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Abstract 

Background:  Malaria is a complex issue due to the availability of few therapies and chemical families against Plasmo-
dium and mosquitoes. There is increasing resistance to various drugs and insecticides in Plasmodium and in the vec-
tor. Additionally, human behaviors are responsible for promoting resistance as well as increasing the risk of exposure 
to infections. Chalcones and their derivatives have been widely explored for their antimalarial effects. In this context, 
new derivatives of chalcones have been evaluated for their antimalarial efficacy.

Methods:  BALB/c mice were infected with P. berghei NK-65. The efficacy of the three most potent chalcone deri-
vations (1, 2, and 3) identified after an in vitro compound screening test was tested. The selected doses of 10 mg/
kg, 20 mg/kg, and 10 mg/kg were studied by evaluating parasitemia, changes in temperature, body weights, organ 
weights, histopathological features, nitric oxide, cytokines, and ICAM-1 expression. Also, localization of parasites inside 
the two vital tissues involved during malaria infections was done through a transmission electron microscope.

Results:  All three chalcone derivative treated groups showed significant (p < 0.001) reductions in parasitemia levels 
on the fifth and eighth days of post-infection compared to the infected control. These derivatives were found to mod-
ulate the immune response in a P. berghei infected malaria mouse model with a significant reduction in IL-12 levels.

Conclusions:  The present study indicates the potential inhibitory and immunomodulatory actions of chalcones 
against the rodent malarial parasite P. berghei.
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Background
Malaria is a worldwide infectious illness that continues to 
be a major cause of morbidity and mortality in develop-
ing countries. Plasmodium falciparum is the most com-
mon Plasmodium species that causes deadly malaria [1]. 
P. falciparum infection leads to a significant number of 
blood-stage parasites and is responsible for modifying 

the surface of the infected red blood cell (RBC) by cre-
ating an adhesive phenotype, e.g., “sticky cell,” causing 
RBC sequestration inside small and medium-sized ves-
sels. Sequestration leads to splenic parasite clearance 
avoidance, host cell endothelial damage, and microvas-
cular blockage [2, 3]. The host’s immune system releases 
a number of proinflammatory molecules during the 
blood infection stage in response to the parasite’s pres-
ence, including IL-1, IL-6, IL-8, IL-12 (p70), IFN-γ, and 
TNF, all of which play a key role in limiting the parasite’s 
growth and removal [4]. According to WHO report 2021, 
malaria cases has been increased from 227 to 241 million 
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in the year 2020 [5]. The global attempt to eradicate 
malaria began in the 1950s, but it failed due to mosquito 
resistance to the insecticides employed, malaria parasite 
resistance to the drug used in treatment, and adminis-
trative challenges [6]. Efforts to develop an efficient anti-
malarial vaccine, as well as clinical trials, are underway. 
Furthermore, in Southeast Asia, P. falciparum resistance 
to artemisinin derivatives, piperaquine, and mefloquine 
indicates that novel antimalarials are urgently needed. 
The process of identifying new antimalarials, dose-find-
ing, and evaluation has also evolved over the last 15 years 
[7]. Most of the agents that are presently under clinical 
development are blood schizonticides for the treatment 
of uncomplicated falciparum malaria, under evaluation 
either singly or as part of two-drug combinations [8], as 
they act on the asexual forms in the erythrocytes and 
interrupt clinical attacks and are also easier to manipulate 
in the laboratory. Nonetheless, malaria mouse models are 
a simple way to evaluate the in vivo effects of potentially 
beneficial antimalarial drugs and are commonly used in 
antimalarial compound screening [9].

Furthermore, natural products with a wide range of 
chemical structures, such as alkaloids, chalcones, steroids, 
terpenes, quinones, flavonoids, coumarines, naphthopy-
rones, xanthones, polyketides, phenols, peptides, lignans, 
chomenes, and others, have been extensively investigated 
as antimalarial drugs [10]. Chalcones (1,3-diaryl-2-propen-
1-ones) are precursors to flavonoids and isoflavonoids, 
which can be found in many edible plants. Chalcone deriv-
atives have been reported to have distinct pharmacological 
activities, such as anticancerous, antimicrobial, anti-HIV, 
antimalarial, and antinociceptive activities [11–15]. Chal-
cones have a vast number of bioactive molecules with a 
wide range of molecular targets. Even slight structural 
alterations in chalcones can cause them to target different 
biological functions. Furthermore, these chalcones have 
been shown to inhibit tumour cell invasion and metastasis 
in vitro by targeting one or more molecules such as NF-kB, 
TNF, VEGF, ICAM-1, VCAM-1, bcl-2, and MMP [16–18], 
and it has been reported that chalcone derivatives inhibit 
secretory phospholipase A2, COX, lipoxygenases, proin-
flammatory cytokines production, neutrophil chemotaxis, 
phagocytosis, and production of reactive oxygen species 
(ROS) [19, 20]. Additionally, a number of in  vitro studies 
[21–26], previously been carried out on both chloroquine 
sensitive and chloroquine resistant strains that show chal-
cones have immense antimalarial potential. However, there 
were only a few studies that showed antimalarial activity 
of chalcones in both in  vitro and in  vivo malaria models. 
Chen et  al. [27], described 2,4-Dimethoxy-4’-Butoxychal-
cone as a new antimalarial drug with excellent antima-
larial activity in both in  vitro and in  vivo malaria models 
with no toxicity. It inhibited [3H]hypoxanthine absorption 

