1) re-
ceived oral chitosan nanoparticles (20 mg/kg) for 30 days 
following the occurrence of aplastic anemia; the fourth 
group (T2) received oral cyclosporine (5 mg/kg) for 30 
days following the occurrence of aplastic anemia; and the 
fifth and final group (T3) received oral cyclosporine loaded 
with chitosan nanoparticles (5 mg cyclosporine/20 mg of 
chitosan nanoparticle).

Preparation of chitosan nanoparticles 
Three different concentrations were prepared from a solu-
tion of Chitosan provided by GLENTHM company ac-
cording to the modulating method (H.Nm Mustafa 2021)
(Mustafa 2021; Okay 2010), where the concentrations of 
0.5 , 1 , 1.5, and 2 mg/ml of chitosan solutions were pre-
pared by adding 25 , 50, 75 and 100 mg of chitosan powder 
to 50 ml deionized distilled water contains 1% acetic acid 
for each and left for 24 hours at room temperature, after 
that mixed by magnetic stirring on hotplate stirrer for 30 
minutes at 900 rpm, leading to a semi- colloidal solution. 
The pH was adjusted at 4.6, and then the fluid was filtered 
using filter paper (400–800 nm) after being subjected to 
sonication for three minutes using a probe sonication(Pires 
et al 2014). 

Loading of cyclosporine on chitosan 
nanoparticles 
According to previous studies (Ali et al., 2018; Ibrahim et 
al., 2015) 50 mg of To achieve a 1:4 loading ratio of cyclo-
sporine with Chitosan, 1 ml of acetone was dissolved, and 
the mixture was then slowly distilled into 50 ml of a Chi-
tosan solution (2 mg/ml) while being continuously stirred 
in a heated plate stirrer for 30 minutes at 900 rpm. To allow 
the cyclosporine molecules to adsorb on the surface of the 

chitosan particles, 10 ml of TPP (0.25%) was added at a 
5:1 ratio of solution by slow distillation, and the mixture 
was stirred continuously for 30 minutes. Next, the solution 
was subjected to sonication for a minute. Subsequently, a 
1:4 (5:20) loading ratio of cyclosporine to Chitosan was 
obtained by slowly distilling 250 mg of cyclosporine in 1 ml 
of distilled water while “continuously stirring on a heated 
plate stirrer for 30 minutes at 900 rpm. After that, the mix-
ture was subjected to sonication for a minute”. 

In order allowing the cyclosporine to adsorb on the surface 
of the chitosan particles, the solution was put back to con-
tinuous stirring, 10 ml of TPP (0.25%) was added at a ratio 
of 5:1 of solution by gradual distillation, and stirring was 
left for 30 minutes (Saeed et al., 2023).

Hematological examination 
The blood samples were obtained from the cephalic vein in 
tubes supplemented with EDTA on days 0, 15, and 45 of 
the experiment. Then subjected to a complete blood exam-
ination by the vet. The automated hematology analyzer ex-
amined the following parameters: Blood samples from the 
cephalic vein were collected in tubes supplemented with 
EDTA on days 0, 15, and 45 of the trial. Then, he under-
goes a complete blood test with a veterinarian. Automated 
hematology analyzer, where the following parameters were 
examined and include Red Blood Cell count, hemoglobin, 
percentage of Hematocrit (MCV, MCH, MCHC)

Bone marrow examination
The bone marrow of all dogs was examined before starting 
the experiment only to ensure that the dogs were free from 
any defect in bone marrow, e.g., depression or destruction, 
to exclude any bias that may occur. Bone marrow aspira-
tion biopsy was performed according to (Blue 2002). After 
that, the following parameters were examined in the bone 
marrow smears: estimation of cellularity, M: E ratio, Matu-
ration of cellular lineages (erythropoiesis), Presence of dys-
plastic changes, and Presence of parasites.

Statistical analysis
Using the Statistics software version 8.1, the data was 
statistically analyzed using one-way analysis of variance 
(ANOVA) appropriate to design (CRD) totally and cor-
relation coefficient. Least significant difference (LSD) was 
used to compare mean values at P ≤ 0.05. and compared 
the results according to (Steel and Torrie 1980) by using 
the SPSS system.

