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Abstract 

   Infection by Cryptosporidium species causing cryptosporidiosis is considered a life-threatening 
condition in immunosuppressed patients, with unfortunately limited treatment options. This 
study evaluated the efficacy of Artemisia absinthium (AA) and Curcuma longa (CL) combina-
tion therapy unloaded and loaded on chitosan nanoparticles (CS NPs) and conjugated with con-
ventional nitazo- xanide (NTZ) in treating cryptosporidiosis in immunosuppressed mice. The 
study design included fifty-six immunosuppressed mice classified into three main groups, divid-
ed into subgroups; eight mice each: GIA: non-infected non-treated, GIB: infected non-treated, 
GII: infected and treated with: CS NPs conventional free NTZ (GIIIA), AA and CL loaded on 
Cs NPs (GIIIB), conjugated AA and CL with NTZ loaded on Cs NPs (GIIIC), and AA and CL 
free combination (GIIID). Treatment efficacy was evaluated via parasitological examination, 
histopathological parameters, and the determination of oxidative stress markers. The most sig-
nificant results were in the immun- osuppressed mice received unloaded unconjugated AA and 
CL free combination (GIIID) with a highly significant reduction (88%) in C. parvum oocysts 
shedding. Also, a remarked histo-patholo- gical improvement was revealed in the intestinal tis-
sue sections nearly back to normal architecture and to lesser extent in extra-intestinal tissue sec-
tions in the same treated group. Meanwhile, oxidative stress markers (GSH & MDA) levels 
showed a high significant improvement (P< 0.001) in GIIID versus other treated ones.  

  Keywords: Mice, cryptosporidiosis, immunosuppressed, nitazoxanide, Artemisia absinthium, 
Cur-cuma longa, nanoparticles, CS NPs. 

 

 
Cryptosporidium parvum is an intracellular 
gastrointestinal coccidian zoonotic protozo-
on of medical importance that infects a wide 
range of humans and animals worldwide 
(Henin, 2022). The highest prevalence of 
cryptosporidiosis was detected in developing 
countries with a high mortality rate in child- 
ren below the age of two years old (Bouzid 
et al, 2018). It was considered a serious, life-
threatening public health problem in imm- 
unocompromised and immune-deficient cas-
es, such as those with acquired immunodefi-
ciency syndrome (AIDS) and patients rece-
iving immunosuppressant drugs (Breurec et 
al, 2016). The parasite is mainly restricted to 
the intestinal tract; however, in immuno-

compromised hosts, the biliary tract, liver, 
pancreas, lungs, and probably other organs 
may also be infected (McCole et al, 2000). 
   The most common drug that was approved 
by the FDA to treat C. parvum infection is 
nitazoxanide (NTZ) as a broad-spectrum an-
tiparasitic drug (Checkley et al, 2015; Hen-
in, 2022). However, it was not effective in 
immunocompromised and malnourished pa-
tients, which raises the need for effective 
and safe alternatives (Moawad et al, 2021). 
   In the last decade, various herbal products 
showed unique pharmacological activity 
against a wide range of infectious agents, 
including parasites (Khater et al, 2017; Sou-
fy et al, 2017). Herbal Artemisia spp. (mug-
worts) and Curcuma longa (curcumin) were 
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 proved to be promising in the treatment of 
helminthic and protozoal infections (Ferreira 
et al, 2011; Asadpour et al, 2018; Beshay, 
2018; Ekiert et al, 2021). Artemisia spp., 
Artemisia absinthium, and Artemisia annua 
are also herbs that were used as antiparasitic 
agents. The two species was referred to as a 
wormwood because of their anthelminthic 
effect known since the ancient Egyptians 
(Padosch et al, 2006). Artemisia antiparasitic 
effect was proved by several experimental 
studies were used against Trichinella spi-
ralis (Caner et al, 2008), Fasciola hepatica, 
Schistosoma mansoni, Hymenolepis nana, 
Plasmodium falciparum, and Cryptosporidi-
um parvum (El-Ashkar et al, 2022). Curcu-
min is considered a cheap and safe herb, 
with rare or no toxicity even in high concen-
trations, which made it a perfect choice for 
treating immunocompromised cases (Nanj- 
wade et al, 2015). 
Also, nanotechnology and nanoparticle car-
rier molecules have attracted a lot of interest 
in the medical field (De Jong and Borm, 
2008). One of the most important natural 
and low-cost nanoparticles (NPs) is chitosan 
(CS), which could be obtained on large scale 
from crustacean shells, the cuticle of insects, 
and the cell wall of fungi. CS was consid-
ered a NP of choice due to its significant 
properties as being a natural product ex-
pected to be of low toxicity (Yanat and 
Schroen, 2021).  
   This study aimed to assess the efficacy of 
the free combination of Artemisia absinthi-
um and Curcuma longa or loaded on chi-
tosan nanoparticles, and conjugated with the 
conventional nitazoxanide in the treatment 
of cryptosporidiosis model in immunosup-
pressed mice. 

