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Abstract

Background: Visceral leishmaniasis (VL) is a parasitic disease that affects public health. It is described by
weight reduction, irregular fever bouts, anemia, and amplification of the spleen and liver.

Materials and Methods: Three concentrations (15.6,31.2, and 62.5 ug/mL) were used to find the potency of
an aqueous extract of Chara vulgaris algae in the treatment of VL. A cytotoxicity assay was performed to show
the cytotoxic effect of this extract on human cells. High-performance liquid chromatography (HPLC) test was
done to determine the active compounds in the extract. Histopathological sections for infected liver and
spleen were performed, as were liver function tests (alanine aminotransferase, aspartate aminotransferase,
and alkaline phosphatase), which were assessed after 1 month of treatment.

Results: As cytotoxicity assay, results showed that there were no significant differences between the
cells treated and those not treated with the extract. HPLC test demonstrated that phenolic and terpene
compounds are the main active compounds in the extract. P-coumaric acid and ursolic acid present
the highest percent among other phenolic and terpene compounds (21.84%, 17.82%), respectively.
Histopathological sections showed that this extract had a significant effect in the treatment of infected
tissues, and this effect was very clear after the end of the treatment period. As for the liver function tests,
a significant increase (P < 0.01) in the studied liver enzymes was found in the infected group of mice
compared to the healthy group, whereas in the infected and treated groups, a clear and gradual decrease
in the level of enzymes was observed.
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INTRODUCTION

by weight reduction, irregular fever bouts, anemia, and
amplification of the spleen and liver. Worldwide, between

Leishmaniasis is a disease that affects public health; it is a
gathering of infectious diseases with clinical importance and
epidemiological vatiety." Leishmaniasis is a parasitic disease,
clinically divided into three types: cutaneous, mucocutaneous,
and visceral.”! Visceral leishmaniasis (VL) is described
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25% and 45% of new cases of VL are reported to the World
Health Organization.P! The options for treating leishmaniasis
are restricted to a limited number of medications with a
range of side effects and uneven efficacy."
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Research is being done on new medications to find a
medication that is more effective, selective, and has fewer side
effects.” Numerous studies regarding the biological activities
of extracts from marine algae have been reported in the
literaturel® and have also demonstrated notable antibacterial,
antiviral, antitumoral, anti-inflammatory, anticoagulant,
and antiparasitic properties.’" Nevertheless, research on
seaweeds’ ability to combat leishmaniasis is scarce.

A stem with elongated single-celled multinucleate
internodes separated by multicellular nodes makes up the
Chara (thallus) plant. The genus Chara plant axis or “stem”
is differentiated into nodes and internodes. Every node has
a whotl of branchlets, which are made up of several cells
that stop growing at a specific length. One long cell with
a large vacuole can make up the internode; cortex cells
surround the internodal cell, which contains the vacuole.”!
In Iraq, this alga is widespread in all regions. It prefers fresh,
low-flowing water and thrives and reproduces during the
spring months [Figure 1].1""

Marine and freshwater algae are photosynthetic organisms,
and besides their use in food, pharmaceuticals, and
cosmetic industries, they are also known to be used in
bioremediation and biological isolation.""! Macroalgae
can be used to produce large quantities of biomass
in a short time and less space; therefore, there is an
increasing use of the biochemicals derived from algae
biomass.!"! Furthermore, algae can produce many chemical
compounds with therapeutic effects such as proteins,
carbohydrates, alkaloids, phenols, and flavonoids, as well
as sulfated fucan polymers."’!

The aim of this study is first to determine the active
compounds in the aqueous extracts of Chara vulgaris
and second to determine the effect of this extract in the
treatment of VL.

MATERIALS AND METHODS

Algae collection

This research was conducted from October 2021 to
October 2022. C. vulgaris was collected from Salah al-Din
Governorate in Iraq in March 2019 from a pond with
a water depth ranging between 0.5 and 1 m and then
diagnosed depending on the sources of classification,"*"!
by A.P. Dr. Al-Magdamy Buthaina A. H., and it was brought
to the laboratory in a plastic container containing a lot of
water to prevent evaporation. C. vulgaris was washed several
times with tap water to get rid of the remains of epiphyte
and rock, then washed with distilled water and dried at
room temperature.
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Preparation of concentrations of aqueous extract

One hundred grams of dried C. vulgaris were soaked in
250 mL of distilled water for 6 h on a hot plate before
being homogenized to create the aqueous extract of this
algae. For the following experiments, 10 g of plant powder
was suspended in 100 mLL of phosphate buffer saline.
After being filtered and sterilized with a sterile Millipore
filtering system of 0.2 WM, the stock solution was kept in
sterile containers at 4°C until it was used.'”l To make the
studied concentrations (15.6, 31.2, and 62.5) ug/ml and
doses of treatment, the below formula was used and then
done serial dilutions for the stock solution.

ClVli=C2V2

C1: 10 g (serial dilution was made to reduce the
concentration of the stock solution, to reach concentration
to the milligram unit), V1: 100 mL, C2: (15.6, 31.2, and
62.5) ug/mlL, V2: (0.1, 0.2, and 0.4) ml (dose of treatment).

Identification and quantification of Chara vulgaris
aqueous extract compounds by high-performance liquid
chromatography test

To identify the active compounds of C. zugaris aqueous extract,
1 gof the algae samples was homogenized, grinding into a fine
powder, and left to dissolve in 3% H2504 at room temperature
for 2 h. Following filtration through 2.5 um filter paper, the
supernatants were applied to Extrelut (Merck) columns after
being rendered alkaline with 25% NH4OH (pH 9.5). After
the alkaloids were eluted with CH2CI2 (6 mI./1 g Extrelut),
the extracts were dried using a nitrogen stream. To further
high-performance liquid chromatography (HPLC) analysis, the
obtained residues were resolved in 1 mI. CH30OH in accordance
with the optimum separation of genuine standards."”

