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ABSTRACT

Background: Malaria remains a major global health burden, with severe forms such as cerebral malaria contributing significantly
to mortality and long-term neurological complications. While existing antimalarial therapies are effective in reducing parasite load,
they often fail to adequately address the host-driven inflammatory responses that underlie severe disease manifestations. This
therapeutic gap highlights the need for multifunctional agents capable of targeting both parasitic infection and inflammation-related
pathology.

Objective: The study aimed to develop and preclinically evaluate novel chalcone-derived hybrid compounds with dual antimalarial
and anti-inflammatory activity, focusing on parasite clearance and modulation of inflammation relevant to cerebral involvement.

Methods: A descriptive preclinical study was conducted over two months in Dera Ghazi Khan. Novel chalcone-derived hybrids
were synthesized and structurally characterized using standard spectroscopic techniques. Antimalarial activity was assessed through
in vitro Plasmodium falciparum growth inhibition assays, while anti-inflammatory effects were evaluated using cytokine profiling
and histopathological assessment in an established inflammatory model. Data were analyzed using parametric statistical tests, with
significance set at p < 0.05.

Results: The synthesized compounds demonstrated varying degrees of antimalarial efficacy, with the most active hybrid achieving
parasite inhibition comparable to the reference drug and exhibiting a low ICso value. Treated groups showed marked reductions in
tumor necrosis factor-a and interleukin-6 levels compared to controls. Histopathological findings supported these results, revealing
significantly reduced inflammatory changes in brain tissue among treated groups. A strong inverse correlation was observed between
parasite inhibition and inflammatory marker levels.

Conclusion: Chalcone-derived hybrid compounds exhibited promising dual-action effects by effectively inhibiting parasite growth
and attenuating inflammation-associated responses. These findings supported the potential of multifunctional chalcone-based agents
as candidates for further preclinical development targeting both infection and inflammation in malaria.

Keywords: Anti-Inflammatory Agents; Antimalarial Agents; Chalcones; Cytokines; Drug Development; Inflammation;
Plasmodium falciparum.

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation 1


mailto:sayedmuhammadsufyan35@gmail.com

+.
Volume 3 Issue 12: Chalcone Hybrids with Dual Antimalarial Activity
Sifg{/’:; S]\/?ll:;] iailcone r1yorias wi ua niimalaria. cuvity + IHSIGHTS-JLSS

Insights-Journal of Life and
Social Sciences ® @ @

INTRODUCTION

Malaria remained a major public health challenge, particularly in low- and middle-income regions where transmission persisted and
access to advanced healthcare was limited. Despite sustained global control efforts, the disease continued to cause substantial morbidity
and mortality, with severe manifestations such as cerebral malaria contributing disproportionately to poor outcomes (1). The complexity
of malaria pathology extended beyond parasitic infection alone, as host-mediated inflammatory responses played a central role in disease
progression, neurological complications, and fatality. This dual nature of malaria underscored the need for therapeutic strategies that
addressed both parasite eradication and the harmful inflammatory processes triggered during infection. Current antimalarial therapies
were primarily designed to target the parasite, and although many were effective in reducing parasitemia, they offered limited protection
against inflammation-driven tissue damage (2). In severe cases, parasite clearance did not always translate into clinical recovery,
particularly when excessive cytokine release and endothelial dysfunction persisted. This disconnect highlighted an important therapeutic
gap, especially in cerebral malaria, where neuroinflammation and microvascular obstruction contributed to long-term neurological
sequelae and death. Adjunctive anti-inflammatory therapies had been explored, yet their benefits remained inconsistent, often due to
lack of specificity or concerns regarding immunosuppression. These limitations reinforced the rationale for developing single molecular
entities capable of exerting both antimalarial and anti-inflammatory effects (3).

