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ABSTRACT

Background: Toxoplasmosis is a zoonotic disease caused by the intracellular opportunistic protozoan,
T gondii that infects both vertebrate and invertebrate cells. Nanoparticles (NPs) provide promising
therapeutic agents for effective treatment of parasitic diseases, by overcoming the drawbacks of low
bioavailability and poor cellular permeability of anti-parasitic drugs.

Objective: To assess the therapeutic effect of gold (Au) NPs on experimentally infected mice with chronic
toxoplasmosis.

Material and Methods: Sixty-five laboratory-bred female Swiss albino mice were included. Five mice
were left as control negative (non-infected non-treated), while the rest were experimentally infected
orally with avirulent T gondii strain (ME49). Fifty days post infection (pi), infected mice were divided
into 4 groups (15 mice each); group 1: control group (infected non-treated); group 2: treated with
Spiramycin (Rovamycin); group 3: treated with low-dose AuNPs; and group 4: treated with high-dose
AuNPs. Treatment was administered orally for 10 days. All mice were sacrificed sixty days pi. Assessment
of the therapeutic effect of AuNPs was achieved using parasitological, histopathological and biochemical
parameters. The first included estimation of the parasite tissue cysts numbers and size in impression
smears from brain, liver and spleen; histopathological parameters evaluated inflammation, necrosis and
hemorrhages in tissues. Liver transaminases: aspartate transaminase (AST) and alanine transaminase
(ALT) were measured in sera of all groups as a biochemical parameter.

Results: Statistically significant reductions were observed in the mean cyst count and size in brain, liver,
and spleen of the infected treated group with high dose AuNPs (group 4) compared to the other infected
groups. Histopathological examination of the brain, liver and spleen tissues showed that inflammatory
reaction was decreased in both AuNPs-treated groups in comparison to Spiramycin-treated group and the
non-treated mice. There was a significant reduction in the mean values of ALT and AST in mice treated
with AuNPs high dose in comparison to other groups (P<0.05).

Conclusion: AuNPs have a potentially therapeutic effect especially the high dose against experimental
chronic toxoplasmosis.
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INTRODUCTION
Toxoplasmosis is a disease caused by the Reactivation of tissue cysts in a healthy individual is
protozoan parasite T. gondii, which is an obligatory usually asymptomatic, but immunocompromised
intracellular coccidian parasite belonging to the individuals are at risk of developing life- threatening
Apicomplexa phylum™. Humans, other mammals, diseasel.
and birds are intermediate hosts, while cats are the
definitive hosts. Humans may become infected by The diagnosis of acute infection is established by
eating undercooked meat that contains tissue cysts, the presence of tachyzoites in tissue parts and/or
or from contamination with sporulated oocysts from smearsofbody fluid (CSF,amniotic, orbronchoalveolar
soilBl, lavage fluids)®. The presence of several tissue cysts
indicates the presence of a chronic infection. In
In immunocompetent patients, the acute acquired experimentally infected mice, histopathological smear
infection is normally benign, with self-limiting analysis revealed that the chosen tissues for detecting
adenopathy. In healthy individuals, the chronic latent T. gondii are the liver and spleen in the virulent strain
infectionisasymptomaticandisassociated with tissue- (RH), and the brain and kidney in the avirulent strain
localized cysts, often in the brain and muscle tissues!™. (ME49)®1,
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Traditional chemicals or natural compounds that
have limited access to the CNS and are of high toxicity
to the host, are used in current therapeutic regimens.
To treat these infections and allow the medication
to cross the blood-brain barrier, improvements in
drug administration and formulation are needed®.
Toxoplasmosis is treated with a mixture of
pyrimethamine and sulfadiazine that despite their
sufficient efficacy, can have common toxic side effects
such as allergy, bone marrow suppression, folic acid
deficiency, and hematologic toxicity™”. Spiramycin
is a bacteriostatic macrolide that has long been
demonstrated to be effective against toxoplasmosis
in mice!. Anti-toxoplasmic activity of Spiramycin
was tested in murine infection models using T. gondii
virulent (RH) and avirulent (ME 49) strains. Treatment
with a dose of 100 or 200 mg/kg/day showed minor
side effects!?. Several factors, including membrane
permeability and solubility, influence the bioavailability
of any drug, including Spiramycin3l. Studies were
promoted to improve the solubility and dissolution
rate of drugs with low water solubility™*.