To extract the percentage concentration of each compound,
the following equation was adopted:

f 1
concentration of sample (ug / mL) = AICa 07 SAMPe o

area of standard
conc. of standard X dilution factor

Cytotoxicity assays

Normal human fibroblasts (NHF) derived from adipose

tissue were used to test the cytotoxic effect of C. vulgaris
aqueous extract on human cells.

On 96-well plates, the (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (MTT) cell viability test was
carried out. One hundred microliter of cell suspension was
added per well of the 96-well microplate (1 X 10* cells/
well), the experiment was carried out using the previously
mentioned concentrations (15.6, 31.2, and 62.5) ng/mL
in triplicate, and then these cells were used to seed cell
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lines. A confluent monolayer was achieved after 24 h. The
experiment was carried out in triplicate, and then cells were
treated with the aforementioned concentrations of algae
extract. To assess the viability of the cells, the medium
was removed after the 72-h treatment period, 28 UL of
a 2 mg/mL MTT solution was added, and the cells were
incubated for 1.5 h at 37°C. After the MTT solution was
removed, 130 UL of dimethyl sulfoxide was added to each
well to dissolve any leftover crystals. The mixture was then
incubated for 15 min at 37°C while being shaken." Using
a microplate reader, the absorbance was determined at the
test wavelength of 492 nm. The percentage of cytotoxicity,
or the inhibition rate (IR) of cell growth, was calculated

using the following formula:!"”)

Inhibition rate (IR) = A — B/A X 100

A is the optical density of the control, and B is the optical
density of the samples.

Culture of parasite

The Baghdad University College of Science provided
the Leishmania donovani strain (DUAA/IQ/2005/
MRU15), which was cultivated at 25°C-26°C in Novy—
MacNeal-Nicolle medium supplemented with 100 IU/mL
gentamycin. !

Ethical statement

This research was conducted at the Iraqi Center for
Cancer Research and Medical Genetics/Al-Mustansitiya
University. This center follows the Ethical Guidelines for
the Use of Animals in Research, provided by the National
Committee for Research Ethics in Science and Technology,
2018. This center has been established since the beginning
of 1998 and is interested in conducting advanced scientific
research on cancerous diseases, their causes, consequences,
mechanisms of occurrence, and follow-up their treatment.
The research was conducted based on book number 2872
on June 12, 2022.

In vivo study

Thirty male BALB/c mice were obtained from the Cancer
Research Center/Al-Mustansitiya University. The weight of
all mice was 25-28 g and aged 10—12 wecks. The motility
and growth of mice were very normal during the research
period, with the exception of the infected and untreated
group (positive control), whose motility began to gradually
decrease over time after infection. All mice were inoculated
intraperitoneally with 2 X 107 promastigote of L. donovani,
then mice were divided into five groups, and each one
consisted of 6 mice as follows:

1. Uninfected group (negative control group)

2. Infected and untreated group (positive control group)
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3. Three infected groups were then treated with different
concentrations of the algae aqueous extract (15.6, 31.2,
and 62.5) ug/mL.2"

The treatment was given twice daily and orally for a month.
After the end of the treatment period, blood was drawn
from the mice to make liver function tests, and then the
mice were dissected and the liver and spleen separated for
histological sections. The method of anesthesia (formalin)
was used to kill mice to minimize the pain they feel during
this procedure. Furthermore, as few mice as possible were
used to conduct the research.

Histology processing steps

The specimens were handled carefully, and they were fixed a
short time after dissection, then the steps of histology processing
were done in the sequence (fixation, dehydration, clearing, wax
infiltration, embedding, sectioning, and staining).?*!

Liver function tests

Estimation of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline phosphatase (ALP)
in serum.

Mixed the working reagent and the samples, then incubated
at 37°C for 1 min. Measured the change in absorbance per
minute (A OD/min) during 3 min [Table 1].**

Calculation:

*  SGOT (AST) activity (U/L) = (A OD/min) X 1745
*  SGPT (ALT) activity (U/L) = (A OD/min) X 1745
*  ALP activity (U/L) = (A OD/min) X 2750.

Statistical analysis

The statistical analysis was performed for the results
using SPSS program (V.28. IBM, Chicago, 1L, Delaware,
U.S.) with one-way analysis of variance using Least
Significant Difference (LSD) to determine the significant
differences between the studied groups. The results
were presented as mean * standard error and P value at
P < 0.01 were considered significant differences between
the means of the studied groups.””! An unpaired #test and
GraphPad Prism 6 were used for the statistical analysis of
the cytotoxicity assay results. The values were shown as
the triplicate measurements’ mean * standard deviation.”

RESULTS

High-performance liquid chromatography separation
of phenolic compounds, steroidal alkaloids, and
terpenoids in Chara vulgaris extract

The main terpenoids, alkaloids, and phenolic
compounds (PCs) were separated on the fast liquid

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024
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chromatographic column under ideal conditions. The
results are shown in Tables 2-4.

HPLC technique was used to identify and quantify the
major PCs in the aqueous extract of algae. From the HPLC
chromatogram [Figure 2 and Table 2], seven different
chemicals were identified from the aqueous extract.
The compound that represented the highest percent
of PCs extracted was p-coumaric acid (21.84%) of the
total identified compounds, whereas the compound that
represented the lowest percent was ferulic acid (7.07%).

HPLC chromatogram [Figure 2 and Table 3] identified two
alkaloid compounds from the aqueous extract, the highest
percent compound was diosgenin (59.57), followed by
hecogenin (40.43).

From the HPLC chromatogram [Figure 2 and Table 4],
10 different chemicals were identified from the aqueous
extract. The compound that represented the highest
percent of terpenoid compounds extracted was ursolic
acid (UA) (17.82%) of the total identified compounds,
whereas the compound that represented the lowest percent
was terpenoids (4.35).