in chloroquine-susceptible (IC50 of 3D7 was 8.9 mM) and 
chloroquine-resistant (IC50 of Dd2 was 14.8 mM) P. falci-
parum strains in a concentration-dependent manner. This 
compound extremely suppressed the parasitemia when 
given orally and intraperitoneally at a dose of 50 mg/kg/day 
and subcutaneously at a dose of 20 mg/kg/day for 5 con-
tinuous days, and protected P. berghei K173 infected mice 
from deadly illness. In an another study, 1, 1-Bis-[(3′,4′-N-
(urenylphenyl)-3-(3″,4″,5″-trimethoxyphenyl)]-2-propen-
1-one, identified as the most active by in vitro tests, and was 
tested in mice infected with P. berghei  (ANKA), a chloro-
quine-susceptible strain of murine malaria. This compound 
was able to decrease the parasitemia and delay the progres-
sion of malaria but did not eradicate the infection [28]. So, 
with these rationales, the present study primarily aimed to 
find antimalarial potential in a malaria mouse model and 
was further extended to find whether these chalcones can 
modulate the immune response or not.

Methods
Experimental animals
The present study was carried out at the Postgraduate 
Institute of Medical Education and Research (PGIMER), 
Chandigarh and reported in accordance with the ARRIVE 
guidelines. The study was conducted after approval from 
the Institutional Animal Ethics Committee Ref. No. 69/
IAEC/418 as per the Committee for the Purpose of 
Control and Supervision of Experiments on Animals 
(CPCSEA) guidelines and the Institute Bio-Safety Com-
mittee Ref. No. 04/IBC/2013. The inbred BALB/c mice, 
6–8  weeks old, weighing between 20–32  g of either sex 
and 4–6 week old Swiss mice, weighing between 20–28 g, 
were procured from the Advanced Facility for Small Ani-
mal Research, PGIMER, Chandigarh. Until the end of 
the experiments, the animals were kept in polypropylene 
cages with conventional laboratory settings, including a 
constant temperature of 25 °C and 12 h light/dark cycles. 
Animals were given free access to a mouse chow diet and 
water in a room. To achieve meaningful statistical results, 
we used a minimally sufficient number of animals in all 
cases. All procedures conducted on the animals were in 
accordance with the rules and regulations as set out by 
the CPCSEA guidelines. After experimental procedures 
were over, each animal was sacrificed by giving anaesthe-
sia followed by cervical dislocation. This euthanasia pro-
cedure was done according to CPCSEA guidelines.

Drugs and chemicals
The chalcones were synthesised at the Institute of Organic 
Chemistry with Centre of Phytochemistry, Bulgarian 
Academy of Sciences, Sofa, Bulgaria, as described in pre-
vious study [29]. The three chalcone derivatives namely, 
(E)-1-(2,5-Dimethoxyphenyl)-3-(4-methoxyphenyl)
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prop-2-en-1-one, (1); (E)-(3,4,5-Trimethoxyphenyl)-
3-(4-methoxyphenyl)prop-2-en-1-one, (2); and. (E)-
1-(3,4,5-Trimethoxyphenyl)-3-(3,4-dimethoxyphenyl)
prop-2-en-1-one,(3), were screened for potent antima-
larial effect shown formerly by our group [29, 30].

Apart from these derivatives, chloroquine phosphate 
and Griess reagent were purchased from Sigma-Aldrich, 
USA. ICAM-1 [Anti-ICAM1 antibody [YN1/1.7.4] from 
ABCAM, USA and the BD CBA Mouse Soluble Protein 
Flex Set System for IL-1, IL-6, TNF-alpha, IFN-γ, IL-10 
and IL-12p70 were purchased from BD Biosciences, 
USA. All other chemicals and reagents used in this study 
were of analytical grade.

Parasites and experimental models validation
Plasmodium berghei NK-65 was procured from Pun-
jab University, Chandigarh and was maintained in Swiss 
albino mice by serial passage by intraperitoneal injections 
of 0.2 mL of infected blood suspension containing 1 × 106 
parasitized red blood cells (pRBC) every 10  days. Fur-
thermore, this strain was used in model validation.

Inbred BALB/c, 6–8-week-old mice were inoculated by 
intraperitoneal injection of 0.2 mL of infected blood sus-
pension containing 1 X 107 P. berghei NK-65 (chloroquine 
sensitive strain) infected erythrocytes. Each mouse was 
checked for any parasitemia, physical signs, and mortal-
ity. The parasitemia in all the infected mice was evaluated 
using a thin smear of peripheral blood taken from the tail 
followed by Giemsa staining (10% solution in phosphate 
buffer, pH 7.2) and visualised under a light microscope 
with 1000X magnification [31]. The final confirmation 
of model validation was done through histopathological 
study on six major organs, i.e., liver, spleen, heart, lungs, 

brain, and kidneys, which were collected on day 8 post-
infection from each mouse (Figure S1).

