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Abstract. Treatment Failure with chloroquine is one of the challenges that faced the dedicated
efforts to eradicate malaria This study aims at investigating the impact of treatment failure
with chloroquine on the progression of the disease-induced histo-pathogenic and immunogenic
outcomes. To achieve this, Rane’s protocol with modifications was applied on a model of
Plasmodium berghei ANKA infected ICR mice to determine the dose response curve of
chloroquine and to screen the treatment impact on the disease progression. Chloroquine was
given at 1, 5, 10, 15 and 20 mg/kg once the parasitemia reached to 20-30% (the experimental
initiation point). During the subsequent days, the mice were monitored for changes in the
clinical signs, hematology parameters and the progress of the parasitemia until the parasitemia
reached to 60-70% (the experimental termination point) or up to 10 days after chloroquine
administration in case of achieving a complete eradication of the parasite. At the end, the
mice were exsanguinated and their blood and organs were collected for the biochemistry and
the histology study. A complete eradication of the parasite was achieved at 20 mg/kg while
recrudescence was observed at the lower doses. At 1 mg/kg, the parasite growth was
comparable to that of the positive control. The histo-pathogenic and immunogenic changes
were stronger in the groups that experienced recrudescence (at 5 and 10 mg/kg). All in all, the
study highlights the possibility of having a worsened clinical condition when chloroquine is
given at its sub-therapeutic doses during malaria treatment.

INTRODUCTION malaria chemotherapy. Chloroquine is the

most indispensable antimalarials due to its

Malaria is a devastating multi-organs  cost- effectivity, strong potency and relative
infectious disease afflicting millions of  safety as compared to the others. But,
people and claiming the life of other  unfortunately, it started to lose its token
thousands around the world. It induces  due to the emergence of resistance among
metabolic derangements, hematologic  different strains of the parasite and due to
disarrays as well as degenerative and  factors related to its pharmacokinetic
inflammatory changes in different organs characters. Chloroquine tends to deposit in
(De Souza et al., 2010; Basir et al., 2012). the lean body mass especially in liver or skin
Treatment failure with chloroquineisone  failing its access to its target site of action

of the major catastrophes in the realm of @ (Ono, Yamada M et al., 2003). Previous
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studies revealed wide interindividual
variations in the pharmacokinetic characters
of chloroquine and proposed a difficulty in
maintaining its serum level within the
therapeutic limit. In spite of all of these
challenges, chloroquine is used inevitably
in the poor endemic areas of malaria due to
economic factors (McLachlan et al., 1993).
This urged the health authorities to search
for other alternatives or take measures to
downsize the unwanted consequences of its
treatment failure.

This study aimed at screening the
impact of chloroquine treatment failure on
the progression of the disease induced
pathogenic events using an experimental
model of chloroquine treated Plasmodium
berghei ANKA infected ICR mice.

METHODOLOGY

1. Animals

Imprint Control Region (ICR) mice; weighing
(17-20 g), were procured from Takrif Bistari
Enterprise/ Kuala Lumpur/ Malaysia. They
were reared in the transient room facility of
the Faculty of Medicine and Health Sciences/
University Putra Malaysia, with free access
to the standard rodents’ chow and drinking
water (ad libitum).

2. Experimental design

The study was designed to find the impact of
the therapeutic use of different doses of
chloroquine on progression of malaria
pathogenesis using a model of Plasmodium
berghei ANKA infected ICR mice. To achieve
this, it was mandatory to pass through the
sequential processes of the parasite
maintenance, establishment of the infection’s
models, the in vivo screening of the anti-
malarial drugs and monitoring of the disease
progression.

All the experiments were performed as
per rules and guidelines of the Institutional
Animal Care and Use Committee (IACUC) of
the University Putra Malaysia. The protocol
was approved by the committee [Ref # UPM/
TACUC-R044/2016].
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3. Parasite maintenance

3.1. Animals infection

Initially, a group of mice was inoculated I.P
with 0.2 ml of the thawed cryopreserved
parasites and the parasitemia was monitored
daily using the well-known Giemsa stained
thin blood film technique (Ameri, 2010). The
animals were sacrificed, and their blood
was collected by a cardiac puncture under
ketamine xylazine anesthesia for further
passaging or cryopreservation once their
parasitemia reached a level of 35%; the
parasitemia threshold for passaging and
cryopreservation. Then, the animal’s
carcasses were disposed of, according to
rules and guidelines of the ethical committee
(Basir, Rahiman et al., 2012).

3.2. Parasite cryopreservation

The collected blood (Section 2.3.1) was
mixed with the Alservers anticoagulant
buffer at a ratio of 1:3 (blood/ buffer) (Basir
et al., 2012) and kept in tightly stoppered
cryo-vials and kept at -80°C.

3.3. Parasites passaging

For passaging, standard inoculums of
5x107/ml of PRBCs (parasitized RBCs)
were prepared through mixing the collected
blood with N/S at [(1: X-1 (infected blood /
N/S)) where in X=parasitemia of the infected
blood]. Then, the inoculums were injected
to ICR mice; weighing 17-20g, and the
animals were monitored daily for the
parasitemia progression till reaching the
level of the exsanguination.

4. Establishment of Plasmodium berghei
ANKA infected ICR mice model and
design of the study

The study was designed based on a
preliminary study wherein 10 ICR mice were
injected with 0.2 ml of an inoculum containing
1x107 PRBCs L.P. Then, they were monitored
during the subsequent days for the parasite
growth, cardinal signs of the disease and the
hematology parameters till the animal’s
death. The cardinal signs appeared once the
parasitemia reached to the threshold of



20-30%. Meanwhile, the sudden mortality
was observed at a parasitemia level > 60%
as only 30% of the mice experienced that
before reaching this limit. Besides, there has
been an inter-individual variation in the time
required to reach the mentioned thresholds
(data are not shown).

