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Abstract 
Background: A specific treatment has not yet developed for cryptosporidiosis, 
and some of the used drugs had side effects in immunodeficient patients. The 
goal of an appropriate remedy is to remove symptoms and improve immune re-
sponses in hosts. The current study was designed to evaluate the therapeutic effi-
cacy of Artemisia spicigera ethanolic extract in experimentally infected immuno-
suppressed mice. 
Methods: Thirty six NMRI mice, 4-6 wk old, were randomly divided into six 
equal groups. C1: uninfected, treated control; C2: infected, untreated control; T1, 

T2, T3, and P: infected, treated with 0.2, 2, and 20 mg/ml extract, and 5mg/ml 
paromomycin, respectively. Mice were experimentally infected by oral administra-
tion of 104 oocysts/animal of Cryptosporidium parvum and treated orally for eight 
days per 12h, starting 12h before experimental infection. The presence of oocyst 
shedding, weight gain/loss, and the histopathology of ileum sections were exam-
ined.  
Results: Results revealed that oocyst shedding was significantly (P<0.05) reduced 
in treatment groups. There was no significant difference between the mean of 
weight gain/loss in the infected control and treated groups. Histopathological 
analysis of ileum sections further supported the parasitological findings. 
Conclusion: Artemisia spicigera had acceptable efficacy as a therapeutic agent for 
cryptosporidiosis.  
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Introduction 
 

ryptosporidium parvum is an obligate, 
intracellular protozoan parasite in a 
wide range of hosts that develops 
within the microvillus layer of epithe-

lial cells throughout the gastrointestinal tract 
(GI) and even the respiratory tract. Cryptospor-
idium has a worldwide spread and zoonotic 
importance (1-3). Cryptosporidiosis is primari-
ly a self-limiting disease in immunocompetent 
hosts. But, in immunodeficient and immuno-
compromised hosts and children with malnu-
trition, this infection could cause an extra-
intestinal form, chronic diarrhea, and death (3, 
4). In livestock, cryptosporidiosis has both 
economic and clinical importance. Young an-
imals are more vulnerable to infection, and 
high mortality rates were reported in neonates 
of various species, particularly ruminants (1-3).  

Effective therapy for cryptosporidiosis is al-
ready unspecified. Despite the evaluation of 
over 200 chemotherapeutic agents for their 
anti-Cryptosporidium effects, appropriate treat-
ments to eliminate these parasites of the host 
are unavailable yet (3, 5, 6). In recent years the 
herbal compositions with anti-Cryptosporidium 
activity were recognized. They suggested safe 
and effective in the treatment and control of 
cryptosporidiosis.  

Artemisia genus (Family: Asteraceae) encom-
passes almost 500 species in the world (7), of 
which 34 species are in Iran (8). Pharmacolog-
ical researches have indicated antimalarial (7, 
9), antibacterial (10), antifungal (11), antioxi-
dant (10), nematocidal, and cesticidal activities 
(12, 13), for Artemisia species. Known as 
«dermane ye sonbolei›› in Persian, A. spicigera 
C. Koch is growing in Armenia, Middle Ana-
tolia, Northwest and North of Iran (14). This 
species has traditionally been used in medicine. 
According to the researches, this species of 
Artemisia have insecticidal, antibacterial, and 
antioxidant but not cytotoxic activity. So, it 
was recommended that this species is suitable 

to be utilized as a natural insecticide or anti-
bacterial agent (8).  

Even though Artemisia species are efficient 
in parasitic diseases and digestive system dis-
orders (7, 9, 12, 13, 15), no declared factual 
data are available regarding the anti-
Cryptosporidium effect of Artemisia in vivo. 
Among laboratory animals, immunocompro-
mised or immunosuppressed mice are the best 
candidate for experimental infection with C. 
parvum (16).  

So, the present study was conducted to ap-
praise the efficacy of A. spicigera ethanolic ex-
tract (As-EtOH) compared to paromomycin 
as a commercial drug against cryptosporidiosis 
in an immunosuppressed mouse model.  

