Investigation of anti-inflammatory and analgesic activities of camel
milk in animal models
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Abstract: Opioids and non-opioids have long been used as analgesic, anti-inflammatory and antipyretic. Long-term use
of these drugs may lead to severe toxicities. Therefore natural remedies are now being explored to avoid risk of adverse
effects associated with the use of these conventional medicines. Bioactive components from milk of different species
have been identified as nutraceuticals, but no experimental or clinical study is conducted so far to explore the analgesic
and anti-inflammatory potential of camel milk. In this study we evaluated camel milk for its possible analgesic and anti-
inflammatory activity. The anti-inflammatory effects of camel milk was studied in rats using paw edema method
(induced by acetic acid) while tail-flick method was used to evaluate its analgesic effect in mice. Significantly increased
tail-flick latency was shown after camel milk (33ml/kg) treatment when compared with acetylsalicylic acid at all time
intervals. Anti-inflammatory activity of camel milk was significant (p<0.001) at 4™ hour of treatment as shown by
maximum percentage inhibition in edema volume (46.84%) in comparison to control. Results of our present study
suggested possible use of camel milk as adjuvant therapy in treating various chronic pain and inflammatory ailments.
Camel milk could further be investigated in future for recognition of biochemical constituents responsible for its anti-
inflammatory and pain relieving activities.
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INTRODUCTION

renal damage, and possible cardiovascular toxicity
(Sostres et al., 2010; Whelton, 2000). New generation

Pain and inflammation are nonspecific symptoms of many
chronic diseases such as inflammatory bowel disease,
rheumatoid arthritis, psoriasis, many types of infections as
well as tumor and malignancies (del Rincén et al., 2003;
Fujino et al., 2003; Macarthur et al., 2004).Our body
responds naturally to injurious stimuli and provides first
line defense via initiating inflammatory response. After
tissue injury excessive production and accumulation of
arachidonic acid metabolites such as leukotrienes,
thromboxanes and prostaglandins via lipooxygenase
(LOX) and cyclooxygenase (COX) pathways play a vital
role in eliciting pain and inflammatory responses
(Higuchi et al., 1985; Vane et al., 1987).

Non-steroidal anti-inflammatory drugs (NSAIDs) and
opioids have widely been used to relieve pain,
inflammation and fever for many years (Yaksh et al.,
2011). Even in current clinical practice COX inhibitors
are  mainstay in  analgesia among  available
medicines(Kehlet et al., 1999; Raffa, 2001). Newly
developed formulations are well absorbed, easy to
administer and economical, but unfortunately chronic use
of these classical medicines carry a high risk of severe
adverse effects including gastrointestinal complications,
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selective COX-2 (cyclooxygenase-2) inhibitors although
have an improved safety profile (Coruzzi et al., 2007) but
their use still require constant vigilance. Therefore, new
safer replacements for current analgesic and anti-
inflammatory drugs without those reported side effects
are being explored globally.

Milk from different animal species including bovine, goat
and camel has been served as good source of nutrition for
many years. Bioactive active substances in fresh and
fermented camel milk have now been identified as
functional food and many research studies in recent years
reported health benefits with the use of these milk-derived
constituents(Khatoon and Najam, 2017; Meisel, 1997).
Review of literature recommend that camel milk has
remedial potential and might be utilized in the treatment
of diabetes, viral and bacterial infections, hypertension
and serve as immune booster and anti-carcinogenic
(Yadav et al., 2015). Neuroprotective potential of camel
milk was also identified recently (Khatoon et al., 2016;
Khatoon et al., 2015).Yamaguchi and colleagues (2009)
reported anti-inflammatory and anti-nociceptive effects of
milk from cow and other species as its novel function, but
no in vivo or in vitro studies have been conducted so far
on camel milk to identify its anti-inflammatory and pain-
relieving potential. Therefore, the present investigation
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was intended to determine the efficacy of camel milk as
an alternate source to alleviate pain and inflammation if
consumed orally.

