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Abstract

The experiment was conducted to measure macrophage ROI secretion in dogs infected with M.tuberculosis.
The experiment used 24 healthy dogs, aged between 1 and 2 years, both male and female which were divided into two
differentgroups consisting of 12 dogs each. The firstgroup was the treatment group, that is they were infected with M
tuberculosis and the second one was the control group. The activity of macrophages ROI secretion were measured at
1+, 2=, 12+, and 24- after infection using nitroblue tetrazolium (NBT) reduction assay. Three cats were used to measure the
macrophage activity in each period, using triplicate sample for each cat. The results of the experiment showed that
ROI secretion increased in infected group compared with the control group, and this activity reached to the plateau
level at 2 weeks after infection. Although these enhanced activities were gradually diminished thereafter, higher
levels of these activities were consistently observed until the end of experiment compared with control group. The
results of the experimentindicated that ROl played an important role to against M.tuberculosis infection in dogs.
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Introduction Ministry of Health of Republic of Indonesia
To date, tuberculosis is still an in 1992, it was estimated that 175,000 people
international problem which recently died each year and there were around
becomes worse because the increasing risks, 500,000 new cases. Tuberculosis is the
especially to the patient suffering from HIV second cause of death in Indonesia after the
and having problems with multi-drugs cardiovascular and the first cause in the
resistance M.tuberculosis (MDRTB) (WHO, group of infection disease (Manaf, 1997).
2004). Mycobacterium tuberculosis is the cause Mycobacteria from the M. tuberculosis
of tuberculosis which claims almost 2 complex may cause pulmonary,
millions death and there are 8 million new gastrointestinal, or disseminated diseasesin
cases each year. According to WHO, one dogs and cats (Snider, 1971; Anonim, 1992;
third of world population have been infected Bennet and Gaskell, 1996). Tuberculosis in
with M.tuberculosis and all are in the risk of dogs and cats have been much reported
being reactive (Dolin, 1994). In Indonesia, (Wilesmith, 1994; Aranaz et al., 1996; Janz,
based on the Domestic Health Survey of 1996; Monnies et al., 2000). Pets can contract

tuberculosis by living in intimate association
with human beings or cattle that have the
*Corresponding author: Ida Tjahajati, diseases (Acha and Szyfress, 1980; Aranaz et
Department of Internal Medicine, Faculty of al., 1996). The route of the infection is
Veterinary Medicine, Gadjah Mada University, Jl. ' . .
Olahraga-Karangmalang, Yogyakarta 55281, esser?tlally through respiratory, but can also
Indonesia. HP: 081578890500; E-mail: be alimentary and cutaneous (Aranaz, et al.,

ida_tjahajati@yahoo.com 1996; Blunden and Smith, 1996). The dog is
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equally sensitive to M. tuberculosis and M.
bovis but most of the canine cases in urban
areas by M. tuberculosis and are attributed to
exposure to human carriers (Aranaz et al.,
1996).

It was explained by Aranaz et al. (1996)
that tuberculosis in dogs and cats were
usually open lesion form so as to enable to
spread organism to the surrounding
environment. The animals might secrete
organism through saliva, faeces, urine or
from discharging wounds or sinuses in an
infected animals (Farrow and Love, 1975;
Aranaz et al., 1996; Guun-Moore et al., 1996).
Tuberculosis in small animals have been a
little attention although the disease must be
considered as a danger for human health
because of it potential role in the causation
and maintenance of the disease (Aranaz et
al., 1996). Because of these reason,
tuberculosis in both animals had to be aware
of because of the risk of spreading it to
people nearby (zoonotic disease) (Acha and
Szyfress, 1980; Aranazetal., 1996).

In the immunity system of human
beings and some experiment animals, it has
been known that cell mediated immunity
plays a very important role in overcoming
M. tuberculosis infection. The immunity is
mediated by T lymphocyte and macrophage
(Janeway et al., 2001) T cell of CD4 produce
several cytokine, while T cell of CD8 is able
to perform lyses in the targeted cell, that is
macrophage infected with tuberculosis
germ as well as interferon-gamma (IFN-g)
production which activates macrophage. In
T CD4 cell is found polarization of cell based
on the profile of cytokine produced, namely
Th 1 and Th 2 cells. Th 1 cell produces
interleukin-2 (IL-2) and IFN-g which contain
protective characteristic because they can
activate macrophage to kill and digest
phagocyted germ. Cytokine profiles
produced by Th 2 group which include
several interleukins, such as IL-4, IL-5,IL-6,
IL-10 act as inhibitor for the activities of
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macrophage so that their role sometime
harm to the body (Mosmann and Sad, 1996).