 

Materials and Methods 
 

Preparation of Cryptosporidium parvum 
oocysts  

Oocysts of C. parvum were obtained from 
naturally infected calves (Aminabad Institute, 
Tehran University, Tehran, Iran) and micro-
scopically examined using the modified Ziehl–
Neelsen (MZN) staining, and then purified 
(17). The isolated oocysts were treated in 10 % 
sodium hypochlorite. Afterward, they were 
washed three times in double distilled water, 
and then were diluted to the needed concen-
tration in PBS and stored at 4 °C until use (18). 
Species confirmation of the collected oocysts 
carried out using PCR assay. After the extrac-
tion of DNA using the DNA extraction kit 
(MBST, Tehran, Iran), DNA was amplified 
using a pair of primer obtained from the entire 
18S rRNA gene of C. parvum isolate, according 
to Sturbaum et al. 2001 (19) that amplify an 
840-bp fragment from C. parvum genotype 2.  

 

Preparation of Artemisia spicigera  
ethanolic extract and analysis 

The plant material for this study was collect-
ed from East Azerbaijan province, Iran. For 
this collection, a Voucher specimen (14966) 

C 
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was deposited at the Herbarium of the Faculty 
of Pharmacy, Tabriz University of Medical 
Sciences, Tabriz, Iran. After collection in a 
dark room with fresh air circulation, the plant 
leaf, root, and stalk were separated, cleaned, 
and air-dried. Then, all the parts were ground, 
packed individually, and cached in a dark place. 
The ethanolic extract was prepared by perco-
lation method as previously described (20). 
Next, phenol and flavonoids contents meas-
ured (21). All the extracts were dissolved in 
distilled water to reach the final concentra-
tions of 0.2, 2, and 20 mg/ml and were stored 
at 4 °C until use.  
 

Paromomycin  
Paromomycin (125 mg/ 5ml syrup, Alhavi 

CO., Tehran, Iran) was purchased and used as 
a standard control drug. 
 

Animals and housing 
Thirty six female NMRI mice aged four to 

six weeks (Pasteur Institute, Tehran, Iran) 
were divided into six groups: C1 (negative 
control): uninfected, treated group, C2 (posi-
tive control): infected, untreated group, T1-
T3: infected, treated groups with AS-EtOH 
extract and P: infected, treated group with 
paromomycin. Six mice of equal mean body 
weight housed per cage. Before beginning the 
study, all the mice kept for ten days to adapt 
to the keeping place (animal house, University 
of Tabriz) and new conditions. In this period, 
they were evaluated for GI parasite infections 

using fecal smears and flotation methods, and 
they resulted in free from endo-parasites. Also, 
the result of Cryptosporidium oocysts in the ex-
amination of fecal smears stained with modi-
fied Ziel-Neelsen acid-fast staining in mice 
was negative. The animals were maintained 
under controlled temperatures of about 24 °C, 
with a photoperiod of 12 h light/dark and 
with humidity at approximately 45-50%.  

 

 Experimental infection and treatment 
NMRI female mice from all the groups were 

dosed on alternate days with 120 mg tetracy-
cline or 7.2 ml of 1% dexamethasone 21-
phosphate solution in 250 ml drinking water 
per cage (16). After completing the fourth 
dexamethasone dose, the mice in five groups 
(C2, T1, T2, T3, and P) were orally inoculated 
with 104 C. parvum oocysts in 100 ml PBS (18). 
After the experimental infection, mice in T1-
T3 groups were treated with 250 μl of 0.2 
mg/ml, 2mg/ml, and 20 mg/ml (5mg/dose) 
of A. spicigera extract, respectively. Uninfected 
mice in the C1 group received 20 mg/ml of 
AS extract, and infected control group (C2) 
received only distilled water. The P group was 
treated with 200 μl of paromomycin (5 
mg/dose). Administration of herbal extract, 
distilled water, and paromomycin was per-
formed 12h before oocyst inoculation, and 
lasted per 12 h for the next eight days (18, 22, 
23). The mouse challenge graphically was 
shown in short in Fig.1. 

 

 
Fig. 1: Experimental infection and treatment in NMRI mice model.  

A: Dexamethasone and tetracycline were dosed on alternate days. B: First dose of treatment that repeated per 
12 h. C:  Day 8 of Immune-Suppression Period. D: Oocyst counting and weight measuring daily. E:  Histo-

pathological evaluation 
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Diagnostic methods 
Oocyst counts and body weight gain 

The fecal pellets were gathered daily from 
each group for ten days. These fecal samples 
were suspended in 50 ml of distilled water and 
were left at room temperature for 5 min. Next, 
1ml of the upper suspension was put into a 
1.5-ml Eppendorf tube. Then, this part of the 
suspension was centrifuged at 8,000×g for 3 
min, and the supernatant was removed. Be-
sides, the pellet was re-suspended in a 1 ml 
solution of sucrose (1.2 g/cm3). The oocysts 
were counted by a light microscope at a mag-
nification of 1×400 and a hemocytometer. 
Furthermore, the number of oocysts per gram 
(OPG) was determined (24). Throughout the 
study, each of the mice was weighed daily, and 
the mean was used in data analysis.  
  