MATERIALS AND METHODS

Experimental animals

Swiss albino mice (20-30g) and albino rats (200-250g) of
either sex were used for analgesic and anti-inflammatory
activities respectively. Animals were handled according
to the guidelines for the care and use of laboratory
animals provided by National Institute of Health (NIH
publication #80-23). BASR (Board of Advanced Studies
and Research), University of Karachi, Pakistan approved
the study (Resol.#10(P)01) dated: 03-03-2014.

Camel milk
Milk of one-humped camel was purchased from local
farm house and kept at -6 to -8°C till its use.

Drugs and chemicals

Ibuprofen (Abbott Laboratories, Pakistan, Ltd.), acetic
acid and acetylsalicylic acid from Sigma Chemicals, USA
were purchased for our study.

Analgesic activity

Tail-flick test

Mice (Swiss albino) were selected randomly, distributed
into 3 groups (gp), each comprises of ten animals. First gp
(control) received distilled water (0.5ml), second gp
(experimental) administered 33ml/kg of camel milk
(Salwa et al., 2010) and 3rd gp (standard) received 70 mg
/kg of acetylsalicylic acid (Olaleye et al., 2000). Each of
the drugs was given by oral means 30 minutes before the
investigation.

The reaction time was measured as tail-flick latency as
per the technique given by Olaleye et al. (2000) utilizing
preheated water bath maintained at 50.0 * 1.0°C
temperature. According to the procedure, one-third of the
tail was immersed in preheated water bath and response
was recorded in seconds as tail-flick latency. The
response was measured when animal flicks its tail from
hot water bath. Twenty seconds were imposed as a cut-off
time to protect tissue from thermal damage. Pre-treatment
reaction time of all treatment groups was measured at 0
minute as baseline. Reaction time was measured every 30
min interim after respective treatment to each group till
210 minutes (Olaleye et al., 2000).

Anti-inflammatory activity

Acetic acid-induced paw edema

The study was conducted on rats (Wistar albino). Thirty
animals were distributed into three groups as follows:
Control group assigned number 1, was on distilled water
treatment (0.5 ml p.o), test group assigned number 2, kept
on camel milk treatment (33ml/kg, p.o) (Salwa et al.,

2010) and reference group assigned number 3, on
ibuprofen 100 mg /kg p.o (Choi et al., 2005).

All groups were subjected to their respective treatments
on the day of experiment. Later on, 30 min after treatment
1% wiv acetic acid was injected (0.1ml) in sub-plantar
region of left hind paw to induce edema. Baseline paw
size of each animal in all treatment groups was measured
via Plethysmometer (Ugobasile, Italy) before treatment
(at O hour). Subsequently, paw size was measured every
one-hour interval after acetic acid injection till four hours
(Anser et al., 2015).

Determination of paw size using Plethysmometer

Anser and Najam (2015) used the same apparatus in their
study, consisted of two interconnected measuring tubes
made up of transparent plastic, each having a platinum
electrode. Water was used to conduct electricity and filled
in each measuring chamber. The paw was immersed in
the first measuring tube. Water displacement as a result of
paw-immersion brought about change in conductance
between the two electrodes. The change in conductance
was detected by the control unit of Plethysmometer and
transmitted to the digital display, designated as the
volume displacement in ml (Anser et al., 2015).

The anti-inflammatory activity was measured by Rachehh
and colleagues (2011) as % inhibition calculated by the
formula :

% inhibition= [1-(AVt/AVc)]x100
Where,

AVt is mean increase in paw
milk/ibuprofen-treated animals.

AVc is mean increase in paw size for control animals.

size for camel

STATISTICAL ANALYSIS

Two-way ANOVA (analysis of variance) using SPSS
(Statistical Package for the Social Sciences version 20 for
windows) was used to statistically analyze the data,
presented as mean <+ standard deviation (SD).
Significance between groups was analyzed by Scheffe
post-hoc. The difference between groups was considered
significant at P value less than 0.05.

