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SUMMARY

Nitric Oxide is produced by macrophage when activated or invaded by
certain antigens or microbes. In the present study, camel peripheral
blood leukocytes were obtained by ficoll cushion. Monocytes were
separated and grown to macrophages. The mature macrophages were
exposed to E. coli LPS as well as sheep pox virus antigen. Nitric oxide
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(NO) production, by stimulated macrophages as well as the mRNA
specific for production of inducible nitric oxide syntheses (iNOS), were
investigated. Production of NO was stimulated by both pox antigen and
LPS and was more with the latter. The obtained results indicated the
similarity in the tested parameters between camel macrophages and
those of other mammals tested so far viz: mice.
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~ INTRODUCTION

Macrophages are major effectors against most bacterial infections,
also transport bacteria between host tissues and provide a protected site
for intracellular bacterial replication and it have different mediators for
the microbicidal activities (Campbell, 1991; Tizard, 2000 and Okamura
et al.,, 2005). Reactive oxygen intermediates (ROls) are known as very
powerful micrbicidal factors inside phagocytes (Kuby, 1994). Also,
reactive nitrogen intermediates (RNls) are of equal importance for
macrophages. When stimulated by factors such as bacterial cell wall
LPS or gamma interferon (IFN- y ), macrophages begin to express high
levels of nitric oxide synthase (NOS) which oxidizes L-arginine to yield
citruline and a reactive radical, nitric oxide (NO), which has potent
antimicrobial activity (Monacada and Higgs, 1993 and Matsuno
et al., 1998) Most of the antimicrobial activities of macrophages against
bacterial, fungal, helmenthic, and protozoal pathogens are suggested to
be due to nitric’ oxide and its derivatives, where bacterial elimination
occurs through phagocytosis and nitric oxide system ( Franchini et al,
1995) this role has been recorded against Cryptococcus neoformans,
Leishmania, Toxoplasma gondii, Trypanosoma cruzei, Listeria
monocytogenes and Mycobacterium spp.(Gebran et al, 1994). On the
other hand, ROls have a major role in the control of intramacrophage
killing of Brucella microorganisms while blocking of NO pathway
resulted in minor levels of blocking macrophage antibrucella activities
(Jiang et al., 1993).

The role of NO as a microbicidal armature by camel macrophages
is not investigated. The present study was planned to detect the
production of NO by camel macrophages after non specific activation by
bacterial or viral antigens. Also, conservation of iNOs mRNA in camel
macrophages was aimed to be investigated by reverse transcription-
polymerase chain reaction (RT-PCR) using mouse iNOS-specific
oligonucleotides.
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MATERIALS and METHODS

Macrophages:

Four hundred fifty millilitres of venous blood was collected by
aseptic venipuncture from a healthy camel into a human blood donor bag.
The blood was diluted with equal volume of phosphate buffered saline
(PBS, pH 7.2). The leukocytes were separated by layering over ficoll
cushions. After three washins in PBS, cells were suspended in RPMI-
1640 tissue culture medium and adjusted to 5X10° monocytes/ml and
distributed into tissue culture polypropylene flasks. The monocytes were
allowed to adhere and grow for 10 days at 37°C and 5% CO2 with 80%
relative humidity (Campbell, 1991).

Activation and nitrogenous compound detection

Macrophages were prepared and activated using methods
described by Jiang and Baldwin (1993) and Jiang et al. (1993).
Macrophages were harvested by placement on ice back and fourth with
gentle agitation. Cells were washed three times in PBS, suspended in
RPMI-1640 (containing 10% autologous serum) and 100 ul distributed
into wells of 96-well tissue culture plates (10° cells/well). E. coli LPS
(200 ng/ ml RPMI) was added in 100 pul volumes into wells of a whole
column. Also, 100 pl of sheep pox vaccine antigen were added to wells
of another column. The plates were incubated at 37°C and 5% CO2 with
80% relative humidity for 24 hours after which nitrogenous compounds
were estimated and estimated after 2 and 4 days also in the macrophage
supernatants after reaction with Griess reagent (1% sulfanilamide, 0.1%
naphtlylethylene diamine dihydrochloride, 2.5% H3;PO4) according to
the method of Gebran et al. (1994). This was done at a dual wavelength
of 570/630 nm in an ELISA reader (Flow Laboratories, England).Results
were analysed according to Bain and Engelhardt (1989).

