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ABSTRACT
Background: Cryptosporidiosis caused by Cryptosporidium spp. is a zoonotic disease and is the most prevalent pathogens worldwide
and leads to severe diarrhoeal diseases and affects the immunological status of the individual. Thus, the study was undertaken to
examine the anti-cryptosporidial efficacy of curcumin in comparison with ethanolic extract of curcuma longa in immunocompromised
mice infected with oocysts isolated from cattle calves of Jammu region and identified as Cryptosporidium parvum using nested PCR
on small subunit ribosomal ribonucleic acid (SSU rRNA) gene.
Methods: Two hundred female Swiss albino mice were equally divided into ten groups. Group I were kept as a healthy control, group
II were immunocompromised, group III were immunocompromised and infected, group IV animals were immunocompromised, infected
and treated orally with nitazoxanide. Animals in groups V to VII were immunocompromised, infected and treated with ethanolic extract
of C. longa @ 4, 6 and 8 mg/kg/day/os respectively whereas groups VIII to X were immunocompromised, infected and treated with
pure salt of curcumin @ 4, 6 and 8 mg/kg/day/os respectively for 5 successive days. Thus, mean oocysts per gram faeces, body
weight gain and histopathological changes were measured in different groups.
Result: Administration of curcumin as a therapeutic agent @ 8 mg/kg body weight for five days resulted in higher percent mean oocyst
reduction of 74.03% and improved body weight gain in experimentally infected mice. Histopathological changes showed that treatment
with oral curcumin (group X) in animals had minimal and improved intestinal lesions as compared to animals treated with C. longa
(group VII). Altogether, curcumin showed promising anticryptosporidial effects under in vivo conditions and deserves further exploration.
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INTRODUCTION
Cryptosporidium parvum is a well recognized cause of
diarrhoea in immunologically healthy and immuno
compromised humans and animals throughout the world
(Fayer,1986) and India (Brar et al. 2017) including recent
prevalence reported in Jammu region (Yadav, 2012).
Cryptosporidiosis is characterized by acute gastrointestinal
disturbances, mucoid or hemorrhagic watery diarrhoea,
fever, lethargy, anorexia and loss of body condition leading
to significant economic losses in farm animals (Navin and
Juranek, 1984). It is a potent food and drinking water
contaminant which severely affects superficial epithelial cells
throughout the entire gastrointestinal tract but can also be
rarely found in airways, pancreatic ducts and biliary ducts
(Laurent et al. 1999). Immunocompromised mice served as
an excellent model to study experimental C. parvum infection
(Ndao et al. 2013). Also, there is a recent report from Jammu
region on C. parvum infection causing severe enteric disease
in immunocompromised wister rats (Sood et al. 2019).

A major problem concerning C. parvum is the lack of
effective means for controlling infection. Many studies have
been tested against cryptosporidiosis but drugs of herbal
origin cause have been found to cause minimal side effects
and therefore newer effective alternatives must be explored
to anticryptosporidial treatment (Roth et al. 1998).
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C. longa commonly known as turmeric, has been shown
to possess anti-inflammatory, antiproliferative and potent
antioxidant properties. Curcumin is a yellow natural
polyphenolic compound extracted from turmeric root (C. longa).
The active compound of curcumin is diferuloylmethane [1,7
bis-(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-3,5-
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dione], which is mainly responsible for the pharmacological
effects (Shahiduzzaman and Daugschies, 2011).
Antiprotozoal activities of curcumin have been described for
Plasmodium falciparum (Cui et al. 2007), Leishmania spp.
(Koide et al. 2002) and Trypanosoma spp. (Nose et al. 1998).
Many other studies have highlighted anti-cryptosporidail
activity of curcumin (Khalafalla et al. 2011 and Cervantes-
Valencia et al. 2016). Therefore, the aim of the present study
was to evaluate the activity of ethanolic extract of C. longa
and curcumin against C. parvum oocysts isolated from the
faeces of cattle calves of Jammu region in Swiss albino mice.