RESULTS AND DISCUSSION

Results of preparing of chitosan nanoparticles 
and loading of cyclosporine on chitosan 
nanoparticles
Preparation of chitosan nanoparticles loaded with cyclo-
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sporine revealed nanoparticles at measures ranging be-
tween 20 – 50 nm (see Figure 1 and Figure 2), which is 
considered a good size of nanoparticles, as the acceptable 
Nano scale of particles should be less than 100 nm (Mo-
hammed and Rafeeq 2023; Saeed et al., 2023).

Figure 1: FE-SEM images of  chitosan nanoparticles.

Figure 2: FE-SEM images of cyclosporine loaded chitosan 
nanoparticles.

Results of bone marrow examination 
Estimation of cellularity: In the negative control group, the 
cellularity remained within reference limits of dogs, which 
ranged between 25 – 75 % (Grondin et al., 2010), through-
out the experiment, and on the contrary, the cellularity de-
creased significantly in the other groups after exposure to 
benzene reaching to about 10 %, as shown in Figure 3.

Figure 3: The cellularity of a bone marrow smear in 
PC group after induction of aplastic anemia by using of 
benzene.

In the T1 group, after administration of benzene, the cel-
lularity was restored to about 20 %, but it remained under 
the reference limits.

In the T2 and T3 groups, the bone marrow restored near to 
its norm cellularity after 45 days, reaching about 25 %, as in 
adults, the normal cellularity is 25% (Weiss and Wardrop 
2010), as shown in Figure 4. 

Figure 4: The cellularity of a bone marrow smear in T 3 
group after treatment by cyclosporine -  loaded chitosan 
nanoparticles, which estimated as 30 %.

Myeloid: Erythroid ratio: The calculation of M:E ratio 
reveal significant differences (P < 0.05) between negative 
control group and other groups , as shown in Table. 1. as 
after induction of aplastic anemia the Myeloid:Erythroid 
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ratio was decreased from 2 in day 0 to 0.62 in day 15 , from 
2.13 to 0.8 , from 2.1 to 0.3 and from 2 to 1.06 in positive 
control , T 1 , T 2 and T 3 groups, respectively.

Table 1: Myeloid:Erythroid ratio of all groups in the three 
periods.
Time Negative 

control
Positive 
control

T1 T2 T3

0-day 1.88 2 2.13 2.1 2
15-day 1.55 0.62 aA 0.80 aA 0.30 aA 1.07 a
45-day 1.72 A 0.88 a 2.90 B 1.59 A 1.92 A

The small letter refer to significant differences (P < 0.05) 
in the rows. Different capital letters refer to significant 
differences (P < 0.05) in the columns.

Figure 5: Result of  Myeloid:Erythroid ratio.

Maturation cellular lineage: Every step of elytroid 
maturation was observed in the current investigation, and 
as every stage was impacted by benzene and reacted uni-
formly to treatment, no variations in the effect of benzene 
on distinct maturation stages were noted.

Dysplastic alterations are present: In this investiga-
tion, dysplastic alterations were not seen.

The existence of parasites: The bone marrow smears 
showed no signs of infection or parasite infestation. 
The hepatotoxicity effects of benzene, which harm 
hematopoietic stem cells (HSCs), are responsible for the 
bone marrow examination results. Its metabolites are a 
major factor in bone marrow (BM) depression, which is 
what led to the hypo cellularity seen in this study (Hamzah 
et al., 2019). Additionally, the bone marrow’s HSCs with 

varying differentiation stages (i.e., distinct lineages) are 
susceptible to hematological damage caused by benzene. A 
body of research indicates that benzene and its metabolites 
cause bone marrow cells to die, severely damaging the 
bone marrow and resulting in cellular aplasia (Atsdr 2020). 
Studies have shown that benzene and its metabolites induce 
various adverse effects in HSCs, such as chromosomal 
aberration, apoptosis, oxidative stress, inhibition of the cell 
cycle, and DNA damage (Wang et al., 2012). As a result, 
benzene affected all lineages equally and there were no 
differences observed in the effect of benzene on different 
maturation stages in the present study. This induced toxicity 
toward HSCs includes direct short- and long-term damage 
to HSC progenitors as well as effects on the bone marrow 
hematopoietic microenvironment. 

