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This study examined the antiplasmodial effect of desloratadine-dihydroartemisinin-piperaquine (DL/D/P) on
Plasmodium berghei infected mice. Adult mice (22-25 g) were grouped, inoculated with P. berghei, and treated
orally with DL (5 mg/kg), D/P (1.71/13.7 mg/kg), and DL/D/P daily for 4 days. The negative and positive controls
were treated orally with normal saline (0.2 mL) and chloroquine (10 mg/kg), respectively, for 4 days. After
treatment, blood samples were assessed for percentage parasitemia and serum biochemical parameters. Mice were
also observed for mean survival time (MST). In the curative, suppressive, and prophylactic studies, DL, D/P, and
DL/D/P significantly decreased percentage parasitemia levels at P < 0.01, P < 0.001, and P < 0.0001, respectively,
when compared to negative control (NC). DL, D/P, and DL/D/P significantly increased MST at P < 0.05, P < 0.01,
and P < 0.001, respectively, when compared to NC. Significant (P < 0.001) decreases in packed cell volume, red
blood cells, hemoglobin, and high-density lipoprotein cholesterol levels with significant (P < 0.001) increases in
total cholesterol, white blood cells, low-density lipoprotein cholesterol, and triglyceride levels were observed in NC
when compared to normal control. However, the aforementioned parameters were restored by DL (P < 0.05), D/P (P
<0.01), and DL/D/P (P < 0.001) when compared to NC. DL/D/P may be an effective antimalarial drug combination.

1. INTRODUCTION

Globally, malaria is still a public health challenge with an estimated 405,000
deaths reported in 2018 [1]. According to the World Health Organization,
Africa region still bears the largest burden of malaria morbidity, with 213
million cases (93%) reported in 2018. Children aged below 5 years are
the most vulnerable group affected by malaria. In 2018, they accounted
for 67% (272,000) of all malaria deaths worldwide. Malaria infection
in human is caused by four species of Plasmodium parasite, namely,
Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, and
Plasmodium malariae [2). P. falciparum is the most prevalent malaria
parasite in Africa, accounting for 99.7% of estimated malaria cases in
2018. Malaria parasite infection is currently treated with artemisinin
combination therapy [3]. In addition to other challenges such as cost,
there is rapid development and widespread resistance to artemisinin based
combination therapy in several endemic regions. This explains the need
for alternate strategies for chemotherapy and chemoprophylaxis [4].

A strategy to malaria chemotherapy is to reposition, repurpose or find
new uses for drugs that are indicated for other diseases. Considering
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the difficulties of funding antimalarial drug discovery, this strategy
has the advantage of reducing cost, shortening the time of drug
development as well as established safety profile [5]. It is advantageous
that most existing drugs that were repurposed were safe, affordable,
and available. In addition, drug repurposing has greater economic
feasibility, after patents have expired. Drug repurposing has been
significantly used by pharmaceutical companies for the identification
of newer drugs [6]. Drug repurposing has provided novel candidates,
and also drug combination regimens with artemisinin, which has
increased effectiveness and decreased resistance to the artemisinin [7].

Antihistamines consist of various classes of pharmacological agents
that include first generation and second generation Histamine (H,)
receptor inverse agonists, which are used for the treatment of allergic
and inflammatory disorders [4]. The use of antihistamines has also been
proposed as preventive therapy to reduce the risk of the progression
of severe malaria [8]. Encouraging results have been observed
with chlorpheniramine in combination with chloroquine (CQ) to
reverse resistance to CQ [9]. An early study has also demonstrated
the inhibitory effects of some antihistamines on Plasmodium
parasite [10]. Desloratadine (DL), a H, selective receptor antagonist
and active metabolite of loratadine used as an anti-allergic and an anti-
inflammatory agent [11] has shown potential antimalarial activity.
DL displays significant inhibitory activity against CQ-sensitive and
CQ-resistant strains of P. falciparum [4]. Furthermore, DL exerted a
marked synergistic action with CQ against CQ sensitive and resistant
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parasites [4]. Hence, this study assessed the antimalarial activity of
DL in combination with dihydroartemisinin-piperaquine (D/P) on
P, berghei infected mice.

