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Introduction: Malaria caused by Plasmodium spp. is the most hazardous disease in the world. It is regarded as a life-threatening
hematological disorder caused by parasites transferred to humans by the bite of Anopheles mosquitoes.

Purpose: Calotropis procera leaf extract combined with biosynthesized silver nanoparticles (CPLEAgNPs) to evaluate its antiplas-
modium and hepatoprotective effects against P. berghei-induced infection in experimental mice.

Methods: The animal groups were divided into four groups: the first non-infected group was orally administered distilled water daily
7 days. The second group received an oral dose of 50 mg/kg of CPLE AgNPs. The third group received intraperitoneal injections of
10° P. berghei. The fourth group received of 10° P. berghei with 50 mg/kg CPLE AgNPs. All mice were anesthetized with CO, and
dissected for sample collection.

Results: This study of C. procera leaves showed that they contain chemically active substances, as shown by the amounts of phenols,
flavonoids, and tannins. The antioxidant activity of the samples was assessed using 1.1-diphenyl-2-picrylhydrazyl (DPPH) and 2.2'-
azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) assays. Treatment of infected mice with CPLE AgNPs for 7 days resulted in
a significant decrease in parasitemia and a reduction in histopathological alterations in the liver. Furthermore, CPLE AgNPs mitigated
oxidative damage caused by P. berghei infection in the liver. In addition, after receiving the medication, the liver levels of alanine
aminotransferase, aspartate aminotransferase, and alkaline phosphatase decreased. In addition, CPLE AgNPs regulated the expression
of liver cytokines, including IL-1f, and I-10.

Discussion: Based on these findings, the study proved that CPLE AgNPs have hepatoprotective and antiplasmodial properties.
Keywords: Plasmodium berghei, histopathological, antioxidant, oxidative, cytokine

Introduction
Malaria remains a major public health issue in tropical nations and is one of the most dangerous infectious diseases for
which there is no safe and efficient antimalarial vaccine.'> The World Health Organization (WHO) estimated 219 million
malaria infections and 435,000 deaths worldwide in 2017, with 61% of deaths occurring in young under five.’
A protozoan parasite of the genus Plasmodium causes malaria by growing inside host erythrocytes. This parasite causes
both morbidity and mortality in humans. P. berghei is a useful rodent model for investigating the role of the liver in
blood-stage malarial infection. This is because they share some characteristics with the human pathogen P. falciparum.*
The enormous effectiveness of medicines (chloroquine and others) and their widespread use in recent years have
resulted in resistance to chloroquine in P. falciparum and P. vivax, the two parasitic species responsible for the majority

of human malaria infections.’ Medicinal herbs have been used to treat malaria since ancient times.®
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Despite the phenomenal growth of modern medicine, synthetic drugs available for hepatic disorders are ineffective.
Medicinal plants have been used to treat malaria since ancient times. These plants are interesting sources of novel
antimalarial drugs.” Calotropis procera is a perennial shrub with softwood. It is a member of the family Apocynaceae
and subfamily Asclepiadaceae. This evergreen xerophytic plant exhibits a high level of success under dry and semiarid
conditions. Various parts of the world refer to this plant by popular names, such as the apple of Sodom, Calotrope, wild
cotton, Indian milkweed, huge milkweed, and rubber tree.® However, Saudi Arabia refers to it as “Ushar”. Throughout
history, it has been used in traditional medical applications in North Africa, the Middle East, South Asia, and Southeast
Asia. Since ancient times, it has been used as fuel, fiber, feed, and lumber since ancient times.” A studylo claims that it
possesses beneficial activity in the treatment of hepatic disorders. Flavonoids, alkaloids, cardiac glycosides, tannins,
sterols, and triterpenes are present in this plant.'' Reports have shown that flowers possess anti-inflammatory, antipyretic,
analgesic, antimicrobial, and larvicidal properties.” The biosynthesis of metal nanoparticles (NPs) is a burgeoning
research topic because of their potential applications in nanomedicine.'” Plant extracts can enhance the benefits of
biosynthetic NPs by controlling their size, shape, and dispersion.'> Recent years have seen a rise in the significance of
plant-mediated biological production of NPs has gained significance in recent years because it is both straightforward and
environmentally friendly.'> The production of AgNPs utilizing natural green sources has numerous advantages. This
means that they are non-toxic to animal cells and tissues.'* A previous study'> demonstrated the significant antiplasmo-
dial action of AgNPs biosynthesized from the aqueous leaf extracts of Saraca indica and Azadirachta indica against
P. falciparum. Only a handful of experimental treatments for malaria have attempted to use nanocarriers via active
targeting techniques. According to,' the liver is the principal regulator that is responsible for the formation of the
immune response. In addition to erythrophagocytosis, which is the liver’s important role in iron recycling, the liver also
eliminates damaged erythrocytes and potential pathogens such as Plasmodium. The purpose of this research was to
investigate whether or not biosynthesized silver nanoparticles made with C. procera leaf extracts have an antiplasmodial
and hepatoprotective effect on murine blood-stage malaria infection.

Materials and Methods

Phytochemical Preparation

C. procera leaves were obtained from wild plants in the Riyadh desert (°24'00"N 46°43'00"E / 24.4°N 46.71667°E /
24.4; 46.71667). The collected leaves were validated at the King Saud University Herbarium, (KSU NO:24531),
Identified by prof. Mohamed A. El-Sheikh and Dr. Rajakrishnan R. After washing and air-drying, 200 g of the leaves
were ground into a powder. Methanolic (80% concentration) was used to extract the powdered leaf components.” Briefly,
powdered leaves were agitated in methanol for 48 h. The extract was filtered through (Whatman No. 1) filter paper. The
biosynthesized AgNPs were prepared using 5 mL of filtrate and the remaining portion was evaporated using a vacuum
evaporator (Yamato RE300, Japan). Distilled water was used to dissolve the powder and kept at —20°C until use.

Gas Chromatography Mass Spectrometry (GC-MS) Method

Agilent Technologies’ GC-MS 7890B (Santa Clara, CA, USA) autosampler injection system was used. The sample
components were identified using GC-MS. A DB-5 MS capillary column from Agilent Technologies (30 m length
x 0.25 mm internal diameter, phase thickness 0.25 um) was employed for the separation of target compounds, utilizing
helium as the carrier gas at a flow rate of 1 mL/min. The inlet temperature was set at 250°C with a split ratio of 50, and
the oven temperature was programmed from 50 to 250°C, resulting in a total analysis duration of 71 minutes. The MS
detector parameters were configured as follows: acquisition scan type, mass range of 40 to 500 g/mol, scan speed of 1.56,
a solvent delay of 2 minutes, and an MS source temperature of 230°C.

