Effects of the silver nanoparticle synthesis from the leaves of the Capparis
spinosa plant on the liver of mice infected with visceral leishmaniasis
Baraa T. Falih*, Sabaa T. Mohammed*, Nadheer J. Mohammed*
Department of Biology, College of Science, AL-Mustansiriyah University, Iraq
* Corresponding author’s E-mail: baratariq1@gmail.com

ABSTRACT
To know the effect of the Capparies silver nanoparticles (AgNPs) synthesis from the leaves of the Capparis
spinosa plant on the liver enzymes GOT, GPT and the histology of the liver in infected mice with visceral
leishmaniasis (VL), they were dosed with 0.1 mL day-1 and pentostam drug (0.01 mL day-1) for 21 days. The
results showed that the silver nanoparticles of the Capparies spinosa, led to a significant decrease in liver enzymes,
i.e., GOT and GPT after three weeks, compared to the positive control group. Also, it was noted that the liver
tissue was less affected with a slight expansion of the hepatic sinusoids and a decrease in lymphocyte infiltration.
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INTRODUCTION
Leishmania parasite is a phagocytic host cell-invading obligate intracellular parasite (Cabezas et al. 2015). It can
be transmitted anthropologically or zoonotically by the bites of Phlebotomine sand flies (de Freitas et al. 2016).
Visceral leishmaniasis (VL), also known as kala–azar disease, is caused by the Leishmania donovani (WHO
2010(. Both innate and adaptive immunities play a role in defence against the Leishmania. Among protective
innate mechanisms, the complement system is very rapidly activated once promastigotes penetrate the dermis and
react with serum, resulting in efficient killing of over 90% of all inoculated parasites within a few minutes (Maurer
et al.2009). Nanobiotechnology is a branch of nanotechnology that allows to build nano particles (NPs) from
biological materials for different applications with less dangerous impacts (Johari et al. 2016; Bagherzadeh Lakani
et al. 2016; Ghazanfari et al. 2020). There are various biological materials in nature, such as plants, algae, fungi,
yeast, bacteria, and viruses, all of them could be used for NP synthesis (Ahmad et al. 2003). Nanomedicine is
known to be one of the encouraging areas in this field which has been uninterruptedly developing (Saleem et al.
2019). Capparis species belonging to family Capparaceae are common plants with medicinal attributes. C. spinosa
which grows wild in dry regions around the Mediterranean basin and have been reported for their traditional uses
due to its therapeutic characteristics (Hamed et al. 2007; Dameh et al. 2022).
MATERIALS AND METHODS
Preparation of aqueous extract of C. spinosa
Fresh leaves of C. spinosa were collected, then washed thoroughly 2-3 times with tap water and once with sterile
water. Thereafter, 20 g were weighed and placed into a beaker with 100 mL distilled water. The mixture was
heated for 10 min at 60 °C while stirring occasionally and then allowed to cool at room temperature. The mixture
was filtered using the Whatman No. 1 filter paper and then centrifuged for 10 min. The extract was stored in the
refrigerator at 4 °C (Benakashani et al. 2016).
Preparation of silver nanoparticles (AgNPs)
AgNO3 powder (0.22 g) was dissolved in 200 mL deionized water. Then AgNO 3 solutions were mixed with 30
mL aqueous extract of C. spinosa fresh leaves in a flask, followed by heating at 60 °C for half an hour. After 30
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min, the solution was turned to dark brown, indicating the formation of silver nanoparticles. About 1 mL was
taken for the purpose of performing UV-Vis spectrophotometer. As for the rest of the solution, it was distributed
in plates and placed in an incubator at 38 °C for drying. Then it was collected in the form of powder and part of
it was used for the purpose of characterization of nanoparticles.
Optical and structural method to characterize AgNPs
The absorption spectra of AgNPs suspension with different concentrations were 100%, 75%, 50% and 25%
measured by UV-Visible spectrophotometer-T60 within the wavelength range between 300-750 nm by localized
surface plasmon resonance (LSPR) of AgNPs. The crystallite size of the AgNPs was determined by X-Ray
diffraction analysis using Debye-Scherrer formula (Thirumagal & Jeyakumari 2020):
D = 0.9λ β Cosθ ----(1)
where D is crystallite size, β is the FWHM (full width at half maximum), the wave length of X-ray is: λ =
0.1541 nm and θ is the diffraction angle.
Xe-Ray diffractometer (XRD-6000) instrument operates at 40 kV with 2 s time interval at room temperature (27
°C). Data was taken from the 2θ range of 30 to 80 degrees with a step of 0.02 degrees. The morphology and the
mean particle size of the Ag were determined by Atomic Absorption Spectroscopy Flame (AAS). The samples
were prepared for AAS. The AAS was established using phenix -986. The sample was examined in Directorate
of Materials Research, Ministry of Science and Technology, Iraq (Fayaz et al. 2010), where D is crystallite size,
β is the FWHM (full width at half maximum), the wavelength X-ray is: λ = 0.1541 nm and θ is the diffraction
angle.
Parasite strain and culture
The parasite was obtained from Department of Biological Sciences, University of Baghdad, then cultured and
maintained by serial passage in NNN media every 8th day and incubated at 26 °C.
Animal grouping
Sixty-four mice were infected with 1 × 107 parasites mL-1 of Leishmania donovani promastigotes by injection
intraperitoneal (Morimoto et al. 2016).
•Group 1: ingested orally with normal saline (infected).
•Group 2: ingested orally with AgNPs and considered as an AgNPs- treated group.
•Group 3: injected with 0.01 mL day-1 from Pentostam drug by intramuscular each day considers therapeutic
control group.
•Group 4: ingested orally with normal saline considered as a negative control.
Blood collection
After the 7th, 14th, 21th days, 2 mL blood were collected from the facial vein in a sterile plain tube, then left at
room temperature for 35 min, centrifuged the clotting blood, and obtained clear serum, then the level of each GOT
and GPT were measured.
Measurement of liver enzymes
Serum levels of GOT and GPT were determined using a commercially available kit purchased from SigmaAldrich glutamic oxaloacetic transaminase (GPT) assay kit method (My Biosource, USA), and GOT assay kit
method (Sigma-Aldrich, USA) depending on the colorimetric method.
Histological study
Liver samples were fixed in 10% formaldehyde, dehydrated in graded alcohol, clarified in xylene and embedded
in paraffin, histological sections were cut at a thickness of 4.0 µm and stained with haematoxylin-eosin (H&E)
for analysis under conventional light microscopy.
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Statistical analysis
The statistical analyses were carried out by SAS (2012) program. Least significant difference (LSD) test (Analysis
of Variance: ANOVA) was used to significantly compare between means in this study.