Dose selection studies
Doses of each chalcone derivative 1 (10 mg/kg), 2 (20 mg/
kg), and 3 (10 mg/kg) were obtained after extrapolation 
of in  vitro data published in our previous study [29], 
and the route of administration of these derivatives, i.e., 
derivative 1 was given through the intraperitoneal route, 
and derivatives 2 and 3 through the oral route, were cho-
sen from the pharmacokinetic study [32].

Experimental design
A total of thirty-six BALB/c mice were recruited for the 
main experiment. These mice were randomly divided 
into six groups (Groups 1–6). Each group consists of six 
mice (Fig. 1).

Group 1: (Non-infected): Injected intraperitoneally 
with blank media (PBS).

Group 2: (Infected): Inoculated by intraperito-
neal injection with 1 × 107 P. berghei NK-65 infected 
erythrocytes.

Group 3: Infected mice treated with CQ.
Group 4: Infected mice treated with Chalcone derivative 1.
Group 5: Infected mice treated with Chalcone derivative 

2 and,
Group 6: Infected mice treated with Chalcone derivative 3.

Treatment procedure
For the intraperitoneal/oral administration, a suspen-
sion formulation of screened chalcones was prepared 

Fig. 1  Experimental design of the study
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by triturating the weighed quantity in a dry mortar with 
0.5% carboxymethyl cellulose (CMC) and was prepared 
by drop-wise addition of water and proper grinding, and 
chloroquine (CQ) was dissolved in PBS (pH 7.2). For all 
drug/derivatives treated groups, the first administration 
of the drug/derivatives was started on the 3rd day of post-
infection, which was continued till the 7th day following 
standard Rane’s test procedure [33]. Thin blood smears 
were then made from the tail blood of each mouse every 
day, and parasitemia in mice was assessed from Giemsa 
stained smears.

Blood parasitemia
Parasitemia was monitored by light microscope examina-
tion under (1000X) magnification using Giemsa-stained 
blood smears on the 3rd, 5th, and 8th days after inoculation. 
The percentages of parasitemia were calculated by count-
ing the number of parasite-infected erythrocytes per 2000 
erythrocytes according to the equations below [34].

Temperature and body weight
The rectal temperature and body weight of each mouse in 
all the groups were measured before infection (day 0) and 
on the 3rd, 5th, 7th, and 8th days of post-infection [34].

Organ weight
The wet weight of two organs, i.e., the liver and spleen of 
each mouse in all the groups, was measured after sacri-
fices post-treatment.

Serum nitric oxide estimation
At the end of the study, the blood samples from each 
mouse were withdrawn by tail vein. Serum was sepa-
rated and the nitric oxide levels were measured in serum 
samples of mice. Nitrite is estimated using the Greiss 
reagent and serves as an indicator of nitric oxide produc-
tion. Briefly, 100 µL of Greiss reagent (1:1 solution of 1% 
sulphanilamide in 5% phosphoric acid and 0.1% napthyl-
amine diamine dihydrochloric acid in water) was added 
to 100 µL of serum, and the absorbance at 546 nm was 
measured after 15  min [35]. The nitrite concentration 
was calculated using a standard curve for sodium nitrite. 
Nitrite levels were expressed as µg/mL.

Cytokines estimation
Whole blood was collected in sterile tubes at the post-
treatment stage and allowed to coagulate for 2–3  h at 

Percent Parasitemia = (No. infected RBCs ÷ Total No. RBCs counted) × 100

40◦C and then subjected to centrifugation. The sera 
thus obtained were stored at -80ºC until cytokine meas-
urement was performed by using the BD CBA Mouse 
Soluble Protein Flex Set System for IL-1, IL-6, TNF-, 
IFN-γ, IL-10, and IL-12p70 following the manufacturer’s 
recommendations.

Histopathology
Liver and spleen from all experimental groups were 
removed aseptically after being fixed in toto for 48 h in a 
neutral buffered 10% formalin solution. The organs were 
cut into serial cross sections and fixed in formalin for 
another 12 h. Finally, tissue sections were fixed in paraf-
fin and cut into 5 mm thick sections, which were stained 
with haematoxylin and eosin and looked at for inflamma-
tion and parasites [36].

Immunohistochemistry
Tissue sections of the liver and spleen were immu-
nostained as described previously [37]. The Avidin–Bio-

tin–peroxidase complex (ABC) technique was followed 
using primary antibodies against ICAM-1 antigen (prod-
uct name: Anti-ICAM1 antibody [YN1/1.7.4]): Rat mon-
oclonal antibody to ICAM-1 with species reactivity to 
mouse. Briefly, 3  µm sections were incubated overnight 
at 37 °C for 2 h with 1: 200 diluted rat monoclonal anti-
bodies directed against murine ICAM-1. After washing, 
sections were incubated for 1 h at room temperature with 
biotin-conjugated secondary antibody (UltraTek HRP 
(Anti-Polyvalent), USA) ready to use. Peroxidase activ-
ity was developed in 0.5% 3, 3’-diaminobenzidine hydro-
chloride till the desired stain intensity was developed. 
Sections were washed in de-ionised H2O for 5 min, and 
slides were dried and mounted with DPX.