MATERIALS AND METHODS
Collection and purification of parasite
The experiment was conducted in summer, monsoon, pre-
monsoon and winter seasons of Jammu region from the
starting session of January 2018 till the end of December
2018. Cryptosporidium oocysts were collected from an eighteen
day old cow calf suffering from clinical cryptosporidiosis, in
an organized cattle farm of Jammu region. Further, the
experiments were carried out in the department of veterinary
parasitology, Sher-e-Kashmir University of Agricultural
Sciences and Technology, R.S Pura, Jammu. Infection was
confirmed by modified Ziehl Neelsen staining technique
(Henricksen and Pohlenz, 1981). Confirmation of C. parvum
was done through amplification of gp 60 gene using a nested
PCR (Alves et al. 2003). Oocysts were purified from the
faeces by primary and secondary purification methods.
Primary purification of the oocysts from faeces was done
by modified Sheather’s sucrose floatation techniques
(Current et al. 1983) and secondary purification of the
oocysts was done by a discontinuous step-gradient
centrifugation technique (Arrowood and Sterling, 1987). The
final concentration of purified C. parvum oocysts was
adjusted to 108/ml using a Neubauer Chamber. It was fortified
with streptopenicillin (streptomycin @ 100 µg/ml and
penicillin @ 100 IU/ ml) and was stored at 4C for further use.

Preparation of ethanolic extract of C. longa

C. longa tuber was purchased from the local market,
completely dried, powdered and then ethanolic extract was
prepared. Ethanolic extract of C. longa was prepared as per
the method of Harborne (1998). The per cent extractability
of ethanolic extract was determined as per the formula,

Different working concentrations of C. longa extract
were prepared in HPLC grade methanol and stored in a
refrigerator at 4C.

Preparation of the stock solutions and calibration of
standard compound curcumin stock solution of the pure
reference compound, curcumin (sigma-Aldrich, USA) @ 1.0
mg/ml was prepared in HPLC grade methanol and stored in
a refrigerator at 4C. From the stock solution, working

solutions for each reference compound were prepared by
dilution with HPLC grade methanol. Two microliters of each
dilution was injected for the preparation of a calibration curve.

HPLC analysis
Curcumin was separated and quantified by a Shimadzu
HPLC system (Kyoto, Japan) consisting of an LC-10 ATvp
pump, SIL-10 ADvp automatic sampling unit (auto sampler),
CTO-10 and SCL-10 Avp as the system controller. Class
VP software (version 6.10) (Company, City and Country)
was used for data analysis and data processing. The
samples were analyzed at 30C on RP-18.5 μm, 250x 4
mm i.d. Merck (Darmstadt, Germany) column. Photo
Diode Array (PDA) detection was performed at 423 nm.
The analysis was carried out using a mobile phase of
methanol: water (2:3) which was delivered at a flow rate
of 0.7 ml/min.

The animals
The study was conducted on 200 female Swiss albino mice.
These mice aged two weeks, were procured from Indian
Institute of Integrative Medicine (IIIM), Jammu. Mice were
maintained in separate cages, provided with pelleted food,
water adlibitum and were initially acclimatized for one week.
Prepatent and patent periods were observed and mean
oocysts shedding were calculated. They were all free from
any parasitic infection on three consecutive days, as
determined by examining their stools using a formol-ether
concentration method and modified Ziehl-Neelsen technique
(Henricksen and Pohlenz, 1981).

Immunosuppression and infection
Immunosuppression in groups II to X animals was carried
at age of 3 weeks (seven days prior to the inoculation of the
infection) by administering dexamethasone @ 30 µg/ml in
drinking water and continued till the end of the experiment.
Mice of groups III to X were infected orally with 104 oocysts/
animal (Tarazona, 1998) at 4 weeks of age.

Experimental design
All the female Swiss albino mice were randomly divided into
ten groups i.e., group I to group X, with 20 animals each
which were housed in separate cages. Group I mice served
as healthy control and received distilled water. Group II mice
served as control for immunocompromised and were
administered dexamethasone @ 30 µg/ml in drinking water.
Group III mice were given dexamethasone and also were
given C. parvum oocysts @ 104 oocysts/animal (Tarazona et al.
1998) orally. Group IV animals were immunocompromised,
infected and treated orally with nitazoxanide @ 150 mg/kg/
day (Blagburn, 1998). Group V, VI and VII animals were
immunocompromised, infected and treated with ethanolic
extract of C. longa @ 4, 6 and 8 mg/kg/day/os, respectively.
Group VIII, IX and X animals were immunocompromised,
infected and treated orally with pure salt of curcumin (Sigma-
Aldrich, USA) and given @ 4, 6 and 8 mg/kg/day/os, respectively.
In the present study, initial dose (4 mg/kg/day/os) of curcumin
was used as per the findings of Cervantes-Valencia et al.