Total Polyphenol Content (TPC), Total Flavonoid Content (TFC), and Total Tannin

Content (TTC) Measurements
The approach of Behbahani et al was used to calculate the TPC and TFC of the extract. A mixture was produced with
2 mL of distilled water, 100 pL of Folin-Ciocalteu reagent, and 20 pL of extract (concentration: 10 g/L). The mixture
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was agitated for two hours after adding 300 pL sodium bicarbonate solution for three minutes. The absorbance of the
samples was measured at 765 nm using a spectrophotometer (Sigma3, 30k). Gallic acid (0-500 mg/L) was used to
generate the standard curve. The TPC was expressed as mg gallic acid (GAE)/g extract according to Behbahani et al.'”

ImL of the crude extract concentration and 1mL of 2% methanolic aluminum chloride and the mixture was incubated for
15 min at room temperature in the dark. The absorbance values of the samples were measured at 430 nm to determine the TFC.
A standard curve was created using quercetin and the TFC value was expressed as pig quercetin (QE) equivalent per gram of dry
weight of the extract.'” Each 200 mL series of leaf extracts was mixed with 200 mL of Folin-Ciocalteu reagent to determine the
tannin concentration, which was then allowed to stand for five minutes. Subsequently, 100 cc of saturated NO,COj3; and 5 cc of
distilled water were added. The absorbance was measured at 745 nm after 35 min of incubation. Tannic acid was used as the
standard. The amount of tannin found in each sample was measured in mg of tannic acid equivalent (mg TAE/g d.w.) per gram of

dried weight according to Kumar et al.'®

Radical Scavenging Method for Antioxidant Activity

Antioxidant activity of the extracts was assessed using a previously described method outlined by.'” The extract was
diluted to a range of 10-500 pg/mL after the methanolic solution was prepared at a concentration of 1 mg/mL. 1mL of
each extract was added to a solution of ImL methanol and 2 mg DPPH. The absorbance of the extract and blank samples
reaction components without extract was measured at 517 nm after the samples were left in the dark for 30 min at 24 °C.
The following activity was determined using the antioxidant formula:

1% =Aplank _Asample /Ablank %100

Where A sample and A blank denote the absorptions of the extract and blank samples, respectively. Using the ICs
value,"” the antioxidant activity of the extract was compared to that of the synthetic and natural antioxidants vitamin
C and tert-butylhydroquinone (TBHQ). The slope equation of the radical scavenging activity (RSA) curve was used to
determine the ICs, value, which is the concentration of the sample that can block 50% of free radicals.

ABTS Test for Scavenging Free Radicals and Cations

ABTS radical inhibition efficacy of the extract was assessed in.”’ TBHQ and vitamin C were used as the controls.
A solution of free radicals (7 mm ABTS, 2.4 mm potassium persulfate) was prepared and incubated at 24°C for 14 hours
in the dark. After adding 200 pL (10-500 pg/mL) of the extracted sample, the free-radical solution (2 mL) was
thoroughly mixed. Following a half-hour, the absorbance of the samples was measured at 734 nm, and the ABTS free
radical scavenging activity was reported using ICs, according to Labiad et al.*

AgNP Biosynthesis and Characterization

The nanoparticles were prepared using a previously described technique according to Anandalakshmi et al.?' Briefly,
IME (5 mL) was mixed with 8 x 10° M silver nitrate in 45 mL methanol and maintained at 50°C for 60 min until the
mixture turned dark brown, suggesting the formation of AgNPs in the solution. The reduced AgNP solution was
monitored using UV-visible spectroscopy.

According to Jiang et al,’* the form and size of AgNPs were determined using a JEOL JEM-2100 transmission
electron microscope (JEOL Ltd., Tokyo, Japan). Briefly, a carbon-coated copper grid was immersed twice in the
nanoparticle solution and then placed in an Eppendorf tube. Finally, the copper grid was removed and dried for 4 h at
25 °C for additional morphological analysis.

Design of an Experiment

The study was carried out in compliance with the “Guide for the Care and Use of Laboratory Animals”. The study adhered to
the institutional regulations on animal use at King Saud University and conformed to the criteria established by the National
Committee of Bio-Ethics (NCBE) in Saudi Arabia. According to the Royal Decree, bearing the number M59, was issued on
14/9/1431H. The Research Ethics Committee of King Saud University (Approval No. KSU-Se-21-78) approved all the
procedures of those experiments, ensuring animal rights, welfare, minimal stress, and no harm or suffering.
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Female C57BL/6 mice (9-11 weeks old). The animals were acclimatized to the laboratory circumstances two weeks
before the commencement of the experiment and were then kept in stainless steel wire cages (5 animals per cage) under
pathogen-free conditions. Animals were given food and water. The temperature was maintained at (23 + 2 °C) with
a relative humidity of (50-60%) and a light/dark cycle of 12 hours each.

To identify the best dose effect for AgNPs, we experimented in the following groups: 5 mice per group: group 1, the
infected group by intraperitoneally with 1x105 P. berghei as the control; group 2 (infected + 10 mg/kg CPLE AgNPs);
group 3 (infected + 25 mg/kg CPLE AgNPs); and group 4 (infected + 50 mg/kg CPLE AgNPs).

As demonstrated by Wunderlich et al,”> cryopreserved blood stages of P berghei were passed through mice and
administered intraperitoneally to the experimental animals. A Neubauer chamber was used to calculate the number of 10°
parasitized erythrocytes. Blood smears stained with Giemsa were obtained from mouse tails to determine parasitemia and
the peak point at which animals should be anatomically collected.”® The mice were separated into five groups of 5 mice
each. First control group. The 1-5 groups were intraperitoneally infected with 1x10° P. berghei —infected erythrocytes as
previously described by Fairlie-Clarke.*

The experiment was replicated with six mice in each group to investigate the effect of CPLE AgNPs: Group 1, control
non-infected control; Group 2, non-infected treated with AgNPs, 50 mg/kg; Group 3, infected group; and Group 4,
infected group + CPLE AgNPs, 50 mg/kg. All animals underwent anatomical CO, asphyxiation on day 7 p.i. followed by
sample collection.

The change in liver weight was calculated and the liver index was calculated as the ratio of liver weight to mouse
weight.

Counting White Blood Cells (WBCs)
The number of WBCs in the blood of the mice was calculated using a VET-530 CA Medonic blood counter (Stockholm,
Sweden).

Samples Collection

On the 7-day post-infection, all mice were sedated by CO, asphyxiation and then euthanized for the collection of blood
and liver tissues. Blood was extracted from the heart and stored in tubes containing EDTA. The blood was divided into
two components: one for whole blood and the other for plasma. The plasma was thereafter preserved at —20°C until
required. The liver was excised and divided into three segments for histological examination. Samples were kept in
neutral buffered formalin (10%) for histological examination. Small pieces of liver were preserved at —80°C for the
examination of liver function. The last parts were preserved in RNAlater for molecular investigation of gene expression.

Hematological Studies

Blood was drawn into heparin-containing tubes (AIN MEDICARE SDN.BHD). 16100 Kota Bharu, Kelantan, Malaysia)
to determine key hematological parameters such as erythrocyte count, total hemoglobin content, and white blood cell
(WBC) count.