Nanotechnology is the study of small materials with
diameters ranging from a few nanometers to hundreds
of nanometers. By affecting many biomolecules on
the cell surfaces and intracellularly, this size can alter
several physicochemical and biochemical properties of
the cells. Accordingly, the use of nanotechnology in the
treatment, tracking, prevention, and control of biological
diseases is known as nanomedicine®. Nanomedicine
applications use a variety of nanomaterials, including
metals, lipids, and polymers, which are made up of
various materials'®. Because of their small size, NPs can
pass through membrane barriers, resulting in increased
reactivity'’l. Metal NPs with anti-parasitic properties,
such as silver and gold, are of particular interest for
this reason®l, Therefore, this study aims to assess the
therapeutic effect of AuNPs on experimentally infected
mice with chronic toxoplasmosis.

MATERIAL AND METHODS

This experimental study was conducted from
September to November 2019, at the National Research
Centre, Cairo, Egypt.

Study design: The study included five groups; two
control groups (non-infected non-treated, and infected
non-treated), and three infected treated groups. Fifty
days pi, mice were orally treated with Spiramycin, low-
dose and high-dose AuNPs for 10 days. Sixty days pi, all
mice were sacrificed and the therapeutic effect of AuNPs
was assessed using parasitological, histopathological,
and biochemical parameters.

Animals and T. gondii strain: Sixty-five laboratory-
bred female Swiss Albino mice, 6-8 weeks old; ~20-25
g in weight, were purchased from the animal house,

National Research Centre, Cairo, Egypt. Mice were
housed in well ventilated cages and were fed standard
pellet food with free access to water. The ME49 strain
was obtained from the batch maintained at the Zoonotic
Diseases Department, National Research Center, Cairo,
Egypt. Sixty mice were experimentally infected orally
with 20 cysts/mouse. Five mice served as control
negative group and their serum samples were used for
determination of the liver enzymes levels.

Gold NPs preparation: AuNPs was purchased from
NanoTech Egypt company for Photo-Electonics,
Cairo, Egypt and was prepared by chemical reduction
method™°.. Briefly, HAuCl4 solution was used as Au3+
ions precursor; while sodium citrate was used as mild
reducing and stabilizing agent. Using transmission
electron microscopy, properties of AuNPs were
determined as sperical, water soluble particles of ~
15+5 nm, with average size (A max = 520+3 nm), and
196 ppm concentration in its liquid form (Figure 1).

Fig. 1. AuNPs
properties by
transmission electron
microscopy (TEM).

Animal grouping: Fifty days pi, infected mice were
randomly divided into 4 equal groups (15 mice each).
Group 1 included non-treated control positive mice.
Groups 2, 3 and 4 were treated orally by esophageal
tube for 10 days with Spiramycin (100 mg/kg/day), low
dose (400 pg/kg/day) and high dose (800 pg/kg/day) of
AuNPs, respectively.

Impression smears: Estimation of T. gondii cysts
count and size in impression smears® stained with
Giemsa was performed from brain, liver and spleen of
all infected mice. Three smears of each organ/mouse
were examined using oil immersion and the mean of 10
different fields was calculated®-?2],

Histopathological assessment: Sections from brain,
liver and spleen of G 1-4 infected with T. gondii were
examined after staining with Haematoxylin and Eosin
(HE)®=1,

Biochemical assessment: After sacrifice of all mice
including negative control group, one ml blood sample
was obtained from each mouse to measure liver
transaminases; AST and ALT levels. Enzymes were
colorimetrically determined in sera of the all groups
using spectrophotometery (Janway, Keison Products,
UK)?4, The kits were obtained from Spectrum, Cairo,

Egypt).
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Statistical analysis: Data were organized, tabulated,
and statistically analyzed using SPSS version, 16.00.
For quantitative data, mean, percentage and standard
deviation were calculated. ANOVA test was used to
compare variables between groups. Results were
considered significant when P value was < 0.05.

Ethical statement: The present study was approved
from Research and Ethic committee of the Faculty of
Medicine, Sohag University, Egypt. Animal experiments
complied with the Egyptian national regulations
according to the procedures for using laboratory
animals and in accordance with the internationally
accepted principles for laboratory animal use and care.