Although cases of tuberculosis in dogs
have been reported, the immunity responses
to M. tuberculosis infection in dogs have not
been studied extensively. Several literature
stated that dogs were more sensitive to the
infection than cats (Francis, 1978; Acha and
Szyfress, 1980; Francis cit. Thoen, 1994).
However, the explanations of how and why
dogs are more sensitive from cellular
immunity responses which in this case are
macrophage ROI secretion activities have
never been reported. The previous
experiment (Tjahajati et al.,, 2003; 2004)
revealed that relating to macrophage in cats
infected by M. tuberculosis, the phagocyte
and ROI secretion activities increased in
folds which were assumed to have
relationships with the mechanism of
sensitivity to the infection. In this
experiment, we study the ROI secretion
activities in dogs macrophages infected with
M. tuberculosis.

Based on the literature which argued
that dogs were more sensitive to M.
tuberculosis infection compared to cats and
that macrophage was a phagocyte and ROI
secretion which played an important role in
the mechanism of killing Mycobacterium
which entered the body, the hypothesis in
this experiment is that dogs infected with M.
tuberculosis have higher ROI secretion
activities compared to control group in the
attempt of killing M. tuberculosis in the body,
the ROI secretion of dogs macrophage are
lower compared to the results of similar
activities in cats as have been undertaken in
the previous experiment.

Material and Methods
Study groups

Twenty four healthy dogs, aged 1-2
years, male and female were divided into
two groups, each consisting of 12. The
firstgroup was infected by M.tuberculosis
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1x10 cfu in a intraperitoneally while the
second group being the control group were
not given any treatment. Mycobacterium
used in the experiment was M. tuberculosis
strain H37Rv obtained from Balai
Laboratorium Kesehatan Daerah (Regional
Health Laboratory Clinic), Daerah Istimewa
Yogyakarta (Yogyakarta Special Territory).

Period of examining macrophage activities

ROI secretion activity of peritoneum
macrophage of the dogs were measured in
week 1, 2, 12 and 24 after infection. For each
period of measurement of macrophage
activity, three dogs were used to measure
ROI secretion, using triplicate sample for
each cat.

Isolation and culture of peritoneum
macrophage

As a schedule dogs were anesthetized
using Anesject (kethamine) with a dosage
0.1 mg/kg body weight, injected in an
intramuscular. After the dogs were asleep,
they were put in a dorso lateral position on
place layered with sterile foil aluminum.
Then the stomach skin was disinfected by
70% alcohol after which the abdomen skin
was opened using sterile scissors so that
mesenterium layer and peritoneum cavum
aswell asits contents could be seen clearly.

Cool medium RPMI around 100 ml was
injected into peritoneum cavum and was
massaged around 3 min. Then the medium
was aspirated again. The obtained aspirate
was put in sterile centrifuge glasses which
was then centrifuge at the speed 1200 rpm in
4-C for 10 min. The supernatan was
discarded and 3 ml complete medium RPMI
containing FCS 10% was added to the pellet
obtained (Coliganetal., 1997).

The number of macrophage was
counted using haemocytometer which was
then resuspended using complete RPMI
medium so as to yield cells with 2.5x10
cells/ml density. The cell suspension that
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had been identified was then cultured in 24
well of microplate that had been given round
cover slips. Each of well 200 pl (5x10 cells)
was then incubated in 5% CO,incubator, 37:C
for 30 min. After that, 1 ml of complete RPMI
medium was added to each well which was
thenincubated for 2 h. Cells were suspended
by RPMI twice. Additional 1 ml of complete
RPMI medium was given to each well and
putinincubator for 24 h (Coliganetal., 1997).

ROI secretions assay

The capability macrophage of dogs
peritoneum in secreting ROl was measured
by NBT reduction assay. To stimulate the
secretion of anion superoxyde, cell culture
was treated with PMA with final
concentration 125 ng/ml. The chronology of
treatment can be described in the following.
Macrophage culture was suspended twice
with RPMI which was then added 500 pl
NBT liquid (1 mg/ml PBS) containing 125
ng/ml PMA for each well. The culture was
then incubated in 5% CO, incubator in 37:C
for 1 h. The cell was then suspended with
PBS three times, dried up in the room
temperature and fixated using absolute
methanol for 30 s. After being dried up, the
cell was colored with 2% Neutral Red
Solution for 15 min and then was rinsed with
aquades. After it was dry, cover slips were
lifted fromwell of microplate to be examined
under light microscope with 400x
magnification (Leijhetal., 1986).