The effect of algae extract on the normal human
fibroblast

Statistical analysis of the results of NHF treated with
aqueous extract showed that after 72 h of incubation, there

Table 1: Test parameters for normal procedure

AST and ALT ALP
Mode of reaction Kinetic Kinetic
Slope of reaction Decreasing Increasing
Wavelength (nm) 340 405
Temperature (°C) 37 37
Factor 1745 2750
Linearity (U/L) 350 700
Blank DI water DI water
Delay (s) 60 60
Number of reading 3 3
Interval (s) 60 60
Sample volume (ulL) 100 20
Reagent volume (ulL) 1000 1000
Cuvette 1 c¢m light path 1 cm light path

AST: Aspartate aminotransferase, ALP: Alkaline phosphatase,
ALT: Alanine aminotransferase, DI: Deionized water

were no significant differences between the cells treated
with the extract and those that were not treated with it.
There was no cytotoxicity of the extract on cells at all used
concentrations |Figure 3a and b].

HISTOPATHOLOGICAL RESULTS

Liver

As it is known, hepatocytes, which make up 70%—-80% of
the liver’s cytoplasmic mass, make up the majority of the
liver’s important cells. Hepatocytes are arranged in plates
and are separated by vascular channels called sinusoids. The
Kupffer cells, a type of cell found in the hepatic sinusoids,
phagocytose the aged erythrocytes [Figure 4a]. The section
of the infected liver with VL shows a focal necrotic area
with inflammatory cell infiltration (mononuclear cells) and
dilated hepatic sinusoids [Figure 4b].

After mice were infected with VL, they were treated with
an aqueous extract of algae at concentrations (15.6, 31.2,
and 62.5) pg/mL. Mice were dissected in two stages: first,
after 2 weeks and second, after 4 weeks. In both periods,
the liver and spleen were separated, and then the treatment
progress was compared after the end of these two periods.

Treated liver with extract after 2 weeks
Sections (c, e, and g) are sections of infected liver tissue
that were treated with (15.2, 31.6, and 62.5) ug/mL of algae

Figure 1: Chara vulgaris algae

Table 2: The main phenolic compounds separated by high-performance liquid chromatography

Sequences Compounds Retention time (min) Area Concentrations (0.1 mg/mL) Percentage of compounds
1 Catechuic acid 2.408 120,629 3.366 16.52
2 Tannic acid 3.097 126,225 2.853 14.00
3 Caffeic acid 4.66 157,269 4.315 21.18
4 Ferulic acid 6.518 122,152 1.442 7.07
5 p-coumaric acid 7177 126,216 4.450 21.84
6 Sorbic acid 8.075 140,860 2.211 10.85
7 Rustic acid 9.163 139,642 1.738 8.53
Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024 87
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Table 3: The main alkaloid compounds separated by high-performance liquid chromatography

Sequences Compounds Retention time (min) Area Concentrations (0.1 mg/mL) Percentage of compounds
1 Diosgenin 2.90 159,223 4.770 59.57
2 Hecogenin 4.145 172,023 3.238 40.43

Table 4: The main terpenoid compounds separated by high-performance liquid chromatography

Sequences Compounds Retention time (min) Area Concentrations (0.1 mg/mL)  Percentage of compounds
1 Terpenoids 2.768 156,895 1.301 4.35
2 Camphor 3.907 159,683 2.387 7.98
3 Terpinene-4 ol 5.153 145,932 3.829 12.81
4 p-coumaroyl alphitolic acid 6.06 176,593 2.791 9.33
5 Terpinolene 7.18 156,905 2.613 8.74
6 Amyris 8.827 146,898 2.783 9.31
7 Ursolic acid 9.818 143,806 5.327 17.82
8 Oleanolic acid 10.655 149,958 3.239 10.83
9 Palasonin 11.76 146,496 2.193 7.33
10 Caryophyllene 13.18 170,978 3.438 11.50

SMIAGZIUMIPXZOBBAe0ATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYTCN+eyNIOITWNOIZTARY HARSINQUE Aq Jedy/woo mm| sfeuinoly:dny woly papeojumoq

¥20¢/6T/TT Uo

Figure 2: High-performance liquid chromatography chromatogram
recorded at 280 nm for the main compounds identified in the Chara
vulgaris aqueous extracts: (a) Phenols, (b) terpenoids, (c) alkaloids

aqueous extract, respectively. The first section shows that
liver tissue looks like near the normal for hepatic tissue,
but still, there are focal areas of necrosis and inflammatory
cell infiltration with mild sinusoidal dilatation [Figure 5a].
The second section showed that there was still a focal
area of necrosis and inflammatory cell infiltration, mild
dilatation of the sinusoid, and mild fatty changes inside
the cells [Figure 5c]. In the last section, we observed that
the liver tissue is look like normal histological structure
appearance |Figure 5e].

Treated liver with extract after 4 weeks

Sections (d, f, and h) are sections of infected liver tissue that
were treated with (15.2, 31.6, and 62.5) ug/mL of aqueous
extract, respectively. The first section revealed mild depletion

88

B (@) (b)
Figure 3: (A) Statistical analysis of normal human fibroblast (NHF)
treated and not treated with the extract, (B) NHF before and

after treated with the extract. a: Untreated (standard), b: treated
(sample)

of glycoprotein and increment of Kupffer cells [Figure 5b].
The second section showed that liver tissue is look like
normal, in addition to Kupffer cell hyperplasia [Figure 5d].
At the end, the last section showed mild depletion of
glycoprotein and dilatation of the sinusoid [Figure 5f].

Spleen

In mice and people, the spleen comprises white pulp
submerged in red pulp [Figure 6a]. The section of the
infected spleen with VL showed a widening of white pulp
with a narrowing of red pulp [Figure 6b].