RESULTS
Optical and structural measurements of AgNPs
Colloidal of the AgNPs have been synthesised using an aqueous solution of C. spinosa fresh leaves powder mixed
with AgNO3 to get solution in different concentrations of AgNPs were 100%, 75%, 50% and 25%. The absorbance
spectra of all the samples have been measured by UV-visible in the range of 300-750 nm, as shown in Fig. 1.

Fig. 1. UV-Vis absorption spectra of colloidal solution of AgNPs with different
concentrations of C. spinose fresh leaves (25%-100%) at room temperature.

The synthesis of the C. spinosa leaves extract-stabilised AgNPs also definitely achieved by UV-V is spectroscopy
analysis. The localized surface plasmon resonance band centred that observed in the AgNPs is around 425, an
absorption wavelength does not affect by the alterations in the AgNP concentrations (Fig. a). Although the
alterations in the AgNPs colour is a result of using different concentrations (100%, 75%, 50% and 25%), however,
no shift was found in the maximum wavelength values. This indicates the formation of AgNPs close in the size
to each other. The high absorption value refers to the high concentrations of silver particles, while the lowest
absorption values are related to the low concentrations. It can be indicated that the decrease in the agglomeration
levels of the solution is explained by the formation of mostly uniform AgNPs and the symmetry of the plasmon
resonance absorption bands (Stamplecoskie & Scaiano 2010). The powder extracted from AgNPs was investigated
by X-ray diffraction analysis using CuKα radiation (λ = 1.5418 Ǻ), under 40 kV/30 Ma-X-ray, 2θ/θ scanning
mode. The step of degrees was taken as 0.02 in the range of about zero to100 degrees of 2 thetas. The plane of Ag
NPs was observed as 111, 200, 220 and 311 corresponding to 2 theta values of 38.08, 44.03, 64.25, and 77.33
degree, respectively (Fig. 2).