RESULTS

Estimation of cysts count and size in impression
smears in the brain, liver, and spleen: There was
significant reduction in the mean number (Table 1) and
size (Table 2) of cysts in the brain, liver and spleen of

G4 compared to other three groups (P<0.001). Using
Post Hoc test, there was a statistically significant
reduction in the mean cyst count and size in brain, liver
and spleen of infected treated groups with high dose
AuNPs compared to the infected non-treated control
and infected mice treated with Spiramycin. In addition,
it showed a statistically significant reduction in the
mean cyst count and a statistically non-significant
reduction in the mean cyst size in brain, liver and
spleen of infected treated group with high dose AUNPs
compared to infected treated group with low dose
AuNPs (Table 3).

Figure (2) presents the effect of treatment on the
size of the cysts in G2 (reduction in size), G3 and G4
(degenetated cysts) in comparison to normal cyst
size in G1. T. gondii cysts were larger in size and more
frequently detected in non-treated mice G1 (A and
B) compared to Spiramycin treated mice G2 (C). Few
degenerated cysts were detected in low dose AuNPs
treated mice G3 (D) and high dose AuNPs treated mice
G4 (E).

Table 1. Comparisons between cysts count in brain, liver, and spleen of the study groups.

Statistical analysis

Organ Groups Mean count * SD (SE)
95% confidence interval® Pvalue?*

Control 18.93 + 1.10 (0.63) 16.19 - 21.67
Spiramycin 8.20+0.52 (0.30) 6.88-9.51

Brain AuNPs (low) 3.00 £ 0.34 (0.20) 2.13-3.86 0.000
AuNPs (high) 0.13+0.11 (0.06) 0.15-0.42
Total 7.56 £7.50 (2.16) 2.79-12.34
Control 20.46 £ 1.70 (0.98) 16.24 - 24.69
Spiramycin 7.86 +0.30 (0.17) 7.10 - 8.62

Liver AuNPs (low) 3.20+£0.20 (0.11) 2.70 - 3.69 0.000
AuNPs (high) 0.26 £ 0.11(0.06) 0.02 - 0.55
Total 7.95 +£8.09 (2.33) 2.80-13.1
Control 19.80 + 1.40 (0.8) 16.32-23.27
Spiramycin 8.06 + 0.60 (0.8) 6.46 - 9.66

Spleen AuNPs (low) 3.33+£0.11 (0.06) 3.04-3.62 0.000
AuNPs (high) 0.20 +£0.20 (0.11 0.29 - 0.69
Total 7.85 + 7.80 (2.25) 2.89-12.80

SD: Standard deviation; SE: Standard error; @: Lower and upper 95% confidence interval for means, #: P value within the groups

(Significant < 0.05).

Table 2. Comparisons between cysts size (u) in the brain, liver, and spleen of study groups.

Statistical analysis

Organ Groups Mean size * SD (SE)
95% confidence interval® Pvalue?*

Control 55.00 £ 5.00 (2,88) 42.57 - 67.42
Spiramycin 25.00 + 5.00 (2.88) 12.57 - 37.42

Brain AuNPs (low) 4.33+1.15(0.6) 1.46-7.20 0.000
AuNPs (high) 1.66 * 1.52 (0.8) 2.12-5.46
Total 21.50 £ 22.51 (6.49) 7.19 - 35.80
Control 65.00 = 5.00 (2.88) 52.57-77.42
Spiramycin 30.00 +5.0 (2.88) 17.57 - 42.42

Liver AuNPs (low) 533+ 0.57 (0.33) 3.89-6.76 0.000
AuNPs (high) 3.66 = 1.15 (0.66) 79.82-6.53
Total 26.00 = 26.0 (7.53) 9.41-42.58
Control 63.33 £7.63 (4.40) 44.36 - 82.30
Spiramycin 25.00 + 5.00 (2.88) 12.57 - 37.42

Spleen AuNPs (low) 4.66 +1.52 (0.8 0.80 - 8.46 0.000
AuNPs (high) 1.33 +1.15 (0.6) 1.53 - 4.20
Total 23.58 £26.07 (7.52) 7.01-40.15

SD: Standard deviation; SE: Standard error; @: Lower and upper 95% confidence interval for means, #: P value within the groups

(Significant < 0.05).
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Table 3. Comparisons between cysts count and size (in microns) in the brain, liver, and spleen of mice G4 (high dose AUNPs) and the

other study groups using Post Hoc test.