RESULTS

Analgesic activity of camel milk

The outcomes of anti-nociceptive activity of camel milk
are shown in fig. 1. Mice in control group did not exhibit
any substantial change in response latency throughout the
whole experiment. Camel milk revealed significant
increase in tail-flick latency when compared to control
group at all intervals, which was reached to its maximum
(12.50+£4.00) at 60 minutes. On the other hand, the
maximum activity of acetyl salicylic acid was 8.70
seconds (£2.79) appeared at 120 minutes. The results
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showed that increase in tail-flick latencies for camel milk
remains significant (p<0.001) till 210 minutes when
compared with control. The fig. 1 also illustrated that till
90 minutes camel milk was more effective than acetyl
salicylic acid with reaction time of 8.00 seconds
compared to 7.7 seconds respectively. However, at 150
minutes both groups showed same activity ie. 4.5
seconds.

18 Analgesic activity of camel milk
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Mean values £ S.D (n=10). Two-way ANOVA was used to
calculate significance and Scheffe test for post-hoc analysis.
"'p< 0.001, * p< 0.01 and p < 0.05 when compared with
control .**p < 0.001 in comparison to standard (Acetyl salicylic
acid).

Fig. 1: Analgesic activity of camel milk

Anti-inflammatory activity of camel milk

The results of anti-inflammatory activity showed that
strong edema was produced in the rats’ paw of all treated
groups following sub-plantar injection of acetic acid
(table 1). The edema volume reached to its peak after 3
hours and started to decrease at fourth hour in group 1 and
2 (control and camel milk respectively). In comparison to
control group, camel milk showed significant reduction (P
< 0.001) in paw edema volume (0.59+0.18) at fourth hour
of treatment with percentage inhibition of 46.84. The
reference group (group 3) revealed its previously
recognized anti-inflammatory effect as shown by
significant inhibition (P < 0.001) in edema volume and
time-dependent increase in percentage inhibition at all
intervals throughout the experiment. Within camel milk
treated group, the edema size at fourth and first hour of
treatment was nearly same (0.59+0.18 and 0.59+0.30 ml
respectively), suggested its delayed onset anti-
inflammatory activity.

DISCUSSION

NSAIDS are commonly prescribed for symptomatic relief
of pain, fever and inflammation but these agents have
some side effects including gastric ulcer, cardiac
abnormalities, renal insufficiency and bronchospasm.
Therefore, researchers are now focusing on plants and
other natural dietary products such as turmeric, fish
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derived omega 3 and 6 fatty acids, camel milk, olive oil
and other polyphenols, flavonoids, steroids, and terpenes
containing  products as they have different
pharmacological activities including analgesic, antipyretic
and anti-inflammatory effects (Khalid et al, 2018).
Analgesics act either centrally or peripherally and
producing pain-relieving effect without fluctuating
consciousness (Hijazi et al., 2017). Centrally acting
analgesics act by modifying the physiological response to
pain via increasing pain threshold. However, via
peripheral pathway pain is relieved by aspirin and other
drugs by blocking detection of pain impulses by
nociceptors in the periphery (Shreedhara et al., 2009). In
the current study camel milk has been investigated for its
possible analgesic and anti-inflammatory activity by using
tail flick and acetic acid-induced rat paw edema method.
The results of the present study showed that camel milk
elicited acute and prolonged analgesic activity and
exhibited substantial increase in reaction time at 30
minutes, reached to its peak at 60 minutes and the effect
was maintained throughout the experiment when
compared with control and aspirin treated groups. AL-
Awadi and Srikumar, (2001) reported that other than all
dietary benefits camel’s milk also possesses higher zinc
content than milk of any other specie including human
milk. Zinc functions as a modulator of the immune
response by improving adaptive immunity and inhibition
of prostaglandins, interleukin and other inflammatory
cytokines production (Bonaventura et al., 2015; Prasad et
al., 2011). Other than zinc the protein in camel’s milk
(casein and whey proteins) is present in nearly the same
proportion as that in cow’s milk, whereas protein content
is lowest in human milk when compared milk from other
mammals (Yadav et al, 2015; Jenness, 1974). Camel
milk contains about 3% protein content, of which caseins
represent 80% of total proteins (Khatoon and Najam,
2017). Caseins are precursors of a significant number of
opioid peptides described as B-casomorphins (Carrillo et
al., 2018). These opioid peptides have been evaluated in
different animal and human models, demonstrating their
efficacy against pain (Grecksch et al., 1981; Matthies et
al., 1984).