Transmission electron microscopy
Ultrastructure changes after the treatment can be visu-
alised by electron microscopy as described previously 
[38]. The specimens of liver and spleen of approximately 
0.5 mm3 were fixed in 3% glutaraldehyde-0.1 M sodium 
phosphate buffer (pH 7.2), for 2  h at 4  °C. All samples 
were rinsed three times and kept overnight at 4  °C in a 
0.2 M sucrose-0.1 M phosphate buffer (pH 7.2). The sam-
ples were then post-fixed in 2% OsO4 in 0.1 M phosphate 
buffer, washed twice in 0.1 M phosphate buffer and twice 
in distilled water, dehydrated in a graded alcohol series 
and then in propylene oxide, and embedded in Epon. 
Using a Reichert-OmU-2 ultramicrotome and a glass 
or diamond knife, thin slices were cut and deposited on 
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Formvar carbon-coated grids. The sections were post-
stained with 6% aqueous uranyl magnesium acetate and 
Reynold’s lead citrate. The section was then examined 
with a Phillips 200 or 400 transmission electron micro-
scope at 60 or 80  kV, according to the thickness of the 
section and the required magnification.

Statistical analysis
Data is shown as mean ± SEM and analysed using the 
one-way analysis of variance (ANOVA), followed by the 
Bonferroni multiple comparison test. The analysis was 
performed using SPSS Version 16.0 software and p < 0.05 
was taken as the level of significance. For evaluating the 
ICAM-1 expression, the Chi-square, contingency co-effi-
cient, and correlation tests were applied.

Results
Using the method described by Ryley and Peters (1970) 
[39], the schizonticidal activity of screened chalcone 
derivatives on established infection was evaluated. Thirty 
BALB/c mice were infected with P. berghei CQ-sensitive 
NK-65 parasitized RBCs by intraperitoneal injection on 
the first day (D0). Seventy-two hours later (D3), the mice 
were randomly divided into five groups of six mice each, 
and one more additional group of six mice without infec-
tion. Three groups of mice were treated with chalcone 
derivative 1 (10  mg/kg, intraperitoneally), derivative 2 
(20  mg/kg, orally), and derivative 3 (10  mg/kg, orally), 
respectively. The negative control group was treated with 
PBS, while the positive control group was treated with CQ 
(10  mg/kg), respectively. Each chalcone derivative and 
the standard drugs were treated once daily for five days, 
i.e., from day 3 to day 7. Giemsa stained thin smears were 
prepared from tail blood samples collected on day 3rd, 
5th, and on 8th days post-infection to monitor parasitemia 
level. The body weight and rectal temperature were 
recorded on the 3rd, 5th, 7th and 8th days of post-infection.

Blood parasitemia level, rectal temperature, body weights 
and organs weight
On established infection, it was observed that there was 
a daily increase in the parasitemia level of the infected-
control group and vice-versa, i.e., a daily reduction in 
the percentage parasitemia of the CQ-treated group. All 
three chalcone derivative treated groups showed a sig-
nificant (p < 0.001) reduction in parasitemia levels on 
the 5th and 8th days of post-infection, including the CQ-
treated group compared to the infected control. The per-
centage parasitemia of derivative 1, 2, 3, and CQ-treated 
groups were 10.57 ± 2.12, 13.68 ± 1.98, 16.31 ± 3.88, and 
9.04 ± 0.55 on the 8th day post-infection as compared to 
the infected control (39.9 ± 1.8), (Fig. 2A).

The rectal temperature of the infected control 
(p < 0.01), CQ, and derivative 2 treated groups signifi-
cantly (p < 0.05) increased on the 3rd day of infection, and 
a significant (p < 0.01) increase was also shown in deriva-
tive 1 and derivative 2 in temperature on the 7th day post-
infection compared to the non-infected control (Fig. 2B).

Non-infected control and CQ-treated progres-
sively gained weight from day 3rd (23.06 ± 1.05) and 
(24.8 ± 1.16) till day 8th (24.1 ± 0.87) and (25.36 ± 0.93), 
whereas a gradual decrease in body weight was observed 
in infected mice, derivative 1, 2, and 3 treated groups 
(Fig. 2C). Also, when comparing the treatment group to 
the non-infected control group and the infected control 
group, there was no significant weight gain or weight 
loss.

The wet weights of two organs, the liver and spleen, 
recorded a gradual increase towards the late stages of 
the infection as compared to the controls. The weight of 
the liver increased significantly (p < 0.001 and p < 0.01) 
in the infected control (1.38 ± 0.041) and in the deriva-
tives 1 (1.35 ± 0.03), 2 (1.34 ± 0.12), and 3 (1.33 ± 0.05) 
treated groups as compared to the non-infected control 
(0.97 ± 0.02) except for the CQ (1.2 ± 0.3) treated group. 
Similarly, as compared to the non-infected control group, 
there was a significant (p < 0.001) increase in the weight 
of the spleen of the infected control, derivative 1, 2, and 3 
treated groups. However, a significant (p < 0.01) reduction 
in the weight of the spleen was observed in all treated 
groups as compared to the infected control (Fig. 2D).

