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ABSTRACT

In this study, the effects of camel milk in mice infected with T. gondii was evaluated. We established acute
and chronic infection mouse models, as well as a dexamethasone-based immunocompromised model. All mice were
treated with camel milk, milk, or phosphate-buffered saline (PBS), followed by analyses of survival rate, cyst count,
serum cytokine levels and brain inflammation in mice. There were significant differences in linear trend (P < 0.05) in
the survival curve of treating by camel milk, milk and PBS. And serum levels of IL-2 (P < 0.05) of camel milk-treated
mice were lower compared with milk group, while serum levels of IL-4 and IFN-y (P < 0.05 for both, P < 0.01 for
both) were higher of camel milk-treated mice than milk and PBS group. Additionally, camel milk reduced the extent
of brain inflammation in mice with chronic T. gondii infection and immunocompromised mice. Importantly, camel
milk alleviated the clinical symptoms of toxoplasmosis in mice. In conclusion, our findings suggest that camel milk
exhibits promise for preventing or treating T. gondii infections.
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Toxoplasma gondii is an obligate intracellular
protozoan parasite that can infect almost all warmed-
blooded animals, including humans (Liu et al, 2015;
Yang et al, 2013). Approximately one-third of the
human population has been exposed to T. gondii
(Zhang et al, 2016). In humans, T. gondii infections
predominantly occur via consumption of water or
raw meat contaminated with T. gondii oocysts (Dubey,
2008; Montoya and Liesenfeld, 2004). During acute
infection, tachyzoites proliferate and subsequently
transform into cysts to establish a chronic infection
in the brain preferentially (Suzuki, 2020). Infections
with T. gondii can be life-threatening, especially in
immunodeficient patients, as they cause cerebral
and ocular damage and even death (Zhang et al,
2016). Furthermore, reactivation of latent infection
in immunocompromised individuals can result in
fatal toxoplasmic encephalitis, myocarditis, and
pneumonitis (Eza and Lucas, 2006 and Saadatnia and
Golkar, 2012). Infections with T. gondii also lead to
the induction of potent cellular immune responses.
Upon activation, macrophages and T lymphocytes
produce various cytokines, including interleukin
(IL) and interferon-y (IFN-y), which inhibit parasite

replication in haematopoietic and nonhaematopoietic
cells, prevent the activation process of latent infection,
and promote extracellular parasite lysis (Benevides et
al, 2019; Khan et al, 1994; Kugler et al, 2016 and Xing
et al, 2017).

Camel milk is an important nutritional source
for pastoralists in many African and Asian countries.
Camel milk has exceptionally high nutritional and
medical value (Abrhaley and Leta, 2018). Camel
milk is low in cholesterol and high in minerals
(e.g., sodium, potassium, iron, copper, zinc cobalt,
magnesium, manganese, and molybdenum)
(Abrhaley and Leta, 2018 and Saini et al, 2007).
Additionally, studies have shown that camel milk
may alleviate liver conditions, malnutrition, vitamin
deficiency, and allergic reactions, as well as prevent
diabetes and improve immune system function (Khan
et al, 2021; Wernery, 2006). Moreover, rats consuming
camel milk have been shown to have higher IFN-y
levels compared to those consuming yak milk or cow
milk (Wen et al, 2017).

Based on the complexity of the T. gondii life
cycle, the diversity of its pathogenesis, and biological
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characteristics, there are currently no effective
preventive or therapeutic agents for T. gondii infection
(Konstantinovic et al, 2019). The sulfonamides are
commonly used in the clinical (e.g., sulfadiazine) may
alleviate symptoms in patients infected with T. gondii,
they do not provide a cure and may cause significant
toxicity (Ben-Harari ef al, 2017). Therefore, more
effective and safer therapeutic agents are urgently
required. In this study, we examined the ability
of camel milk to treat acute and chronic T. gondii
infection in mice.