Detection of iNOS production

This was performed according to the method described by Stenger
et al. (1994). The total RNA was isolated from camel macrophages
using the phenol extraction, reverse transcribed into cDNA by using
reverse transcriptase (Amersham, Germany) and 1 pg of RNA. The
c¢DNA was amplified by PCR using primers specific for human iNOS
mRNA. Primers sequences were 5'- T AGAGGAACA TCTGGCCAGG-
3'and 5' ~-AGGGTCCCCTCTGA TG-3' corresponding to positions 682-
701 and 1052-1034 of human hepatocyte iNOS mRNA sequence. PCR
amplification products were analyzed on 1.5% agarose gel containing
ethidium bromide (0.5 mg/ml).
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RESULTS.

Table 1: Nitrate production levels by camel macrophages after LPS and
sheep pox virus antigen activation.

Days Non-activated LPS,;aé’tiQéted Sheep Pox
post activate 10n Cells | Cells virus-activated cells
One day 3.52+0.75* 27.82+341 18.21 +2.80
Two days 3.83 +0.56 42.14 +4.20 20.34 £ 3.31
Four days 525+0.86 36.1143.01 22.16+4.83

* values = the mean of nitrogenous compounds in nanograms + standard deviation
Differences between treatments were significant at p<0.05
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Fig. 1: Nitrogenous compounds produced by activated camel
macrophages.
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DISCUSSION

Most of the antimicrobial activities of macrophages against
bacterial, fungal, helmenthic, and protozoal pathogens are suggested to
be due to nitric oxide and its derivatives. Of the microorganisms that are
affected by reactive nitrogen intermediates (RNIs) Cryptococcus
neoformans, Leishmania, Toxoplasma gondii, Trypanosoma cruzei,
Listeria monocytogenes and Mycobacterium spp. are the most common
Ones (Gebran et al.,, 1994 and Gopinath et al., 2006).

However, previous studies were conducted on phagocytes of mice,
human and animals other than camels. Therefore, the present study was
conducted to detect the expression of inducible nitric oxide synthase by
activated camel macrophages. Also the production of nitrogenous
compounds by camel macrophages should be investigated. Ficoll
histopaque has been used to separate leukocytes from the whole blood of
different origin (Hudson and Hay, 1991 and Franchini et al., 1995).

In the present study, peripheral blood leukocytes of camels were
successfully isolated using ficoll histopaque. Lipopolysaccharide (LPS)-
activated macrophages produced high levels of nitric oxide and
nitrogenous products at 24 and 48 hours and the level subsided at 96
hours postactivation (Table 1). This finding comes in agreement with the
findings of Green et al., (1991 and Matsuno et al., 1998) who reported
the role of nitric oxide as important trigger signal for nitric oxide
synthesis by macrophages. The role of LPS was found to be early in the
first two days and is likely a triggering factor for other inducers such as
gamma interferon. :

Concerning sheep pox antigen-activated macrophages, nitric
oxide and nitrogenous compound intermediates were also detected in the
cellular supernatants but in levels lower than those detected with the
LPS. However, the activation persisted up to four days post activation
and may be for a longer time without subsiding. This may be attributed
to the nature of the antigen which is a living viral vaccine (Table 1 and
Figure 1). '

With the application of RT-PCR on RNA extracted from activated
camel macrophages, human iNOS mRNA-specific primers succeeded in
the amplification of the homologous sequence in camel.. The same
finding was recorded with murine macrophage mRNA (Chan et al,
1994). Moreover, such method has been used to compare among the
expression levels of mRNA of iNOS by macrophages from different
animals (Kramnik ef al.,, 1993).
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Conclusively, results obtained in this' study indicate that nitric
oxide and nitrogenous compound intermediates are produced by
activated camel macrophages: like macrophages of other animal species.
This supports, to a considerable limit, the stability of the microbicidal
armatures in different animal species. However, further studies are
required to detect production of other armatures such as the active
oxygen radicals by camel macrophages. Moreover, the iNOS mRNA
was found to be conserved among the species studied so far including
camel.
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