Statistical analysis

Organ Groups Mean difference * SD (SE)
95% confidence interval® P value*
Brain Control vs AuNPs (high) 18.80 £ 0.99 (0.52) 17.30 - 20.29 0.000
cyst Spiramycin vs AuNPs (high) 8.06 +0.41 (0.52) 6.56 - 9.56 0.000
count AuNPs (low) vs AuNPs (high) 2.86+0.23 (0.52) 1.36-4.36 0.001
Liver Control vs AuNPs (high) 20.20 £ 1.59 (0.71) 18.15-22.25 0.000
cyst Spiramycin vs AuNPs (high) 7.60 £ 0.19 (0.71) 5.55-9.65 0.000
count AuNPs (low) vs AuNPs (high) 2.93+0.09 (0.71) 0.88-4.98 0.009
Spleen Control vs AuNPs (high) 19.60 + 1.2 (0.63) 17.76 - 21.43 0.000
cyst Spiramycin vs AuNPs (high) 7.86 + 0.4 (0.63) 6.03 -9.69 0.000
count AuNPs (low) vs AuNPs (high) 3.13+£0.09 (0.63) 1.30-4.96 0.003
Brain Control vs AuNPs (high) 53.33 £3.48 (2.99) 4472 - 61.94 0.000
cyst Spiramycin vs AuNPs (high) 23.33+3.48 (2.99) 14.72 - 31.94 0.000
size AuNPs (low) vs AuNPs (high) 2.66 £ 0.37 (2.99) 5.94-11.27 0.71
Liver Control vs AuNPs (high) 61.33 +3.85 (2.93) 52.88-69.78 0.000
cyst Spiramycin vs AuNPs (high) 26.33 +3.85 (2.93) 17.88 - 34.78 0.000
size AuNPs (low) vs AuNPs (high) 1.66 + 4.62 (2.93) 6.78-10.11 0.894
Spleen Control vs AuNPs (high) 62.00 = 6.46 (3.80) 51.03-72.96 0.000
cyst Spiramycin vs AuNPs (high) 23.66 * 3.85 (3.80) 12.70 - 34.63 0.000
size AuNPs (low) vs AuNPs (high) 3.33+0.37(3.80) 7.63 - 14.29 0.722

SD: Standard deviation; SE: Standard error; @: Lower and upper 95% confidence interval for means, #: P value within the groups

(Significant < 0.05).

P
Fig. 2. Impression smears of liver tissue of T. gondii infected mice stained by Geimsa stain. T. gondii cysts (arrows) were detected more
frequently and were larger in size in non-treated G1 mice (A and B) compared to Spiramycin-treated G2 mice (C). Few degenerated
cysts were detected in low dose AUNPs-treated G3 mice (D), and high dose AuNPs treated G4 mice (E). (X100).

Histopathological study results

Brain (Fig. 3): In general, the brain tissue showed
normal appearance with no necrosis or hemorrhage.
The histological changes in mice of different groups
were mild displaying T. gondii cysts surrounded
by increased cellularity of adjacent glial tissue and
increased inflammatory cells mainly macrophages and
neutrophils. The number of cysts were reduced in G2
(Fig. 3B) and G3 (Fig. 3C) relative to G1 (Fig. 3A). The
cysts were rare and degenerated in G4 (Fig. 3D). Size
of cysts were smaller in treated mice. The cellularity of
glial tissue and infiltration by macrophages were less
frequent in G3 and G4 compared to G2 and G1.

Liver (Fig. 4): The liver tissue architecture, hepatic
lobules and portal tracts were almost preserved in
mice of different groups. The main histological findings
recorded minimal foci of necrosis in G1 (Fig. 4A).
Hepatocyte degenerative changes (cloudy swelling and
micro-vesicular steatosis) were observed in G1 (Fig. 4A)
and G2 (Fig. 4B), occasionally in G3 (Fig. 4C) and less
frequently in G4 (Fig. 4D). Infiltration by lymphocytes,
neutrophils and less frequently histiocytes was
observed in portal tracts and hepatic lobules (portal
and lobular inflammation). The inflammatory reaction
was diffuse and moderate-to- strong in G1 (Fig. 4A),

V" i

mild to moderate in G2 (Fig. 4B) and minimal-to-mild
in G3 (Fig. 4C) and G4 (Fig. 4D). T. gondii cysts were
observed in G1 (Fig. 4A), and less frequently seen in G2
(Fig. 4B). Few or rare were found in G3 (Fig. 4C) and
they are almost absent in G4 (Fig. 4D).