Biochemical Investigations

After separation blood plasma was stored at —20°C until use. Next, plasma was subjected to AST, ALP, and ALT analysis
using commercial kits (Biomerieux, Marcy I’Etoil, France) according to the manufacturer’s instructions. Furthermore,
total protein activity and gamma-glutamyl transferase (GGT) levels in the mouse jejunum were assessed using an
approach described by Jollow et al and Buege et al.>>~°

Histopathology Investigations
Freshly prepared liver samples were embedded in paraffin after fixation in 10% neutral buffered formalin. The sections
were then cut into 5 pm thick segments, and hematoxylin and eosin were used for staining according to Avwioro et al.?’

Liver histology scoring was performed according to the recommendations provided by Ishak et al.”®
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Expression of Gene

TRIzol (QIAGEN, Hilden, Germany) was utilized to isolate the liver RNA to perform a real-time quantitative
polymerase chain reaction (RT-qPCR). The samples were prepared using DNase (Applied Biosystems, Darmstadt,
Germany) and transformed into cDNA (QIAGEN, Hilden, Germany) using a reverse transcription kit. SYBR green
PCR master mix (QIAGEN, Hilden, Germany) and ABI Prism 7500HT sequence detection equipment (Applied
Biosystems, Darmstadt, Germany) were used for PCR. Using primers from Macrogen Inc. (Seoul, South Korea), the
levels of interleukin-1b (IL1p), interleukin-10 (IL-10) were measured. The PCR procedure is as follows:*> The 2-DDCT
approach was used to ascertain the fold change in mRNA expression according to Livak and Schmittgen.?’

Statistical Analysis

The differences were analyzed using the one-way analysis of variance (ANOVA) procedure of SPSS Vision 21 statistical
software. We applied the Duncan test to compare the mean values of the different compounds. A probability < 0.05 was
considered significant (p<0.05). We reported the mean values along with the standard deviation media (SD).

Results
Gas Chromatography Mass Spectrometry (GC-MYS)

In recent years, C. procera, a plant known for its therapeutic qualities, has garnered significant attention due to its diverse
phytochemical profile and potential applications. Table 1 and Figure 1 show the results of a GC-MS analysis detailing the
phytochemical composition of a CPLE. Our findings from the analysis show the most abundant compound is
Z-3-Methyl-2-hexenoic acid (24.07%), the second compound is 4H-Pyran-4-one, 2.3-dihydro-3,5-dihydroxy-6-methyl-
(21.99%), and other significant compounds include 2-Furancarboxaldehyde, 5-methyl- (9.47%) and Furaneol (9.15%).

Table | Phytochemical Composition Analysis by GC-MS to C. Procera Leaf Extract

Retention Area Peak Area Phytochemicals MF Mw
Time %
6.358 4,213,944 2.472496 3,4-Furandimethanol Cg¢HgO3 128
6.426 16,139,147 9.469509 2-Furancarboxaldehyde, 5-methyl- Ce¢HsO, 110
6.9 6,678,248 3.918406 3-(1-Cyclopentenyl) furan CoH,00 134
8.633 41,028,133 24.07291 Z-3-Methyl-2-hexenoic acid C;H,,02 | 128
9.752 15,602,543 9.154661 Furaneol CeHgO3 128
11513 37,471,678 | 21.98619 4H-Pyran-4-one, 2.3-dihydro-3,5-dihydroxy-6-methyl- CeHgO4 144
15.108 1,668,627 0.979053 1,2,3,4-Tetrahydroisoquinolin-6-ol- | -carboxylic acid CioHyy 193
NO;
17.233 3,649,054 2.141052 Phenol, 2-methoxy-5-(1-propenyl)-, (E)- CioH 20, | 164
18.626 4,292,422 2.518542 Naphthalene, |.2-dihydro-2,5,8-trimethyl- Ci3Hie 172
19.974 4,667,309 2.738504 cis-p-Mentha-2,8-dien-|-ol CioHiso 152
20.404 1,793,708 1.052443 3-Hydroxy-a-ionene C3Hp00, | 208
21.186 1,373,284 0.805763 I1-Naphthalenol, 1,2,3,4-tetrahydro-2,5,8-trimethyl- C3H,;gO 190
22.85 1,750,370 1.027015 Cyclopenta[,3] cyclopropa[l,2]cyclohepten-3(3aH)-one, 1,2,3b,6,7,8-hexahydro- | C,3H,g0 190
6,6-dimethyl-
(Continued)
International Journal of Nanomedicine 2024:19 https: 13721

Dove!


https://www.dovepress.com
https://www.dovepress.com

Murshed et al Dove

Table 1 (Continued).

Retention Area Peak Area Phytochemicals MF Mw
Time %

23.529 5111,136 2.998916 4-(3,7,7-Trimethyl-2-oxabicyclo [3.2.0] hept-3-en-I-yl) but-3-en-2-one Ci3Hg0, | 206
23918 2,556,193 1.499825 Acetic acid, (1,2,3,4,5,6,7,8-octahydro-3,8,8-trimethylnaphth-2-yl) methyl ester Ci¢H2O, | 250
25.68 2,790,292 1.63718 trans-Z-a-Bisabolene epoxide CisH4O | 220
29.546 1,990,060 1.167651 Z-8-Methyl-9-tetradecenoic acid Ci5Hp0, | 240
30.455 2,195,702 1.28831 Hexadecanoic acid, methyl ester C7H3,0, | 270
31.178 3,673,441 2.155361 Estra-1,3,5(10)-trien-17p-ol CigH4O | 256
33.746 4,221,358 2.476846 7,10,13-Hexadecatrienoic acid, methyl ester Ci7H.80, | 264
34.494 7,566,133 4.439365 Z, E-2,13-Octadecadien-1-ol CigH340 | 266

TPC, TFC, and TTC Measurements

The TPC, TFC, and TTC of the CPLE were estimated (Table 2). The recorded results showed the highest amount of TPC
(86.3545 + 0.585), followed by TFC (30.32 + 0.205 mg QE/g DW), and TTC (36.04 + 0.236 mg TAE/g DW).