 
Experimental animals: The study was car-
ried out on 56 immunosuppressed laborato-
ry-bred male Swiss Albino mice free from 
parasitic infections. They were aged 4-6 
weeks and weighed 20 25 g. The mice were 
maintained under conventional conditions of 
feeding and housing in the biological unit of 

Theodor Bilharz Research Institute (TBRI). 
They were housed at a room temperature of 
20 22OC and kept for a week before the ex-
periment to adapt to the laboratory environ-
ment (Ridley and Hawgood, 1956). 
Ethical considerations: Animals handling in 
the current experimental study were done 
according to the ethical and technical regula-
tions and according to internationally valid 
guidelines and approved by an institution 
responsible for animal ethics at October 6 
University (O6U) (approval number PME-
Me-2201011). 
   Immunosuppression: All mice were im-
munosuppressed by oral gavage of dexame-
thasone (Dexazone tablets 0.5 mg, Al Kahira 
Pharmaceutical and Chemical Industries 

 
day for 14 successive days before oral in-
oculation with C. parvum oocysts and con-
tinued receiving dexamethasone on alterna-
tive days to maintain the mice immunosup-
pressed after inoculation till the time of sac-
rification (Tarazona et al., 1998). 
Animal infection:Mice in different study 
groups were infected by oral gavage with 
genetically verified C. parvum oocysts pro-
vided by TBRI in a dose of 3 x  oocysts 

e-
namrouz et al., 2012); then fecal pellets 
were collected daily post-infection (PI) to be 
subjected to parasitological examination us-

-Fast stain to detect oo-
cysts for confirmation of infection, and then 
the treatment program started. Oocyst shed-
ding started on the 2nd day PI in all infected 
immunosuppressed groups and reached its 
peak on 7th days PI (Moawad et al., 2021). 
   Study design: Immunosuppressed mice 
were divided into three main groups; these 
groups were divided into subgroups; each 
subgroup contained eight mice, as follows: 
GIA: non-infected mice (negative control); 
GIB: infected non-treated mice (positive 
control); GII: infected mice rece-ived CS 
NPs; GIIIA: infected mice receiving NTZ; 
GIIIB: infected mice received Artemisia ab-
sinthium (AA) and Curcuma longa (CL) 
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loaded on CS NPs; GIIIC: infected mice re-
ceived NTZ conjugated with AA and CL 
loaded on CS NPs; GIIID: infected mice re-
ceived combined unloaded free AA and CL. 
   Therapeutic preparations: 1- Nitazoxa-
nide® (NTZ): NTZ (Nanazoxid, Medizen 
Pharmaceutical Industries for Utopia Phar-
maceuticals) was given according to Li et al. 
(2003). 2- Artemisia ab-sinthium (AA): Ar-
temether (Artemidine®, Kunming Pharma-

p-blic of 
China) was given (Fayer and Ellis, 1994). 3- 
Curcuma longa (CL): Curcumin powder (C. 
longa C1386, Sigma-Aldrich, USA) was 
given (Henin, 2022). 4- Chitosan nanoparti-
cles (CS NPs): Chitosan (Sigma-Aldrich, 
USA) was given (Etewa et al, 2018). The 
synthesis procedure and loading of CS NPs 
with AA and CL were carried out according 
to the ionotropic gelation technique (Ohya et 
al, 1994). 
According to the experimental design, dif-
ferent therapeutic preparations were given to 
the animals in GII and III on 7th day post-
infection (PI) for seven consecutive days. 
   Parasitological assessment: Fresh fecal 
pellets from each infected mouse in the 
study groups were collected on the 7th &14th 