Treated spleen with extract after 2 weeks
Section (c) is a section of infected spleen tissue that was
treated with 15.2 pug/mL of algae aqueous extract. This

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024
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Figure 4: Section of normal and infected liver. (a) Blue arrow: sinusoid,
Orange arrow: Hepatocyte, (b) Black arrow: Necrosis and inflammatory
cell, Yellow arrow: Sinusoidal dilatation (H and E, x40)

Figure 6: Section of normal and infected spleen, (a) red arrow:
white pulp, green arrow: red pulp (b) red arrow: widening of white
pulp (H and E, x40)

section showed a widening of red pulp and a reduction in
white pulp [Figure 7a]. While sections (e) and (g) are sections
of infected spleen tissue that were treated with (31.6 and
62.5) ug/mL of aqueous extract, respectively, both sections
showed a widening in the white pulp [Figure 7c and ¢].

Treated spleen with extract after 4 weeks

The sections (d), (f), and (h) are sections of infected spleen
tissue that were treated with (15.2, 31.6, and 62.5) ug/mL
of aqueous extract, respectively. All these sections showed
a widening in the white pulp [Figure 7b, d, and f].

Liver function tests

The liver function tests were performed for all study
groups (negative, positive control, and treated groups)
after the end of the treatment period; three enzymes were
included ALT, AST, and ALP. The results found that there
is a significant increase in enzyme levels in the infected
group as evidence of the damage to the liver as a result of
infection. On the other hand, the results revealed that this
rise gradually began to decrease with the start of treatment
in a dose-dependent manner. The statistical analysis showed
that there were significant differences between the infected
and treated groups, as well as between the concentrations

used (P < 0.01) [Table 5 and Figure 8].

DISCUSSION

Leishmaniasis treatment includes four main options:
pentavalent antimony, polyene amphotericin B,

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024

Figure 5: Section of the liver in the studied groups. (a) Black arrow: Focal
areas of necrosis, Yellow arrow: Sinusoidal dilatation, (b) Light blue arrow:
Kupffer cell, Light yellow arrow: Depletion of glycoprotein, (c) Black arrow:
Focal areas of necrosis, Yellow arrow: Sinusoidal dilatation, Brown arrow:
Fatty changes, (d) Light yellow arrow: Kupffer cell hyperplasia, (e) green
arrow: normal liver cell approximately, (f) Light yellow arrow: Mild depletion
of glycoprotein, Yellow arrow: Sinusoidal dilatation (H and E, x 40)

Figure 7: Section of the spleen in the studied groups. (a) red arrow:
reduction of white pulp, green arrow: widening of red pulp, red arrow
in sections (b,c,d,e,f): widening of white pulp (X40) (H&E)
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Table 5: The levels of alanine aminotransferase, aspartate
aminotransferase, and alkaline phosphatase compared with
positive and negative controls

Groups ALT (mg/dL) AST (mg/dL) ALP (U/L)
Negative control 20+1 70.5+4 42.5+1
Positive control 54.5+2.5 166.5+4 152.5+2
15.6 4141 142.5+4 127+2
31.2 33.55 126+1 9542
62.5 25.5+1 102.5+5.5 72.5+3

Results represent as (mean=SD). SD: Standard deviation,
AST: Aspartate aminotransferase, ALP: Alkaline phosphatase,
ALT: Alanine aminotransferase

alkylphosphocholine miltefosine, and aminoglycoside
paromomycin.®” These drugs used in leishmaniasis
treatment have serious side effects;® therefore, a lot
of research has been conducted to search for natural
compounds that have leishmanicidal activity against
leishmaniasis.

Generally, mammals have fibroblasts in their conjunctive
tissue. For cytotoxicity tests, NHF is typically chosen due
to its ease of maintenance and ability to yield results with
a strong correlation to biological findings. They constitute
the predominant cell type in regeneration and are also
present in wounds.’!

One of the natural resources in the marine ecosystem is
marine algae. A variety of biologically active substances
that have served as sources of food, feed, and medicine
are present in it.”" For example, one study demonstrated
that the efficacy of Chlorococcum humicola algae extracts
against some fungi in the gramineae family. The results
demonstrated that the highest inhibition zone of 13.67 mm
tor the Fusarium graminearum fungus at a concentration of
32 mg/ml.. Subsequently, at a concentration of 32 mg/mlL,
the methanol extract displayed the highest inhibition zone
of 11.0 mm for the Alternaria triticina. This was greater than
the 8.0 mm inhibition zone recorded in response to the
ketoconazole.’"! Because microalgae have a high protein
and amino acid content, it is a protein-rich and alternative
source of protein. As a result, amino acids isolated from
C. humicola have been shown to have antibacterial and
antifungal activity." Similarly, other studies have shown the
antibacterial activity of C. humicola extract against Klebsiella
pnenmonia and Pseudomonas aeruginosa’ The inhibition of
phosphatase protein enzyme, which is crucial to the process
of inserting substances into the organism’ body, by the
algal extract explains its inhibitory effect.”

On the other hand, there are numerous studies of
C. vulgaris algae as a source of many active compounds.
In one of these studies, the growth of the potentially
toxic cyanobacterium (Microcystis aeruginosa) is inhibited

90

200 —
M AT
M AsT
150
[%2]
c
S
©
£ 100 |
[0}
[&]
c
o
o
50 |
0 -

control

15.6 pg

31.2 ug 62.5 ug

Figure 8: The levels of alanine aminotransferase, aspartate
aminotransferase, and alkaline phosphatase compared with
positive control. ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, ALP: Alkaline phosphatase

by extracts of C. pulgaris. The bioassay results showed
that macroalgae ethyl acetate (MEA) extracts inhibit M.
aeruginosa growth in a concentration-dependent manner.
Day 4 of the experiment yielded the highest IR, surpassing
83%, and on day 7 of the experiment, it reached 97.98%.
Seven PCs identified as effective allelochemicals were
found by HPLC analysis. Overall, the data show that MEA
extracts could be suggested as a possible allelochemical
and used as an eco-friendly alternative algaecide to manage
microcystis blooms in eutrophic water bodies.” The
activity of C. vulgaris extracts against Leishmania tropica
promastigotes is revealed by another study. This study
demonstrated that the organic extract of C. vu/garis inhibited
the growth of L. #ropica promastigotes.’® The presence of
several biologically active compounds, including phenols,
which are oxidizing compounds toxic to microorganisms,
terpenes, which exhibit biological activity toward bacteria,
fungus, viruses, and protozoa, and tannins, which work
to stop bleeding and secretions and inhibit enzymes and
proteins tanker in the cell membrane, is what gives C. vslgaris
extracts their activity.’’]