Nitric Oxide (NO) level
Using the Griess reagent, NO production was measured 
in serum samples from mice sacrificed on the 8th post-
infection day. Figure 3 shows that there was no difference 
between the non-infected and infected control groups 
and the treated groups.

Cytokines Level
BD CBA Mouse Soluble Protein Flex Set (IL-6, IL-10, 
IL-12p70, IL-1β, TNF, IFN-γ) analysis revealed sig-
nificant increase in serum level of cytokines IL-6 
(p < 0.001), IL-10 (p < 0.05), IL-12p70 (p < 0.001), 
IL-1β (p < 0.01) and IFN-γ (p < 0.01) in infected-
control except TNF, which showed non-significant 
increase as compared to non-infected control. There 
was a significant (p < 0.001) reduction in IL-6 lev-
els in all treated groups as compared to the infected 
control. The expression of IL-10 and TNF was found 
to be statistically non-significant as compared to 
the infected control in all treated groups. The level 
of IL-12p70 in the CQ-treated (0.76 ± 0.46  pg/mL), 
derivative 1 (0.36 ± 0.36  pg/mL), and derivative 3 
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(0.6 ± 0.39  pg/mL) treated groups were significantly 
lower (p < 0.001) when compared to the infected con-
trol (77.58 ± 15.31  pg/mL) while no expression was 
observed in the derivative 2 treated group. The level 
of IL-1β was significantly decreased in derivative 

1 (p < 0.01), derivative 2 (p < 0.05), and derivative 3 
(p < 0.01) treated, as compared to the infected control. 
IFN-γ levels, on the other hand, were only significantly 
lower in CQ-treated groups when compared to the 
infected groups (Fig. 4).

Fig. 2  Effect of Chalcone derivatives 1 (10 mg/kg), 2 (20 mg/kg) and 3 (10 mg/kg) using Chloroquine diphosphate (10 mg/kg) as a standard 
chloroquine sensitive antimalarial drug for evaluating parasitemia (%) (parasitized RBC count) (A), on rectal temperature (◦F) (B), on body weights 
(g) (C) and, organ weights (g) (D) in P. berghei NK-65 infected mouse model. Data are represented as mean ± SEM, n = 6 mice. *p < 0.05, **p < 0.01, 
***p < 0.001 (*Group represents INF-C, CQ-T, Chalcone derivatives 1, 2 and 3 compared to NON-INF-C Control group) and #p < 0.05, # # p < 0.01, # # 

# p < 0.001 (#Group represents CQ-T, chalcone derivatives 1, 2, and 3 compared to infected Control group); NS: non-significant. Abbreviation Used: 
NON-INF-C: Non-infected control, INF-C: Infected Control, CQ-T: Chloroquine Treated

Fig. 3  Effect of Chalcone derivatives 1 (10 mg/kg), 2 (20 mg/kg) and 3 (10 mg/kg) using Chloroquine diphosphate (10 mg/kg) as a standard 
chloroquine sensitive antimalarial drug on nitric oxide level (μg/mL) in P. berghei NK-65 infected mouse model. Data are represented as mean ± SEM, 
n = 6 mice. NS: non-significant. Abbreviation Used: NON-INF-C: Non-infected control, INF-C: Infected Control, CQ-T: Chloroquine Treated
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Histopathology
Histopathological sections of the liver showed dilated 
and congested hepatic sinusoids, dense with hypertro-
phied Küpffer’s cells, variable mononuclear cells, and 
pRBC. The hemozoin pigment was widely scattered in 
Küpffer’s cells in the infected control group. However, 
the accumulated pigment was comparatively less in all 
the treated groups as compared to the infected control. 
Moreover, histologically, the spleen sections showed 
deposition of hemozoin pigment in the pulp histiocytes 
and sinusoidal lining cells. Pigment deposition was 
found to be prominent in the case of infected control 
as compared to all other treated groups. In CQ-treated 
mice, derivative 1 and derivative 2-treated groups 

showed few sites of hemozoin deposition as compared 
to the derivative 3 treated group (Fig. 5).

Immunohistochemistry
Mild ICAM-1 expression in immunostained liver sec-
tions was observed in all non-infected control mice 
(Fig. 6. I A (a)). Percentage ICAM-1 expression is shown 
(Fig. 6. I B), for each of the six studied groups (n = 3). In 
mild expression, hepatocytes did not show any ICAM-1 
expression and it was only partially expressed in the 
endothelial lining of sinusoids. Marked ICAM-1 expres-
sion was observed in all infected control mice with 
intense positivity on sinusoidal endothelium as well as 
hepatocytes (Fig.  6. I A (b)). Moderate expression was 