Antioxidant Activity (DPPH and ABTY)

C. procera has antioxidant activity that offers significant protection against various diseases. In the current study, the

2.2-diphenyl-1-picrylhydrazyl (DPPH) assay was used to determine the antioxidant activity of CPLE. Increasing the

concentration of leaf extract increased the scavenging ability of DPPH radicals, as demonstrated by the results. The rate
of (DPPH and ABTS) at 1000 was (301.6165 +403.212) and (319.1692 + 393.078), respectively. (Table 3). The radical-
scavenging capabilities of phenolic components are primarily responsible for the antioxidant effects of plant products.
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Figure | Phytochemical Composition Analysis by GC-MS to C. procera leaf extract.
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Table 2 CPLE Contains Total Phenols, Flavonoids, and Tannins

Extract Phenol Flavonoid Tannin
(mg GAE/g DW) | (mg QE/g DW) | (mg TAE/g DW)
C. procera 86.3545 + 0.585 30.32 £ 0.205 36.04 £ 0.236

Table 3 Antioxidant Activity of Concentrations with
Offline DPPH and ABTS ICsq assay of CPLE

Concentrations

Inhibition%

DPPH ABTS
31.25 7.4720+ 0.5458 21.5554 + 4.199
62.5 9.4823 + 0.3371 354336 + 11.721
125 18.1031 + 0.3253 552176 + 30.218
250 28.3049 + 0.4179 72.9355 + 76.675
500 49.71261 £ 0.1016 | 83.3672 + 180.408
1000 68.8221 + 0.7139 | 92.2256 + 393.078
ICso (ug/mL) 525.7179 + 42.6753 | 107.5536 + 0.1274

Based on the DPPH and ABTS assays, the IC50 values for the CPLE were (525.7179 £+ 42.6753 pg/mL and 107.5536 +
0.1274 pg/mL), respectively.

AgNP Biosynthesis and Characterization
After processing, the leaf extracts were combined with AgNPs. The CPLE AgNPs were examined using Transmission
Electron Microscopy (TEM) at room 22°C. Examination showed that the nanoparticles were spherical on a smooth
surface with a spherical morphology, and their size ranged from 9 to 48 nm (Figure 2). Characterization of CPLE AgNPs,
as shown in transmission electron micrographs. Additionally, the image demonstrates that there are no plant extract
residues left in the final product, indicating a highly pure and morphologically well-produced nanostructure. Figures
a and b depict the TEM picture and histogram distribution of particle size for CPLE AgNPs. As demonstrated in Figure
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Figure 2 The CPLE AgNPs characterization, (a) TEM image of CPLE AgNPs. (b) the histogram distribution of particle size of CPLE AgNPs. The scale bar is 100 nm.
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Ag NPs CPLEAg NPs
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Figure 3 (A) UV-vis absorption of AgNPs and (B) biosynthesized of CPLE AgNPs.

(1a), the CPLE-mediated synthesis of AgNPs produced spherical nanoparticles with homogeneous sizes. (Figure 1)
shows that the average size of CPLE AgNPs is 23.94+5.9 nm.

UV-Vis Analysis

The UV-vis absorption spectra of the prepared AgNPs and CPLE are presented in Figures 3A and B, respectively. It can
be observed that the vis absorption peaks of prepared Ag NPs and CPLE AgNPs were 405.30 nm and 419.45 nm,
respectively. This shift in the peaks indicated that the use of C. procera improved the optical properties of the synthesized
AgNPs. The UV results suggest that these prepared samples can be used for environmental remediation and medical

applications (Figure 3).

Parasitemia%

On day 7 p.i., parasitemia peaked at approximately 42%. Infected mice were treated with CPLE AgNPs on days 3, 4, 5,
6, and 7 post-infection, and the parasitemia decreased by approximately 42.4 £ 15.7, 87.1 £0.8,94.6 £ 4, 97.8 £ 1.4, and
98.5 £ 1.2%, respectively (Table 4).

The dose of CPLE AgNPs used in subsequent testing was 50 mg/kg (Figure 4). This choice was based on the
parasitemia statistics presented in Figure 5. On day 7 post-infection, the parasitemia level in the infected group was
approximately 42%. The group treated with 50 mg/kg CPLE AgNPs showed < 3% parasitemia (Figure 5).

The CPLE induced a marked reduction in parasitemia from day 4 after infection with P. berghei infected with
erythrocytes until I arrived on the seventh day at 39.5% relative to the infected mice (Figure 6).

Liver Index
The infection caused hepatomegaly, which was observed in larger livers of mice on day 7 after infection with P. berghei
(Figure 7). CPLE AgNPs significantly reduced the liver index by approximately two to three times that of the affected group.

Table 4 Impact of CPLE AgNPs on the Inhibition of Parasitemia in Mice Carrying P. Berghei-

Infection
Group Suppression (%)
Day 3 Day 4 Day 5 Day 6 Day 7
Infected 0 0 0 0 0
Infected + 50 mg/kg CPLE AgNPs | 424 + |57 | 87.1 +08 | 9464 | 978+ 14 | 985+ |.2
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Figure 4 In mice infected with P. berghei, CPLE AgNPs reduced parasitemia. (*) Significant at p <0.0] compared to the infected group on day 7 parasitemia.
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Figure 7 The liver index of mice infected with P. berghei was altered as a result of the administration of CPLE AgNPs.In comparison to the control group and the infected
group, the symbols (¥) and (#) are statistically significant at a level of p <0.01.

Hematological Studies (WBCs)
On day 7 p.i., P. berghei infection in mice reduced the number of WBCs; hematological parameters were restored after
treatment with CPLE AgNPs (Table 4).

P. berghei infection in mice caused a mark in leucocytes of 8.8x109 +3.4 /L. Treatment with CPLE AgNPs on day 7
p-i. These resulted in a higher leucocyte count (2.4x109+0.7/L) compared to the infected group (Table 5). Mice infected
with P. berghei had higher levels of basophils (5.75£3.6), neutrophils (1042.3), eosin (12+5.38), and lymphocytes (12.75
+3.9), whereas white monocytes (1.8+0.81) were unchanged compared to the control group. These parameters changed
when infected mice were treated with CPLE AgNPs.

Impact of Treatment of CPLE AgNPs on the Infected Liver Cells

Mice infected with P. berghei showed severe histological changes in the liver, along with extensive damage from
inflammatory cells. Hepatic infiltration, the appearance of apoptotic bodies, dilated sinusoids, malaria pigments, and
hyperplasia of Kupffer cells are manifestations of this condition. In contrast, the liver architecture of the CPLE AgNP-
treated and control groups was normal, which reduced the aforementioned histological abnormalities in the liver. In mice
treated with CPLE AgNPs, hepatic lesions were reduced and the liver score decreased, which was associated with
a decrease in inflammatory cell infiltration (Figure 8).