Materials and Methods

Animals, parasites, and drugs

Six-week-old female Kunming mice were
purchased from Inner Mongolia University. Mice
(five per cage) were given ad libitum access to food
and water and housed with a 12-h light/dark cycle.
Animal protocols were reviewed and approved by the
Inner Mongolia Agricultural University Laboratory
Animal Welfare and Animal Experimental Ethical
Inspection Committee (approval no.: 2020-037).
Prugniaud strains of T. gondii were obtained from
the National Animal Protozoa Laboratory of China
Agricultural University. Camel milk was obtained
from Alxa Bactrian camels in Alxa Left Banner, Inner
Mongolia, China. Dexamethasone was purchased
from Henan Runhong Pharmaceutical Co., Ltd.
Enzyme-linked immunosorbent assay (ELISA) kits for
IL-2, IL-4, and IFN-y were purchased from Shanghai
Jingmei Bioengineering Co., Ltd.

Acute infection

Mice were treated daily by oral gavage with 100 pL
of camel milk, milk or phosphate-buffered saline (PBS),
respectively (n=12 mice per group). Five days later, the
mice were intraperitoneally injected with 100 uL of PBS
containing 20 cysts and the control with 0.1 mL PBS only.
On 14 day post-infection (PI), the trial was over and the
survival curve was drawn. Another group was treated as
described above. On day 7 PI, the mice were sacrificed.
Additionally, blood samples were collected and serum
levels of 1L-2, [L-4, and IFN-y were measured via ELISA
following the manufacturer’s instructions.

Chronic infection

Mice were treated daily by oral gavage with 100
uL of camel milk, milk or PBS (n=12 mice per group).
Five days later, the mice were intraperitoneally
inoculated with 100 uL PBS including 3 cysts and the
control injected with 100 pL of PBS alone. On 56 day
PI, the mice were sacrificed, and cysts were counted.
Brain tissue sections were prepared and stained
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with hematoxylin and eosin (H&E) to assess tissue
inflammation (Afifi and Al-Rabia, 2015; Chen et al,
2020).

Immunosuppression

Mice were treated by oral gavage with 100 pL
of camel milk, milk, or PBS (n=12 mice per group).
Five days later, mice were intraperitoneally injected
with 100 pL PBS including 3 cysts or 100 pL of PBS
as a control. On 56 day PI, the mice were injected
intraperitoneally with 3 mg/kg of dexamethasone
every 2 days. The modified SHIRPA protocol was used
to assess infection severity every 2 or 3 days, and on the
last day of the experiment (Rogers ef al, 1997). On 63
day PI, the mice were sacrificed by cervical dislocation,
and brain tissue sections were stained with H&E.

Toxoplasma gondii cyst counting

The brains of sacrificed mice were homogenised
in 2 mL of PBS. A 20-pL sample of each homogenate
was absorbed to blood counting chamber and counted
three times microscopically (only count intact cysts
were counted). Then the mean number of cysts count
per brain was calculated.

Clinical scores

Clinical examination of mice was performed
using the modified SHIRPA protocol included a
series of individual tests, which provided quantitative
data about an individual performance (Rogers et
al, 1997). The tests were performed in the following
order, and one point was given for conformity:
piloerection, abdominal writhing, weight loss,
diarrhoea, lacrimation, palpebral closure, moving
speed, reflexive escape from touch, spontaneous
tremors, reduced grip strength, hunched posture, and
changes in respiration rate (hyperventilation) (Estato
et al, 2018). The control group was regarded as no
changes in the clinical score.

Statistical analysis

GraphPad Prism software was used in plotting
and data analysis. Data are expressed as the means +
standard deviations (SD). Statistical significance was
determined using two-tailed t-tests. P-values < 0.05
were considered to indicate statistical significance (*,
P <0.05; *, P <0.01; ***, P < 0.001).