2. MATERIALS AND METHODS

2.1. Drug, Animals, and Malaria Parasite

Adult albino mice (22-25 g) bought from the animal unit of the
Department of Pharmacology, University of Port-Harcourt, Nigeria,
were used. The mice were kept in cages under natural environmental
conditions and allowed to acclimatize for 2 weeks before the study.
The mice had free access to food and water. P. berghei was supplied
by Malaria Research Laboratory, Centre for Malaria Research and
Phytomedicine, University of Port-Harcourt, Nigeria. The directive
(2010/63/EU) of the European Union Parliament and the Council
on animal handling was used. CQ (Alben Healthcare Ind. Ltd.), DL
(Merck & Co), and D/P (Bliss GVS Pharma Ltd India) were used. The
following doses were used; D/P (1.71/13.7 mg/kg) [12], DL (5 mg/
kg) [13], and CQ (10 mg/kg) [14]. The experimental procedures were
approved by the Research Ethics Committee of the University of Port
Harcourt, Port Harcourt, Rivers State, Nigeria.

2.2. Parasite Inoculation

Stock inoculum containing 1 x 107 P. berghei infected erythrocytes in
0.2 mL was prepared by diluting portion of the blood infected with P
berghei with 0.9% normal saline. Erythrocytes containing 0.2 mL of 1
x 107 P. berghei was inoculated into each mouse through intraperitoneal
route.

2.3. Curative Test

The method described by Ryley and Peters (1970) [15] was used.
Thirty mice grouped into I-VI were used. The mice in groups I1I-VI
were inoculated with 1 x 107 P. berghei parasitized erythrocytes
intraperitoneally (i.p). After 3 days, the mice were treated per oral (p.o)
as follows: Group I normal control and Group II negative control (NC)
were treated with normal saline (0.2 mL), respectively, for 4 days.
Group III (positive control [PC]) was treated with CQ (10 mg/kg) for 4
days. Groups IV — V1 were treated with DL (5 mg/kg), D/P (1.71/13.7
mg/kg), and DL/D/P for 4 days, respectively. On each day of treatment,
tail blood samples were obtained and thin blood films were produced
on microscope slides. The films were fixed with methanol and stained
with 10% Giemsa stain for 30 min. The slides were examined under
oil immersion x100 magnification and the numbers of parasitized red
blood cells (RBC) were counted against the total number of RBC in a
field. Percentage parasitemia levels were calculated with the aid of the
formula shown below.

2.4. Suppressive Test

The method described by Knight and Peters (1980) [16] was used.
Twenty five mice were parasitized i.p with erythrocytes (0.2 mL)
containing 1 x 107 P. berghei. The mice were randomly grouped into
5 of n = 5. After 3 h, the mice were treated p.o as follows: Group
I (NC) was treated with normal saline (0.2 mL) daily for 4 days.
Group II (PC) was treated with CQ (10 mg/kg) daily for 4 days.
Groups III - V were treated with DL (5 mg/kg), D/P (1.71/13.7 mg/
kg), and DL/D/P daily for 4 days, respectively. On day 5, tail blood
samples were obtained and thin films were prepared on slides.
Percentage parasitemia levels were calculated using the formula
below.

2.5. Prophylactic Test

The method described by Peters (1965) [17] was used for prophylactic
test. Twenty five mice randomized into 5 groups n = 5 were used.
Group I (NC) was treated p.o with normal saline (0.2 mL) whereas
Group II (PC) was treated with CQ (10 mg/kg) for 4 days. Groups I1I —
V were treated with DL (5 mg/kg), D/P (1.71/13.7 mg/kg), and DL/D/P,
respectively, for 4 days. On day 4, the mice were inoculated i.p. with
1 x 107 P. berghei parasitized erythrocytes and treatment continued for
4 days. Tail blood samples were collected and percentage parasitemia
levels determined using the formula below

Total number of parasitized RBC

Total number of RBC

(Mean parasitemia

% Parasitemia= x100.

Mean parasitemia

of negative control  of treated group)

% Inhibition= %100,

Mean parasitemia of negative control

2.6. Determination of Mean Survival Time (MST)

The mice in the control and the treated groups were observed for
mortality and expressed in days. Mortality represented as MST was
calculated using the formula bellow.

MST < Sum of survival time (days) of all the mice in the group

Total number of mice in that group

2.7. Evaluation of Hematological and Lipid Parameters

Blood samples from the mice in the curative study were collected
and assessed for packed cell volume (PCV), Red blood cells (RBC),
hemoglobin (HB), white blood cells (WBC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
and triglyceride (TG) using an auto analyzer.