Fig. 4  Effect of Chalcone derivatives 1 (10 mg/kg), 2 (20 mg/kg) and 3 (10 mg/kg) using Chloroquine diphosphate (10 mg/kg) as standard 
chloroquine sensitive antimalarial drug on Cytokines expression (pg/mL) in P. berghei NK-65 infected mouse model. Data are represented as 
mean ± SEM, n = 5 mice. *p < 0.05, **p < 0.01, ***p < 0.001 (*Group represents INF-C, CQ-T, Chalcone derivatives 1, 2 and 3 compared to NON-INF-C 
Control group) and #p < 0.05, # # p < 0.01, # # # p < 0.001 (#Group represents CQ-T, chalcone derivatives 1, 2, and 3 compared to infected Control group); 
NS: non-significant. Abbreviation Used: NON-INF-C: Non-infected control, INF-C: Infected Control, CQ-T: Chloroquine Treated
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observed in sinusoidal endothelium and hepatocytes of 
CQ treated (Fig. 6. I A (c)), derivative 1, 2, and 3 treated 
groups (Fig. 6. I (d, e, f )). In the case of immunostained 
spleen section, mild expression of ICAM-1 was observed 
in all non-infected control mice (Fig. 6. II A (a)). In con-
trast, marked expression was observed in all infected 
control mice (Fig. 6. II A (b)). Moderate expression was 
shown by the CQ treated, derivative 1, 2, and 3 treated 
groups (Fig. 6. II A (c, d, e & f )). However, all the mice 
in CQ treated, derivative 1 and 2 treated showed 100% 
moderate expression, but there was 66.66% of moderate 

and 33.33% of marked expression shown in the deriva-
tive 3-treated group. The percentage of ICAM-1 expres-
sion in immunostained spleen sections is shown (Fig. 6. 
II B) for each of the six studied groups (n = 3).

Transmission electron microscopy
Numerous pRBC were seen adhered to macrophages 
and endothelial cells via their surface knobs in the liver 
and spleen in both the CQ treated group and the chal-
cone derivative treated (Fig. 7. I (B, C) and II (B, C)).

Fig. 5  Photomicrographs depicting Hematoxylin & Eosin stained Liver (I) and Spleen (II) sections at 400X magnifications of mice treated with 
Chalcone derivatives 1 (10 mg/kg), 2 (20 mg/kg) and 3 (10 mg/kg) using Chloroquine diphosphate (10 mg/kg) as standard chloroquine sensitive 
antimalarial drug in P. berghei NK-65 infected mouse model for five days. A Non-infected Control, B Infected Control C Chloroquine-Treated (10 mg/
kg) D Derivative 1 Treated (10 mg/kg), E Derivative 2 Treated (20 mg/kg) and F Derivative 3 Treated (10 mg/kg). Arrows in I and II B indicates 
deposition of hemozoin pigment. Bar scale represent 100 μm
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Discussion
The in  vivo model was recruited for the present study 
since it demonstrates considerable prodrug effects and 
also possible engagement of the immune system in 
the suppression of infection [40]. P. berghei-infected 
mice are thought to be the best model for comparing to 
human malaria [41]. Furthermore, using rodent models 
of malaria, a variety of conventional antimalarial agents 
such as CQ, halofantrine, mefloquine, and, more recently, 
artemisinin derivatives have been screened and identified 
[42]. Rane’s test, which assesses the curative potential 
of a compound on established infections, is frequently 
employed for antimalarial drug screening [43]. In this 
protocol, evaluation of the percentage inhibition of para-
sitemia is the most definite parameter for preliminary 
screening. In the present study, percentage parasitemia 
was significantly reduced in all chalcone derivatives 
treated groups at the dose of 10  mg/kg of derivative 1, 
20 mg/kg of derivative 2, and 10 mg/kg of derivative 3, as 
well as the CQ treated group, which was dosed at 10 mg/

kg as compared to the untreated non-infected control 
group. These results were comparable to licochalcone A, 
a more active chalcone against P. falciparum as compared 
with previously synthesised ones. Licochalcone A was 
injected intraperitoneally at 5, 10, and 15 mg/kg twice per 
day for 3  days, strikingly reducing the parasitemia level 
in mice infected with P. yoelii YM and was also able to 
reduce the parasitemia level in the treated animals after 
well-established infection [44]. However, both the present 
screened chalcone derivatives and Licochalcone were 
unable to clear the parasites completely but could delay 
the progression of malaria. Presumably, an extended 
period of treatment may be required for total clearance of 
the parasites from the animals having well-defined infec-
tions. Apart from this, other chalcone derivatives did not 
show activity against P. yoelii (CQ sensitive) under in vivo 
conditions [45, 46]. Similarly, 2,4-Dimethoxy-4’-Butox-
ychalcone, protects mice from lethal infections with P. 
berghei and P. yoelii, and controls P. berghei infection in 
rats when administered either orally, intraperitoneally, or 