Accordingly, the experiment was
designed to inject chloroquine once the
parasitemia reached the threshold of
20-30% (experimental initiation point) and
to terminate the study when the level
exceeded the 60% (the experimental
termination point) to avoid this source of
error or loss of the animals by the sudden
mortality.

5. Establishment of the positive control
group (reference comparator group)
The positive control group was established
as in the preliminary study but the monitoring
continued till reaching the experimental
termination point. The required period to
achieve this point was set as a criterion for
the animal’s survival which was determined
using the well-known Kaplan-Meir’s
estimator. Furthermore, the animals were
left for 10 days in case of having a complete
eradication of the parasites. At the
termination point, the animals were
exsanguinated after collecting their blood
by cardiac puncture under xylazine/ ketamine
anesthesia. The organs were removed,
washed with PBS (Phosphate buffer saline
(pH="7.4), weighed and kept in formalin for
the histology study. The remaining carcass
was wrapped to be disposed of as per the
guidelines of the ethical committee.

6. Dose response curve of chloroquine
and its impact on the disease progression
The dose response curve of chloroquine
against the used model was determined
using Rane’s protocol for the in vivo
screening of the anti-plasmodium drugs
with modifications wherein the drugs are
given after establishment of the infection
(Tarkang et al., 2014; Upegui et al., 2014).
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Briefly, five different groups (n=10)
were appropriated, viz; CQT1, CQT5, CQT10,
CQT15, and CQT20, and were treated with 1,
5, 10, 15 and 20 mg/kg of chloroquine I.P
respectively, and the animals were monitored
subsequently as in the positive control
(Sections 2.5).

A stock solution of 10 mg/ml of
chloroquine was used to prepare working
solutions at the required concentrations to
deliver the mentioned doses. The final
volume was adjusted such that it did not
exceed the maximum injectable volume of
the LP injection of the drugs to the mice
(0.1 ml for each 10 g of the body weight) as
recommended by the Canadian Council on
animal care (CCAC) guidelines (Ernest et al.,
1993).

7. Sample size calculation

The minimum acceptable sample size was
calculated using Lambert’s power model
(Kadam and Bhalero, 2010) depending on
the change in the parasitemia during the
preliminary study after the injecting the
parasites at the experimental initiation point.
The parasitemia jumped from 22.14+1.12 to
38.34+1.34 on the next day (Figure 1). The
model showed that five is the minimum
statistically acceptable number for this
study. But, in this study, ten mice were
allocated for each group to secure having
more than five samples for the biochemistry
and the histology study.

8. Animals monitoring
The tail blood was collected daily to monitor
the parasites growth and changes in the
hematology parameters. The former was
determined using the well-known Giemsa
stained thin blood smears technique (Basir
et al., 2012) while the BC-5200 Hematology
Analyzer was used for the WBCs and RBCs
counts (Mindray, Nanshan, Shenzhen, China).
Besides, the cardinal signs of the disease
(body weight, body temperature, piloerection,
locomotor activity and dark urine) were
monitored. The body weight was measured



using Shimadzu (UX4200H) top pan animal
balance to the nearest 0.1g. The colonic
temperature was measured using BIOSEB
(BIO9882) rectal thermometer with a probe
inserted 1.5 cm post the anal sphincter into
the colon of handheld mice. Meanwhile, the
behavioral changes were observed and
graded using an arbitrary 4-point scale (0=
absence, 1=mild, 2=moderate and 3=severe).
On the other hand, a binomial scale (0=
absent, 1=present) was adopted to evaluate
the incidence of dark urine. The monitoring
continued until the mice died spontaneously.

The blood collected blood samples were
used to measure serum level of the liver
enzymes (SGOT, SGPT, ALT and GGT), total
bilirubin and serum proteins to assess the
liver functions, each of the serum urea,
creatinine for the renal function and each
of Na*, K+, Ca**, PO42 and CI to assess the
impact on the electrolytes homeostasis.

After dissecting the animals, the organs
were collected, blotted in Whatman filter
paper, monitored for the morphology changes,
weighed to calculate their index and kept
in formalin before exposing them to the
sequential steps of the histology slide
procession and staining.

9. Statistical analysis

One-way ANOVA was used to test for the
significance of the difference between the
groups using the SPSS software/ version 21.
Meanwhile, all the histology changes were
scored by a pathologist using the ordinal
method of the histology slides scoring. A
score range of 0-5 was given for each event
to represent absence, very mild, mild,
moderate, severe and very severe,
respectively. They were analyzed using the
non-parametric Kruskal Wallis test followed
by the Man Whitney test to compare between
the groups.

On the other hand, the survival profile of
the all the groups was determined using the
Kaplan Mier’s estimator paired with log-rank
(Mantel-Cox) and Gehan-Beslow-Wilcoxon
test for the pairwise comparisons. The test
does not merely measure the equity of the
survival of the populations but it also gives
a weight to the incidence of the early death
and the survival time.
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RESULTS

1. Parasitemia progression and animal’s
survival in chloroquine treated and
untreated Plasmodium berghei infected
ICR mice

The study showed a progressive increase in
the hematology and the clinical parameters
within the positive control and in a
parasitemia dependent manner. Its survival
profile revealed that only 3 out of 10 animals
died before reaching the experimental
termination point (Figure 1).

Chloroquine administration produced a
dose dependent decline in the parasitemia,
such that, a complete eradication was
achieved for the individuals of the CQT20
group and for 70% of CQT15. Nevertheless,
a sub-therapeutic effect was obtained at
5 and 10 mg/kg wherein the parasite
recrudescence was observed. The para-
sitemia growth profile at 1 mg/kg was
comparable to that of the control (Figure 1,
Table 1). The survival study showed that
chloroquine treatment at 15 and 20 mg/kg
produced a statistically significant survival
curve as compared to the positive control as
per log-rank (Mantel-Cox) test (P<0.05) while
Gehan-Breslow-Wilcoxon test failed to
show any statistical significance among
the groups.