2.8. Statistical Analysis

Data are presented as mean + standard error of mean (SEM).
Differences between groups were determined using one-way analysis
of variance (ANOVA) followed by Tukey’s post-hoc test. Significance
was considered at P < 0.05; P <0.01; P <0.001 and P < 0.0001.

3. RESULTS

3.1. Curative Test

The curative test shows significant decreases in percentage parasitemia
in mice treated with DL (P < 0.01), D/P (P < 0.001), and DL/D/P
(P < 0.0001) when compared to NC [Table 1]. Treatments with DL,
D/P, and DL/D/P, produced percentage inhibitions which represent
22.5%, 33.0%, and 44.6%, respectively, on day 5. Furthermore,
treatments with DL, D/P, and DL/P/P produced percentage inhibitions
which represent 61.2%, 77.3% and 88.6% on day 7, respectively
[Table 2]. MST was increased to 18.6 = 1.37, 22.8 + 3.37, and 30.9
+ 4.24 in mice treated with DL, D/P, and DL/P/P, respectively, when
compared NC (9.61 + 0.24) [Table 1].

3.2. Suppressive Test

Significant decreases in percentage parasitemia were observed in mice
treated with DL (P < 0.01), D/P (P < 0.001), and DL/P/P (P < 0.0001)
when compared to NC [Table 3]. Treatments with DL, D/P, and DL/
D/P produced percentage inhibitions which represent 65.3%, 73.8%,
and 94.0%, respectively. MST was increased to 22.6 +2.37 (P < 0.05),
30.2 £2.49 (P <0.01), and 35.4 + 3.33 (P < 0.001) in mice treated
with DL, D/P, and DL/P/P, respectively, when compared to NC (9.00
+0.20) [Table 3].
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Table 1: Curative activity of desloratadine-dihydroartemisinin-piperaquine on Plasmodium berghei-infected mice.

Treatment Parasitemia (%) MST (days)
Day 4 Day 5 Day 6 Day 7

NC 33.743.32 36.1£3.53 40.2+3.24 50.1+4.29 9.61+0.24

CQ 25.6+3.54% 22.6+2.73% 18.6+1.31° 13.4+0.16¢ 24.242.36°

DL 30.8+3.71 28.0+3.40° 23.542.16° 19.6+0.20° 18.6+1.37°

D/P 26.1+£3.45¢ 24.2+3.31° 19.5+2.34° 14.4+0.11¢ 22.8+£3.37°

DL/D/P 24.843.92¢ 20.0+£2.17° 15.2+1.25¢ 5.734+0.11¢ 30.944.24¢

NC: Negative control, NS: Normal Saline, CQ: Chloroquine, DL: Desloratadine, D/P: Dihydroartemisinin-piperaquine; MST: Mean Survival time; n=5, Data expressed as mean+SEM,
1P<0.05 when compared to NC; °P<0.01 when compared to NC, P<0.001 when compared to NC, “P<0.0001 when compared to NC, SEM: Standard error of mean

3.3. Prophylactic Test

Percentage parasitemia were significantly decreased to 6.90 + 0.12
(P<0.01)2.80£0.16 (P<0.001)and 1.10 + 0.07 (P <0.0001) in mice
treated with DL, D/P, and DL/D/P, respectively, when compared to NC.
Percentage inhibitions produced by DL, D/P, and DL/D/P represent
69.2%, 87.5%, and 95.0%, respectively [Table 4]. Furthermore,
treatments with DL, D/P, and DL/D/P significantly increased MST
to 23.6 £ 2.37 (P < 0.05), 30.8 = 2.20 (P < 0.01), and 37.7 + 3.07
(P <0.001), when compared to NC [Table 4].

3.4. Effects on Hematological and Lipid Parameters

Significant (P < 0.001) decreases in RBC, HB, PCV, and HDL levels
with significant (P < 0.001) increases in WBC, TG, CHOL, and
LDL-C levels were observed in NC when compared to non-parasitized
mice [Tables 5 and 6]. In contrast, treatment with individual doses of
DL and D/P significantly increased RBC, HB, PCV and HDL levels,
but significantly decreased WBC, TG, CHOL, and LDL-C at P < 0.05
and P < 0.01, respectively, when compared to NC [Tables 5 and 6].
On the other hand, treatment with DL/D/P significantly increased
RBC, HB, PCV, and HDL-C levels, but significantly decreased WBC,
TG, CHOL, and LDL-C levels at P < 0.001 when compared to NC
[Tables 5 and 6].