Spleen (Fig. 5): In general, the splenic red and white
pulps were preserved and the splenic capsule was
intact. No sub-capsular hemorrhage or necrosis were
observed. The main histological changes included
dilated lymphoid sinuses (red pulp) and focal reactive
hyperplasia of the lymphoid follicles in mice of
different groups. Splenic sinuses were infiltrated by
inflammatory cells mainly macrophages, lymphocytes,
and giant cells. The inflammatory reaction was diffuse
and heavy in G1 (Fig. 5A) and G2 (Fig. 5B) and still
diffuse but mild to moderate in G3 (Fig. 5C) and G4
(Fig. 5D). T. gondii cysts were observed mainly in G1
(Fig. 5A) and G2 (Fig. 5B). They were less frequent in
number in G3 (Fig. 5C) and G4 (Fig. 5D).

Biochemical results: Mean values of ALT and AST as
measured in non-infected mice were 15.02 and 51.03,
respectively and corresponded to levels recorded in
G4. The AST level was raised in the other groups being
highest (61.67) in G1 (Table 4).
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Fig. 3. Histological sections of brain tissue of T. gondii infected mice. Cysts (white
arrows) were detected more frequently in non-treated G1 mice (A) compared to
Spiramycin treated G2 mice (B). Few degenerated cysts were detected in G3-low dose
AuNPs and G4-high dose AuNPs treated mice (C and D, respectively). Infiltration by
neutrophils (blue arrows) and macrophages (green arrows) and cellularity of glial
tissue were slightly reduced in treated mice compared to control G1. H&E stained
sections (X400).

Fig. 4. Histological sections of liver tissue of T. gondii infected mice. Large sized cysts
were detected in non-treated G1 mice (A). The cysts were smaller in size in Spiramycin
treated G2 mice (B). Few degenerated cysts were detected in low dose AuNPs treated
G3 mice (C) and they were almost absent in high dose AuNPs treated G4 mice (D).
Portal and lobular infiltration by lymphocytes (green arrows) and neutrophils (blue
arrows) was high in G1 and G2, and the inflammatory infiltrate was mild in G3 and
minimal in G4. H&E stained sections; (X400).

Fig. 5. Histological sections of splenic tissue of T. gondii infected mice. There was
diffuse infiltration of splenic sinuses by inflammatory cell reaction mainly lymphocytes
(green arrows) and giant cells (blue arrows) in different groups. Cysts (black arrows)
were detected in non-treated G1 mice (A) and Spiramycin treated G2 mice (B). They
were less frequently detected in low dose AuNPs treated G3 mice (C) and high dose

AuNPs treated G3 mice (D). H&E stained sections (X400).

Table 4. Comparison between liver transaminases ALT and AST in all groups of mice.

Liver

Statistical analysis

Groups Mean * SD (SE
enzymes P (SE) 95% confidence interval® Pvalue*

Control negative 15.02 +1.58 (1.12) 14.25-15.35
Control positive 18.80 + 2.44 (0.81) 16.23-19.98

ALT Spiramycin 18.64 + 2.10 (0.94) 16.03 - 21.27 0.04
AuNPs (low) 15.44 +0.41 (0.18) 14.73 - 15.76
AuNPs (high) 15.27 + 0.85 (0.38) 14.42 - 15.54
Control negative 51.02 +4.41 (3.11) 38.42 - 63.88
Control positive 61.67 +5.15 (1.71) 53.06 - 60.99

AST Spiramycin 57.25 + 4.45 (1.99) 51.64 - 62.70 0.03
AuNPs (low) 57.17 £ 2.30 (1.03) 54.38-60.12
AuNPs (high) 51.15 + 10.25 (4.58) 38.42 - 63.88

SD: Standard deviation; SE: Standard error; @: Lower and upper 95% confidence interval for means, #: P value within the groups

(Significant < 0.05).