Fig. 2. XRD pattern of AgNPs thin synthesized using of C. spinosa leaves extract

All of peaks were compared with standard powder diffraction card of Joint Committee on Powder Standards,
silver file No. 04-0783. By XRD investigations of AgNPs the crystalline nature of the dominate plane (111) was
confirmed and the crystallite size was calculated by Debye-Scherrer formula about 16.6 nm.
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Measurement of liver enzymes
The results in this study are shown in Tables 1 and 2 demonstrating that there were significant alterations in the
level as follows:
The serum GOT increased in test groups compared to control -ve group in uninfected mice (20.81 ± 0.47 U L-1)
after 7 days and reached 42.54 U L-1 in C. spinosa AgNPs group and also 35.27 U L-1 in pentostam group, while
in control +ve group was 48.70 U L-1 (p < 0.0). Then the level became deceased gradually and reached 25.73 U
L-1 in C. spinosa AgNPs and 23.03 U L-1 in pentostam groups, after 21 days, while in the control +ve group
continued to elevation and reached 72.05 U L-1. Statistically significant differences in serum GOT were observed
among groups. The serum GPT increased in test groups compared to control -ve group in uninfected mice (21.94
± 0.18 U L-1) after 7 days and reached to 46.37 U L-1 in C. spinosa AgNPs group and 38.01 U L-1 in pentostam
group, while serum GPT in control +ve group was 48.50 U L-1 (p < 0.01). Then the level became deceased
gradually and reached 28.47 U L-1 in C. spinosa AgNPs group and 24.40 U L-1 in pentostam group after 21 days,
while the control +ve group continued to rise until reaching 75.2 U L-1. There were statistically significant
differences in serum GPT across the groups.

Table 1. The serum level of GOT (U L-1) in the study groups.
Group
Control -ve
Control +ve
C. spinosa AgNps
Pentostam
LSD value

Mean ± SE of GOT (U L-1)
7 days
14 days
20.81 ±0.47c
20.81 0.47c
a
48.70 ±5.97
62.33 ±2.89a
42.54 ±4.04ab 34.14 ±6.77b
35.27 ±5.02b
30.41 ±3.30bc
12.989**
11.939 **

21 days
20.81 ± 0.47b
72.05 ± 7.10a
25.73 ± 2.54b
23.03 ± 0.72b
11.202 **

Means having with the different letters in same column differed significantly ** (P < 0.01).

Table 2. The serum level of GPT (U L-1) in the study groups.
Group
Control – ve
Control +ve
C.spinosa AgNps
Pentostam
LSD value

Mean ± SE of GPT (U L-1)
7 days
14 days
21.94 ± 0.18b 21.94 ± 0.18c
48.50 ± 5.90a 62.07 ± 2.70a
46.37 ± 3.61a 40.64 ± 7.06b
38.01 ± 4.82a 33.06 ± 3.40bc
12.441 **
12.242 **

21 days
21.94 ± 0.18b
75.29 ± 6.26a
28.47 ± 2.91b
24.40 ± 1.29b
10.37 **

Means having with the different letters in same column differed significantly. ** (P < 0.01).