Histopathological analysis 

On day 10 post-infection (3 days after the 
end of treatment), using a diethyl ether over-
dose, all mice of the groups were humanely 
killed and then necropsied. Additionally, for 
histological examination, the intestine was re-
moved and placed in 10% formalin. The intes-
tines were paraffin-embedded, and 3-μm sec-
tions were prepared, and then were studied by 
hematoxylin–eosin (H&E) staining. Using a 
digital-camera microscope (EclipseE200-
coolpix-4500, Nikon, Tokyo, Japan), the ileum 
terminal portion (2 cm before the ileocecocol-
ic valve) of the sections were observed and 
photographed.  
 
Statistical analysis 

Statistical significance was determined by the 
one-way analysis of variance as well as t-tests. 
Using Statistical SPSS for Windows, issue 22, 
the data are presented as means ± standard 
error (SE) with P ≤0 .05 as the significant lev-
el.  
 
Ethics approval 

This study was undertaken by the bioethics 
committee of the University of Tabriz 

(http://ethics.research.ac.ir/IR.TABRIZU.RE
C.1398.018) and approved with code no. 
IR.TABRIZU.REC.1398.018 
 

Results 
 

Microscopic and Molecular analysis of 
Cryptosporidium oocysts 

As expected, the Cryptosporidium oocysts 
were observed in the obtained feces by MZN 
staining. In the PCR, the primer set amplified 
840bp fragments (Fig. 2). 

  

 
Fig. 2: Microscopic and Molecular analysis of Cryptos-

poridium oocysts. A: The oocyst in MZN staining 
showed by an arrow. B: PCR amplification of the 18S 
rRNA gene of Cryptosporidium; Lanes 1: C. parvum with 
840 bp fragment, Lanes 2: negative control, Lanes M: 

100-bp molecular marker (CinnaGen Co.Iran) 

 
Evaluation of A.spicigera extract on fecal 
oocyst counts and mean body weight  

All the examined mice from infected groups 
(C2, T1, T2, T3, and P) were considered Cryp-
tosporidium-positive, but symptoms such as di-
arrhea, were not seen in any of the infected 
mice. During or after the treatment period, no 
mouse died or exhibited drug toxicity symp-
toms or side effects. Three days after oocyst 
inoculation, oocyst shedding in infected test 
and control groups (C2, T1, T2, T3, and P) 
was determined and continued until the end of 
the experiment. The results demonstrated that 
at day four post-treatment, the test groups 
presented a decrease of the mean oocysts 
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number in comparison to day 3 (P<0.05), 
which remained constant throughout the 
treatment period. However, the C2 group ex-
hibited a high number of mean oocysts until 
day 10 (Table 1). Although parasite eradication 
could not be shown in any of the groups, the 
excreted oocysts number in the test groups 
was significantly lower than in the C2 group 
from day 3 to day 10 post-infection (P< 0.05; 
Table 1). The T1 and T2 groups had a lower 
number of mean oocysts than that of group 
C2 from day 3 (P<0.05), but a higher number 
of mean oocysts than those of P and T3 
groups from day 6 to 10 (P<0.05) (Table 1). 
On the last day of treatment (day 8), T3 and P 
groups exhibited a lower number of mean oo-

cysts than those of C2, T1, and T2 groups 
(P<0.05), and the percentages of decreased 
oocysts shedding were achieved to be over 
70% for these groups. But, they resumed in-
creasing in oocyst shedding after the end of 
treatment (days 9 and 10) (Table 1). In the un-
infected control group (C1), no excretion of 
oocyst was observed throughout the experi-
ment. 

Body weight gain/loss: Infected mice in the 
test and the C2 control groups showed a sig-
nificant reduction in mean body weight com-
pared to the healthy control (C1) (P< 0.05). 
No significant decrease in mean body weight 
was noticed in treated groups compared to the 
C2 group (P> 0.05).  