The current study’s significant decrease in the M:E ra-
tio after benzene administration can be explained by the 
pathological analysis of a previous study, which found that 
benzene exposure promoted elytroid hyperplasia and in-
hibited granular hyperplasia in bone marrow (Sun et al., 
2014). The reference limits of the M: E ratio in dogs are 
1.8 ± 0.61 (Grondinet al., 2010). However, after treatment 
with cyclosporine-loaded chitosan nanoparticles at day 45, 
the ratio returned to near normal, indicating the therapeu-
tic effect of the nanoparticles. 

These results confirm that cyclosporine can be an effica-
cious drug for patients with refractory aplastic anemia, 
and that the long term treatment with a relatively low 
dose of cyclosporine may be essential for obtaining a high 
response rate (Al-Ghazaly et al., 2005) and reinforce the 
belief that immunosuppressive therapy was markedly effec-
tive for pancytopenia (Perkins et al., 2001) , as mainly the 
aplastic anemia resulted from T- cells mediated immune 
destruction of bone marrow cells, therefore aplastic ane-
mia can be effectively treated by stem cells transplantation 
and immunosuppressive drugs such as cyclosporine , as it 
block T- Cells function , therefore this researcher with his 
colleagues found that approximately half of patients with 
severe aplastic anemia treated with anti-thymocyte globu-
lin and cyclosporine have durable recoverable and excellent 
long-term survival (Bacigalupo et al., 1995; Rosenfeld et 
al., 2003), especially when loaded on nanoparticles, as they 
are potential carriers for drug delivery, imaging molecules, 
and even genes (Badawi et al., 2022) .

Hematological examination
As shown in Tables 2, 3, and 4, the means of RBC count 
(1012/l) did not reveal differences in the negative control 
group. They were 6.5, 7.1, and 6.99 in the three consecutive 
periods, respectively, while in the positive control group, 
there was a significant difference in RBC count (1012/l) 
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Table 2: Results of hematological examination in 0-day.
T3 
group

T2 group T1 group    Positive control group Negative control group Parameters

7.87 6.37 5.95 7.3 6.5 RBC (1012/l)
16.7 14.8 14.64 15.5 16.3 Hemoglobin  (g/l)
45.95 43.4 38.8 39.75 41.65 Percentage of Hematocrit (Hct)(%)
72 74 75 74 64 MCV (FL)
25.2 23.2 25.8 22.5 23.5 MCH (pg.)
35.4 33.2 38.2 36.7 36 MCHC (g/l)

Table 3:  Results of hematological examination in 15-day.
T3 group T2 group T1 group Positive control group Negative control group Parameters
3.19 a 3.68 a 2.74 a 3.24 a 7.1 RBC (1012/l)
7.8 a 6.3 a 6.5 a 7.7 a 15.9 Hemoglobin  (g/l)
22.52 a 18.44 a 19.08 a 22.74 a 43 Percentage of Hematocrit(Hct %)
68 70 67 70 68 MCV (FL)
24.4 24.2 23.9 23.6 27.7 MCH (pg.)
34.5 33.7 34.3 33.7 38.7 MCHC (g/l)

The small letter refers to significant differences (P < 0.05) in the rows.

Table 4: Results of hematological examination in 45-day.
T3 group T2 group T1 group Positive control group Negative control group Parameters
4.95 a 4.89 a 4.69 a 2.48 a 6.99 RBC (1012/l)
12.6 b 11 b 10.2 b 6.3 a 16.2 Hemoglobin  (g/l)
30.98 b 28.94 b 28.22 b 18.44 a 45.02 Percentage of Hematocrit (Hct)(%)
71 74 70.3 62.1 74 MCV (fl)
27.5 28.1 27.9 28 26.7 MCH (pg)
40.5 37.8 37.8 37.7 36.2 MCHC (g/l)

The different small letter refers to significant differences (P < 0.05) in the rows.

between zero time, 15-day, and 45-day periods, as it de-
creased from 7.3 to 3.24, then to 2.48, respectively.