The morphometric analysis expressed a little shrinkage (12.48+0.61 pm?2) in the infected CPLE-AgNPg hepatocel-
lular cells significantly (p<0.05) is comparable to normal hepatocytes (18.22+0.72 pm2). On the contrary, the density of
Kupffer cells (0.13£0.00 cell/ um?2), and necrotic cells (0.70+£0.02%) exhibited an elevated intensity (p<0.05) in the
infected CPLE AgNPS hepatic tissue in comparison with the healthy tissues. While the infected hepatocytes showed
severe (p<0.001) reduction in their size (7.93+0.40 um?2) more than the control group. Also, the Kupffer cell density

Table 5 Changes in the Number of White Blood Cells (WBCs) in the Blood of P. Berghei-Infected Mice Before and
After Treatment with CPLE AgNPs

Group WBC (%10°/L) | Neutrophil | Basophil | Eosinophil | Monocyte | lymphocyte
Control 3.4+0.4 7.25%3.3 24£1.7 2.8%1.3 1.8+0.84 11£1.8
CPLE AgNPs 1.960.9% 6.4%1.8 6.5+3.08 6.4+2.4 2.8%1.3 12.4+5.02
Infected 8.8+3.9% 10+2.3 5.75%3.6 12+5.38 1.8+0.81 12.75+3.9
Infected + CPLE AgNPs 2.4£0.7% 9+3.51 3.8+3.11 9.2+4.32 3.5%1.3 9.5+4.4

Notes: Values are mean * SD. (*) is significant at p <0.0| compared the non-infected groups and (#) is significant at p <0.01 compared infected groups.
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Figure 8 The study examined the effects of CPLE on the liver histopathology of P. berghei-infected mice. (A) non-infected group. (B) CPLE AgNPs-infected group. (C) An
infected group with inflammation, malaria pigment (arrow), and hepatocytic vacuolation (arrowhead). (D) Infected + 50 mL/kg CPLE AgNPs group with improved structure.
Scale bar = 10 um.

(0.1940.003 cell/ um2) and necrosis intensity (1.36+£0.06%) were higher significantly (p<0.001) than the healthy ones.
On the other hand, the infected tissue that was treated with CPLE AgNPg exhibited a rapid nonsignificant (p>0.05)
recovery to the normal diameter in their hepatocytes size (18.19+0.55 pm?2), and also well regression in both Kupffer
(0.16+£0.004 cell/ um?2) and necrotic cells to the normal levels as illustrated (Figure 9). The liver activity index of the
infected group ranged from 14 to 16 according to Ishak’s score. The liver index decreased to 5—7 in mice (Figure 10).

Biochemical Investigations

The livers of the infected group showed significant dysfunction (p < 0.01). Compared to the non-infected group, the
blood plasma ALP, ALT, and AST levels increased to 67 + 7, 66 £ 5, and 318 £ 10 U/L, respectively. The administration
of CPLE AgNPs to mice resulted in a decrease in ALP, AST, and ALT activities (Figure 11). The infected group
exhibited significantly higher liver GGT levels and lower TP levels than those in the control group (Figure 12).

Expression of Gene

Infection with P. berghei caused liver tissue inflammation, which was shown by a significant increase (p < 0.05) in the
levels of the pro-inflammatory cytokines IL-10 and IL-1B (Figure 13). However, administration of CPLE AgNPs
significantly suppressed this inflammatory response, demonstrating the protective effect of CPLE AgNPs against
inflammatory events triggered during malaria development.

Discussion

Most antimalarial medications currently in use have been rendered ineffective because of drug resistance; therefore, there
is an urgent and ongoing need to find new antimalarial medicines.”® Natural products are essential in the search for novel
therapeutic targets for human illnesses. Consequently, society is placing increasing pressure on the development of new
technologies, pushing for advancements in clean and green technology. The best way to fight different parasitic illnesses
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Figure 9 Bar charts showing the morphometric analysis of histological parameters of liver tissue which (A) Hepatocytes diameter, (B) density of Kupffer cell, and (C)
necrosis intensity, in four groups: Control; CPLE AgNPS group; infected group, and treated with CPLE AgNPS group. Values are represented as Mean + STDV & n = [0
animals. Means within the same parameter and not sharing a common superscript symbol(s) differ significantly at p < 0.05, and values that are recorded with non-significance
difference (n.s).

is through nanotechnology.’' According to Ullah Khan et al** the most economical, environmentally friendly, and
efficient method for producing AgNPs is plant synthesis.

C. procera is regarded as a source of biologically active substances that are high in phenolics, flavonoids, and tannins
because its major constituents are polar and highly soluble in methanol. This is similar to the findings in the
literature.*>** These chemicals may contribute to the antimalarial action and lower parasitemia observed after treating
infected animals. Ahmad et al*® recently reported that C. procera methanolic leaf extracts used against antimicrobials and
P. berghei significantly decreased malarial-induced physiological imbalances in liver and kidney biomarkers, as well as
serum electrolytes, owing to the presence of phytochemically active compounds in the extract that induce malaria and
liver and renal dysfunction.*® A study by Al-Rowaily et al*” reported that C. procera extract contains a high concentra-
tion of carotenoids.’” A redox process that releases free radicals, such as hydroxyl radicals, hydrogen peroxide, and
superoxide anions, occurs when cells use oxygen to create energy.”® The antioxidant properties of plant extracts were
evaluated using various indices in several model systems to ensure their effectiveness. In this study, the C. procera
extract demonstrated significant antioxidant activity. Samani et al achieved 63.69 and 64.33% free radical inhibition
using DPPH and ABTS, respectively, at a concentration of 1000 ppm of thyme essential oil.** This difference could be
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Figure 13 CPLE AgNPs influence the expression of IL-10 and IL-2 in the liver of mice infected with P. berghei. Data are presented as mean * SD at p < 0.001. * and #:
significance against the control and infected groups, respectively.

due to the extraction method and extraction of the extract from different parts of the plant and the extraction method.*’
Secondary metabolites, particularly plant phenols and carotenoids, are a large group of compounds that act as primary
antioxidants.'” Generally, the amount of antioxidant compounds in a plant determines its antioxidant activity; plants with
more phenolic compounds exhibit higher antioxidant activity.*' Additionally, antioxidant activity increased with increas-
ing sample concentrations, which is consistent with the findings of Ismail and Hong.** Plants produce synthetic AgNPs,
which vary widely in size and shape.** The synthesized AgNPs were largely spherical, TEM image were excellent in
agreement with earlier studies.” Recently, researchers have studied the hepatoprotective and antiplasmodial character-
istics of AgNPs in male C57BL/6 mice.** Researchers have used the hepatic tissue of female mice to demonstrate the

31 used

effectiveness of CPLE AgNPs in controlling the liver status after P. berghei infection. A study by Mehlhorn,
P. berghei as a mouse parasite model to study the role of the liver during infection because it shares many traits with
P. falciparum, a human malaria parasite. This study found that CPLEAgNPs reduced parasitemia in infected mice in
a manner similar to that observed with medicine-manufactured drugs. The presence of numerous predicted components
in the utilized CPLE AgNPs may allow specialists to identify and exploit these compounds for antiplasmodial activity.*®
It has been confirmed that silver has been utilized since ancient times to treat a variety of microbiological illnesses.