-fast 
stain (cold method), and examined micro-
scopically to count the number of C. parvum 
oocyst shedding. The oocyst number was 
calculated per gram of feces (Atia et al, 
2021). The percentage reduction (efficacy of 
therapeutic preparations) was then calculat-
ed using the formula of Hosking et al. 
(1996). 
   Histo-pathological examination: Specime- 
ns from the small intestine, liver, lung, and 
kidney were immediately collected after mi-
ce scarification, preserved, and manipulated 
according to Moawad et al. (2021) to identi-
fy pathological changes in hematoxylin and 
eosin (H&E) tissue sections as well as to as-
sess the effect of AA and CL, CS NPs, and 
NTZ on different regimens according their 
groups.  
   Determination of oxidative stress markers: 

   Toxicity was determined in serum and dif-
ferent tissues (intestine and liver) of all stud-
ied groups by measurement of glutathione 
(GSH) and lipid peroxide (malondialdehyde) 
(MDA) using colorimetric methods (Chak-
raborty et al, 2011). 
   Statistical analysis: Data was collected and 
subjected to statistical analysis using SPSS 
(version 16.0). Numerical data was expre- 
ssed as mean and standard deviation (± SD). 
The independent simple t-test was used to 
identify the statistical significance of the dif-
ference between the control group and each 
treated group. A one-way analysis of varia-
nce (ANOVA) test was used to identify the 
statistical significance differences between 
more than two study group means, and the 
post hoc test (Tukey HSD) was used to iden-
tify the statistical significance of the differ-
ence between groups. P-value was consid-
ered non-significant at level of p > 0.05, sig-
nificant at level of p< 0.05, highly signifi-
cant at level of P< 0.01, and very highly sig-
nificant at level of P< 0.001 (Peat and Bar-
ton, 2005). 

Results 
   Shedding of C. parvum oocysts started on 
the  day post-infection (PI) in all immu-
no-suppressed infected mice with a peak 
reached on the 7th day PI.  The parasitologi-
cal examination of one gram of stool re-
vealed a significant reduction (p<0.001) of 
C. parvum oocyst in GIIID in comparison to 
all treated groups, as the mean percentage 
reduction was 88%, followed by GIIIB sho-
wed 74%. GIIIC and GIIIA mean reductions 
were 62% & 44%, respectively, while GII 
was 20%. 
   Histopathological examination: Intestine, 
liver, lung, and renal tissues in GIIID show- 
ed a nearly normal pattern and architecture 
more in the intestinal tissue sections. But, 
GIIIA received conventional NTZ showed 
mild histopathological improvement. 
   Oxidative stress markers (GSH & MDA) 
levels in serum and different organs (intes-
tine & liver) showed a high significant imp- 
rovement (P< 0.001) in GIIID versus other 
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groups treated with their levels near GIA.     Details were in table (1) and figures (1, 2, 
3, 4, 5, 6, 7, 8 & 9). 

Table 1: Comparison between immunosuppressed infected mice in shedding of C.  parvum oocyst in a gram of stool and re-
duction % (efficacy %). 

Variations 
Negative control Infected treated groups 

GIB GII GIIIA GIIIB GIIIC GIIID 
M±SD 273.4±4.7 219.6±7.8 152.2±6.6 72.4± 3.4 103.6±4.9 33.6±5.5 
Efficacy % - 20% 44% 74% 62% 88% 
P. value - 0.001** 0.001** 0.001** 0.001** 0.001** 
ANOVA (F-test) b P. value = 0.001** 
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GIB - 0.001** 0.001** 0.001** 0.001** 0.001** 
GII - - - 0.001** 0.001** 0.001** 
GIIIA - - - - 0.001** 0.001** 
GIIIB - - - - 0.001** 0.001** 
GIIIC - - - - - 0.001** 