Chalcones, a class of naturally inspired a,B-unsaturated ketones, had attracted considerable attention in medicinal chemistry due to their
structural simplicity, chemical versatility, and broad spectrum of biological activities (4). Numerous chalcone derivatives had
demonstrated antiplasmodial properties, attributed to mechanisms such as interference with heme polymerization, disruption of parasite
redox balance, and inhibition of key enzymatic pathways. In parallel, chalcones were widely recognized for their anti-inflammatory
potential, mediated through suppression of pro-inflammatory cytokines, modulation of signaling pathways involved in immune
activation, and inhibition of inflammatory enzymes (5). This dual bioactivity positioned chalcones as promising scaffolds for the rational
design of multifunctional therapeutic agents. Recent advances in hybrid molecule design further strengthened this approach. By
combining chalcone cores with additional pharmacophores known to enhance antimalarial or anti-inflammatory activity, it became
possible to improve potency, selectivity, and overall therapeutic profile within a single compound. Such hybridization strategies aimed
to overcome the shortcomings of combination therapies, including drug—drug interactions, variable pharmacokinetics, and patient non-
adherence. Importantly, multifunctional compounds offered the theoretical advantage of synchronously reducing parasite burden and
mitigating host inflammatory damage, a particularly relevant concept in severe malaria syndromes (6).

Within this context, the present study was conceived to address the need for integrated therapeutic candidates targeting both key aspects
of malaria pathology (7). The research was guided by the hypothesis that structurally optimized chalcone-derived hybrids could achieve
meaningful antimalarial activity while concurrently attenuating inflammatory responses associated with cerebral involvement (8). By
focusing on preclinical evaluation, the study sought to generate foundational evidence supporting the biological relevance of these
compounds and their potential translational value (9). Accordingly, the objective of this study was to develop, characterize, and evaluate
novel chalcone-derived hybrid compounds for their dual ability to promote parasite clearance and reduce inflammation relevant to
cerebral malaria, thereby contributing to the advancement of multifunctional antimalarial drug design.

METHODS

The study was designed as a descriptive, preclinical investigation conducted over a two-month period in Dera Ghazi Khan, focusing on
the synthesis and biological evaluation of chalcone-derived hybrid compounds with dual antimalarial and anti-inflammatory activity.
The work integrated medicinal chemistry, in vitro parasitological assays, and in vivo inflammatory assessments to comprehensively
characterize the therapeutic potential of the synthesized molecules. A small, statistically appropriate sample size was maintained to align
with the exploratory nature of the study and the short duration; a total of 48 experimental units were included, consistent with sample
sizes commonly reported in comparable preclinical pharmacological studies.

Novel chalcone-derived hybrids were synthesized using standard Claisen—Schmidt condensation followed by targeted structural
modifications to incorporate pharmacophores associated with antimalarial and anti-inflammatory activity. The purity and structural
integrity of the synthesized compounds were confirmed through Fourier-transform infrared spectroscopy, proton and carbon nuclear
magnetic resonance spectroscopy, and mass spectrometry. Only compounds meeting predefined purity criteria (>95%) were advanced
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for biological evaluation, serving as the primary inclusion criterion at the compound selection stage, while structurally unstable or low-
yield products were excluded.

Antimalarial activity was assessed using an in vitro Plasmodium falciparum growth inhibition assay under controlled laboratory
conditions. Parasite cultures were exposed to graded concentrations of the test compounds, and parasite clearance was quantified using
microscopic parasitemia counts and a standardized lactate dehydrogenase-based colorimetric assay. Anti-inflammatory effects relevant
to cerebral inflammation were evaluated using an established rodent model of systemic inflammation, where inflammatory response
was induced and treated with the test compounds. Inclusion criteria for biological evaluation included normal baseline physiological
parameters and absence of overt illness prior to experimentation, while subjects showing abnormal baseline findings were excluded.
Levels of pro-inflammatory cytokines, including tumor necrosis factor-o and interleukin-6, were measured using enzyme-linked
immunosorbent assay kits, and histopathological examination of brain tissue was performed to assess inflammatory changes.

Data were collected in a standardized manner using calibrated laboratory instruments and validated assay kits. Continuous variables
were expressed as mean + standard deviation. Normality of data distribution was confirmed using the Shapiro—Wilk test. Comparisons
between treatment and control groups were performed using one-way analysis of variance, followed by Tukey’s post-hoc test for multiple
comparisons. Correlations between antimalarial efficacy and reduction in inflammatory markers were explored using Pearson’s
correlation coefficient. A p-value of less than 0.05 was considered statistically significant. All procedures were conducted according to
established laboratory protocols to ensure reproducibility and reliability of findings.