On the other hand, in the T 1, T 2, and T 3 groups, the 
RBC count (1012/l) were 7.87, 6.37, and 5.95 and decreased 
to 3.19, 3.68, and 2.74, respectively, after induced aplastic 
anemia 15 days after the occurrence of aplastic anemia. In 
comparison, they return near reference limits after 45 days 
of treatment by chitosan to 4.69, cyclosporine to 4.89, and 
cyclosporine-loaded chitosan nanoparticles to 4.95, but 
without significant differences (P < 0.05).

The means of Hemoglobin (g/l) did not reveal significant 
differences  in the negative control group, and they were 
16.3, 15.9, and 16.2 in the three consecutive periods, re-
spectively. On the other hand, in the positive control group, 
there was a significant difference in Hemoglobin (g/l) be-
tween the zero time, 15 days, and 45 days after the occur-
rence of aplastic anemia, as it decreased from 15.5 to 7.7 

and 6.3, respectively. On the other hand, in the T 1, T 2, 
and T 3 groups, the hemoglobin values (g/l) were 14.64, 
14.8, and 16.7 on day 0 and decreased to 6.5, 6.3, and 7.8 
after induced aplastic anemia on day 15. However, they in-
creased and returned to normal reference limits after 45 
days of treatment with chitosan 10.2 and cyclosporine 11 
and 12.6 by cyclosporine-loaded chitosan nanoparticles. 

The means of Hematocrit (Hct) did not reveal significant 
differences in the negative control group, as they were 
41.65, 43, and 45.02 in the three consecutive periods, re-
spectively. On the other hand, in the positive control group, 
there were significant differences in the Percentage of Hct 
between zero time, 15 days, and 45 days periods, as it de
creased from 39.75% to 22.74 % and then to 18.44%, 
respectively. The results of Hct in T 1, T 2, and T 3 
groups were 38.8%, 43.4%, and 45.95% on day 0, while 
15 days after the occurrence of the aplastic anemia, they 
decreased to 19.08%, 18.44%, and 22,52%, respectively. 
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Table 5: Comprehensive discussion of comparisons with existing literature.
Refrence Time tretment RBC Hemoglobin Method Nps No.
( Jia et al 2020) 15 days 1-6.1 (Cn)

2-3.30(AA+Nacl)
3-4.27(AA+Epo)
4-4.57(AA+ GF-
NPs)

1-12.4(Cn)
2-6.70(AA+Nacl)
3-8.68 (AA+Epo)
4-9.30(AA+ GF-
NPs)

1-water-soluble 
nanoparticles 
(GFNPs)
2- a simple sol-
id-liquid reaction 
to modify gad-
ofullerene

Gadofullerene 
nanoparticles

1

(Rodri-
guez-Cobos 
and Atencia 
2023)

24 days 7.92 1-15.9 drug Eeltrombopag 2

(Zangeneh et 
al 2019)

Non 24 1-6.1 (Cn)
2-  4.57(Nacl)
3-5.90  (Mentha 
piperita)

1-15 (Cn )
2-  8 (Nacl)
3-12.3   (Mentha 
piperita)

New health-pro-
moting products 
(nutraceuticals, 
cosmetics, and 
pharmaceutical 
products)

Mentha piperita 3

(Rezk, Mo-
hamed, and 
Ammar 2018)

7 days 1-5.40 (Cn )
2-3.98  (Thorium)

1-9.03 (Cn )
2-7.55  (Thorium)

a naturally-occur-
ring radioactive 
meta

Thorium 4

(Mahmoud 
2022)

two week 
(5days/week)

1-4.74 (cn)
2- 2.78 treted of  
CeONPs

1-13.66 (cn)
2- 9.23 treted of  
CeONPs

CeONPs CeONPs 5

Current Work 30 days 1-6.99(Cn)
2-2.48 (AA+Nacl)
3-4.95(AA+ Chi-
tosan nanoparticles 
&cyclosporine).