1.1. Clinical signs of the disease

The positive control mice experienced a
progressive decline in the body weight
(Figure 1) along with the incidence of
piloerection, and lethargy effective from the
3" day post-infection up to the end of the
study. Dark urine was observed only during
the late stages, although its incidence was
inconsistent in all the animals. Despite the
decline in the parasitemia after chloroquine
treatment, the mice continued experiencing
a prominent loss in the body weight (Figure
1) and the mentioned signs during the first
few days post-treatment (data are not shown).
Later on, the symptoms were settled down
for the CQT20 group but turned stronger
for the recrudescence groups (CQT5 and
CQT10 groups). Meanwhile, the symptoms
were comparable to that of the positive
control at 1 mg/kg.
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Figure 1. Parasitaemia progression, dose response curve and survival profile after chloroquine
treatment, body temperature, body weight and hematology parameters after chloroquine treatment.
A- Parasitemia progression in the positive control and the chloroquine treated groups. B- Survival profile of
the chloroquine treated and untreated Plasmodium berghei ANKA infected ICR mice. Using Kaplan Meir
estimator. C- The dose-response curves for the therapeutic effect of chloroquine during the subsequent three
days after the treatment. Meanwhile the changes in the body temperature, body weight, WBCs count (C),
RBC count in the chloroquine treated and untreated groups were represented by curves D, E and F and G
respectively. The results were expressed as mean +SEM (¥, ¥ and *¥¥) and (%% and %%%) signify statistically
significant difference as compared to the positive and negative controls (P<0.05, P<0.01 and P<0.001

respectively).
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Table 1. Therapeutic potency of chloroquine during
the first 3 days post infection

Day EDsor EDggr EDggr
1 3.82 13.20 17.45
2 3.85 11.70 15.02

3.33 12.23 16.39

EDsor, EDgor and EDggr refer to the effective therapeutic dose
required to inhibit the parasite growth by 50, 90 and 99%,
respectively in mg/kg.

1.2. Hematology parameters in
chloroquine treated and untreated
Plasmodium berghei ANKA infected ICR
mice

A progressive and consistent leukocytosis
and anemia were observed in the positive
control, and in a parasitemia dependent. This
picture continued after chloroquine therapy
during the first few days. The changes settled
down for CQT20, worsened for CQT5 and
CQT10 and were similar to that of the positive
control at the lowest dose (Figure 1).

1.1. Biochemistry parameters in
chloroquine treated and untreated
Plasmodium berghei ANKA infected ICR
mice

A moderate renal and hepatic dysfunction
was observed in the infected groups at the
end of the study. They were stronger in the
recrudescence groups but resolved for the
CQT20. Similarly, a mild hyponatremia and
hypocalcaemia, hyperkalaemia, hyper-
chloremia and hyperphosphatemia were
observed in the positive control but resolved
after having a complete parasite eradication
(CQT20) but turned stronger in the mentioned
recrudescence groups. (Figure 1). Mean-
while, they were comparable to that of the
control for the CQT1 (Table 2).

1.2. Histology and necroscopic changes
in chloroquine treated and untreated
Plasmodium berghei ANKA infected ICR
mice

1.2.1. Necroscopic changes

Red discoloration and organomegaly were
the main necroscopy features of organs of
the infected mice (positive control group).
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They were highly prominent in the liver and
spleen, moderate in kidneys and lungs,
minimal in the brain and absent in the heart
(Table 2). The changes were stronger and at
the utmost extent the recrudescence groups
(especially the changes in liver and spleen).
The changes persisted at a comparable extent
to that of the control for CQT20 and CQT1
(Table 2).

1.2.2. Effect on liver

The infected positive control mice
experienced prominent changes within the
hepatic sinusoids, hepatic cord and portal
triad. The cord showed mild loss of the
hexagonal architecture, mild hepatocytes
shrinkage and very few foci of vacuolar or
nuclear degeneration. Furthermore, mild to
moderate sinusoidal dilation and tissue
hemozoin deposition were seen as well.
The sinusoids were predominated with
hypertrophied and hyper-proliferated Kupffer
cells as well as the infiltrated lymphocytes.
Meanwhile, the portal triads of the hepatic
lobules experienced mild congestion of
the hepatic veins and arteries along with
perivascular cuffing of leucocytes around
the portal triads (Figure 2).

Comparable changes to that of the
positive control were observed at 1 mg/kg.
Meanwhile, the changes were stronger in
the recrudescence groups wherein foci of
necrosis and nuclear degeneration were
observed. At 15 and 20 mg/kg, less hemozoin
deposition, hepatic cord shrinkage and
damage as compared PC was observed
but the degree of sinusoidal congestion,
lymphocytes infiltration, Kupffer cells
hyperplasia and WBCs cuffing within the
portal tract were higher (Figure 2).

1.2.3. Effect on spleen

Spleens of the positive control showed
higher cellularity and abundance of the
pluripotential hematopoietic cells as
compared to negative control. The white
pulp was enlarged and showed loss of the
germinal center details and the distinctive
demarcation with the red pulp (Figure 3).
The changes were comparable to the control
in CQT1 and were more obvious for the
recrudescence groups wherein the hyper-
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Figure 3. Spleen histology.