RESULTS

The results are presented in a sequential manner reflecting compound characterization, antimalarial efficacy, and anti-inflammatory
outcomes observed during the study period. A total of 48 experimental units were analyzed, with baseline demographic characteristics
summarized in Table 1. The distribution was balanced, with a mean age of 8.6 + 1.2 weeks and a near-equal representation of male and
female subjects, ensuring comparability across experimental groups.

All synthesized chalcone-derived hybrids met predefined purity thresholds and were advanced for biological testing. Antimalarial
activity varied across compounds, as detailed in Table 2. Mean parasite growth inhibition ranged from 68.4% to 82.3% among the test
compounds at standardized concentrations. Compound CH-3 demonstrated the highest antimalarial activity, with a mean inhibition of
82.3%, approaching that of the reference antimalarial drug (85.7%). Correspondingly, ICso values showed a progressive reduction from
CH-1 to CH-3, indicating increasing potency. These findings are visually summarized in Figure 1, which illustrates comparative parasite
inhibition across compounds.

Assessment of inflammatory biomarkers revealed marked differences between treated and control groups. As shown in Table 3, untreated
controls exhibited elevated levels of tumor necrosis factor-o and interleukin-6, with mean concentrations of 182.4 pg/mL and 164.7
pg/mL, respectively. Treatment with chalcone-derived hybrids was associated with a stepwise reduction in both cytokines. CH-1 reduced
TNF-a levels to 121.6 pg/mL, while CH-3 achieved the most pronounced reduction, with mean TNF-o and IL-6 levels of 76.9 pg/mL
and 69.4 pg/mL, respectively. The overall pattern of cytokine suppression across groups is depicted in Figure 2, highlighting consistent
reductions in both inflammatory markers with increasing compound efficacy.

Histopathological examination of brain tissue further supported the biochemical findings. Mean inflammation scores are presented in
Table 4. Control specimens showed moderate to severe inflammatory changes, reflected by a mean score of 3.8 + 0.6. In contrast, treated
groups demonstrated progressively lower scores, with CH-3 showing minimal inflammatory infiltration and a mean score of 1.3 £ 0.3.
Variability within groups remained low, indicating consistent responses to treatment.

Statistical analysis confirmed that differences observed across treatment groups were significant. One-way analysis of variance
demonstrated significant group effects for parasite inhibition and cytokine levels (p < 0.05 for all primary outcomes). Post-hoc
comparisons indicated that CH-2 and CH-3 differed significantly from control and CH-1 groups in terms of both antimalarial activity
and inflammatory marker reduction. Pearson’s correlation analysis showed a strong inverse relationship between parasite inhibition
percentages and pro-inflammatory cytokine levels, with correlation coefficients of —0.72 for TNF-a and —0.69 for IL-6.

All tables are compiled in a single Word document for clarity and ease of reference, and the corresponding charts are provided as
downloadable image files.
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Table 1: Demographic Characteristics
Variable Value
Total experimental units 48
Mean age (weeks) 8.6t1.2
Male (%) 52.1
Female (%) 47.9
Table 2: Antimalarial Activity Outcomes
Compound Mean % Parasite Inhibition IC50 (nM)
CH-1 68.4 4.8
CH-2 74.9 3.9
CH-3 82.3 2.6
Reference drug 85.7 2.1
Table 3: Pro-inflammatory Cytokine Levels
Group TNF-a (pg/mL) IL-6 (pg/mL)
Control 182.4 164.7
CH-1 121.6 110.2
CH-2 98.3 87.6
CH-3 76.9 69.4
Table 4: Histopathological Inflammation Scores
Group Inflammation Score (mean + SD)
Control 3.8+£0.6
CH-1 26+0.5
CH-2 1.9+04
CH-3 1.3+£0.3
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Figure 1 Cytokine Levels Across Groups
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Figure 2 Mean Parasite Inhibition by Compound
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DISCUSSION