Results

Effects of camel milk on the survival rate and
cytokine levels of mice with acute T. gondii infection

All non-infected control mice survived. By
contrast, infected mice treated with camel milk,
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Fig 1. Survival of mice with acute T. gondii infection. Mice were treated daily by oral gavage with 100 pL of camel milk, milk or
PBS, respectively. Five days later, the mice were intraperitoneally injected with 100 pL of PBS containing 20 cysts and the
control with 0.1 mL PBS only. No deaths were observed in the control group. Camel milk treatment prolonged the survival
rate of mice with acute T. gondii infection.
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Fig 2. Serum cytokines levels in mice with acute T. gondii infection. Mice were treated daily by oral gavage with 100 pL of camel
milk, milk or PBS, respectively. Five days later, the mice were intraperitoneally injected with 100 uL of PBS containing 20
cysts and the control with 0.1 mL PBS only. On 7 day PI, the mice were sacrificed and the levels of serum cytokines were
measured. Serum levels of IL-2 (a), IL-4 (b), and IFN-y (c). Data are shown as the means * standard deviations (SDs; n=12
mice per group). ¥, P < 0.05; **, P <0.01.

i milk, or PBS started dying at 8 day PI. The 10-day

5+ survival rate of mice treated with camel milk was
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Fig 3. Effects of camel milk on the number of cysts in the H}feCted mice, wherejas t_h.e Ieve1§ of IFN_Y. were
brains of mice with chronic T. gondii infection. Mice higher. There were significant differences in the
were treated daily by oral gavage with 100 uL of  levels of IL-2 between mice treated with camel
camel milk, milk or PBS. Five days later, the mice were milk and those treated with milk (P < 0.05; Fig 2a).
intraperitoneally inoculated with 100 pL PBS including Additionally, serum IL-4 levels differed significantly

3 cysts and the control injected with 100 uL of PBS alone. . .
On 56 day PI, the mice were sacrificed, and cysts were between the camel milk group and the milk group,

counted. Data are shown as the means +SDs (n=12 mice ~ aS well as between the camel milk group and the PBS
per group). ***, P < 0.001. group (P < 0.05 for both; Fig 2b). Compared with
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Effects of camel milk on brain inflaimmation in mice with chronic T. gondii infection. Mice were treated daily by oral
gavage with 100 uL of camel milk, milk or PBS. Five days later, the mice were intraperitoneally inoculated with 100 pL
PBS including 3 cysts and the control injected with 100 pL of PBS alone. On 56 day PI, the mice were sacrificed, brain tissue
sections were prepared and stained with hematoxylin and eosin (H&E). (a-c) Brain tissue sections with different extents of
inflammatory cell infiltration. Brain tissue section from T. gondii-infected mice treated with PBS (a), milk (b), or camel milk
(c). Scale bar: 50 pm.

Effects of camel milk on brain inflammation in immunocompromised mice. Mice were treated by oral gavage with 100
uL of camel milk, milk, or PBS. Five days later, mice were intraperitoneally injected with 100 uL PBS including 3 cysts or
100 pL of PBS as a control. On 56 day PI, the mice were injected intraperitoneally with 3 mg/kg of dexamethasone every 2
days. On 63 day PI, the mice were sacrificed, brain tissue sections were prepared and stained with hematoxylin and eosin
(H&E). (a-c) Brain tissue sections with different extents of inflammatory cell infiltration. Brain tissue section from T. gondii-
infected mice treated with dexamethasone and PBS (a), dexamethasone and milk (b), or dexamethasone and camel milk (c).
Scale bar: 50 um.

15+ - IFN-y levels in the camel milk group, those in the
milk and PBS groups were significantly lower (P <
b 0.01; Fig 2c).

101 — -1 Camel milk reduces the cyst counts and brain
inflammation in mice with chronic T. gondii
infection

5- As expected, no cysts were observed in the
brains of non-infected mice. The cyst counts in the
brains of chronically infected mice treated with
camel milk, milk, and PBS were 1.86/unit, 3.72/
unit, and 4.19/unit, respectively (Fig 3). The cyst
count differed significantly between the camel milk