Histological study of the mice liver
After infecting the mice by the L. donovani promastigotes, they were treated with pentostam and dosed with C.
spinose AgNP, then sacrificed after 7th and 21th day, taken the liver and made slide sections stained with
haematoxylin and eosin for finding the histological alteration. After 7th day the alterations in the liver of infected
mice control +ve were appeared clearly compared to uninfected mice control -ve. The latter displayed normallooking hepatic cells arranged around the central vein, presence of sinusoid and kupffer cells (Fig. 3), while the
liver section for control +ve after 7th days exhibited necrosis of hepatic cells with inflammatory cell infiltrations
(Fig. 4). The liver section of mice treated by C. spinosa AgNPs illustrated slight sinusoidal dilatation with mild
depletion of glycoprotein inside the hepatocyte cells and congestion, infiltration of lymphocytes (Fig. 5). The liver
section of mice treated with pentostam drug revealed large area of necrosis and inflammatory cell infiltrations
along with slight depletion of glycoprotein inside the hepatocyte cells and congestion (Fig. 6). After 21 th day, the
damage of liver tissue in control +ve was becoming more severe, exhibiting a large area of hepatocyte necrosis
with sinusoidal dilatation (Fig. 7), while the changes noticed in parenchymal liver tissue for mice dosed with C.
spinosa AgNPs including the reduced infiltration of inflammatory cells and slight sinusoidal dilatation compared
with control positive (Fig. 8). The liver tissue taken from a group of mice treated with pentostam indicated that
the damage was less and the tissue looks return to natural with slight dilatation of sinusoid and focal dispersed
necrosis with a few inflammatory cell infiltrations (Fig. 9).
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Fig. 3. Liver section of uninfected mice (Control –ve) after
7th days shows normal looking liver cells arranged around
the central vein (C), sinusoid (S) and the Kupffer cells (K;
H&E; 400X).

Fig. 5. Liver section of infected mice and dosed orally with C.
spinosa AgNP after 7th days shows depletion glycoprotein (D)
inside hepatocytes, slight sinusoidal dilatation (S), congestion
(G), infiltration of lymphocytes (IN; H&E; 400X).

Fig. 7. Liver section of infected mice (Control + ve) with L.
donovani promastigote after 21th day shows focal area of
necrosis (N), infiltration of inflammatory cells (IN) and
sinusoidal dilatation (S; H&E; 400X).

Fig. 9. Liver section of infected mice treated with pentostam
after 21th day shows slight sinusoidal dilatation (S), focal
dispersed necrosis (N) and infiltration of inflammatory cells
(IN; H&E; 400X).
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Fig. 4. Liver section of infected mice (Control + ve)
with L. donovani promastigote after 7th days shows
necrosis (N) with infiltration of mononuclear
inflammatory cells (IN; H&E; 400X).

Fig. 6. Liver section of infected mice treated with pentostam
after 7th days shows focal area of necrosis (N), infiltration of
inflammatory cells (IN) with slight depletion of glycoprotein
(D) inside hepatocytes and congestion (G; H&E; 400X).