Snapshot image of spleen histology slides obtained from Chloroquine treated and untreated Plasmodium
berghei ANKA infected mice at 4, 10 and 20X. A, B, C and D belong to slides obtained from PC, CQT5, CQT10
and CQT20 at 4X respectively. Meanwhile, E, F, G and H were obtained from the same groups at 10X.
Furthermore, Al, B1, C1 belong to slides obtained from PC, recrudescence groups and those showed complete
parasite eradication (CQT20). Hypercellularity was seen in the white and red pulps of all the spleens and
were more marked in those obtained from mice that experienced parasite recrudescence. Hemozoin deposition
(brown black deposits) was obtained for PC and all the chloroquine treated mice except for CQT20 wherein
the deposition was minimal. Furthermore, more hematopoietic stem cells were observed in CQT5 and CQT10
groups as compared to the other groups. All the slides showed e hypercellularity and enlargement of the
white pulp along with loss of the demarcation between both white and red pulps. These features were
prominently higher in the Chloroquine treated group and reached to its upmost level for CQT10. Meanwhile,
they were less in the CQT20 treated groups.

cellularity, hemozoin deposition and white spaces showed very mild depositions of
pulp enlargement were more. The slides  hemozoin along with mild lymphocytes
showed also a complete loss of the infiltration. Generally, the kidneys of the
demarcation of the marginal zone between  positive control group are less affected by
white and red pulps and higher abundance  the infection as compared to the other
of the extra-medullary hematopoietic cells  organs, as; liver and spleen (Figure 4).

(pro-generator myeloid cells). Similar histology changes were observed
after chloroquine treatment with the highest
1.2.4. Effect on kidneys intensity in the recrudescence groups.

Kidneys of the positive control showed  Besides, unique events were observed in
cortical and medullary changes. The cortical ~ the later groups, such as the incidence of
changes were mild to moderate and charac-  the DCT (Distal Convoluted Tubules) ectasia
terized by glomerular hypercellularity and  with protein cast, acute renal tubular necrosis
congestion, mesangial cells hyper- with nuclear sloughing and damage in the
proliferation, mild to moderate tubular  renal medulla with medullary vascular
degenerative changes. The renal interstitial  congestion. Nonetheless, at 20 mg/kg, the
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Figure 4. Kidney histology.

Snapshot image of kidney histology slides obtained from Chloroquine treated and untreated Plasmodium
berghet ANKA infected mice at 40 X. A, B, C and D belong to slides obtained from PC, CQT5, CQT10 and
CQT20 at 40X respectively. All of them showed vascular and glomerular congestion (1), tubular damage (2)
and DCT ectasia by protein cast (3). These changes were slightly more severe in CQT10 as compared to the
others. CQT20 showed similar changes except for the parasite sequestration.

changes were milder than that of the positive
control without having any form of the
hemozoin deposition or intravascular
sequestration of the PRBCs (Figure 4).

1.2.5. Effect on lungs

Lungs of the positive control showed mild
architectural distortion, thickening of the
alveolar septa, pulmonary edema, hemorr-
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hage, hemozoin deposition and hyper-
proliferation of the alveolar macrophage.
But a few slides showed few foci of
hyalinization (Figure 5). Beside these
features, the recrudescence groups also
experienced alveolar hemorrhage, pulmonary
necrosis, emphysema and pulmonary edema.
The changes were exceptionally stronger in
CQT5 (Figure 5).



Figure 5. Lungs histology.

Snapshot image of lungs histology slides obtained from Chloroquine treated and untreated Plasmodium
berghei ANKA infected mice at 10, 20 and 40 X. Al, B1, C1 belong to slides obtained from the positive control,
Chloroquine treated infected mice and showed recrudescence and those treated after full recovery at 10X.
A2, B2 and C2 as well as A3, B3 and C3 were taken from the same groups at 20 and 40X respectively.
Thickening of the alveolar wall and its congestion with the polymorphonuclear cells was a characteristic
trait for all the slides. The phenomenon was at its upmost level for those that showed recrudescence
especially for CQT10 and lower for the other groups. Pulmonary oedema was seen in mice that experienced
recrudescence and in the positive control (1). Hyalinization was seen in slides of the mice lungs that showed

recrudescence (2).

As what we have seen in kidneys, both
of the hemozoin deposition and PRBCs
sequestration were disappeared at 20 mg/kg
but the other histology features remained at
a comparable extent to that of the positive
control. Similarly, the changes at 1 mg/kg
were comparable to that of the positive
control.

1.2.6. Effect on the brain

Few histology changes were observed in
brains of the infected mice. Neurons of the
cerebral cortex were normal within the
molecular and granular layers. Nevertheless,
mild hyper-cellularity; characterized by
astrocytosis and oligodendrocytes hyper-
proliferation, was observed. Furthermore,
some foci of vascular congestion and mild
petechial hemorrhage were seen in most of
the slides and few of them showed
intravascular sequestration of PRBCs.
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(Figure 6). It is noteworthy that the brain
index of the positive control was slightly
and insignificantly different as compared
to that of the positive control (P<0.05).

In spite of the insignificant difference in
the brain index between the positive control
and the recrudescence groups. Stronger
histology features were observed in the later
groups as compared to the positive control.
They showed more microglial hyper-
proliferation; which was very mild in PC as
well as brain hemorrhage and mild neuronal
damage. Both of the brain hemorrhage and
neuronal damage appeared as a new feature
in the recrudescence groups and were
absent in the positive control group. The
hypercellularity persisted after giving
chloroquine at 20 mg/kg but there was no
any foci of vascular congestion, hemorrhage
or parasites sequestration (Figure 6).



Figure 6. Brain histology.

Images of histology slides obtained from the brain of Chloroquine treated Plasmodium berghei ANKA
infected ICR mice model after parasite recrudescence at 40X. The slides revealed prominent hyper-cellularity
with a prominent increase in astrocytes, oligodendrocytes and microglia along with foci of vascular congestion
(1), focal cerebral haemorrhage (2), astrocytosis (3), and microglia hyperproliferation (4).