. . : . and milk groups (P < 0.001), as well as between
gondii-infected immunocompromised mice. Mice were .
treated by oral gavage with 100 uL of camel milk, milk, the camel milk and PBS groups (P < 0.001). These
or PBS (n=12 mice per group). Five days later, mice were findings suggest that camel milk can reduce the
intraperitoneally injected with 100 pL PBS including 3 ~ number of cysts in the brain of mice with chronic

cysts or 100 L of PBS as a control. On 56 day PI the T gondii infection. Furthermore, we found that
mice were injected intraperitoneally with 3 mg/kg of pyopjc T, gondii infection resulted in extensive

dexamethasone every 2 days. The modified SHIRPA infil . £ infl s i he brai
protocol was used to assess infection severity every 2 or infiltration of intlammatory cells into the brain

3 days, and on the last day of the experiment. The control (Fig 4a). Notably, camel milk reduced the extent of
group was regarded as no changes in the clinical score. immune cell infiltration (Fig 4c).
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Effects of camel milk on clinical performance in T.
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Camel milk reduces the extent of brain inflammatory
responses in immunocompromised mice

In immunosuppressed mice, T. gondii infection
induced extensive infiltration of inflammatory cells
into the brain (Fig 5a). Importantly, camel milk
profoundly reduced inflammatory responses in the
brain in response to T. gondii infection (Fig 5c).

Effects of camel milk on clinical performance in T.
gondii-infected immunocompromised mice

At up to 8 days after T. gondii infection, we did
not observe any obvious clinical signs, which was
consistent with the clinical course of toxoplasmosis.
Clinical signs were observed starting at 3 day PI
and peaked at 12 day PI. Dexamethasone treatment
improved the clinical performance of the infected
mice. Severe clinical signs included palpebral closure,
a hunched posture, and changes in the respiration
rate (hyperventilation). Interestingly, clinical signs
differed significantly between mice treated with camel
milk and those treated with milk (P < 0.001) or PBS
(P <0.001) based on the Modofied-SHIRPA protocol.
By contrast, there were no significant differences in
clinical signs between the milk and PBS groups (P >
0.05; Fig 6). These results were consistent for up to 63
day PI was just showed because the mice was infected
chronically all the time (chronic infection).

Discussion

We found that camel milk prolonged the
survival of mice with acute T. gondii infection,
although the differences in the survival rate among
groups were not significant. This discrepancy
may be explained by the high virulence and rapid
proliferation of T. gondii. Additionally, mice with
acute T. gondii infection exhibited significantly lower
serum IL-2 and IL-4 levels and higher IFN-y levels
compared to control mice. Type 1 helper (Thl) cells
induce cellular immune responses by releasing IL-2
and IFN-y, which are key inflammatory mediators
in mice infected with T. gondii (Yang et al, 2008). IL-2
further enhances IFN-y production, establishing a
positive feedback loop that induces potent immune
responses (Fang et al, 2000). Consistent with our
findings, previous in vivo studies have shown that
IL-2 significantly prolongs the survival of T. gondii-
infected mice (Cheng et al, 2010; Fang et al, 2000).
However, we found that the serum levels of IL-2
were lower in mice infected with T. gondii than
in non-infected mice, possibly due to the dual-
directional regulation of IL-2 and IFN-y production.
IFN-y has been demonstrated to prevent tachyzoite
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proliferation and growth by activating cerebral cells
and promoting innate and T-cell-mediated immune
responses (Suzuki, 2020; Suzuki et al, 2011); this effect
of IFN-y might have contributed to the prolonged
survival of mice with acute infection. Type 2 helper
(Th2) cells activate humoral immune responses by
releasing IL-4 and other cytokines that induce B-cell
activation. Cytokines secreted by Thl and Th2 cells
often have contradicting effects (Cheng et al, 2010;
Vander et al, 2000). Although our results suggest that
camel milk has protective effects in mice with acute
T. gondii infection, the role of the Th1/Th2 balance
in the protective effects of camel milk merits further
investigation.

Compared with acute infection, camel milk
also played an important role in inhibiting chronical
infection of T. gondii in mice. Previous studies have
shown that a suitable animal model of chronic T.
gondii infection can be established with intraperitoneal
T. gondii inoculation in mice (Liu et al, 2005). Notably,
camel milk profoundly reduced the number of cysts in
the brains of T. gondii-infected mice. Moreover, camel
milk markedly inhibited inflammatory responses in
the brain, pinpointing the protective effects of camel
milk against chronic T. gondii infection.