Fig. 8. Liver section of infected mice and dosed orally with
C. spinosa AgNP after 21th days shows slight sinusoidal
dilatation (S), congestion (G), and a few infiltration of
inflammatory cells (IN; H&E; 400X).
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DISCUSSION
Visceral leishmaniasis (VL) causes alterations in liver function, hence patients develop severe, life-threatening
hepatitis (Mathur et al. 2008). VL causes hepatomegaly in affected patients and shows a value higher than GOT
and GPT levels (Naseralla et al. 2015). Mathur et al. (2008) reported that there is an increase in the level of GOT
and GPT in confirmed cases of VL. Likewise, Ferreira et al. (2020) mentioned that the disturbance of host
metabolic pathways by Leishmania donovani exhibits crucial consequences for the activation status of immune
cells and the outcome of infection, so, GOT level rises. A study conducted by Parang & Moghadamnia (2018)
showed that silver nanoparticles stimulated the elevated serum levels of hepatic enzymes and other liver-related
biochemical factors through induction of oxidative stress and elevation in reactive oxygen species, ultimately
leading to liver injury. The rate of GPT was increased once infecting by L. donovani, since it attacks the visceral
organs, especially the liver. So, the high level of GPT is a sign of liver damage, and progressive anaemia that
occurs as a result of the presence of the parasite. Hence, it causes the blood marrow not to produce enough blood.
This gives destructions to the liver to produce red blood cells. Since there is an abnormal increase in production,
it gradually damages the liver due to the presence of a parasite feeding on it. It is observed that the level of GPT
continues to rise (Prajapati et al. 2016). Kaye et al. (2004) demonstrated that the parasite was eventually
eliminated from the liver, and that hepatic resistance to infection is the result of a coordinated host response that
includes a wide range of effector and regulatory pathways targeted within specific tissue structures called
granulomas. Parasite persistence is accompanied by granuloma failure and a variety of pathologies. VL causes
disorder in liver functions (Tesfanchal et al, 2020). AgNPs presented major anti-leishmanial effects by preventing
the promastigotes proliferation and metabolic activity (Allahverdiyev et al. 2011) . According to Mohamed et al.
(2019), after treating infected mice with Fusarium AgNPs, repair occurred in the parenchymal liver after one
week, with lymphocyte infiltration and hydropic degeneration, and after three weeks, only a few lymphocyte
infiltrations occurred.
CONCLUSION
The use of C. spinosa AgNPs reduced liver damage by a reduction in the rate of liver enzymes (GOT and GPT).
Also, the histological study of liver sections showed less histopathological effects in the AgNP group of treated
mice compared to the pentostam group.
ACKNOWLEDGEMENT
The authors would like to thank Al-Mustansiriyah University in Iraq (www.uomustansiriyah.edu.iq) for their
support of the current work.
REFERENCES
Ahmad, A, Mukherjee, P, Senapati, S, Mandal, D, Khan, M, Kumar, R & Sastry, M 2003, Extracellular
biosynthesis of silver nanoparticles using the fungus Fusarium oxysporum. Colloids and Surfaces
Biointerfaces, 28: 313-318.
Allahverdiyev, AM, Abamor, ES, Bagirova, M, Ustundag, CB, Kaya, C, Kaya, F & Rafailovich, M 2011,
Antileishmanial effect of silver nanoparticles and their enhanced antiparasitic activity under ultraviolet
light. International Journal of Nanomedicine, 6: 2705.
Bagherzadeh Lakani, F, Meshkin, S, Yazdani Sadati, MA & Falahatkar, B 2016, Bioaccumulation of copper
nanoparticle in gill, liver, intestine and muscle of Siberian sturgeon (Acipenser baerii) juvenile. Caspian
Journal of Environmental Sciences, 14: 105-115.
Benakashani, F, Allafchian, AR & Jalali, SAH 2016, Biosynthesis of silver nanoparticles using Capparis spinosa
L. leaf extract and their antibacterial activity. Karbala International Journal of Modern Science, 2: 251258.
Cabezas, Y, Legentil, L, Robert Gangneux, F, Daligault, F, Belaz, S, Nugier Chauvin, C & Ferrières, V 2015,
Leishmania cell wall as a potent target for antiparasitic drugs. A focus on the glycoconjugates. Organic
and Biomolecular Chemistry, 13: 8393-8404.
Dameh, M, Ameen Baqer, A, Zaidi, M, K. Hachim, SM, Hameed, NA, Awadh, S, Obaid, AJ, Adhab, ZH 2022,
Evaluating the efficacy of flavonoids from Capparis spinosa extracts in treatment of Candida
vulvovaginitis. Caspian Journal of Environmental Sciences, 20: 565-570.
de Freitas, EO, Leoratti, FMDS, Freire de-Lima, CG, Morrot, A & Feijó, DF 2016, The contribution of immune
evasive mechanisms to parasite persistence in visceral leishmaniasis. Frontiers in Immunology, 7: 153.

Falih et al.