% Extractability =
Weight of the extract obtained

Weight of plant material (powder)
 taken for extraction

 100
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(2016) against Eimeria spp. (coccidian protozoa). Treatment
with all the therapeutic drugs was started simultaneously at
5th DPI and continued for 5 successive days i.e. upto 11th

DPI. Eight mice were euthanized humanly using ether
inhalation on 7 th DPI and the remaining 12 mice were
sacrificed on 11th DPI.

Parameters for therapeutic evaluation
Therapeutic evaluation of ethanolic extract of C. longa and
curcumin against experimental cryptosporidiosis in mice was
assessed based on oocysts per gram of faeces voided,
average body weight of the animals and pathological
alterations recorded in necropsy animals. In order to monitor
oocysts count throughout the experiment, pooled faecal
sample of the animals of each group were collected. Initially
the oocysts count was measured on day of treatment (0
DPT) followed by 3rd, 5th and 7th DPT. Per cent efficacy was
monitored on 7th day post treatment.

The number of oocysts per gram of faeces was calculated
using the method of Grinberg et al. (2002). The percent mean
oocysts reduction was calculated as per the formula,

Average body weight of the experimental animals was
recorded on 0, 5, 7, 9 and 11 DPI.

Statistical analysis of data was done using a two way
ANOVA (Snedecor and Cocharan,  1994)  and  the means
having significant difference were ranked as per Duncan’s
multiple range test (Duncan, 1955).

Further, for histopathological observations, intestines
were collected in 10% neutral buffered formalin. Paraffin
blocks were prepared, 4-6 µ sections were cut and stained
with haematoxylin and eosin stain (Luna, 1968).

Ethical aspects
The institutional animal Ethical Committee of Sher-e-
Kashmir University of Agricultural Sciences and Technology,
Jammu granted an approval for the conduct of present work
vide letter number-3/IAEC-17/2017.

RESULTS AND DISCUSSION
Results of nested PCR are shown in Fig 1 where
amplification of gp60 gene yielded a clear band of 850 bp,
confirming the presence of C. parvum in faecal samples of
cattle calves suspected to be suffering from cryptosporidiosis.

Extractability percent of ethanolic extract of C. longa
was recorded to be 6.4%. HPLC PDA chromatogram at 423 nm
showed peak of curcumin in a standard marker preparation
and in the C. longa extract sample. Resolution of curcumin
was clear and made their quantification easier. Analysis
revealed that the concentration of curcumin in extract was
1.6 µg/µL and showed characteristic retention time of curcumin
(13.192 min) as shown in Fig 2. Curcumin was considered
as the major chemical, constituting 25% of the extract.

The results of the present study showed that C. parvum
shedding in the mice started at 5 th DPI and at 7th DPI the
mean OPG was at its peak (8916±139) in infected control
animals (Group III) with % mean oocysts increase of 33.75%.
The mean OPG progressively decreased to 4216±981 at
11th DPI with % mean oocysts reduction of 36.75% (Table 1).
In group IV animals, the mean OPG count at 11th DPI was
the lowest (750±111.803) among all infected groups and
maximum percent of oocysts reduction (88.88%) was also

Fig 2: Chromatogram showing the peak of curcumin present in ethanolic extract of Curcuma longa.

% Mean oocysts reduction =

 100
Mean OPG (0 day) - Mean OPG (Post treatment)

Mean OPG (0 day)

Fig 1: Amplification of C. parvum by Nested PCR of gp60 PCR.
M-100 bp DNA ladder. Lane 1- Negative control, Lane 2 –

Positive control, Lane 3-Test sample.
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seen in this group. This is in accordance with Blagburn et al.
(1998) who also used 150 mg/kg and found it to be most
effective in reducing oocysts shedding. The treatment with
pure salt of curcumin on 11th DPI in group X resulted in
significantly lower mean oocysts count (1666±307.318) and
a higher percent mean oocysts reduction (74.03%) as
compared to group VII in which mean oocysts count was
2416.67±436.208 and mean oocysts reduction was 62.83%.
All doses of curcumin gave significantly higher mean oocysts
reduction as compared to different formulations of ethanolic
extract of C. longa containing equivalent concentration of
curcumin on 11th DPI. Anti-coccidial efficacy of curcumin has
been reported by Cervantes-Valencia et al. (2016) which
correlates with our findings.