Dexamethasone treatment in immuno-
compromised mice further impairs the ability of
the immune system to control T. gondii infection.
In this study, we found that camel milk strongly
inhibited inflammatory responses in the brain of
T. gondii-infected immunocompromised mice,
providing further evidence of the protective effects
of camel milk. It is worth noting that compared
with immunocompetent mice with chronic T. gondii
infection, T. gondii-infected immunocompromised
mice exhibited stronger inflammatory responses,
suggesting that the severity of T. gondii infection may
be regulated by host immunity. A previous study
showed that the numbers of cysts were higher in the
hippocampus and cerebral cortex of T. gondii-infected
mice than in the brain stem and epencephalon
(Bao et al, 2006), in accordance with the ability of
T. gondii to impair learning and memory in mice
(Witting, 1979). Interestingly, we found that mice with
severe toxoplasmosis displayed palpebral closure, a
hunched posture, and changes in the respiration rate
(hyperventilation). Camel milk significantly alleviated
these clinical signs of toxoplasmosis. In conclusion,
our findings indicate that camel milk exhibits promise
for preventing or treating T. gondii infections. The
mechanisms underlying the protective effects of camel
milk warrant further investigation.
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News

First ICO International Experts Congress (ICOIEC)

First online meeting of ICO International Experts Congress (ICOIEC) in collaboration with
UNESCO on ‘Cultural practices related to camel traditions to advance the SDGs” was held on 29 June
2021. Opening remarks were given by the H.E. Mr. Fahad F. bin Hithleen, Founder & President of
International Camel Organization and Mr. Ernesto Ottone R. Assistant Director-General for Culture,
UNESCO. There were four thematic sessions, i.e. Safeguarding the living cultural heritage enshrined in
the camel traditions; Sustaining the local practices of camel herding for socio-economic development;
Leveraging camel-based practices for biodiversity preservation and climate change adaptation and
mitigation, and Bolstering evidence on the scientific and educational dimensions of the camelid
traditions. The rapporteurs were Mr. Ahmed Skounti, Morocco; Dr. Ilse Kohler-Rollefson, LPPS,
India and Germany; Ms. Hindou Oumarou Ibrahim, Chad and Dr. Laura Yereshekova, Kazakhstan.
Various speakers were H.H Prince Sultan bin Saud bin Mohamed, Vice President of ICO to the State
of the Headquarters, Saudi Arabia; Dr. Ed Emiri, London, Ms. Ayjarkin Kojobekova, Expert on living
heritage; Dr. Hanan Abdel-Mawla, Sudan; Prof. Abdel-Razek Kakar, UAE; Prof. Hani Hayajneh,
Jordan; Prof. Lulu Eskidmore, UAE, Ms. Delaram Kiramat, Uzbekistan; Prof. Abdul Malik Ibrahim
Khalaf Allah, UAE and Prof. T K Gahlot, India. Closing remarks were given by the Secretary-General
of ICO. The one-day event organised by ICO in collaboration with UNESCO was aimed to highlight
the connections between camel traditions and the achievement of the UN 2030 Agenda for Sustainable
Development, and notably their contribution to SDG 1 on reducing poverty, SDG 2 on fighting hunger,
SDG 4 on education for sustainable development, SDG 8 on decent work and employment, SDG 11
on sustainable communities, SDG 12 on responsible consumption and production, and SDG 15 on
environmental sustainability.

Media outlet and Camel Milk in Pakistan

KARACH!: Every day from 7am to 6pm, Mangi Baloch and her sisters a
present on one side of Korangi Creek Road with their camels Razia,
Saima, Agsa and the latter’s calf Shahzada. They sell camel milk to
passersby.

Glimpses of online presentations of First ICO International Experts Congress

First ICO International Experts Congress (ICOIEC)

unesco
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