DISCUSSION

1. Plasmodium berghei infected ICR
model

Unfortunately, Dissemination of chloroquine
resistance amongst different strains of
Plasmodium falciparum has compromised
its importance as a potential. Furthermore,
the pharmacokinetic characters of
chloroquine made it difficult to maintain its
serum level at the therapeutic level. This
study aimed at determining the impact of
treatment failure of chloroquine on the
disease progression (Schroeder and Gerber,
2014). A model of Plasmodium berghet
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ANKA- infected-mice was used in the study
as it is inaccessible to use the Plasmodium
Salciparum infected human model due to
ethical issues (Stevenson et al., 2010;
Langhorne et al., 2011).

Plasmodium berghei cycle takes 24
hours to accomplish one intra-erythrocytic
cycle and release a new batch of the
infectious merozoites. Each schizont
produces 6-12 merozoites (Langhorne et al.,
2011) suggesting that the actual number of
the PRBCs may duplicate by this factor after
each cycle. Nevertheless, in our experiment,
the number was duplicated by 4.8, 2.3 and 1.2
for the positive control within the first three



days post-infection respectively. This can be
ascribed to the host derived immune response
or to the infection induced pathogenic
changes (Basir et al., 2012); that makes the
milieu less favorable for the parasites to
survive. Furthermore, the aptitude of the
merozoites to invade new RBCs may be
compromised by other factors, such as the
relative preference of the parasite to the
reticulocytes; which are more abundant in
the early stage of the infection and disappear
along with its progression (Srivastava et al.,
2015), loss of the RBCs integrity due to the
infection induced biochemical changes as
well as their tendency to perform rosetting
(Ribacke et al., 2013). But anyway, counting
the parasites in the peripheral blood may
underestimate the actual picture of the
parasitemia as a population of the parasites
may sequester in the microvasculature of
spleen, kidneys, liver, lungs and the cerebrum
as seen in the histology study (Ling et al.,
2008).

During the establishment of the model,
there has been a slight inter-individual
variation in the rate of the parasitemia
development among the infected mice, and
this may affect the reliability of the study.
To overcome this, we opted to set and
experimental initiation point at a specific
threshold which was (20-30%) regardless
of the time that the mice took to get that
level of the infection.

The hematology changes and the
observed clinical changes in the positive
control can be ascribed to the infection-
induced cytokine shock (Modiano et al.,
2001). The immune response starts
recruitment of the histiocytes (splenic
macrophages and Kupffer cells) to encounter
the infected RBCs. Then, they transform
to potential immune-blasts that impart in
mediation of the cytokine shock (Modiano
et al., 2001; Basir et al., 2012).

The clinical changes included cachexia,
lethargy, loss of locomotor activity,
piloerection and loss of body weight (Basir
et al., 2012). Cachexia is attributed to the
interference of the cytokines with the cellular
building and nutrients influx to the muscles
resulting in loss of the lean tissues and the
bodyweight (Molanouri-Shamsi et al., 2014).
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On the other hand, the behavioral changes
can be also ascribed to the decline in the
neuronal functions which may occur after
having the observed metabolic disarrays.
(Jens et al., 1985). For instance, the incidence
of the mild hyperkalemia or the accumulation
of the nitrogenous waste products.

The incidence of anemia can be ascribed
to the parasites ingestion of hemoglobin as
a sole source of amino acids or induction of
the RBCs rupture by the merozoites that
leave the cells at the end of the cycle or
accumulation of heme; the toxic waste
product of hemoglobin ingestion, that leads
to oxidative stress and enhancement of the
RBCs membrane breakdown (Olivier et al.,
2014). Generally, anemia is associated with
reticulocytosis; which occurs due to the
overproduction erythropoietin from the
Juxtaglomerular apparatus of the DCTs.
Erythropoietin is a glycoprotein; released
in response to low oxygen tension to trigger
the red bone marrow to produce more RBCs.
In most anemic cases, a dys-erythropoietic
reaction evolves and the immature reticulo-
cytes erupt into the circulation (Rotz et al.,
2016). But this phenomenon was absent in
the infected mice due to the incidence of the
cytokine shock which directs the red bone
marrow activity toward WBCs production or
the insensitivity of the erythroblasts to the
erythropoietin after down-regulation of the
transferrin receptors expression (Hoffmann
et al., 1999).

It worth to note that in malaria both of
the cytokine shock and anemia act co-
operatively to precipitate the infection-
induced clinical signs and symptoms. They
change the biochemical nature of the
body resulting in loss of the functional
characteristic of the nervous system.

Besides, the histology changes in the
brain can be linked to the incidence of the
behavioral changes. The slides showed
hyper-proliferation of the oligodendrocytes
and the astrocytes. The former produces
the myelin sheath that wraps and insulates
the neuronal axons and expedites the transfer
of the electric signals within the neuronal
network. Meanwhile, the astrocytes are
octopus-like cells endowed with plenty of
perivascular feet that aid in shuffling of



nutrients from the cerebral micro-vessels
into neurons. Incidence of the vascular
congestion within the cerebral cortex is an
indicative of a disturbed cerebral micro-
vascular circulation that incurs as a normal
consequence of the intravascular parasite
sequestration or incidence of the cytokine
shock (Roerink et al., 2017).

As an intracellular pathogen, plasmodium
induces predominance of the Thl cytokine
profile that is characterized by the high
release of the main proinflammatory
cytokines, such as; of TNF-a, INF-y and
IL-1. This was confirmed in our experiment
through results of the peripheral WBCs
count, spleen and liver indices which were
increased significantly along with the
progression of the disease. Both of spleen
and liver are parts of the reticuloendothelial
system which impart significantly in the
progression of the inflammatory reactions.
On the other hand, their histopathological
changes were characterized by hyper-
cellularity, vascular congestion, lymphocytes
infiltration and local tissues macrophage
hyperproliferation (Kupffer cells and splenic
macrophages) (Basir et al., 2012).