4. DISCUSSION

The development of parasite resistance to antimalarial drugs is a major
barrier to successful malaria treatment in malaria-endemic areas. It
has contributed to the resurgence of malaria infection and increase
in malaria associated death in recent years [18]. This challenge
has encouraged the use of non-convection methods including
drug repurposing to fast track the discovery of new antimalarial
drugs [5]. Antihistamines are used for the treatment of allergic and
inflammatory disorders [4], but emerging studies have speculated
potential antimalarial activity of antihistamines including DL [8].
This study examined the antiplasmodial activity of DL in combination
with D/P in mice parasitized with P. berghei. Mice model is used in
experimental malaria study because it allows for detailed assessment
of multiple and specific pathophysiologic processes caused by malaria
infection, which is not possible in humans [19]. It has been used
for pragmatic antiplasmodial assessment of candidate drugs using
curative, suppressive, and prophylactic methods [20]. In this study,
using the curative, suppressive, and prophylactic methods, treatment
with DL/D/P decreased percentage parasitemia and increased
percentage inhibition best than individual doses of DL, D/P, and CQ.
Malaria significantly contributes to child morbidity and mortality
in the world. In 2018, sub-Sahara Africa accounts for 94% of world
malaria deaths, of which 67% occurred in children under five [1]. One
of the primary goals of malaria therapy is the prevention of death.

Table 2: Curative percentage inhibition of desloratadine-
dihydroartemisinin-piperaquine on Plasmodium berghei-infected mice.

Treatment Inhibition (%)

Day 4 Day 5 Day 6 Day 7
NC 0.00 0.00 0.00 0.00
CQ 24.0 374 53.7 75.3
DL 8.60 225 41.5 61.2
D/P 22.5 33.0 512 77.3
DL/D/P 26.4 44.6 62.5 88.6

NC: Negative control, NS: Normal saline, CQ: Chloroquine, DL: Desloratadine,
D/P: Dihydroartemisinin-piperaquine, n=5, Data expressed as mean+SEM,
SEM: Standard error of mean

Table 3: Suppressive activity of desloratadine-dihydroartemisinin-
piperaquine on Plasmodium berghei-infected mice.

Treatment Parasitemia (%)  Inhibition (%) MST (Days)
NC 24.842.19 0.00 9.00+0.20
CQ 5.82+0.26* 76.6 29.1+2.20°
DL 8.58+0.56° 65.3 22.6+2.37¢
D/P 6.42+0.27° 73.8 30.2+2.49°
DL/D/P 1.50+0.56° 94.0 35.4+3.33%

NC: Negative control, NS: Normal saline, CQ: Chloroquine; DL: Desloratadine,
D/P: Dihydroartemisinin-piperaquine, MST: Mean survival time, #n=5, Data expressed as
mean+=SEM, *P<0.001 when compared to NC, °P<0.01 when compared to NC,P<0.0001
when compared to NC, “P<0.05 when compared to NC, SEM: Standard error of mean

Table 4: Prophylactic activity of desloratadine-dihydroartemisinin-
piperaquine on Plasmodium berghei-infected mice.

Treatment Parasitemia (%) Inhibition (%) MST (days)
NC 22.4+0.13 0.00 9.20+0.24
CQ 2.76+0.05° 87.7 29.4+2.49°
DL 6.90+0.12° 69.2 23.6+2.37¢
D/P 2.80+0.16* 87.5 30.8+2.20°
DL/D/P 1.104£0.07¢ 95.0 37.7+£3.07*

NC: Negative control, NS: Normal saline, CQ: Chloroquine, DL: Desloratadine,
D/P: Dihydroartemisinin-piperaquine, MST: Mean survival time, n=5, Data expressed as
mean+SEM, *P<0.001 when compared to NC, ®P<0.01 when compared to NC, <P<0.0001
when compared to NC, ¢P<0.05 when compared to NC, SEM: Standard error of mean

MST is experimentally used to assess the potential of antimalarial drug
candidates to reduced animal models of malaria associated death. In
the current study, treatment with DL/D/P produced the best increases
in MST than individual doses of DL, D/P, and CQ. Severe malaria-
induced anemia has been a significant cause of death. Anemia caused
by malaria, which is multi-factorial, is characterized by increased
removal of circulating erythrocytes and decreased erythrocytes
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Table 5: Effect of desloratadine-dihydroartemisinin-piperaquine on lipid profile of Plasmodium berghei-infected mice.