** Initial p value < 0.001 very highly significant. 

 
   Nitazoxanide is considered the drug of 
choice approved by the FDA in treatment of 
immunocompetent individuals infected with 
the coccidian intestinal parasite Cryptospor-
idium parvum, but it was not proved as ef-
fective as in immunosuppressed individuals 
with a fatal prognosis (Moawad et al, 2021). 
Therefore, this study aimed to assess the ef-
ficacy of the Artemisia absinthium (AA) and 
Curcuma longa (CL) combination unloaded 
or loaded on chitosan nanoparticles (CS 
NPs) and conjugated with the conventional 
nitazoxanide (NTZ) in treating cryptosporid-
iosis in dexamethasone immunosuppressed 
murine model. 
   In the present study, shedding of C. par-
vum oocyst started on the 2nd day post-infe-
ction (PI) all the infected immunosuppressed 
groups and reached its peak on 7th day (PI). 
This agreed with El-Wakil et al. (2021). The 
lowest shedding of C. parvum oocyst was 
observed in GIIID (received AA & CL free 
combination), with the highest mean effica-
cy of 88%, followed by GIIIB (received AA 
& CL loaded on CS NPs), and GIIIC, which 
received the same combination conjugated 
with NTZ and loaded on CS NPs were74% 
and 62%, respectively. GIIIA, receiving the 
conventional free NTZ, showed an efficacy 
of only 44%.       
   This agreed with El-Wakil et al. (2021), 
who reported that NTZ was not effective in 
improving cryptosporidiosis diarrhea or mo- 
rtality rates in immunosuppressed mice. A 

Also, Li et al. (2003) recorded that NTZ re-
duced the oocyst shedding in infected im-
munosuppressed mice, with a relatively 
higher mean reduction of about 50% versus 
44% of the current work, however still sig-
nificantly less than the results of the AA and 
CL free combination in this present (88%). 
However, El-Ashkar et al. (2022) reported 
the effect of NTZ, Ivermectin, and Arteme-
ther (ART) against cryptosporidiosis in im-
munosuppressed diabetic mice. They found 
the best result in ART-treated group, with a 
mean reduction in oocyst shedding of about 
88.58% which is near to the present data us-
ing AA combined with CL.  Formerly, ART, 
the approved antimalarial derived from Ar-
temisia, was used to suppress Cryptosporid-
ium growth in cell culture (Wu et al, 2011). 
When anti-malarial mefloquine (MQ) as co-
mpared with NTZ in same animal model, 
oocyst showed clearance (100% &53%, res-
pectively) when given on 14th day PI (El-
Wakil et al, 2021). 
   In the present study, when AA and CL 
combination was loaded on CS NPs (GIIIB) 
showed a reduction efficacy of 74%. This 
agreed with Said et al. (2012), who studied 
the CL with CS NPs effect on Giardia lam-
blia found a mean cyst reduction of 64.4%. 
They also studied the effect of CS NPs and 
Ag NPs with CL NPs against G. lamblia and 
found that less effect as a mean cyst reduc-
tion of CS NPs than Ag NPs was 83.1 versus 
87.2%, respectively.       
   Teimouri et al. (2018) reported convenient 
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results with the same present carrier nanopa 
rticles, but with different molecular weights 
in case of the tissue Toxoplasma gondii, that 
the effect of CS NPs in the infected immu-
nosuppressed mice showed growth inhibi-
tion rates of tachyzoites in peritoneal exu-
dates of mice receiving low, medium, and 
high molecular weights of CS NPs to be 
86%, 84% and 79% respectively. The pre-
sent work disagreed with these authors for 
CS NPs in GII infected with C. parvum 
showed 20% efficacy of oocysts reduction. 
   In the present work H&E sections of small 
intestine in positive control showed a pro-
found effect on the intestinal mucosa struc-
ture as compared to negative control. This 
was a decrease in the villous-to-crypt ratio, 
villous expansion, tip region erosions, and 
goblet cell depletion. This more or less 
agreed with Hassan et al. (2021), who rep-
orted pathological changes in both immuno-
competent and immunosuppressed individu-
als, including shortening and broadening of 
villi, loss of villous architecture with a de-
creased ratio of villous height to crypt 
length, and goblet cell depletion, which were 
more severe in immunosuppressed ones.  
   In the present work, the small intestine 
section of GIIID (received AA & CL free 
combination) showed obvious improvement 
in the form of villi pattern back to normal, 
with average length, width, goblet cell num-
ber, and conventional pattern of inflammato-
ry cells. GIIIB (received AA & CL loaded 
on CS NPs) and GIIIC received the same 
combination, but conjugated with NTZ 
showed only partial amelioration mild de-
crease in the villous to crypt ratio, with mild 
villous expansion, mild inflammatory cellu-
lar infiltration, and goblet cell regeneration. 
But, histopathological changes showed mild 
or no improvement in GII (CS NPs) and 
GIIIA (NTZ), by decrease in villous to crypt 
ratio, with villous expansion by inflammato-
ry cells and goblet cell depletion. 
The CS NPs effect on intestine was reported 
by Moawad et al. (2021), who reported the 
presence of C. parvum at the enterocytes 