A study by Murshed et al® showed that administering CPLE AgNPs to P. berghei-infected male mice reduced
parasitemia. This was attributed to the plant extract, which contained the antimalarial chemical 2.6-di-t-butyl-p--
benzoquinone.*® In this study, CPLE AgNPs drastically reduced parasitemia in infected female mice. This is attributable
to the action.*’

The possible therapeutic effects of the extracts on liver enzyme activity could be related to parasite eradication and/or
antioxidant effects arising from their bioactive ingredients.***’

The decrease in erythrocyte count and hemoglobin concentration in P. berghei-infected mice suggests that they were
anemic.** Anemia alters tissue physiology and histology induces oxidative damage, and produces free radicals.
A previous study Omodeo-Sale et al’® found that oxidative damage enhances the development of anemia during
P. falciparum infection. This is due to an imbalance between oxidants and antioxidants, which produce free radicals
that induce oxidative injury in the liver.”' Furthermore, anemia is caused by parasites using hemoglobin as a source of
sustenance, releasing haem, which promotes oxidative damage and causes histological alterations in the liver.”* These
biochemical and histological findings are similar to recent studies” on the protective effects of herbal extracts on the
spleen against P. chabaudi infection.

Our data suggested that P. berghei-induced hepatic inflammation is accompanied by an inflammatory response in the
liver. Furthermore, our findings show that CPLE AgNPs kill Plasmodium parasites in mice while also having anti-

inflammatory properties that preserve the liver.
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Infection with P. berghei may cause an inflammatory reaction in the mouse liver. The reaction involves changes in
liver structure, Tp and GGT, and inflammatory cytokines IL-1f, and IL-10. Plasmodium infection is distinguished by
early and intensive cytokine-mediated effector mechanisms that kill or destroy parasite-infected cells and are associated
with both acquired and innate immune responses.”® Hyperparasitemia has been linked to elevated levels of IL-1p, and IL-
10.>* Furthermore, inflamed liver cells, activated leukocytes, and macrophages produce high levels of pro-inflammatory
cytokines and enzymes during inflammation, which aids in the initiation of the innate immune response.’ Interestingly,
CPLE AgNPs treatment reduced the development of inflammatory reactions following P. berghei infection by down-
regulating cytokines and reducing oxidative alterations in the liver. All CPLE AgNPs-mediated lower inflammatory
responses were initially attributable to a decrease in the number of parasitized erythrocytes. Several studies support our
finding that medicinal plants can reduce parasitemia and protect the liver from inflammation.>

We propose that CPLE AgNPs are capable of preserving hepatic tissue following malaria-induced infection, as
indicated by increased parasitemia and histological structure. Furthermore, CPLE AgNPs restored the equilibrium of
oxidants and antioxidants, and decreased inflammation in the liver. These data suggested that CPLE AgNPs are
promising hepatoprotective drugs against malaria. Further research is needed to understand the processes underlying
the ability of the liver to respond to both P. berghei and CPLE AgNPs.

Conclusions

Recent investigations have demonstrated the potential use of CPLE AgNPs as antimalarial drugs in the therapeutic
domain. The results showed that CPLE AgNPs provided antioxidant and anti-inflammatory protection against P. berghei-
induced liver damage, leading to a significant improvement in the histological alterations in the livers of mice. To
develop important therapeutic drugs based on the active phytochemical constituents of CPLE AgNPs, further research is
necessary to isolate and test the activity of each compound, as well as to uncover the plant’s additional pharmacological
and therapeutic potential.

Acknowledgments
This work was supported by the Researchers Supporting Project (RSPD2025R1081) at the King Saud University.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis, and interpretation, or all these areas; took part in drafting, revising, or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

The authors received no financial support for research authorship.

Disclosure
The authors declare no conflict of interest.

References

1. Al-Quraishy S, Dkhil MA, Al-Shaebi E, et al. Gene expression of the liver of vaccination-protected mice in response to early patent infections of
Plasmodium chabaudi blood-stage malaria. Malaria J. 2018;17:1-16. doi:10.1186/s12936-018-2366-6

2. Murshed M, Dkhil MA, Al-Shaebi EM, et al. Biosynthesized silver nanoparticles regulate the iron status in the spleen of Plasmodium chabaudi—
infected mice. Environ Sci Pollut Res. 2020;27:40054—40060.

3. Organization, W.H. World malaria report 2023; World Health Organization: 2023.

4. Goodman CD, Siregar JE, Mollard V, et al. Parasites resistant to the antimalarial atovaquone fail to transmit by mosquitoes. Science.
2016;352:349-353. doi:10.1126/science.aad9279

5. Woldearegai TG. Characterization of Plasmodium Falciparum Mature Gametocytes: Lifespan, Immunogenicity and Susceptibility to Novel
Compounds. Universitdt Tiibingen; 2018.

International Journal of Nanomedicine 2024:19 hetps: 13731
Dove:


https://doi.org/10.1186/s12936-018-2366-6
https://doi.org/10.1126/science.aad9279
https://www.dovepress.com
https://www.dovepress.com

Murshed et al Dove

o0

18.

19.

20.
21.
22.
23.

24.
25.

26.
27.
. Ishak K, Baptista A, Bianchi L, et al. Histological grading and staging of chronic hepatitis. J Hepatol. 1995;22:696-699. doi:10.1016/0168-

28

29.

30.

31
32.

33.

34.

35.

36.

37

38.

39.

. Zafar 1, Taniguchi T, Baghdadi HB, et al. Babesia microti alleviates disease manifestations caused by Plasmodium berghei ANKA in murine

co-infection model of complicated malaria. Front Cell Infect Microbiol. 2023;13:1226088. doi:10.3389/fcimb.2023.1226088

. Taherkhani M, Rustaiyan A, Nahrevanian H, Naeimi S, Taherkhani T. Comparison of antimalarial activity of Artemisia turanica extract with current

drugs in vivo. J Vector Borne Dis. 2013;50:51-56. doi:10.4103/0972-9062.112535

. Al Sulaibi MA, Thiemann C, Thiemann T. Chemical constituents and uses of Calotropis procera and Calotropis gigantea—a review (Part I-the plants

as material and energy resources). Open Chem J. 2020;7:1-15. doi:10.2174/1874842202007010001

. Batool H, Hussain M, Hameed M, Ahmad R. Physiological and biochemical responses of Calotropis procera to traffic related cadmium pollution

along roadside. 2020.

. Al-Quwaie DA. Bacterial community dynamics with rhizosphere of Calotropis procera and Senna Alexandrina desert plants in Saudi Arabia.

Bioinformation. 2020;16:567. doi:10.6026/97320630016567

. Setty SR, Quereshi AA, Swamy AV, et al. Hepatoprotective activity of Calotropis procera flowers against paracetamol-induced hepatic injury in

rats. Fitoterapia. 2007;78:451-454. doi:10.1016/j.fitote.2006.11.022

. Pantidos N, Horsfall LE. Biological synthesis of metallic nanoparticles by bacteria, fungi and plants. J Nanomed Nanotechnol. 2014;5:1.

doi:10.4172/2157-7439.1000233

. Lakshmanan M, Ragul D, Michael ML, Moses JA, Anandharamakrishanan C. Characterization of silver nanoparticles synthesized using Ocimum

Basilicum seed extract. Lett Appl NanoBioSci. 2022;11:3411-3420.