Our study showed significant decrease in average body
weight of mice in group III animals (18.81±0.959) as
compared to group I animals (22.51±0.688) on 7 th DPI.
Present observations are in agreement with the findings of
Castro et al. (2012) and Mirza-Qavamiand Sadraei (2011)
who have also reported weight loss because of
cryptosporidiosis in mice. Also, on 7th DPI, the average body
weight was higher in groups of mice that received therapeutic
treatment including ethanolic extract of C. longa and
curcumin when compared to group III even though this
difference was non-significant. Moreover, the animals treated
with synthetic curcumin in group X showed higher body
weight (23.915±2.224) when compared with those
administered same dose of C. longa in group VII (23.01 ±
2.057) on 11th DPI (Fig 3).

The present study showed the peak oocysts intensity
on 7th DPI but, Mirza-Qavami and Sadraei (2011) reported
peak severity occurred on 9 th DPI and then infection
gradually subsided on 12th DPI and cleared by 16th DPI,
whereas Verdon et al. (1998) observed that infection cleared
off completely between 14 th and 21st DPI. No gross or
microscopic abnormalities were seen in gastrointestinal tract
of group I and II animals. In group III animals, intestinal
sections showed severe enteritis with stunted and fused villi
and severe infiltration of inflammatory cells were seen in
lamina propria and submucosa (Fig 4a). Numerous oocysts
were also seen attached to the superficial epithelium of
enterocytes. Similar pathological lesions in the intestines
as found in the group III animals in the present study have
also been observed by other workers (Castro et al. 2012).
Overall, animals in groups given anticryptosporidial therapy
showed only mild inflammation of lamina propria and no
oocysts were seen attached to the villi on 7 th DPI. Even
though, effects of treatment were best in group IV in terms
of minimal inflammation in GIT, group X animals also had
markedly reduced degree of inflammation and histological
sections appeared nearly comparable to those of animals
in group IV (Fig 4b). Furthermore, lesions were less severe
in groups given curcumin as compared to those given
ethanolic extract of C. longa.

The present study demonstrated the use of curcumin
@ 8 mg/kg body weight provided maximum reduction in
oocysts excretion, helped in maintaining body weight of
animals and reduced severity of intestinal lesions as

Table 1: Cryptosporidium spp. mean oocysts count and percent mean alteration in mice of different groups at different intervals.

                                              Period

Groups 5th DPI (0 DPT) 7th DPI (3 DPT) 9th DPI (5 DPT) 11th DPI (7 DPT)

Group I 0.000±0.000A 0.000±0.000A 0.000±0.000A 0.000±0.000A

Group II 0.000±0.000A 0.000±0.000A 0.000±0.000A 0.000±0.000A

Group III 6666.67±1370.320B,a,b 8916.67±1398.908C,b 6333.34±1229.273C,a,b 4216.7±981.63D,a

(33.75%) (4.99%) (36.75%)
Group IV 6750±1022.660B,C 4083.34±888.976B,b 2166.67±380.058B,a,b 750±111.803B,a

(39.51%) (67.91%) (88.88%)
Group V 6736±1487.447B 6000±1310.216B 5016.67±1331.770C 3250±727.438D

(11.11%) (25.68%) (51.85%)
Group VI 6333.34±1842.402B 5166.67±1301.708B 3866.67±1106.546B,C 2533.34±338.296C,D

(18.42%) (38.95%) (60%)
Group VII 6500±1543.805B,b 4666.67±401.386B,a,b 3750±381.881B,a 2416.67±436.208C,D,a

(28.21%) (42.30%) (62.83%)
Group VIII 6916.67±1135.904B,b 5166.67±691.215B,a,b 4666.67±833.333B,C,a,b 2916.67±554.026C,D,a

(25.30%) (32.53%) (57.83%)
Group IX 6540±1147.461B,c 4666.67±586.894B,b,c 3500±258.199B,a,b 2000±223.607B,C,D,a

(28.21%) (46.15%) (69.23%)
Group X 6416.67±723.610B,c 4166±781.736B,b 3083±597.448B,a,b 1666±307.318B,C,a

(35.06%) (51.94%) (74.03%)
abcMeans bearing different superscripts within a row differ significantly and A,B,C Means bearing different superscripts within the column
differ significantly.
Where, DPI- Days post infection and DPT- Days post treatment.
Values in parenthesis indicate % reduction in mean oocysts count in comparison to day 0 of the group.
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compared to ethanolic extract of C. longa. This could
probably due to the presence of other constituents in
ethanolic extract of C. longa and therefore interactions
among various constituents may be the cause of reduced
efficacy of ethanolic extract of C. longa as compared to  pure
salt of curcumin. Further studies can be carried out to
evaluate the ethanolic extract of C. longa and curcumin
which would be beneficial in the treatment and control of
cryptosporidiosis in other animal species and humans.
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