The results of the HPLC test in the current research
showed that the main active compounds in the aqueous
extract of C. wulgaris are phenols and terpenes, meaning
that the improvement that appeared in the infected liver
and spleen after treatment with the aqueous extract of
the algae is due to these two compounds. There are many
studies that have confirmed the leishmanicidal activity of
these two compounds. It has been reported that PCs have
a variety of biological properties, including the ability to
inhibit protozoan parasites.” Monzote e/ a/P evaluated
the in vitro and in vivo activities of PCs against cutaneous

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024
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leishmaniasis. Their findings revealed that when PCs were
used to treat animals, the lesion size was significantly
reduced (P = 0.05) in comparison to both the positive and
negative controls.

By reviewing several studies related to PCs (that were
purified from the aqueous extract of algae through the
HLPC test in this study), it was noted that caffeic acid (CA),
p-coumaric acid, and tannic acid have more leishmanicidal
effects than other PCs in the extract. CA is one of the
cinnamic acid derivates, found in a wide range of plant and
algae extracts that permit many structural modifications,
such as the conversion into esters or amides with powerful
biological activities."”” Numerous studies have found that
CA and its derivatives have strong anti-leishmanial effects,
suggesting that these substances could 1 day be used
as drugs to treat leishmaniasis. CA demonstrated 1C50
values for promastigotes of 12.5 g/mL,*116.0 UM against
Leishmania amazonensis intracellular amastigotes!*” and
21.9 UM for Leishmania infantum intracellular amastigotes.*’
As a mechanism of action, CA’s ability to change the
morphology and volume of promastigote cells, along
with the loss of mitochondrial integrity, an increase in
the production of reactive oxygen species, the exposure
of phosphatidylserine, and the loss of plasma membrane
integrity, suggests an apoptosis-like process. In addition,
CA raised levels of tumor necrosis factor (TNF) and nitric
oxide (NO), whereas decreasing interleukin 10 (IL-10)
levels and iron availability.""! It is possible to draw the
conclusion that CA has leishmanicidal effects, and its mode
of action involves activating multiple targets that have an
impact on the parasite’s viability.*!

Carter et al¥ demonstrated that while cinnamic acid
exhibits low toxicity to the host, its derivates like CA inhibit
the leishmanial enzyme and modify the host’s immune
response to parasite defense. With IC50 values ranging
from 1.5 to 11 UM, caffeic and rosmarinic acids inhibited
the recombinant L. amazonensis arginase.*! The ability of
these two substances to inhibit the recombinant L. nfantum
arginase was also investigated. One hundred micrometer
rosmarinic acid and CA inhibited the leishmanial enzyme
by 71% and 57%, respectively. They were successful in
eliminating L. infantum from RAW 264.7 macrophages.I! In
tumor-associated macrophages, CA has been demonstrated
to modify cytokine expression and reduce arginase I
activity.’ The modulation of the host response most likely
plays a role in CA’s antileishmanial activity.*?

P-coumaric acid exhibits antiparasitic activity against L.
amazonensis, and it also outperformed glucantime, the study’s

reference drug, in i vitro tests for cutaneous leishmaniasis.™
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Numerous possible mechanisms of action for this drug
exist, such as increased accessibility to organelles, which
are biological targets for leishmanicidal activity.*! Lopes
et al* identify a group of 12 p-coumaric acid derivatives
and assesses their leishmanicidal and antiplasmodial activity.
Their findings demonstrated that the hexyl p-coumarate
derivative had the greatest leishmanicidal potency against
the amastigote form of Leishmania bragiliensis. In addition,
they demonstrated that the outcomes of the molecular
docking study indicate that this substance inhibits DNA
topoisomerase 2, mitogen-activated kinase protein, and
aldehyde dehydrogenase, all of which are crucial enzymes in
the growth of L. braziliensis. Moreover, eight derivatives of
coumaric acid displayed moderate-to-good activity against
L. braziliensis amastigotes. Chouhan ¢z a/" showed that
tannins (tannic acid is one of its derivatives) and associated
substances eliminate [e/shmania through a NO-mediated
mechanism. Furthermore, Sen and Chatterjee?!! established
the mechanism of action of a number of plant-derived
substances, one of which is tannins, and they demonstrate
that these substances increase NO production in infected
macrophages and improve the expression of cytokines
such as 11.-10, IL.-12, TNF, and interferon.

Terpenes are hydrocarbons created from isoprene units.*?
They are the most numerous and structurally varied class
of secondary metabolites derived from natural materials.
Terpenoids have the potential to treat protozoan parasitic
diseases such as leishmaniasis, malaria, and trypanosomiasis,
according to empirical data from a number of bioassays. The
group’s structural diversity is made possible by the parent
terpenoid backbones’ adaptability, which results in multiple
cellular targets and consequently different antiparasitic action
mechanisms.”” For many parasite proteins with resolved
crystal structures, interactions of different terpenoids
with vatious parasite proteins have been predicted.F* The
researchers came to the conclusion that up to a point, various
terpenoid classes” docking studies on Leéishmania proteins
have shown that larger molecules have a stronger binding
affinity toward different Leishmania proteins.P!

However, the major mechanism of protective immunity
against Leishmania, macrophage activation as measured
by increased NO,** has been examined as an index of
antileishmanial activity of terpenoids. With some terpenoids,
NO radicals production that led to parasite killing has been
proven.Pl Terpenes can also easily pass through the lipid
bilayer of cell membranes, altering the integrity of cellular
structures as well as the mitochondtial membrane.®?