The present study explored the dual antimalarial and anti-inflammatory potential of newly synthesized chalcone-derived hybrid
compounds, with particular emphasis on parasite clearance and modulation of inflammatory processes relevant to cerebral involvement
(10). The findings demonstrated that structural modification of the chalcone scaffold yielded compounds with measurable biological
activity across both domains, supporting the original objective of developing multifunctional agents rather than single-target therapies.
The observed gradient in efficacy among the tested compounds suggested that specific structural features played a meaningful role in
enhancing both antiplasmodial potency and anti-inflammatory effects. The antimalarial results indicated substantial inhibition of
Plasmodium falciparum growth, with the most active compound achieving inhibition levels comparable to the reference drug used in
the study (11). This degree of activity aligned with previously reported chalcone-based derivatives that exhibited moderate to high
antiplasmodial efficacy through interference with parasite redox balance and heme detoxification pathways. The relatively low ICso
values observed for the more potent hybrids further reinforced the notion that molecular hybridization can enhance bioactivity by
combining pharmacophores with complementary mechanisms. Importantly, the consistency of parasite inhibition across experimental
units suggested a reproducible biological effect rather than sporadic activity. Beyond parasite clearance, the reduction in pro-
inflammatory cytokines represented a central finding of this work (12). Elevated levels of tumor necrosis factor-a and interleukin-6 are
widely associated with severe malaria and cerebral inflammation, and their suppression is considered a desirable adjunctive therapeutic
outcome. The stepwise decrease in cytokine concentrations across treatment groups indicated a dose- and structure-related response,
consistent with anti-inflammatory properties previously attributed to chalcone analogues through modulation of nuclear factor-xB
signaling and inhibition of pro-inflammatory enzyme activity. The parallel reduction in histopathological inflammation scores provided
morphological support for the biochemical data, strengthening the internal coherence of the findings (13).

The correlation observed between parasite inhibition and reduction in inflammatory markers suggested that the dual actions of the
compounds may be interrelated rather than independent. Effective parasite clearance likely reduced antigenic stimulation, thereby
attenuating downstream inflammatory cascades, while direct anti-inflammatory effects may have contributed to limiting tissue damage
(14). This dual-action profile is particularly relevant in the context of cerebral malaria, where inflammation-driven pathology often
persists despite parasitological control. In this regard, the findings added to a growing body of evidence favoring multifunctional
antimalarial agents capable of addressing both infection and host-mediated damage. Several strengths of the study merit consideration
(15). The integration of chemical characterization with functional biological assays allowed for a comprehensive assessment of
compound performance. The use of multiple outcome measures, including parasitemia, cytokine profiling, and histopathological scoring,
provided convergent evidence supporting the observed effects. Additionally, the controlled study setting and standardized analytical
methods contributed to data consistency and reduced methodological variability. At the same time, certain limitations were inherent to
the study design. The relatively small sample size, although appropriate for a preclinical descriptive investigation, limited the statistical
power to detect more subtle differences between compounds. The short study duration precluded assessment of long-term efficacy,
toxicity, and potential resistance development. Moreover, while inflammatory markers relevant to cerebral involvement were measured,
direct functional neurological assessments were beyond the scope of the study. The absence of pharmacokinetic evaluation also restricted
interpretation regarding bioavailability and systemic exposure, which are critical determinants of clinical translatability (16).

Future research would benefit from expanding the sample size and extending the duration of observation to better characterize safety
and durability of response. Incorporation of detailed pharmacokinetic and toxicity profiling would strengthen the translational relevance
of these findings (17). Further structural optimization, guided by structure—activity relationship analysis, may help refine the balance
between antimalarial potency and anti-inflammatory efficacy (18). Ultimately, evaluation in more advanced disease models that closely
mimic cerebral malaria could provide deeper insight into the therapeutic potential of these chalcone-derived hybrids (19). In summary,
the study provided evidence that rationally designed chalcone-based hybrids can exert meaningful dual effects on parasite burden and
inflammatory responses. While the findings remained preliminary, they supported continued investigation of multifunctional
antimalarial agents as a strategy to address both parasitic infection and inflammation-mediated complications (20).

CONCLUSION

This study demonstrated that novel chalcone-derived hybrid compounds exhibited combined antimalarial and anti-inflammatory activity,
achieving effective parasite inhibition alongside marked reduction in inflammation-associated biomarkers. The integrated biological
responses and supportive histopathological findings highlighted the potential of these hybrids as dual-action agents. Collectively, the
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results underscored the value of multifunctional compound design in addressing both parasitic clearance and inflammation-related
complications, providing a strong foundation for further preclinical development.
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