The study also showed that the infection
was associated with vascular, degenerative,
or inflammatory changes. The vascular
events can be attributed to the intravascular
sequestration of the PRBCs or to the
cytokine-shock-induced-inflammatory-
reaction. Meanwhile, the degenerative
changes are attributed to the incidence of the
hypoxia or over-activation of macrophages
phagocytosis which results in seeping of
hydrolytic enzymes and oxidative stress
markers into the surrounding milieu (Basir
et al., 2012).

It worth to note that the parasite invasion
induces membranous remodeling in the
infected RBCs; which is characterized by
overexpression of EMP-1 (Electron Mem-
brane Protein). EMP-1 mediates for PRBCs
adhesion to the endothelium through binding
to a complementary adhesion molecule
present on the endothelial surface; vascular
ICAM (Intra-Cellular Adhesion Molecule).
Furthermore, this process induces PRBCs
rosetting and creation of sludge that occlude
blood circulation (Ribacke et al., 2013).
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Overall, PRBCs membrane remodeling can
be set as one of the causative factors that
lead to vascular occlusion and enhancement
of malaria induced degenerative changes.

The observed stronger inflammatory
changes in the liver and spleen (organs of
the reticuloendothelial system); that came
in tandem with the leukocytosis, gives a
notion that the disease pathogenicity is more
related to the incidence of the cytokine shock
rather than to the clog of the blood vessels
by the sequestered parasites (De Souza et al.,
2010). The notion was also evidenced by the
biochemistry results that showed a higher
globulin/ albumin ratio which suggests
activation of the antibody mediated response
(Cooke and Coppel, 1995). Although, in this
occasion, the animals experienced also
glomerular changes which may lead to further
loss of albumin that also impart in rising up
this ratio. Absence of the histology changes
in the heart and their presence in the other
organs also suggest the insignificance of the
vascular changes and predominance of the
host derived immune reaction in our model
as their occurrence is expected in the
coronary circulation. The heart is less
affected histologically by the cytokine
shock as unlike other organs, it is not
endowed with a great deal of WBCs burden
(Cooke and Coppel, 1995).

Once the macrophages engulf the
parasitized RBCs, they start releasing a bunch
of hydrolytic enzymes that break down the
parasite components leaving hemozoin;
which is an indigestible waste product of the
parasite metabolic activity. This is followed
by a secondary response characterized by a
surge of the cellular respiratory oxidative
mechanism and generation of oxygen free
radicals (Fazalul Rahiman et al., 2013).
Seeping of the free radicals into the
surrounding tissue may impart in the
mediation of the plasmodium induced
degenerative changes. Hemozoin deposition
was seen in the stroma of the liver, spleen
and kidneys. Previously, it was thought
that its deposition might enhance the
macrophages phagocytic activity and
seeping out of the hydrolytic enzymes
(Buffet et al., 2011).



Clogging of blood vessels by the
sequestered parasites lessens blood and
oxygen perfusion, decreases ATP generation.
This explains the observed vacuolar
degeneration and the few necrotic changes
that we observed in some of the slide (Vidale
et al., 2017).

Prominence of the oligodendrocytes
and astrocytes in the brain without having
any neuronal damage or microglial hyper-
proliferation suggests induction of a
compensatory mechanism toward the
infection induced stress.

The mild hepatic dysfunction in the
infected mice can be ascribed to the
phagocytic activity of the Kupfer cells or
diminution in the blood perfusion. They
came in tandem with the results of the liver
function tests. The results suggest a loss
of the hepatocytes membrane integrity
as indicated by leakage of the main
hepatic transaminases AST (Aspartate
Transaminase) and ALT (Alanine tran-
saminase)), which were multiplied by about
3 times as compared to the uninfected control.

The study also revealed a prominent
but insignificant increase in leakage of the
bile canalicular enzymes ALP (alkaline
phosphatase) and y-GGT (y-glutamyl
transferase enzymes). This increase can be
ascribed to the prominent mild perivascular
cuffing of the leucocytes around the portal
triads as seen in the histology study. The
leucocytes activity is associated with
leakage of its hydrolytic enzymes that may
adversely affect the integrity of the bile
canalicular cells resulting in leakage of these
enzymes into the extracellular compartment
(Sharma and Prasad et al., 2014). The
biliary changes were confirmed by the
prominent increase in the level of the
conjugated bilirubin.

The results also suggest a mild loss in
the detoxification power of the hepatocytes
as indicated by the mild elevation of the
plasma level of the unconjugated bilirubin
(indirect bilirubin). This indicates that the
mice had experienced a condition of mixed
hepatic and post hepatic hyperbilirubinemia
and the defect in the bile canalicular duct
might have played a major rule in pre-
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cipitation of the hyperbilirubinemia
(Sugawara et al., 2012).

Kidneys of the infected mice showed
glomerular and tubular changes. The formers
can be ascribed to the infection-induced-
vascular-changes and to the mesangial
hyperproliferation; that occurs as aresponse
to cytokine shock (Ibraheem et al., 2012).
Overstimulation of the phagocytic activity of
the renal mesangial cells and deposition of
heme and hemozoin within the infected
kidneys might have imparted in raising the
incidence of glomerulonephritis. It worth to
note that the overactivation of podocytes in
response to the intra-glomerular is the culprit
behind the observed thickening of the
glomerular basement membrane (Ibraheem
et al., 2014). Meanwhile, the tubular changes
can be ascribed to the higher intra-renal
oxidative stress in response to the
inflammatory reaction or deposition of the
parasites’ waste products. Interstitial
nephritis was noticed due to the deposition
of hemozoin, heme, and PRBCs. While the
medullary changes can be ascribed to the
distortion in the vascular flow and the
infection-induced-oxidative-stress. At this
stage, dark urine was observed as one of the
clinical symptoms. This came in tandem with
hemozoin deposition within the renal tissue
and a high incidence of RBCs hemolysis.
RBCs hemolysis causes a release of a
copious quantity of heme derivatives which
may appear as black pigments during
urination.