Although the leishmanicidal effect of terpene compounds
generally, several studies have shown that UA, a pentacyclic
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triterpenoid, has the strongest effect compared with the
rest compounds. According to reports, UA exhibits antil..
amazonensis activity against the parasite’s promastigotes
and amastigotes forms (IC50 [24 h] = 6.4 ug/mL and
27.0 ug/mL, respectively).P" In addition, it was noted
that UA is active against VL. The effects of UA are
assessed in the 7z vivo model of VL (L. infantum) by Jesus
et al®’) The use of two different UA doses revealed that
both doses were effective in reducing the parasite load
in the spleen (over 92% reduction) and liver (over 96%
reduction). Histopathological analysis of the spleen
revealed less parasites than the infected, untreated
control group, UA treatment preserved both white and
red pulp, which was supported by INF-y, IL-4, and
IL-10 gene expression and splenic cell proliferation. The
toxicological parameters were not affected by UA. UA
causes mitochondria-dependent, caspase 3/7 independent
programmed cell death. Through this mechanism,
promastigotes were eliminated by UA. Iz vivo cutaneous
leishmaniasis lesion size and parasite load were both
decreased by this compound. In addition, UA was not
toxic to BALB/c mice peritoneal macrophages and was
effective at getting rid of intracellular amastigotes, which
are linked to the production of NO.F¥

Terpinen-4-ol is one of the terpene compounds that
was purified by HPLC in this research. In comparison
to control wells, treatment with terpinen-4-ol at four
concentrations reduced the viability of the amastigote
forms inside macrophages. In addition, terpinen-4-ol
demonstrated activity against L. #rgpica amastigote forms
in vitro, with a minimal inhibitory concentration 50 value

of 0.0416% (v/v).1

The antileishmanial property of -caryophyllene (one of
the caryophyllene derivatives that was purified by HPLC in
this research) can now be added to the list of its activities.|*"
The agonist activity of B-caryophyllene on the cannabinoid
type 2 receptor expressed by macrophages may have
mediated the NO inhibitory effect.””) It is possible that
macrophages metabolize B-caryophyllene into an active
molecule with leishmanicidal properties.[*’

This study manifests that the extract used in this study:
First, is safe for human cell, second, has a very good effect
against VL. This opens new horizons for us to try to find
a natural and safe treatment against VL.

CONCLUSION

It is necessary that there be continuous attempts by
researchers to reach a drug composed of natural
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compounds used to treat VL. The present study has shown
that phenols and terpenes were the main active compounds
in the aqueous extract of C. vulgaris. In addition, from all
the compounds purified from the aqueous extract, CA, and
UA appear to have strong leishmanicidal effects, so we can
use these two compounds to make an effective drug against
leishmaniasis. This study represents a successful attempt
to use the aqueous extract of C. vulgaris to treat VL in vivo.

Acknowledgment

The authors extend their thanks and gratitude to
Dr. Thaer Mohammed Ibrahim and Dr. Sahar Saadi Karieb
for their help in preparing research concentrations and
conducting the medical tests for the research.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, ¢z al.
Leishmaniasis worldwide and global estimates of its incidence. PLoS
One 2012;7:e35671.

2. Hailu A, Dagne DA, Boelaert M. Leishmaniasis. In: Gyapong J,
Boatin B, editors. Neglected Tropical Diseases — Sub-Saharan
Africa. Manhattan, New York City: Springer International Publishing;
2016. p. 87-112.

3. World Health Organization. Leishmaniasis. Geneva, Switzerland:
World Health Organization; 2022.

4. Soto ], Toledo JT. Oral miltefosine to treat new world cutaneous
leishmaniasis. Lancet Infect Dis 2007;7:7.

5. Marra RK, Bernardino AM, Proux TA, Charret KS, Lira ML,
Castro HC, e al. 4-(1H-Pyrazol-1-yl) benzenesulfonamide derivatives:
Identifying new active antileishmanial structures for use against a
neglected disease. Molecules 2012;17:12961-73.

6. Shalaby EA. Algae as promising organisms for environment and health.
Plant Signal Behav 2011;6:1338-50.

7. Mayer AM, Rodriguez AD, Berlinck RG, Hamann MT. Marine
pharmacology in 2005-6: Marine compounds with anthelmintic,
antibacterial, anticoagulant, antifungal, anti-inflammatory, antimalarial,
antiprotozoal, antituberculosis, and antiviral activities; affecting the
cardiovascular, immune and nervous systems, and other miscellaneous
mechanisms of action. Biochim Biophys Acta 2009;1790:283-308.

8. Soares DC, Calegari-Silva TC, Lopes UG, Teixeira VL, de Palmer
Paixao IC, Cirne-Santos C, ¢# al. Dolabelladienetriol, a compound from
Dictyota pfaffii algae, inhibits the infection by Leishmania amazonensis.
PLoS Negl Trop Dis 2012;6:¢1787.

9. Urbaniak J, Gabka M. Book: Polish Charophytes. An Illustrated
Guide to Identification. Wroctaw, Poland: Wroclaw University of
Environmental and Life Sciences; 2014.

10.  Maulood BK, Hassan FM, Al-Lami AA, Toma JJ, Ismail AM. Book:
Checklist of Algal Flora in Iraq. Baghdad: Ministry of Environment;
2013.

11. Baghel RS, Mantri VA, Reddy C. A new wave of research interest
in marine macroalgae for chemicals and fuels: Challenges and
potentials. In: Fuels, Chemicals Materials from the Oceans Aquatic
Sources. Hoboken, New Jersey, U.S: Wiley; 2017. p. 43-63.

12.  FAO. The Global Status of Seaweed Production, Trade and Utilization.

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024



SMIAGZIUMIPXZOBBAe0ATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXOHISABZIY 01 +.yNIOITWNOIZTARNHBGHINAUG AQ Jed)/wod mm| sfeuinoly/:dny woly papeojumoq

¥20¢/6T/TT Uo

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ghusoon and Buthaina: The effect of Chara vulgaris Linnaeus on visceral leishmaniasis

Globefish Research Programme. Vol. 124. Roma RM, Italy: FAO; 2018.
p. 120.