It is manifested that acetic acid-induced edema is biphasic
and used as a standard model to assess the anti-
inflammatory activity of drugs and chemicals. Initially,
after first to second hour of acetic acid administration
inflammation is mediated by the synthesis of
prostaglandins and release of kinin, serotonin and
histamine which is persisted in late phase due to the
release of bradykinins, prostaglandin and other mediators
(Das et al., 2011). In the present study camel milk treated
group revealed delayed but significant reduction in paw
edema after 3 to 4 hour as compared to control that
represents that its slow-onset anti-inflammatory activity
could be due the inhibition of synthesis and release of
second-phase inflammatory mediators. Our results are in
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Table 1: Anti-inflammatory activity of camel milk

Before acetic | 1 hr after acetic . .
; . After acetic acid treatment
Treatment acid treatment acid treatment . . . . .
. . . .| Difference in paw size of rat (volume displacement by paw edema in
groups (displacement in | (displacement in ml) (Percent inhibition of edema)
ml) (mean+SD) ml) (mean+SD)
Initial paw size | T2V size after 1hr 2hr 3hr 4hr
acetic acid
Control 2.99+0.16 3.63+0.11 0.64+0.20 0.93+0.22 1.32+0.15 1.11+0.14
. 0.59+0.30 | 0.79+0.24™ 0.99+0.227 " 1°0.59+0.18™ "
Camel milk 3.60+0.19 4.19+0.27 (7.81%) (15.05%) (25.00%) (46.84%)
0.55+0.06 | 0.41+0.127 0.38+0.06" 0.23+0.17
Ibuprofen 3.08+0.05 3.63+0.08 (14.06%) (55.91%) (71.21%) (79.27%)

Results are shown as percentage inhibition and difference in paw size. Values are presented as Mean + S.D (n=10). Two-way

ANOVA was used to calculate significance and Scheffe test for post-hoc analysis.

ibuprofen treated animals respectively.

accordance with Rasheed et al. (2016) who reported that
anti-inflammatory effect of camel milk in human
osteoarthritis chondrocytes is produced by inhibiting
COX-2 expression and PG-E2 production (Rasheed et al.,
2016). Another study demonstrated that camel milk has
unique property of containing immunoglobulins that
regulate innate immunity and promote a powerful anti-
inflammatory effect (Habib et al., 2013).

The results of our investigation support the conventional
use of camel milk as nutrient in alleviating pain and
inflammation and recommend its use in combination with
NSAIDs in arthritis and other chronic pain conditions.
Since high doses of NSAIDs are generally required for
management of such painful conditions, therefore
combined use of camel milk in such conditions could
reduce the daily doses of NSAIDs and hence help in
avoiding unwanted effects accompanying their use. The
current study also suggests further investigation and
elucidation of camel milk for the presence of biologically
active components responsible for its pain-relieving and
anti-inflammatory activities.

CONCLUSION

Our study suggest that camel milk can successfully
attenuates pain perception either by its central (by
stimulating opioid receptors) or peripheral (by inhibiting
COX pathway) action. However further studies are
required to interpret the precise molecular mechanisms
that underpin their role in pain management and the
ability to stimulate the immune system.
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