. Velusamy P, Su C-H, Venkat Kumar G, et al. Biopolymers regulate silver nanoparticle under microwave irradiation for effective antibacterial and

antibiofilm activities. PLoS One. 2016;11:e0157612. doi:10.1371/journal.pone.0157612

. Mishra A, Kaushik NK, Sardar M, Sahal D. Evaluation of antiplasmodial activity of green synthesized silver nanoparticles. Colloids Surf B.

2013;111:713-718. doi:10.1016/j.colsurfb.2013.06.036

. Del Portillo HA, Ferrer M, Brugat T, Martin-Jaular L, Langhorne J, Lacerda MV. The role of the spleen in malaria. Cell Microbiol.

2012;14:343-355. doi:10.1111/j.1462-5822.2011.01741.x

. Behbahani BA, Shahidi F, Yazdi FT, Mortazavi SA, Mohebbi M. Antioxidant activity and antimicrobial effect of tarragon (Artemisia dracunculus)

extract and chemical composition of its essential oil. J Food Meas Characterization. 2017;11:847-863. doi:10.1007/s11694-016-9456-3

Kumar GS, Kulkarni A, Khurana A, Kaur J, Tikoo K. Selenium nanoparticles involve HSP-70 and SIRT1 in preventing the progression of type 1
diabetic nephropathy. Chem Biol Interact. 2014;223:125-133. doi:10.1016/j.cbi.2014.09.017

Yeganegi M, Yazdi FT, Mortazavi SA, Asili J, Behbahani BA, Beigbabaei A. Equisetum telmateia extracts: chemical compositions, antioxidant
activity and antimicrobial effect on the growth of some pathogenic strain causing poisoning and infection. Microb Pathogenesis. 2018;116:62—67.
doi:10.1016/j.micpath.2018.01.014

Labiad M, Harhar H, Ghanimi A, Tabyaoui M. Phytochemical screening and antioxidant activity of Moroccan Thymus satureioides extracts.
J Mater Environ Sci. 2017;8:2132-2139.

Anandalakshmi K, Venugobal J, Ramasamy V. Characterization of silver nanoparticles by green synthesis method using Pedalium murex leaf
extract and their antibacterial activity. App! Nanosci. 2016;6:399—408. doi:10.1007/s13204-015-0449-z

Jiang W, Kim BY, Rutka JT, Chan WC. Nanoparticle-mediated cellular response is size-dependent. Nat Nanotechnol. 2008;3:145-150. doi:10.1038/
nnano.2008.30

Waunderlich R. The effects of surface structure on the electrophoretic mobilities of large particles. J Colloid Interface Sci. 1982;88:385-397.
doi:10.1016/0021-9797(82)90267-3

Fairlie-Clarke KJ. Significance of cross-reactive antibody responses and isotype bias in malaria-helminth co-infection. 2011.

Jollow D, Mitchell J, Zampaglione NA, Gillette J. Bromobenzene-induced liver necrosis. Protective role of glutathione and evidence for 3,
4-bromobenzene oxide as the hepatotoxic metabolite. Pharmacology. 1974;11:151-169. doi:10.1159/000136485

Buege JA, Aust SD. [30] Microsomal lipid peroxidation. In: Methods in EnzymologyVol. 52. Elsevier; 1978:302-310

Avwioro G. Histochemical uses of haematoxylin—a review. Jpcs. 2011;1:24-34.

8278(95)80226-6

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2— AACT method. methods.
2001;25:402-408. doi:10.1006/meth.2001.1262

Moyo P, Mugumbate G, Eloff JN, Louw Al, Maharaj VJ, Birkholtz L-M. Natural products: a potential source of malaria transmission blocking
drugs? Pharmaceuticals. 2020;13:251. doi:10.3390/ph13090251

Mehlhorn H. Nanoparticles—Definitions. Nanopart Fight Against Parasites. 2016;2016:1-14.

Ullah Khan S, Saleh TA, Wahab A, et al. Nanosilver: new ageless and versatile biomedical therapeutic scaffold. /nt j Nanomed. 2018;733-762.
doi:10.2147/1JN.S153167

Razak MA, Yong PinKar YP, Zamree M, et al. The effects of varying solvent polarity on extraction yield of Orthosiphon stamineus leaves.
J Applied Sci. 2012;12:1207-1210. doi:10.3923/jas.2012.1207.1210

Abarca-Vargas R, Pena Malacara CF, Petricevich VL. Characterization of chemical compounds with antioxidant and cytotoxic activities in
bougainvillea x buttiana holttum and standl,(Var. rose) extracts. Antioxidants. 2016;5:45. doi:10.3390/antiox5040045

Ahmad Nejhad A, Alizadeh Behbahani B, Hojjati M, Vasiee A, Mehrnia MA. Identification of phytochemical, antioxidant, anticancer and
antimicrobial potential of Calotropis procera leaf aqueous extract. Sci Rep. 2023;13:14716. doi:10.1038/s41598-023-42086-1

Adejoh J, Alli LA, Okoh MP. Evaluation of the Anti-Plasmodial potential of Calotropis procera Latex in mice infected with Plasmodium berghei.
MethodsX. 2021;8:101528. doi:10.1016/j.mex.2021.101528

. Al-Rowaily SL, Abd-ElGawad AM, Assaeed AM, et al. Essential oil of Calotropis procera: comparative chemical profiles, antimicrobial activity,

and allelopathic potential on weeds. Molecules. 2020;25:5203. doi:10.3390/molecules25215203

Shehzad J, Mustafa G. Mechanism of reactive oxygen species regulation in plants. In: Reactive Oxygen Species: Prospects in Plant Metabolism.
Springer; 2023:17-41.

Samani ES, Jooyandeh H, Behbahani BA. Investigation on the chemical composition, bioactive functional groups, antioxidant potential and cell
toxicity (HT29) of Shirazi thyme essential oil: a study in laboratory scale. fran Food Sci Technol Res J. 2022;18:1.

13732 "= International Journal of Nanomedicine 2024:19

Dove!


https://doi.org/10.3389/fcimb.2023.1226088
https://doi.org/10.4103/0972-9062.112535
https://doi.org/10.2174/1874842202007010001
https://doi.org/10.6026/97320630016567
https://doi.org/10.1016/j.fitote.2006.11.022
https://doi.org/10.4172/2157-7439.1000233
https://doi.org/10.1371/journal.pone.0157612
https://doi.org/10.1016/j.colsurfb.2013.06.036
https://doi.org/10.1111/j.1462-5822.2011.01741.x
https://doi.org/10.1007/s11694-016-9456-3
https://doi.org/10.1016/j.cbi.2014.09.017
https://doi.org/10.1016/j.micpath.2018.01.014
https://doi.org/10.1007/s13204-015-0449-z
https://doi.org/10.1038/nnano.2008.30
https://doi.org/10.1038/nnano.2008.30
https://doi.org/10.1016/0021-9797(82)90267-3
https://doi.org/10.1159/000136485
https://doi.org/10.1016/0168-8278(95)80226-6
https://doi.org/10.1016/0168-8278(95)80226-6
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.3390/ph13090251
https://doi.org/10.2147/IJN.S153167
https://doi.org/10.3923/jas.2012.1207.1210
https://doi.org/10.3390/antiox5040045
https://doi.org/10.1038/s41598-023-42086-1
https://doi.org/10.1016/j.mex.2021.101528
https://doi.org/10.3390/molecules25215203
https://www.dovepress.com
https://www.dovepress.com

Dove Murshed et al

40.