Ali I, Bahadar A. Thermogravimetric characteristics and non-isothermal
kinetics of macro-algae with an emphasis on the possible partial
gasification at higher temperatures. Front Energy Res 2019;7:7.
Caisova L, Gabka M. Charophytes (Characeae, Charophyta) in the Czech
Republic: Taxonomy, autecology and distribution. Fottea 2009;9:1-43.
Gabka M, Petechaty M. Taxonomical and syntaxonomical aspects of
the classification of stoneworts (Characeae) and their communities.
Ecology and Technology 2006;14:87-92.

Zandi K, Tajbakhsh S, Nabipour I, Rastian Z, Yousefi I, Sharafian S,
et al. In vitro antitumor activity of Gracilaria corticata (a red alga) against
Jurkat and molt-4 human cancer cell lines. AJB 2010;9:6787-90.
Dowell A, Davidson G, Ghosh D. Validation of quantitative HPLC
method for bacosides in KeenMind. ECAM 2015;2015:696172.

Adil BH, Al-Shammari AM, Murbat HH. Breast cancer treatment
using cold atmospheric plasma generated by the FE-DBD scheme.
Clin Plasma Med 2020;19-20:100103.

Abdullah SA, Al-Shammari AM, Lateef SA. Attenuated measles vaccine
strain have potent oncolytic activity against Iraqi patient derived breast
cancer cell line. Saudi | Biol Sci 2020;27:865-72.

Allmohammadian MH, Darabi H, Kariminia A, Azhdari S, Rivier D,
Bovay P, ez al. Adjuvant effect of Leishmania major promastigotes on the
immune response of mice to ovalbumin. Iran Biomed J 2002;6:123-8.
Mohammed IH, Abed AK, Nsaif QH. The cytotoxic activity Chara
elegans on growth of same cell lines. DJM 2018;14:9-16.

Winsor L. Tissue processing. In: Woods A, Ellis R, editors.
Laboratory histopathology. New York: Churchill Livingstone; 1994.
p. 4.2-1—4.2-39.

Carson FL. Histotechnology. 2™ ed. Chicago: ASCP Press; 2007.
Alana Biggers MD. Liver Function Tests: Purpose and Procedure. San
Francisco, California: Healthline; 2023.

Quinn GP, Keough MJ. Experimental Design and Data Analysis for
Biologists. 2" ed. Cambridge, United Kingdom: Cambridge University
Press; 2002.

Al-Shammari AM, Jalill RD, Hussein ME. Combined therapy of
oncolytic Newcastle disease virus and rhizomes extract of Rbeum
ribes enhances cancer virotherapy 7z vitro and 7n vivo. Mol Biol Rep
2020;47:1691-702.

Alvar J, Croft S, Olliaro P. Chemotherapy in the treatment and control
of leishmaniasis. Adv Parasitol 2006;61:223-74.

Ameen M. Cutaneous leishmaniasis: Advances in disease pathogenesis,
diagnostics and therapeutics. Clin Exp Dermatol 2010;35:699-705.
Ratner BD, Hoffman AS, Schoen FJ, Lemons JE. Biomaterials
Science: An Introduction to Matetials in Medicine. 3" ed. London
and Washington, DC: Academic Press; 2004.

Manilal A, Sujith S, Kiran GS, Selvin |, Shakir C, Gandhimathi R, ez a/.
Biopotentials of seaweeds collected from southwest coast of India.
J Mar Sci Technol 2009;17:63-73.

Al-Maliki ZN, Al-Magdamy BA. The effectiveness of Chlorococcum
humicola algae extracts against some of gramineae family fungi. Biochem
Cell Arch 2022;22:665-71.

Michalak I, Chojnacka K. Algae as production systems of bioactive
compounda — Review. Eng Life Sci 2015;15:160-76.

Ibrahim TM, Nayyef RA, Al-Magdamy BA. Effect of algal extracts on
the growth of two bacterial types isloated from pollutants discharge.
Indian J Forensic Med Toxicol 2020;14:1-4.

Hikmet K, Beril SA, Tahir A. Microalgal toxin (s): Characteristics and
imporvtauce. Afr | Biotech 2004;3:667-74.

Douma M, Tazart Z, Tebaa I, El Bouaidi W, Hakkoum Z, Minaoui F,
et al. Algicidal effect of extracts from a green macrolagae (Chara vulgaris)
on the growth of the potentially toxic cyanobactetium (Microcystis
aeruginosa). Ecol Environ Res 2021;19:4781-94.

Ali BH, Saleh TA, Al-Halbosiy MM. The activity of extracts Chara
vulgaris against promastigotes of Leishmania tropica. | Biotechnol Res
Cent 2018;12:1-7.

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Cowan MM. Plant products as antimicrobial agents. Clin Microbiol
Rev 1999;12:564-82.

Antwi CA, Amisigo CM, Adjimani JP, Gwira TM. I vitro activity and
mode of action of phenolic compounds on Leishmania donovani. P1L.oS
Negl Trop Dis 2019;13:e0007206.

Monzote L, Cérdova WH, Garcia M, Pinon A, Setzer WN. [n-vitro
and Zn-vivo activities of phenolic compounds against cutaneous
leishmaniasis. Rec Nat Prod 2016;10:269.

Touaibia M, Jean-Frangois J, Doiron J. Caffeic acid, a versatile
pharmacophore: An overview. Mini Rev Med Chem 2011;11:695-713.
Bortoleti BT, Tomiotto-Pellissier F, Gongalves MD, Miranda-Sapla MM,
Assolini J P, Carloto AC, ez al. Caffeic acid has antipromastigote activity
by apoptosis-like process; and anti-amastigote by TNF-0,/ROS/
NO production and decreased of iron availability. Phytomedicine
2019;57:262-70.