 
Table 1: Fecal oocyst counts (Mean ± SE) in mice groups 

 

 *Day     3 *Day     4 *Day     6 *Day     8 *Day     9 *Day     10 
**C1 0 0 0 0 0 0 
C2 5.40±4.59a 5.45±4.60a1 5.51±4.50a12 5.53±4.52a123 5.59±4.38a234 5.6±4.6a12345 
T1 5.22±4.08a 5.16±4.29ab1 5.10±4.20ab12 4.95±4.34ab123 5.08±4.53ab1234 5.12±4.22ab12345 
T2 5.20±4.36abc 5.10±4.38abc1 5±4.35abc12 4.86±4.08bc123 4.9±4.25abc1234 4.93±4.33bc2345 
T3 4.98±4.08ab 4.93±4.28abc1 4.84±4.16abcd12 4.61±4.14abcd123 4.77±4.35abcd1234 4.74±4.19abcd12345 
P 4.86±4.08ab 4.71±3.97ab1 4.52±3.69abcde12 4.12±3.32abde123 4.77±4.58abcde1234 4.42±3.39abcde12345 

Data are shown as Mean ± SE (in log 10). *Days post-infection. ** : Groups a,b,c,d,e: P<0.05 comparison of the same 
day of treatment in the different groups a. The statistical difference with the group C1; b. Statistical difference with the 
group C2; c. The statistical difference with the group T1; d. Statistical difference with the group T2; e. The statistical dif-
ference with the group T3; 1, 2, 3, 4, 5: P<0.05 comparison between days of treatment in the same group 

 

 
Histopathological analysis 

Histopathological examination of intestinal 
mucosa in 6 groups revealed differences con-
cerning villus/crypt (V/C) length ratios. The 
ileal sections of the infected control group 
(C2) demonstrated the existence of Cryptospor-
idium oocysts on the luminal surface of the 
epithelium lining the villi. These sections also 
exhibited altered mucosal architecture, with 
blunting, widening, and shortening of the in-
testinal villi and goblet cell hyperplasia (Fig. 3 
A-B). In any infected groups, the parasite was 
not completely eradicated from the intestine; 

however, ileal sections of infected, treated 
mice (T1, T2, T3, and P groups) showed a re-
duced number of Cryptosporidium oocysts. It 
was observed that the intestinal sections of all 
extract treated groups regained a typical archi-
tecture with standard villus/crypt length ratios, 
and brush borders were restored. (Fig.3C). No 
pathological changes and no parasites were 
identified in the intestinal sections of the C1 
group (uninfected, treated control group), 
which indicates that A. spicigera extract at the 
highest dose in this study (20mg/ml) did not 
negatively affect the health of the intestine 
(Fig. 3D). 
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Fig. 3: Ileum histopathological findings in different experimental mice groups: In the C2, A: Desquamation 
(big arrows) B: villous atrophy (V/C< 1/3) (head arrow) and hyperplasia of goblet cells (little arrow) (B) are 

observed. C: In the T3, the villus/crypt length ratios are standard (V/C: 1/3) (C). D: In the C1, the vil-
lus/crypt length ratios are standard (V/C: 1/3) 

 

Discussion 
 

Finding a natural product with anti-
Cryptosporidium properties used as a feed addi-
tive, was the initial hope underlying this exper-
iment. Since, in cryptosporidiosis treatment, 
the possibility of using plant extracts and de-
rivatives has been studied, such as Pine bark 
(25), Mangiferin (23), Allium sativum (garlic) 

(26), Punica granatum (27), Egyptian propolis 
(28), Oliva europaea (29) and curcumin (30,31). 

The therapeutic potential of A. spicigera in 
the present study was assessed based on oo-
cyst shedding pattern, histopathological find-
ings, and weight gain/loss. The doses of A. 
spicigera used in this experiment were effective 
in treating mice infected with C. parvum and 

resulted in no side effects. No changes in 
weight gain, behavior, or intestinal histo-
pathology were observed in uninfected mice 
treated with A. spicigera (C2).  