41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

S1.

52.

53.

54.

55.

Loonker S, Qadri WA, Singh J. Antioxidant activity (in-vitro) of Calotropis procera extract from arid regions of Rajasthan. Int J Curr Res Rev.
2015;7:55.

Bai L, Xu D, Zhou Y-M, et al. Antioxidant activities of natural polysaccharides and their derivatives for biomedical and medicinal applications.
Antioxidants. 2022;11:2491. doi:10.3390/antiox 11122491

Hong H, Lee J-H, Kim S-K. Phytochemicals and antioxidant capacity of some tropical edible plants. Asian-Australas J Anim Sci. 2018;31:1677.
doi:10.5713/ajas.17.0903

Simon S, Sibuyi NRS, Fadaka AO, et al. Biomedical applications of plant extract-synthesized silver nanoparticles. Biomedicines. 2022;10:2792.
doi:10.3390/biomedicines10112792

Dkhil MA, Abdel-Gaber R, Alojayri G, et al. Biosynthesized silver nanoparticles protect against hepatic injury induced by murine blood-stage
malaria infection. Environ Sci Pollut Res. 2020;27:17762—-17769. doi:10.1007/s11356-020-08280-8

Rai RK, Dhakal A, Khadayat MS, Ranabhat S. Is collaborative forest management in Nepal able to provide benefits to distantly located users? For
Policy Econ. 2017;83:156-161. doi:10.1016/j.forpol.2017.08.004

Fotie J. Quinones and malaria. Anti-Infect Agents Med Chem. 2006;5:357-366.

Kriicken J, Epe M, Benten WPM, Falkenroth N, Wunderlich F. Malaria-suppressible expression of the anti-apoptotic triple GTPase mGIMAPS.
J Cell Biochem. 2005;96:339-348. doi:10.1002/jcb.20552

Gomes AP, Vitorino RR, Costa ADP, Mendonga EGD, Oliveira MGDA, Siqueira-Batista R. Severe Plasmodium falciparum malaria. Revista
brasileira de terapia intensiva. 2011;23:358-369. doi:10.1590/S0103-507X2011000300015

Nutham N, Sakulmettatham S, Klongthalay S, Chutoam P, Somsak V. Protective effects of Tinospora crispa stem extract on renal damage and
hemolysis during Plasmodium berghei infection in mice. J Pathogens. 2015;2015:738608. doi:10.1155/2015/738608

Omodeo-Sale F, Motti A, Basilico N, Parapini S, Olliaro P, Taramelli D. Accelerated senescence of human erythrocytes cultured with Plasmodium
falciparum. Blood. 2003;102:705-711. doi:10.1182/blood-2002-08-2437

Guha M, Kumar S, Choubey V, et al. Apoptosis in liver during malaria: role of oxidative stress and implication of mitochondrial pathway. FASEB J.
2006;20:1224-1226. doi:10.1096/1j.05-5338fje

Kumar S, Bandyopadhyay U. Free heme toxicity and its detoxification systems in human. Toxicol Lett. 2005;157:175-188. doi:10.1016/j.
toxlet.2005.03.004

Bhatt D, Bawankule DU. Molecular mechanism of inflammatory signaling pathway in severe malaria pathogenesis. In: Falciparum Malaria.
Elsevier; 2024:3-26.

Angulo I, Fresno M. Cytokines in the pathogenesis of and protection against malaria. Clin Vaccin Immunol. 2002;9(6):1145-1152. doi:10.1128/
CDLI.9.6.1145-1152.2002

Wunderlich F, Al-Quraishy S, Steinbrenner H, Sies H, Dkhil MA. Towards identifying novel anti-Eimeria agents: trace elements, vitamins, and
plant-based natural products. Parasitol Res. 2014;113:3547-3556. doi:10.1007/s00436-014-4101-8

International Journal of Nanomedicine Dove

Publish your work in this journal

The International Journal of Nanomedicine is an international, peer-reviewed journal focusing on the application of nanotechnology in diagnostics,
therapeutics, and drug delivery systems throughout the biomedical field. This journal is indexed on PubMed Central, MedLine, CAS, SciSearch®,
Current Contents®/Clinical Medicine, Journal Citation Reports/Science Edition, EMBase, Scopus and the Elsevier Bibliographic databases. The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://
www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-nanomedicine-journal

International Journal of Nanomedicine 2024:19 “ J in n Dove 13733


https://doi.org/10.3390/antiox11122491
https://doi.org/10.5713/ajas.17.0903
https://doi.org/10.3390/biomedicines10112792
https://doi.org/10.1007/s11356-020-08280-8
https://doi.org/10.1016/j.forpol.2017.08.004
https://doi.org/10.1002/jcb.20552
https://doi.org/10.1590/S0103-507X2011000300015
https://doi.org/10.1155/2015/738608
https://doi.org/10.1182/blood-2002-08-2437
https://doi.org/10.1096/fj.05-5338fje
https://doi.org/10.1016/j.toxlet.2005.03.004
https://doi.org/10.1016/j.toxlet.2005.03.004
https://doi.org/10.1128/CDLI.9.6.1145-1152.2002
https://doi.org/10.1128/CDLI.9.6.1145-1152.2002
https://doi.org/10.1007/s00436-014-4101-8
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Phytochemical Preparation
	Gas Chromatography Mass Spectrometry (GC-MS) Method
	Total Polyphenol Content (TPC), Total Flavonoid Content (TFC), and Total Tannin Content (TTC) Measurements
	Radical Scavenging Method for Antioxidant Activity
	ABTS Test for Scavenging Free Radicals and Cations
	AgNP Biosynthesis and Characterization
	Design of an Experiment
	Counting White Blood Cells (WBCs)
	Samples Collection
	Hematological Studies
	Biochemical Investigations
	Histopathology Investigations
	Expression of Gene
	Statistical Analysis

	Results
	Gas Chromatography Mass Spectrometry (GC-MS)
	TPC, TFC, and TTC Measurements
	Antioxidant Activity (DPPH and ABTS)
	AgNP Biosynthesis and Characterization
	UV-Vis Analysis
	Parasitemia%
	Liver Index
	Hematological Studies (WBCs)
	Impact of Treatment of CPLE AgNP<sub>S</sub> on the Infected Liver Cells
	Biochemical Investigations
	Expression of Gene

	Discussion
	Conclusions
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