Fig. 6  Photomicrographs depicting ICAM-1 stained liver sections at 400X magnifications (I A) and, ICAM-1 stained spleen sections at 200X 
magnifications (II A) of mice treated with Chalcone derivatives 1 (10 mg/kg), 2 (20 mg/kg) and 3 (10 mg/kg) using Chloroquine diphosphate 
(10 mg/kg) as standard chloroquine sensitive antimalarial drug in P. berghei NK-65 infected mouse model for five days. Biotin-conjugated secondary 
antibody and streptavidin-conjugated horseradish peroxidase from DAB Substrate kit ( Scy Tek) were applied to sections to amplify the antigen 
signal for subsequent 3,3-diaminobenzidine staining, which produces a permanent brown color. a) Non-infected Control, b) Infected Control c) 
Chloroquine-Treated (10 mg/kg) d) Chalcone Derivative 1 Treated (10 mg/kg), e) Derivative 2 Treated (20 mg/kg) and f ) Derivative 3 Treated (20 mg/
kg). Bar scale represent 100 μm. (I B & II B) ICAM-1 expression in liver section of mice and, ICAM-1 expression in spleen section of mice. Pearson 
Chi-square, contingency co-efficient, correlations test was applied for statistical significance (*p < 0.05)
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subcutaneously once per day for 5 days starting 2 h after 
infection [27]. The present study is the one of the limited 
study till date that revealed the curative potential of chal-
cones in malaria mouse models, as most recent studies 
evaluated only the prophylactic properties of chalcones, 
in which chalcones significantly inhibited parasitemia on 
day four and increased survival times [28, 47, 48].

Body weight loss and body temperature deterioration 
are the typical attributes of malaria-infected mice [49]. 
So, ideal antimalarial agents, whether they are obtained 
from nature, semi-synthetic or synthesised chemically, 
are anticipated to prevent body weight loss in infected 
mice due to the rise in parasitemia. Despite the fact that 
a non-significant decrease in weight and temperature was 
observed with a decrease in parasitemia level. In con-
trast to humans, increased parasitaemia levels in rodent 
models typically result in lower metabolic rates and, as a 
result, lower body temperatures [50], which might result 
in death [51]. However, in the present study, there was a 
non-significant decrease in temperature with a decreas-
ing parasitemia on the 5th day.

Splenomegaly and hepatomegaly are among the com-
mon phenomena [52, 53]. Both organs are congested 
and swollen from the accumulation of the malarial pig-
ment, hemozoin, which leads to discoloration. Also, 
the existence of numerous deformed red cells triggers 
the spleen to produce countless phagocytes. Thus, phe-
nomenal hyperplasia is manifested by splenomegaly 

and, infrequently, hepatomegaly [48]. The present study 
illustrated the accumulation of the malarial pigment, 
hemozoin, in all treated and infected control groups. 
Moreover, treatment with CQ, chalcone derivatives 1, 
2, and 3 significantly decreases the weight of the spleen, 
which suggests the therapeutic potential of chalcones is 
comparable to existing therapy.

Chalcone derivatives have been extensively known for 
inhibiting NO synthesis, iNOS and cycloxygenase 2 pro-
tein expression in lipopolysaccharide stimulated cells. 
The structure–activity analysis illustrated that chalcones 
imposed with substituents that can decrease the elec-
tronic density in the B ring, such as chlorine atoms or 
nitro groups, show much better biological activity and 
selectivity in the inhibition of nitrite production, and 
mostly position 2 in ring B seems to be more impor-
tant [54]. However, chalcones having substituents that 
increase the electronic density of the B-ring, such as 
butoxy, methoxy, or dimethylamine groups, had no effect 
on nitrite production inhibition [55, 56]. In the present 
study, there was no significant change in nitric oxide gen-
eration when non-infected and infected control groups 
were compared to chalcone-treated groups. This sup-
ported the previous findings that group substitution and 
substituents position on ring B play a role [54].

Further, malaria infections are complex syndromes 
involving a variety of inflammatory responses that can 
improve cell-to-cell interaction (cytoadherence), cell 

Fig. 7  Electron micrograph of (I) Liver section and (II) Spleen section of P. berghei infected mouse model depicting effect of Chalcone derivative 
(10 mg/kg) using Chloroquine diphosphate (10 mg/kg) as standard antimalarial drug in P. berghei NK-65 infected mouse model for five days. A 
Infected Control, B CQ-Treated (10 mg/kg) and C) Chalcone Derivative-Treated (10 mg/kg). Arrows indicates malaria parasite
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stimulation with malaria-derived antigens and toxins, 
and host-derived factors such as cytokines. Moderate 
levels of cytokines are good for the host as they cause 
fever [57]. The present study, revealed the significant up-
regulation of pro-inflammatory cytokines, such as, IL-1β, 
IL-6, IL-10, IFN-γ and non-significant elevation of TNF in 
infected controls on the 9th day post-infection, showing an 
association with disease severity that supports previous 
findings. Furthermore, when compared to the infected-
control group, chalcones treated groups (derivative 1, 2, 
and 3) and CQ showed significant reductions in IL-6 and 
IL-1 levels, while other cytokines such as IL-1 and IFN- γ 
levels were comparatively low in CQ treated and deriva-
tive 1 treated groups, indicating protection against disease 
progression and modulating the immune response in the 
P. berghei infected malaria mouse model. Also, a signifi-
cant reduction in IL-12 levels in all treated groups may 
be associated with a delay in disease progression, which 
has been found to be increased in the case of uncom-
plicated malaria [58, 59]. Elevated levels of TNF were 
reported during P. falciparum infection [60, 61], which 
was observed in all groups compared to non-infected 
control, which suggests a protective effect of TNF against 
parasites [62]. These results propose that expression of 
these cytokines is not an immediate effect of parasitemia 
level and also suggest that the differences in cytokine con-
centrations among different groups may not be due to a 
direct effect of differences in parasite densities. Neverthe-
less, the fact that the association between cytokines and 
parasite densities was different among groups might be a 
reflection of diverse mechanisms of cytokine regulation 
depending on various other factors [63].