Montrieux E, Perera WH, Garcia M, Maes L, Cos P, Monzote L. I
vitro and zn vive activity of major constituents from Pluchea carolinensis
against Lesshmania amazonensis. Parasitol Res 2014;113:2925-32.
Garcia AR, Oliveira DM, Claudia F Amaral A, Jesus ]B,
Renné Sodero AC, Souza AM, et al. Leishmania infantum arginase:
Biochemical characterization and inhibition by naturally occurring
phenolic substances. ] Enzyme Inhib Med Chem 2019;34:1100-9.
Durak S, Arasoglu T, Ates SC, Derman S. Enhanced antibacterial
and antiparasitic activity of multifunctional polymeric nanoparticles.
Nanotechnology 2020;31:175705.

Carter NS, Stamper BD, Elbarbry I, Nguyen V, Lopez S, Kawasaki Y,
et al. Natural products that target the arginase in eishmania parasites
hold therapeutic promise. Microorganisms 2021;9:267.

da Silva ER, Brogi S, Grillo A, Campiani G, Gemma S, Vieira PC,
et al. Cinnamic acids derived compounds with antileishmanial
activity target Leishmania amazonensis arginase. Chem Biol Drug Des
2019;93:139-46.

Orsoli¢ N, Kunsti¢c M, Kukolj M, Gracan R, Nemrava ]. Oxidative
stress, polarization of macrophages and tumour angiogenesis: Efficacy
of caffeic acid. Chem Biol Interact 2016;256:111-24.

Debnath M, Abbasi M, Sasmal S, Datta R, Haldar D. M-nitrocinnamic
acid containing lipophilic peptide exhibits selective growth inhibition
activity against Leishmania major. ChemistrySelect 2019;4:116-22.
Lopes SP, Yepes LM, Pérez-Castillo Y, Robledo SM, de Sousa DP.
Alkyl and Aryl derivatives based on p-coumaric acid modification and
inhibitory action against Leishmania braziliensis and Plasmodinm falciparum.
Molecules 2020;25:3178.

Chouhan G, Islamuddin M, Sahal D, Afrin F. Exploring the role of
medicinal plant-based immunomodulators for effective therapy of
leishmaniasis. Front Immunol 2014;5:193.

Sen R, Chatterjee M. Plant derived therapeutics for the treatment of
leishmaniasis. Int ] Phytomed 2011;18:1056-69.

Colares AV, Almeida-Souza F, Taniwaki NN, Souza CD,
da Costa JG, Calabrese KD, ¢z al. In vitro antileishmanial activity
of essential oil of Vanillosmopsis arborea (Asteraceae) baker. ECAM
2013;2013:727042.

Isah MB, Tajuddeen N, Umar MI, Alhafiz ZA, Mohammed A,
Ibrahim MA. Terpenoids as emerging therapeutic agents: Cellular
targets and mechanisms of action against protozoan parasites. Stud
Nat Prod Chem 2018;59:227-50.

Singh S, Malik BK, Sharma DK. Molecular drug targets and structure
based drug design: A holistic approach. Bioinformation 2006;1:314-20.
Ogungbe 1V, Setzer WN. In-silico Leishmania target selectivity of
antiparasitic terpenoids. Molecules 2013;18:7761-847.

Laurenti MD, Passero LE, Tomokane TY, Francesquini Fde C,
Rocha MC, Gomes CM, ¢# al. Dynamic of the cellular immune response
at the dermal site of Leishmania (1..) amazonensis and Leishmania (N.)
braziliensis infection in Sapajus apella primate. Biomed Res Int
2014;2014:134236.

do Socorro S Rosa Mdo S, Mendongca-Filho RR, Bizzo HR, de Almeida
Rodrigues I, Soares RM, Souto-Padrén T, ef al. Antileishmanial activity

93



SMIAGZIUMIPXZOBBAe0ATIAEIOVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXOHISABZIY 01 +.yNIOITWNOIZTARNHBGHINAUG AQ Jed)/wod mm| sfeuinoly/:dny woly papeojumoq

¥20¢/6T/TT Uo

58.

59.

60.

94

Ghusoon and Buthaina: The effect of Chara vulgaris Linnaeus on visceral leishmaniasis

of alinalool-rich essential oil from Crofon cajucara. Antimicrob Agents
Chemother 2003;47:1895-901.

Yamamoto ES, Campos BL, Jesus JA, Laurenti MD, Ribeiro SP,
Kallas EG, ¢f al. 'The effect of ursolic acid on Leishmania (Leishmania)
amazonensisis related to programed cell death and presents therapeutic
potential in experimental cutaneous leishmaniasis. PLoS One
2015;10:e0144946.

Jesus JA, Fragoso TN, Yamamoto ES, Laurenti MD, Silva MS,
Ferreira AL, ef al. Therapeutic effect of ursolic acid in experimental
visceral leishmaniasis. Int | Parasitol Drugs Drug Resist 2017;7:1-11.
Hami AM. A study of the inhibitory effect of terpinen-4-ol on

61.

62.

63.

amastigote forms of Leishmania tropica within macrophages of mouse
in vitro. Iraqi ] Pharm Sci 2022;31:233-6.

Soares DC, Portella NA, Ramos MF, Siani AC, Saraiva EM.
Trans-P-caryophyllene: An effective antileishmanial compound found
in commercial copaiba oil (Copaifera spp.). ECAM 2013;2013:761323.
Gertsch J. Anti-inflammatory cannabinoids in diet: Towards a better
understanding of CB(2) receptor action? Commun Integr Biol
2008;1:26-8.

Izumi E, Ueda-Nakamura T, Veiga VF Jr., Pinto AC, Nakamura CV.
Terpenes from Copaifera demonstrated i vitro antiparasitic and synergic
activity. ] Med Chem 2012;55:2994-3001.

Tropical Parasitology | Volume 14 | Issue 2 | July-December 2024