Macrophage activities to secrete ROI
was measured by determining the
percentage of macrophage which secretes
ROI, that is by showing the formation of
formazan (darker black colored), counted as
100 macrophage being under microscope,
and score of level of formazan formation by
each 100 macrophage was determined by
adding the number of score gained by 100
macrophage. The score was 0 if no formazan
is formed in the macrophages, score 1 when
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formazan was formed in macrophage, but
did not fulfill all cells, and score 2 if the
formed formazan cover all cells (Leijh et al.,
1986).

Data Analysis

The difference of macrophage activities
in ROI secreting between treatments and
control groups were analyzed using T test
(Kinnear and Gray, 1999). In interpreting
and counting the number of cell, a second
person was available to confirm the counting
and objective results of interpretation.

Results and Discussion

The activities of peritoneum
macrophage of dogs which secrete ROl were
measured using NBT reduction assay. NBT
reduction showed the existence of
respiration burst followed by the formation
of anion superoxide (O, which would
reduce NBT in forming the undiluted
blue/blackish formazan. The activities of
peritoneum macrophage of dogs in secreting
ROl could be determined from the
percentage of macrophage which secreted
ROI and from the score of the formation of
formazan by each macrophage. The
peritoneum macrophage of the dogs which
secreted ROI in the control and infected
groups after 2 week post infection can be
seeninFigure 1.

Figure 1. Peritoneum macrophage of dogs which
secreted ROI (forming blackish formazan) in vitro in 2
weeks after 10 cf M.tuberculosis infection with Neutral
Red coloring (400x magnification). A. On the control
group, B. On the treatment group. The arrow showed
ROI products which form blackish formazan.
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From Figure 1, it appears that
macrophage in the control group showed a
picture where black formazan was not
formed in macrophage and only few cells
which secreted ROI while in the macrophage
of treatment group, there appeared the
formation of black formazan with a higher
number. The average of percentage of
macrophage which secreted ROl and the
score of ROl in the control group and the one
in the infected group (treatment group) can
be seeninFigure 2.
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Figure 2. The average of percentage of macrophage
which secreted ROl and the average of ROl score in the
control and treatment groups.

Figure 2, it is revealed that the
percentage of macrophage which secreted
ROI and ROI score in the treatment group
enhance and reached the peak in week 2 and
was further in decrease until the end of the
experiment. Different from the control
group, ROI secretion activities did not
relatively undergo any significant rise from
time to time. The results of experiment
demonstrated that the dogs infected by M.
tuberculosis showed increases in their ROI
secretion and ROI score by the microphage
in the treatment group in comparison to the
control group (which was different in
significance in P<0.05). The result had a
similar pattern as the previous experimentin
cats (Tjahajati et al., 2003; 2004), but the
activities of macrophage in secret ing
ROI were lower in comparison with those in
cats. The result supported the notion that
dogs were more susceptible to M.
tuberculosis infection that cats were (Francis,
1978; Acha and Szyfress, 1980; Francis cit
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Thoen, 1994).

The increase of ROI production was
related to the attempts of the dogs in killing/
eliminating M. tuberculosis which entered
their bodies. It was explained by Chan and
Kaufmann (1994) and Tizard (2000) that the
activated macrophage would, among
others, generate the increase of lysosome
enzyme, phagocyte activities, and
physically change the form and shape of
macrophage as well as enhance the
production of ROl and NO (Chan et al.,
2001). ROl and RNI were macrophage
oxidative products which played important
roles in the Killing M. tuberculosis as
antimicrobial (Akaki et al., 2000) of which
productions were induced together by
cytokine IFN-g and TNF-a (Flynn and Chan,
2001).

Leijh et al. (1986) stated that the
interaction between opsonim
microorganism and phagocyte membrane
did not only produce ingestion, but also
yielded metabolic burst which was very
unique with the increase in the need of
oxygen and the production of anion
superoxide (O, and hydrogen peroxide
(H,0,); both of which had strong
microbisidal activities. The importance of
the system for eliminating microbacteria can
be clearly seen inthe patients having defects
in the microbisidal activities in granulocyte
and monocyte, such those who suffer from
chronic granolumatous disease (Quie, 1972).
The mechanism of elimination of M.
tuberculosis done by  cellular immune
response in the dogs bodies can be shown in
Figure3.

Based on the above results and
discussions, it can be concluded that the M.
tuberculosis infection in dogs increased
macrophage activities in the ROI secretion.
The enhance in ROl secretion in the
experiment indicated that ROl had an
important role in the elimination of M.
tuberculosis infection in the dogs’ bodies.
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Figure 3. The roles of NK cell, macrophage, T cell,
phagocytes and ROI secretion to against
M .tuberculosis infection.
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