DISCUSSION

Drugsused atthe presenttime againsttoxoplasmosis
neither achieve complete killing of bradyzoites nor
clearance of all cysts, leading to the risk of reactivation
in immunocompromised patients®®. Simultaneously
treatment of chronic toxoplasmosis is often difficult
due to the poor reach of drugs to brain?l. Moreover,
prolonged use of these drugs may cause hematologic
and renal toxicities®?”). Increased side effects and
insufficient efficiencies of these drugs, especially
against chronic toxoplasmosis, require further
research for safe and effective therapeutic agents?®. In
the present study, a statistically significant reduction
(P=0.000) occurred in the mean cyst count and size in
brain, liver and spleen of infected treated group with

high dose AuNPs compared to the other groups. Similar
significant decrease was noticed in mice treated by
silver NPs alone or combined with chitosan NPs?.

A study by Azami et al.B® showed the potential of
curcumin nano-emulsion (CR-NE) in the treatment
of acute and chronic experimental toxoplasmosis. In
acute stage, the survival time of mice infected with RH
strain and treated with CR-NE extended from 8 to 10
days post- treatment. The differences were statistically
significant (P<0.001) between the survival time of mice
in CR-NE-treated group compared with negative control
group. Additionally, CR-NE significantly decreased
the mean counts of peritoneum tachyzoites in CR-
NE-treated mice compared to negative control group
(P<0.001). In a chronic stage experiment, the average
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number and size of tissue cysts significantly decreased
in mice inoculated with bradyzoites of Tehran strain
and treated with CR-NE compared with that in negative
control group (P<0.001). More recent, El-Shafey et al.”®!
showed that curcumin and curcumin incorporated in
metal organic frameworks nanocomposite significantly
decreased the mean count of cysts in brains of the
treated rats infected with ME49 strain.

Histopathological examination of the brain, liver,
and spleen tissues in the present work showed that
the inflammatory reaction was diffuse and moderate to
strong in control non treated mice, mild to moderate
in Spiramycin treated mice and minimal to mild in
infected treated group with low dose AuNPS and
infected treated group with high dose AuNPS. These
results are substantiated by previous statements(*32,
Furthermore, as in previous reports, large sized
Toxoplasma cysts were detected in organs of non-
treated miceB3*4. The cysts were smaller in size in
Spiramycin treated mice. Few degenerated cysts were
detected in the infected treated group with low dose
AuNPS, and were almost absent in infected treated
group with high dose AuNPS which agreed with the
results of light microscopic examination of impression
smears of the same organs and groups.

For further assessment of the effect of AuNPS on
T. gondii cysts in our study, biochemical evaluation
of liver enzymes levels was done. Rise of ALT and
AST levels was reported as the first sign of hepatic
injury induced by toxoplasmosis®. The reverse
of that elevation by NPs is a clear indication of
enhancement of the functional status of hepatocytes
showing the hepato-protective activity of NPs®¢. Our
results found that while ALT levels were apparently
slightly but significantly reduced in low and high
AuNPs treated groups compared to control positive
and Spiramycin treated groups, the AST levels were
significantly (P<0.05) reduced in low and high AuNPs
and Spiramycin treated groups compared to control
positive group. This reduction in liver enzymes reflects
the safety of AuNPs and Spiramycin administration.
This was confirmed by Alajmi et al.®”? who proved the
anti-Toxoplasma activity of silver NPs synthesized with
Phoenix dactylifera and Ziziphus spina-christi extracts.
Inhibition of inflammation in livers of Balb/c mice was
achieved by regulation of cytokines. EL-Zawawy et
al.B® found significantly elevated but reversible liver
transaminases (AST and ALT) in cystogenic ME49
infected and triclosan liposomal NPs treated subgroups.
This was attributed to the hepatitis caused by high
triclosan dose. The authors concluded that the level
of AST and ALT in triclosan liposomal nanoparticles
treated subgroup was statistically significantly
decreased compared to triclosan treated subgroup.
This was explained by liposomal encapsulation of
triclosan which could ameliorate the effect of triclosan
alone on liver cells. According to Pissuwan et al.B%, the
death rate of tachyzoites in vitro was elevated by dose-

dependent levels of AuNPs in a given laser dose, but
there was no significant change in the death rate when
the laser dose was elevated on a fixed concentration of
AuNPs.

At the end of this study, we can conclude that AuNPS
have a potent therapeutic effect especially the high
dose (800 pg/kg/day) against experimental chronic
toxoplasmosis (avirulent ME49 strain). AuNPS induced
asignificantdiminution in the parasite burden. This was
supported by the histopathological distortive effect of
the drug on the cysts as proved by the histopathological
study. AuNPS caused significant reduction of the liver
transaminases (ALT and AST).
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