791

Fayaz, AM, Balaji, K, Girilal, M, Yadav, R, Kalaichelvan, PT & Venketesan, R 2010, Biogenic synthesis of silver
nanoparticles and their synergistic effect with antibiotics: a study against gram-positive and gramnegative bacteria. Nanomedicine: Nanotechnology, Biology and Medicine, 6:103-109.
Ferreira, C, Mesquita, I, Barbosa, AM, Osório, NS, Torrado, E, Beauparlant, CJ & Silvestre, R 2020, Glutamine
supplementation improves the efficacy of miltefosine treatment for visceral leishmaniasis. PLoS
Neglected Tropical Diseases, 14: e0008125, https://doi.org/10.1371/journal.pntd.0008125.
Ghazanfari, S, Rahimi, R, Zamani-Ahmadmahmood, R, Momeninejad, A & Abed-Elmdoust, A 2020, Impact of
silver nanoparticles on hepatic enzymes and Thyroid hormones in Swai (Pangasius hypophthalmus).
Caspian Journal of Environmental Sciences, 18: 265-275
Hamed, AR, Abdel Shafeek, KA, Abdel Azim, NS, Ismail, SI & Hammouda, FM 2007, Chemical investigation
of some Capparis species growing in Egypt and their antioxidant activity. Evidence-Based
Complementary and Alternative Medicine, 4: 25-28.
Johari, SA, Asghari, S & Je Yu, Il 2016, Toxicity of various silver nanoparticles compared to silver ions in the
Ponto-Caspian amphipod Pontogammarus maeoticus (Sowinsky, 1894). Caspian Journal of
Environmental Sciences, 14: 25-32.
Kaye, PM, Svensson, M, Ato, M, Maroof, A, Polley, R, Stager, S, Zubairi, S & Engwerda, CR 2004, The
immunopathology of experimental visceral leishmaniasis. Immunological Reviews, 20: 239-253.
Mathur, P, Samantaray, JC & Samanta, P 2008, High prevalence of functional liver derangement in visceral
leishmaniasis at an Indian tertiary care centre. Clinical Gastroenterology and Hepatology, 6: 1170-1172.
Maurer, M & Dondji, B & von Stebut, E 2009, What determines the success or failure of intracellular cutaneous
parasites? Lessons learned from leishmaniasis. Medical Microbiology and Immunology, 198:137-146.
Mohamed, ST, Ghadi, HH, Kamal, SB, Mohammed, N & Aja, HA 2019, Effect of Fusarium graminarum silver
nanoparticles on liver tissue of infected mice of visceral leishmaniasis. Journal of Pharmaceutical
Sciences and Research, 11: 886-891.
Morimoto, A, Omachi, S, Osada, Y, Chambers, JK, Uchida, K, Sanjoba, C & Goto, Y 2016, Hemophagocytosis
in experimental visceral Leishmaniasis by Leishmania donovani. PLoS Neglected Tropical Diseases, 10:
e0004505.
Naseralla, BA, Al Quraishi, MA & Jebur, MS 2015, Serological detection and liver functions of pediatric visceral
leishmaniasis in Baghdad hospitals. International Journal of Current Microbiology and Applied
Sciences, 4: 100-107.
Parang, Z & Moghadamnia, D 2018, Effects of silver nanoparticles on the functional tests of liver and its
histological changes in adult male rats. Nanomedicine Research Journal, 3: 146-153.
Prajapati, R, Kumar, A, Sharma, P, Singla, V, Bansal, N, Dhawan, S & Arora, A 2016, A rare presentation of
Leishmaniasis. Journal of Clinical and Experimental Hepatology, 6: 146-148.
Saleem, K, Khursheed, Z, Hano, C, Anjum, I & Anjum, S 2019, Applications of nanomaterials in leishmaniasis:
a focus on recent advances and challenges. Nanomaterials, 9: 1749.
Stamplecoskie, KG & Scaiano, JC 2010, Light emitting diode irradiation can control the morphology and optical
properties of silver nanoparticles. Journal of the American Chemical Society, 132: 1825-1827.
Tesfanchal, B, Gebremichail, G, Belay, G, Gebremariam, G, Teklehaimanot, G, Haileslasie, H, Kahsu, G,
Gebrewahd, A, Mardu, F, Adhanom, G, Berhe, B, Teame, H, Tsegaye, A & Wolde, M 2020, Alteration
of clinical chemistry parameters among visceral leishmaniasis patients in Western Tigrai, Ethiopia,
2018/2019: A Comparative Cross-Sectional Study. Infection and Drug Resistance, 13: 3055-3062.
Thirumagal, N & Jeyakumari, AP 2020, Structural, optical and antibacterial properties of green synthesized silver
nanoparticles (AgNPs) using Justicia adhatoda L. leaf extract. Journal of Cluster Science, 31: 487-497.
WHO 2010, Report of a Meeting of the WHO Expert Committee on the Control of Leishmaniases. Expert
Committee on the Control of the Leishmaniases, Meeting, World Health Organization. Geneva, 22-26
March 2010 (No. 949).
Bibliographic information of this paper for citing:

Falih, B,T, Mohammed, S,T, Mohammed, N,J 2022, Effects of the silver nanoparticle synthesis from the leaves of the Capparis
spinosa plant on the liver of mice infected with visceral leishmaniasis. Caspian Journal of Environmental Sciences, 20: 785-791.

Copyright © 2022