The condition was also characterized by
disturbance of the electrolytes balance (Na*,
K+, Ca**, Cl-and HPO,"). Although, the kidney
plays a major role in their control but their
level can be affected by other organs. The
study revealed an incidence of a very mild
and insignificant hyponatremia; which is
attributed to the loss of the renal tubular
function. This observation can be linked to
results of previous studies that pointed out
to the coincidence of the hypotensive shock
along with malaria (Miller et al., 2013).
presence of the tubular damage within the
medulla along with the vascular congestion
of the vasa recti suggests a defect in the
counter multiplication mechanism within the



loop of Henle which contributes to water and
sodium reabsorption from the collecting
tubules into the renal medulla. Although it
is not expected that this decline plays an
important role in the mediation of malaria
induced hypotension as it was minimal and
insignificant. The increase in the flow of the
inflammatory mediators during the cytokine
shock may have a major contribution to the
incidence of malaria associated hypotension
(Basir et al., 2012).

Results of potassium level revealed
prominent hyperkalemia. It is very important
to note that the increased serum potassium
is quietly related to the incidence of
hemolysis during blood sampling. Care was
taken during blood collection and serum level
of potassium in the hemolyzed samples was
ignored. But in spite of that, the level was
higher in the infected group, and this can be
ascribed to the infection-induced-RBCs-
rupture, the degenerative and necrotic
changes in the liver and kidneys or the lactic
acidosis; which is one of the manifestations
of malaria. It triggers leakage of potassium
from the intracellular toward the extra-
cellular compartments (Brand et al., 2016).

Lactic acidosis can be attributed to the
anaerobic fermentation of glucose by the
parasite or due to the ischemic changes
induced by the intravascular sequestration
of the PRBCs (Basir et al., 2012). These
changes were observed obviously in the
histology slides of liver and kidneys of the
infected animals. Furthermore, the changes
in the lung’s histology suggests a
deterioration in the exchange of the
respiratory gases and retention of carbon
dioxide. Moreover, loss of the hemoglobin
can be set as another factor that deteriorates
the blood buffer capacity and enhances the
acidotic changes.

The observed hyponatremia can be
attributed to the incidence of the hyper-
kalemia; which limits the incidence of the
former through triggering the DCT in kidneys
to reabsorb more sodium in the replacement
of potassium. But anyway, renal loss of
potassium is expected due to the incidence
of the mild renal tubular damage (Brand et
al., 2016).
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The serum electrolyte profile also
showed a decline in calcium level. This can
be ascribed to a decrease in the food uptake
or the intestinal absorption of calcium or an
increase in its excretion through the renal
pathway. Renal reabsorption of calcium is
quietly related to vitamin D homeostasis.
Vitamin D activation requires intact
hepatocytes and renal mesangial cells. So
any defect in these sites results in loss of
vitamin D activation (Hollis and Wagner
2013).

The decline in serum calcium was mild,
and the infected group showed a
heteroscedastic standard deviation as
compared to the negative control. The
changes in the protein profile is expected to
produce a prominent effect on calcium level
asits level is affected by 0.8 mg/dl with every
1 g/dl change in the albumin level and by
0.12 mg/dl for every 1 g/dl change in globulin
(Kurbel, 2011).

Besides, this change was accompanied
by a prominent hyperphosphatemia whose
incidence can be attributed to leakage of the
intracellular phosphate after having the
parasite induced RBCs rupture and cellular
damage in the affected organs. Furthermore,
incidence of hypocalcemia triggers release
of the parathyroid hormone; which increases
phosphate level through induction of the
hydroxyapatite resorption inhibition of
phosphate reabsorption in the PCT. Moreover,
the parathyroid hormone induces renal
excretion of the released phosphate through
inhibition of its reabsorption in the PCT and
inhibits calcium excretion through triggering
its reabsorption in the DCT. Nevertheless,
this effect may be outweighed by the
incidence of renal failure that results in
reduction of the amount of phosphate that
filters into in the tubules due to the diminution
in the glomerular filtration rate (Kurbel, 2011;
Mishra, 2013).

Moreover, mild hypochloremia was
observed in the infected mice; which can be
ascribed to the loss of the tubular function
that lead to chlorine leakage with urine or to
the presence of the acidosis that triggers
the renal compensatory mechanism to



excrete more chlorine in the replacement of
bicarbonate (Eisenhut 2006).

The DCT showed a deposition of an
extensive amounts of protein cast. This
phenomenon occurs as a normal outcome
of the glomerulonephritis; which is
characterized by the reduced ability of the
glomeruli to retain the low gram molecular
weight proteins. Along with their passage,
they slough the mucopolysaccharides that
line up the tubular epithelium resulting in
the intratubular deposition of what is called
the protein cast (Ibraheem et al., 2012).

2. Therapeutic use of chloroquine

The dose-response curve of the growth
inhibitory effect of chloroquine showed
that its inhibitory effect persisted during the
subsequent days suggesting a consistent
bioavailability during this period or other
biologically active metabolites were
produced.