Our results revealed that A. spicigera at 20 
mg/ml has remarkable anti-Cryptosporidium ac-
tivity in mice. Furthermore, its activity was 
similar to that proved by the proposed dose of 
paromomycin in the past works (5, 32). In 
agreement with some previous researches, our 
findings showed that paromomycin and Arte-
misia could not eliminate Cryptosporidium infec-
tion. When garlic was used to treat HIV pa-
tients with confirmed cryptosporidiosis, com-
plete and partial remission occurred in some 
patients (33). Both paromomycin and man-
giferin could not inhibit the intestinal coloni-
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zation of C. parvum completely, but they re-
duced it (23). Furthermore, water and ethanol 
extracts of propolis failed to eradicate the in-
fection, but they reduced the oocyst shedding 
(28). These results are contrary to findings in 
other former studies into the anti-
Cryptosporidium activity of paromomycin and 
herbal extracts, which showed complete re-
mission of infection (26-27, 30-31). In com-
parison to the untreated mice, oocyst shedding 
was reduced in Artemisia-treated groups with 
time and dose-dependent patterns. The effect 
of time and dose of treatment on the reduc-
tion or elimination of Cryptosporidium infection 
has been shown in previous studies (23, 25, 26, 
30,31). Oocyst shedding was significantly de-
creased in the P. granatum-treated mice by day 
14 PI (P < .05) and was removed by day 28 PI 
(27). Moreover, the current study, like some 
previous researches, confirmed that the be-
ginning and duration of treatment and inter-
vals of repetitions affected the results (26, 28). 
Propolis extracts exhibited more efficacies in 
reducing oocysts excretion when given three 
days before the infection and continued for 
seven successive days (28). Riad et al demon-
strated the strong prophylactic effect of garlic 
when given before the infection (34). 

C. parvum infection negatively affects weight 
gain and feeding in infants and nursling ani-
mals like calves (5, 35). Low absorption arising 
from mucosal surface loss and chronic malab-
sorption may be the cause of weight loss (36). 
Despite more reduction in weight gain in the 
infected/untreated group (C2), extract treated 
mice showed no significant weight gains dur-
ing the treatment period (P ≥ .05). This find-
ing is against another study (27), and it maybe 

because of the experimentation׳s limited 
length. 

In the present study, histopathological alter-
ations included atrophy of the villi, increased 
desquamation, and goblet cell hyperplasia. 
Some previous studies indicated similar struc-
tural abnormalities in the ileal villi in Cryptos-
poridium infection in mice, rats, pigs, cats, man, 

lambs, and calves (26-28, 37, 38). Goblet cell 
hyperplasia could be a sign of infection be-
cause the cells have a crucial role in producing 
antimicrobial antibodies (39). Similarly, the 
villi from infected/extract-treated mice exhib-
ited decreased atrophy and hyperplasia and 
enhanced architectural symmetry (26, 27). 
Conversely, some examined extracts could not 
restore the symmetry of ileal villi and mucosa 
(28).  

The anti-coccidial activity of Artemisia spe-
cies has been demonstrated previously (40). 
Artemisia species contain considerable 
amounts of artemisinin and polymethoxy fla-
vonoids that they are important for the overall 
bioactivity of Artemisia plants (41). Like A. 
indica and A. abrotanum and some other species, 
artemisinin was not detected in A. spicigera ex-
tract (42, 7). Also, artemisinin and its deriva-
tives previously showed ineffectiveness against 
C. parvum and exhibited toxicity when given 
approximately 200 mg/kg to neonatal mice 
intra-rectally or subcutaneously (43).  In this 
way, Artemisia species may have alternative 
sources of other useful compounds with di-
verse modes of action.  

All solvent extracts of A. indica were found 
to contain typical poly methoxy flavonoids, 
and the highest levels of these contents were 
detected in the EtOH extract (42). In A. abro-
tanum L., a range of several flavonoids, couma-
rins and sesquiterpenes have been detected (7). 
In essential oil and extracts of A. spicigera, sig-
nificant amounts of phenol, flavonoids con-
tents have been detected (14, 15, 44). A posi-
tive result was seen between total phenol and 
flavonoid levels of samples and the free radi-
cal scavenging activity potential (44, 28). Phe-
nolic compounds are the major antioxidants 
of some herbal extracts like Propolis against 
Cryptosporidium (28). Antibacterial and antifun-
gal activity of A. spicigera is related to high lev-
els of these compounds (11, 14), found in this 
study as major compounds in As –EtOH ex-
tract. Therefore the activity of A. spicigera eth-
anolic extract against Cryptosporidium may be 
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owing to its rich contents of phenolic com-
pounds and flavonoids, demonstrated to be 
responsible for the anti-protozoal effect by 
enhancing oxidative defense mechanisms. 

 
Conclusion 
 

According to the pharmacological properties 
resulted from A. spicigera C. Koch in the current 
study, we proposed that it is a safe and effec-
tive treatment for cryptosporidiosis in a 
mouse model. Considering that Artemisia is 
native in Iran, and because of its easy and 
cheap accessibility, the use of this plant can 
propose. Nevertheless, more studies are nec-
essary to assess the applications of Artemisia 
spp. as complementary medicine in the man-
agement of Cryptosporidium infections. 
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