brush border with moderate infiltration of 
inflammatory cells and superficial ulcera-
tion. The NTZ effect was reported by Has-
san et al. (2021), who found that NTZ alone 
was not efficient in treating immunosup-
pressed cryptosporidiosis. Previously, Ramí-
rez-Tortosa et al. (1999) reported that the 
CL pharmaco-dynamical distribution when 
given orally was significant since 35% of the 
CL remained in the intestinal tract and pas-
sed with feces, with effectiveness intestinal 
protozoa elimination. 
   In the current work, liver tissue sections of 
negative control showed normal hepatic lob-
ular architecture, but positive control show-
ed patchy hepatocellular hydropic degenera-
tion and a focal intra-lobular aggregate of 
neutrophils due to extra-intestinal spreading. 
A marked reduction of hepatic tissue pathol-
ogy appeared in GIIID (free combination of 
AA & CL), which showed only focal intra-
lobular aggregate of neutrophils without he-
patocellular hydropic degeneration. GIIIA 
(NTZ) showed partial improvement with pa-
tchy hepatocellular hydropic degeneration. 
But, Mohamed et al. (2019) in 14 days study 
found liver changes in NTZ treated immu-
nosuppressed mice as intact lobular hepatic 
architecture with thin normal hepatocytes pl-
ates, congested central vein, interlobular ly-
mphocytes in small collection and congested 
dilated sinusoids. No doubt, more duration 
allowed drug in ameliorating extra-intestinal 
cryptosporidiosis spreading. 
   In the present work, GII received only CS 
NPs or GIIIB & IIIC loaded on CS NPs did-
n't show hepatic improvement as liver sec-
tions showed patchy hepatocellular hydropic 
degeneration and necrosis denoting that CS 
NPS carrier molecules not allowed the re-
covery. Moawad et al. (2021) found that the 
CS NPs on liver tissue in immunosuppressed 
cryptosporidiosis infected mice with moder-
ate inflammatory infiltrate, binucleated cells 
(large dysplastic cells), and vacuolar degen-
eration. 
   In the present study, lung and renal tissues 
showed marked amelioration of pathological 
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changes only in GIIID given combination of 
natural herbs; AA & CL, but others showed 
mild to moderate lung and renal tissues pat-
hology. Madbouly et al. (2017) reported that 
changes in lung tissue of infected immuno-
suppressed mice treated with a combination 
of NTZ and atorvastatin caused pulmonary 
hemorrhage and interstitial inflammations. 
   In the present work, glutathione (GSH) 
and malondialdehyde (MDA) was measured 
as toxic markers in serum, intestine, and liv-
er in all groups. Serum and tissue (intestine 
and liver) GSH levels were mostly improved 
in GIIID given free combination of the natu-
ral herbs; AA & CL, followed by NTZ-tre-
ated (GIIIA). The least value was in serum 
and liver of GIIIB, where AA and CL were 
loaded on CS NPs, but toxicity was more in 
intestine in mice received only CS NPs. 
Chakraborty et al. (2011) measured CS NPs 
toxicity in serum and organs of infected-
treated mice, reported that chitosan nanopar-
ticles modified with folate improved anti-
oxidative effect. 
  In the present work, MDA levels (serum 
and tissue) showed least toxicity was less in 
GIIID received only combined AA & CL 
herbal preparations. This agreed with Moh- 
amed et al. (2019), who reported in immu-
nocompetent and immunosuppressed cryp-
tosporidiosis infected mice, MDA levels de-
creased in all treated groups as compared to 
positive control. Also, the present study sho-
wed that more toxicity MDA levels were in 
GIIIB & IIIC, given therapeutic loaded on 
CS NPs. Mohamed et al. (2019), who found 
the highest reduction in MDA hepatic levels 
in mice treated with Nigella loaded on CS 
NPs. Also, Mo et al. (2022) reported that the 
MDA hepatic levels improved hepato-renal 
toxicity in rats given carbendazim® loaded 
on newly synthesized CS NPs rather than 
unloaded one. 