Inflammatory mediators as well as parasite seques-
tration may be responsible for the disease severity. It 
has been suggested that the cytokines up-regulate the 
expression of adhesion molecules such as ICAM-1 that 
are involved in the binding of the pRBCs to the vascular 
endothelium [64]. In the present study, intense ICAM-1 
expression was observed in all infected mice, both in 
hepatocytes, Küpffer’s cells and sinusoidal endothelium 
in the liver section and in endothelial venules and micro-
phage cells of the spleen, whereas moderate expressions 
in all CQ and chalcone treated groups were seen, which 
directly inferred a decrease in disease severity upon treat-
ment. Previously, it was explained that these ICAMs and 
VCAMs play a major role in the trafficking of leukocytes 
through normal and inflamed tissue [65]. Moreover, our 
present study is comparable to previous reported studies 
which showed cytokine induced activation of endothelial 
cells such as TNF-a, IL-1β (LPS) known to increase the 
level of ICAM-1 expression on cultured endothelial cells 
[66, 67], and here also looking at immune-regulation we 
have observed the similar facts, as increased expression 

of TNF, IL-1β and other cytokines in infected control 
which may augment ICAM-1 expression in the same 
groups. Persistent immunoreactivity in all treated groups 
signifies longer treatment duration for complete parasite 
clearance.

Additionally, pathological changes in these infected 
murine models before and after treatment were observed 
microscopically in H&E stained slides to depict a clear 
picture of disease manifestation. In malaria, the main 
organs infected are the spleen and liver, which mark the 
pathophysiology of the disease. Here, we have observed 
an enlarged, oedematous, and brown, grey, or black 
colored liver, which may be as a result of the deposition 
of malaria pigment (hemozoin) in the pulp histiocytes 
and sinusoidal lining cells of the spleen, and mainly in 
Küpffer’s cells in the liver section, demonstrating the 
role of macrophages in parasite clearance. There was 
also phagocytosis of pRBC and RBC by Küpffer’s cells, 
endothelial cells, and sinusoidal macrophages. Malarial 
parasites proliferate inside the RBCs of visceral organs, 
chiefly in the spleen and liver, and this leads to annihila-
tion of RBCs and loss of cells. The parasite’s multiplica-
tion also results in the synthesis of pigment, which is left 
over after the parasite digests the cytoplasm of RBCs. As 
a result, pigment builds up inside these organs, causing 
them to darken in color.

Besides, P. falciparum is the only species that is seques-
tered in deep vascular beds as the intraerythrocytic 
parasite matures to the trophozoite and schizont stages. 
By doing so, it escapes the clearance mechanisms of the 
spleen and is thus able to proceed to schizogony. Seques-
tration results from the cytoadherence of erythrocytes 
infected with trophozoites and schizonts of P. falciparum 
to vascular endothelium; this cytoadherence requires 
an interaction between specific parasite ligands and 
endothelial cell receptors [68]. Therefore in the present 
study, parasite invasion, sequestration in the vesicular 
bed, and intense glycogen production in both liver and 
spleen tissue were observed in electron photomicrogra-
phy, elucidating escape mechanisms adapted by the para-
site to avoid clearance mechanisms in the presence of 
drug treatment.

Conclusions
Chalcones have a vast number of bioactive molecules 
with a wide range of molecular targets. Even slight struc-
tural alterations in chalcones can cause them to target 
different biological functions. Chalcones are a class of 
chemicals that could potentially be used to generate 
low-cost, synthetic antimalarial drugs in the future. The 
present study clearly indicates the potential inhibitory 
and immunomodulatory action of chalcones against the 
malarial parasite P. berghei (Fig.  8), reporting the effect 
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of chalcones at histological and ultrastructural levels in a 
malaria mouse model, which mimics the human disease 
malaria caused by P. falciparum. In addition, ICAM-1 
expression may play a role in the cytoadhesion of 
malaria-infected red blood cells or in the recruitment of 
leukocytes to endothelial activation sites [69]. A decrease 
in ICAM-1 expression after treatment with chalcone 
derivatives suggests its protective effect. The study indi-
cates that chalcone derivatives may have some future 
potential as antimalarial drugs. In the future, these scaf-
folds and obtained results can be used as a basis to gener-
ate more effective leads with potent antimalarial activity. 
However, further optimization studies are needed in 
order to improve the bioactivity of these compounds to 
achieve better curative effects and oral bioavailability. 
Additionally, the present study lacked a pre-clinical tox-
icity evaluation that would have provided more clarity 
on the antimalarial efficacy of the mentioned chalcone 
derivatives, which is an important part of any drug devel-
opment process.
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