1-16.2(Cn)
2-6.30(AA+Nacl)
3-12.6(AA+ Chi-
tosan nanoparticles 
&cyclosporine) 

Gelation methoeds Chitosan nano-
particles &cyclo-
sporine

6

Table 5 shows a more comprehensive discussion of 
comparisons with existing literature.

In the third period (45 days after the occurrence of the 
aplastic anemia), the Hct increased after treatment by chi-
tosan to 28.22% and by cyclosporine to 28.94% and to 
30.9 by cyclosporine-loaded chitosan nanoparticles. As 
shown in Tables 2, 3, and 4, the means of MCV revealed 
no significant differences, in the negative control group, 
and they were 64, 68, and 74 fl in the three consecutive 
periods, respectively. 

In the positive control group, there was a significant dif-
ference in MCV between day 0, day 15, and day 45; it de-
creased from 74 to 70, then to 62.1 fl., respectively. On 
the other hand, in the T 1, T 2, and T 3 groups, the MCV 
were 75, 74, and 72 fl on day 0 and decreased to 67, 70, 
and 68 FL after induction of aplastic anemia. At the same 
time, they returned to reference intervals after treatment 
to 70.3, 74, and 71 fl. The results of RBC count, Hct, and 
Hemoglobin (in addition to bone marrow findings men-
tioned above) reflect the occurrence of aplastic anemia, as 
the average reference interval of these parameters in dogs 
are 5.5 – 8.5 (X 1012/l), 12.0 – 18.0 g/dl and 37 – 55 %, 

respectively, as there were many types of research consid-
ered benzene as one of the causes of anemia, especially the 
aplastic anemia (Shah and Naik 2006; Aksoy 1985) due 
to change of osmotic fragility of erythrocyte and short-
ening of erythrocyte survival time (Aksoy 1985) leading 
to aplastic anemia which characterized by reduction of all 
cellular elements in the peripheral blood and bone marrow, 
leading to fibrosis which is the irreversible replacement of 
bone marrow (Qasim and Badawi 2023). These results of 
MCV, although there was some drop in values of the mean 
of MCV after induction of aplastic anemia and increased 
after treatment, all still into the reference intervals in dogs, 
which ranged between 60 – 77 FL (Badawi and Yousif 
2020; Grondin et al., 2010), this may be attributed to the 
fact that there are vast differences between breeds of dogs 
in addition to effects of the ages on the reference inter-
vals. Therefore, these intervals have several differences in 
the different scientific references. The means of MCH and 
MCHC revealed no significant differences (P < 0.05) in 
the negative control group in the three consecutive periods, 
and the same result was observed in the positive control 
group and also in T 1, T 2, and T 3 groups, as there were 
no significant differences in MCH between the three con-
secutive periods. This result reflects that in aplastic anemia,
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Figure 6: Result of RBC (1012/l).

Figure 7: Result of  Hemoglobin.

Figure 8: Result of  MCV.

Figure 9: Result of  MCH.

Figure 10: Result of  MCHC.

the anemic dogs lose the regenerative ability of bone mar-
row to compensate for damaged RBC and its hemoglobin 
content. Thus, RBC count, hematocrit, and Hemoglobin 
are all decreased, leading to normochromic anemia, as ta-
bled in Tables 2, 3, 4, and shown in Figure. 5, 6, 7, 8, 9,10.

CONCLUSIONS

From the results of the current study, it can be concluded 
that benzene has side effects during the disease develop-
ment period. Chitosan nanoparticles are beneficial in a 
significant cure for aplastic anemia, and cyclosporine has 
a noticeable therapeutic effect on some cases of aplastic 
anemia in dogs, but the best results were by loading cyclo-
sporine on chitosan nanoparticles from all clinical aspects 
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and blood tests, which indicates that the nanoparticles has 
a clear effect in delivering treatment in a faster period and 
a quick recovery response.

Future research applications can be applied to humans and 
other important and necessary animals. Nanotherapy is 
considered one of the modern and important technologies, 
as it reduces the doses used and quickly delivers the drug to 
the target to achieve early recovery and reduce treatment 
periods. This is useful in terms of reducing the toxicity of 
some treatments that are used for long periods. 
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