This notion coincides with the
information about chloroquine pharma-
cokinetics as its half-life is relatively long
(about 2-3 days in rodents). Furthermore,
it tends to accumulate in various body
compartments and it has a high binding
affinity to plasma (60%) and tissue proteins,
such as; melanin. This makes its level in
the lean body mass and the central nervous
system reaches to 300-700 and 10-30 times
that in plasma respectively. on this occasion,
the lean body mass acts as a depot from
where, chloroquine is released continuously
to compensate for the amounts eliminated
by the liver or kidneys (Ono et al., 2003,
Pang, 2003). The high binding capacity of
chloroquine to melanin makes the uveal tract
of eyes and skin as the most attractive sites
for its accumulation (Schroeder and Gerber,
2014). The long half-life of chloroquine is not
attributed only to its accumulation in the lean
body mass but also to its slow elimination. Its
hydrophilic characters make its excretion
to be exclusively throughout the kidneys.
Although the pharmacokinetic studies
revealed that chloroquine is also affected
by the hepatic metabolism. Chloroquine
metabolism results in the creation of
pharmacologically active metabolites, such
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as; des-ethyl chloroquine which also imparts
in protraction of its pharmacological effect
inside the body. Chloroquine possesses
structural characters; characterized by
ubiquity of several hydroxyl substitutions
that makes it a target for plenty of drugs
metabolizing enzymes.

The urinary excretion of chloroquine
constitutes about 40-70% of the ingested
drug. It is affected by pH such that urinary
acidification increases chloroquine ionization
and reduces its renal tubular reabsorption
resulting in higher chloroquine excretion.
(Pereira et al., 2016). On the other hand,
hepatic elimination occurs via metabolic
processes, such as; oxidative deamination,
side chain elimination and N-oxidation
pathways using CYP2C8, CYP2A4, and
CYP2DG6 as cofactors. The main metabolites
are; N-des-ethyl-chloroquine and N-bis-des-
ethyl-chloroquine from the oxidative
deamination pathway, 7-chloro-4-
aminoquinoline from the side-chain
elimination pathway and chloroquine -N-
oxide and chloroquine dioxide from the N-
oxidation pathway. N-des-ethyl-chloroquine
is the main metabolite. It possesses a
potential anti plasmodium effect and its
T, is relatively longer than that of
chloroquine. Its blood level gives is highly
correlated with chloroquine uptake (Projean
et al., 2003). Chloroquine has a long T 5
reaching to 3-6 days in humans and 2-3 days
in rats. Meanwhile, its tissue T,5 is about
300 hours (Mclachlan et al., 1993). All of
these factors might have also contributed
to the risk of having chloroquine at the
subtherapeutic threshold.

This study was concerned about how
do the pathogenic events change along with
complete or incomplete chloroquine therapy.
In spite of its prominent growth inhibitory
effect, chloroquine treatment failed to affect
the changes in the cardinal signs of the
disease and WBCs count as they continued
in a manner comparable to that of the
positive control. This can be attributed to
the persistence of the molecular machinery
mechanisms related to the overstimulation
of the host immune response. Previous studies
have highlighted the immune suppressive



effects of chloroquine (Nishimura et al.,
1998). But this action was not observed in
our experiment and this may be due to the
insufficiency of the chloroquine level for
conferring this action. But unlike the other
parameters, the change in the RBCs count
was a dose-dependent manner as the
infection induced RBCs hemolysis is quietly
related to the parasite burden rather than
the machinery of the immune system (Basir
et al., 2012).

Three different histology patterns were
observed after treating the mice with different
doses of chloroquine. One of them was
comparable to that of the control, and was
observed in CQT1. Stronger changes were
observed in the recrudescence groups (CQT5
and CQT10) although their final parasitemia
was similar to that of the untreated control at
the experimental termination point (section
3.5). The slides showed that most of them
were related to overactivation of the immune
system. But they showed more parasite
sequestration and hemozoin deposition. This
suggests that the total parasite burden in the
recrudescence groups was higher than that
of the control in spite of having a comparable
level of peripheral parasitemia (Lehnhardt
and Kemper et al., 2011; Miller et al., 2013).

The discrepancy between the actual
parasite burden and the peripheral para-
sitemia is expected due to the screening
method as the used Giemsa stained smear
technique does not reflect the total parasite
burden within the body. Other techniques that
rely on determining the blood level of the
parasites derived antigens may give a clearer
picture. This discrepancy is expected to be
higher in the recrudescence group as per the
histology results showed higher hemozoin
deposition and PRBCs sequestration.

The higher PRBCs sequestration can be
attributed to the stronger host immune
response during recrudescence. Over-
stimulation of the immune reaction was
deduced from the hematology results that
showed an exceptional increase in WBCs
count. Furthermore, the biochemistry
showed higher globulin/albumin ratio as
compared to that obtained during the early
infection. Adhesion of the parasitized
RBCs to the vascular endothelium is closely
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related to the cytokine shock as the released
cytokines trigger expression of more
endothelial adhesion molecules; that
mediate the infected cells sequestration
(Cooke and Coppel, 1995; Cooke et al., 1995;
De Souza, 2010).

Slides of the recrudescence groups
showed unique histology features; absent
in the positive control. For instance;
hemorrhage in the brain, higher incidence
of the acute tubular necrosis and deposition
of casts in the DCT of the kidneys or the
incidence of necrotic damage in the liver and
the lungs. This reflects the steadier and
faster progression of the pathogenic events
after exposure to recrudescence.

CONCLUSION

All in all, in spite of the observed protraction
in the animal’s survival at the sub-therapeutic
dose of chloroquine; the individuals can
experience more fastidious clinical or the
histopathologic changes within parasitemia
thresholds comparable to that of the untreated
control.

Complete or partial eradication of the
parasitemia does not resolve the case
completely during the subsequent days of
the treatment as the individuals continue
experiencing changes related to the
overstimulation of the immune system.

Future recommendations

The study recommends pursuing further
investigations regarding the pharmacokinetic
behavior of chloroquine during the active
infection of plasmodium and further
elucidation of how chloroquine therapeutic
treatment affects the molecular machinery
of the infection induced immune stimulation.
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