Treatment TG (mg/dL) CHOL (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)
MC 110.8+10.0 160.3+12.2 60.4+5.55 77.7+7.55
NC 332.9414.7¢ 389.5+15.0¢ 21.52.40¢ 304.1+12.4¢
cQ 175.6+11.8 230.6+14.5¢ 47.124.25° 148.4%10.1°
DL 240.9+12.00 281.7+13.7° 32.043.44° 201.5+11.6°
D/P 190.4410.6° 245.0£14.7° 44.8+4.62° 162.112.7°
DL/D/P 120.9+14.8 170.9+10.1¢ 55.1+4.41¢ 91.6+8.71¢

MC: Normal control, NC: Negative control, CQ: Chloroquine; DL: Desloratadine D/P: Dihydroartemisinin-piperaquine, TG: Triglyceride, CHOL: Total cholesterol, HDL-C: High-
density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, n=5; Data expressed as mean+SEM, *P<0.01 when compared to NC, ®*P<0.05 when compared to NC,

¢P<0.001 when compared to NC, ¢P<0.001 when compared to MC, SEM: Standard error of mean

Table 6: Effect of desloratadine-dihydroartemisinin-piperaquine on hematological parameters of Plasmodium berghei-infected mice.

Treatment RBC (x10%/pl) WBC (x10°/pl) PCV (%) Hb (g/dI)

MC 5.23+0.19 5.77+0.33 60.7+6.65 17.6£1.91

NC 2.11+0.18¢ 12.6+0.54¢ 21.842.54¢ 7.61+0.74¢
cQ 3.99+0.30° 8.00+0.50° 46.8+4.00° 13.440.79°
DL 3.00+0.23b 9.2340.32 32.043.125 10.00.60°
D/P 3.78+0.44° 8.2140.29° 43.744.65° 13.120.30°
DL/D/P 5.0040.27¢ 5.97+0.41¢ 58.946.43¢ 16.8+1.22°

MC: Normal control, NC: Negative control, CQ: Chloroquine; DL: Desloratadine D/P: Dihydroartemisinin-piperaquine, RBC: Red blood cells, WBC: White blood cells, PCV: Packed
cell volume, Hb: Haemoglobin; n=5; Data expressed as mean+SEM, *P<0.01 when compared to NC, ®P<0.05 when compared to NC, °P<0.001 when compared to NC, ¢P<0.001 when

compared to MC, SEM: Standard error of mean

production by bone marrow [21]. In this study, DL/D/P produced
remarkable reduction in P berghei-induced anemia characterized
by increased serum RBC, HB, and PCV with decreased WBC than
individual doses of DL, D/P, and CQ. Studies have shown that
alterations in lipids may occur in pathological changes associated with
infectious diseases including malaria [22]. Malaria parasite have been
associated with elevated serum TG and decreased HDL-cholesterol
levels in humans [20,23]. In the current study, serum TG, CHOL, and
LDL-C were elevated whereas HDL-C levels were decreased in P.
berghei infected mice. However, treatment with DL/D/P restored the
serum levels of the aforementioned lipids most than individual doses
of DL, D/P, and CQ. The observation in this study shows that treatment
with DL/D/P produced the best schizonticidal activity than treatment
with individual doses of DL, D/P, and CQ. This observation may be
attributed to the formation of a synergistic front with D/P through
complementary antiplasmodial action. D/P is one of the currently
recommended artemisinin based therapy that has reduced morbidity
and mortality associated with malaria. The antimalarial mechanism
of dihydroartemisinin involves two steps. The first step involves
the cleavage of the endoperoxide bridge and the generation of free
radicals by intra-parasitic iron. The second step is the formation of
covalent bond between the parasite proteins and artemisinin-derived
free radicals [24]. The exact antimalarial mechanism of action of
piperaquine is unknown, but studies suggest similar mechanism as CQ
due to close structural resemblance. CQ accumulates in the parasite
food vacuole where it binds free hematin resulting in the accumulation
of toxic free CQ-hematin complex and hemoglobin within the food
vacuole. The CQ-hematin complex disrupts the vacuole membrane
and interferes with enzymatic processes in the parasite [25].

5. CONCLUSION

The observation in this study shows that DL/D/P produced the best
curative, suppressive, prophylactic, and anti-anemic activities than

individual doses of DL and D/P. Also, DL/D/P increased MST and
restored lipid profile of parasitized mice most than individual doses of
DL and D/P. This shows that DL/D/P may be an effective antimalarial
drug combination, but further evaluation in humans is imperative.
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