 
   Combined Artemisia absinthium and Cur-
cuma longa, preferably unloaded on CS NPs 
and unconjugated with NTZ proved to be 
effective and safe in treating experimental 

intestinal cryptosporidiosis in immunosup-
pressed mice. Thus, it is very promising to 
try or to repurpose in immunocompromised 
human cases; however, their use in cases of 
extra-intestinal organ involvement is rec-
ommended for a longer period. 
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Explanation of figures 
Fig. 1: Small intestine section stained with H&E: A- GIA (200X) showed regular villous pattern in length (orange line) and width (yellow 
line) with average number of goblet cells (black arrows) and mild inflammatory cells (blue arrow). B- GIB (200X) showed decrease in vil-
lous to crypt ratio (orange to yellow lines), with villous expansion (green line), tip region erosions (black arrows) and goblet cell depletion 
(blue arrows). C- GII (400X) showed decrease in villous to crypt ratio (orange to yellow lines), with villous expansion by inflammatory cells 
(red arrow) and goblet cell depletion (blue arrows). D- GIIIA (200X) showed short villi, with villous expansion (yellow line) by inflammato-
ry cell (black arrow), and goblet cell depletion (blue arrows). E GIIIB (200X) showed mild decrease in villous to crypt ratio (orange to yel-
low lines), with mild villous expansion (green line), mild inflammatory cellular infiltration and goblet cell regeneration (black arrows). F- 
GIIIC (200X) showed regenerated villi (blue lines) with focal tip region erosions (black arrows) and goblet cell regeneration. G- GIIID 
(400X) showed a nearly normal pattern of villi with average length, width, goblet cell number and inflammatory cells conventional pattern 
Fig. 2: H&E stained section of liver tissue shows: A- GIA (200X) showed normal hepatic lobular architecture. B- GIB (200X) showed patchy 
hepatocellular hydropic degeneration (black arrow) and focal intralobular aggregate of neutrophils (red arrow). C- GII (400X) section 
showed patchy hepatocellular hydropic degeneration (red arrow) and focal intralobular aggregate of neutrophils (black arrow). D- GIIIA 
(400X) showed patchy hepatocellular hydropic degeneration (red arrows). E- GIIIB (400X) showed patchy hepatocellular hydropic degenera-
tion (blue arrow), focal intralobular aggregate of neutrophils (yellow arrow) and necrosis. F- GIIIC (400X) showed focal intralobular aggre-
gate of neutrophils (yellow arrow) & necrosis (red arrow). G- GIIID (200X) showed focal intralobular aggregate of neutrophils (yellow ar-
row) without hepat-ocellular hydropic degeneration. 
Fig. 3: Lung tissue stained with H&E stained: A- GIA (200X) showed normal architecture with thin-walled alveoli (red arrow), small bron-
chioles (black arrow) and delicate blood vessel. B- GIB (200X) showed collapsed alveoli infiltrated by some lymphocytes (red arrow) and 
mild hyperplasia of bronchiolar epithelium (black arrow) and mildly thickened blood vessel. C- GII (200X) showed collapsed alveoli infil-
trated by some lymphocytes (red arrow) and moderate hyperplasia of bronchiolar epithelium (black arrows). D- GIIIA (200X) showed col-
lapsed alveoli infiltrated by some lymphocytes (red arrow) and bronchiolar epithelium moderate hyperplasia (black arrows). E- GIIIB (400X) 
showed collapsed alveoli (yellow arrow), infiltrated by some lymphocytes (red arrow) and focal ulceration of bronchiolar epithelium (black 
arrows). F- GIIIC (400X) showed collapsed alveoli infiltrated by some lymphocytes (red arrow) and marked hyperplasia of bronchiolar epi-
thelium (black arrows). G- GIIID (400X) showed normal alveoli with focal peri-bronchial infiltration by lymphocytes (red arrow) and mod-
erate hyperplasia of bronchiolar epithelium (black arrows). 
Fig. 4: Mean serum glutathione (GSH) levels in uninfected and infected immunosuppressed untreated and treated mice. 
Fig. 5: GSH levels in uninfected and infected immunosuppressed untreated and treated mice. 
Fig. 6: GSH levels in uninfected and infected immunosuppressed untreated and treated mice. 
Fig. 7: Mean serum malondialdehyde (MDA) levels in uninfected and infected immunosuppressed untreated and treated mice. 
Fig. 8: MDA levels in uninfected and infected immunosuppressed untreated and treated mice.  
Fig. 9: MDA levels in uninfected and infected immunosuppressed untreated and treated mice. 
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