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ABSTRACT
Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia and become the third cause of death in 
Indonesia. The most common oral complications occured in DM is periodontitis. Porphyromonas gingivalis (Pg) is the main 
etiology of periodontitis, one of periodonthopathogen relate to systemic disease. However this theory still controversial, DM 
and periodontitis have the same pathogenesis, thus are cellular changes. Pg is predicted affect the total leukocytes count 
in DM. The aim of this study was to determine the effect of Pg infection to total leukocytes count in DM rat model. The rat 
model of DM was obtained by injection of streptozotocin with different dosage for 5 days sequentially then injected by Pg 
on distobuccal and distopalatal sulcus of the maxillary first molars for 19 days with interval 3 days. The total leukocytes 
were calculated manually by Neubauer improved cell counting chamber. The results demonstrated that rat model of DM 
which injected by Pg has the lowest total leukocytes count. Therefore, Pg infection decreased the total leukocytesin DM rat 
model 
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INTRODUCTION
Diabetes mellitus (DM) is carbohydrate, fat and 
protein metabolism disorder characterized by 
hyperglycemia, and it is the third leading cause 
of death in Indonesia at 6.7%.1,2,3 Prolonged 
hyperglycemia conditions leads to cellular and 
inflammatory changes in oral cavity, one of which 
is periodontitis. Some researchers have revealed 
an association between DM and periodontitis, both 
of which have almost the same pathogenesis but 
unclear interrelation.4,5,6

The association of DM and periodontitis 
was related to the dysregulation of the natural 
immune system by increasing leukocyte infiltration. 
Moreover it causes a decrease in the number 
of systemic leukocytes therefore the body is 
susceptible to infection. In addition, DM increase 
the number of leukocytes and trigger activation of 
the immune system in periodontal tissue through 
enhancement of proinflammatory cytokines 

production associated with periodontal tissue 
destruction.3,7 While periodontitis are thought to 
exacerbate DM conditions through inflammation 
and systemic infection by periodontopathogen, one 
of Porphyromonas gingivalis (Pg).8.9

Periodontitis is a complex and multifactorial 
periodontal inflammation of the tissues, mainly due 
to periodontopathogen, one of which is Pg.10,11 It is 
frequently associated with certain systemic diseases 
because bacteria and their products spread 
systemically to other tissues.12,13 Epidemiological 
studies also report that Pg might aggravate DM 
complications.14 

This study was aimed to determine the effect 
of Pg infection in DM using leukocytes count 
indicator because leukocytes revealed individual 
health degree and the severity of disease.15,16 The 
enhancement of leukocytes count can be utilized 
as an infection parameter, especially due to 
bacteria, while the deprivation of leukocytes count 
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is contributed as viral infections, drug use, and 
leukemia.2,17

Cellular changes occurred in DM and 
periodontitis are not similar. In DM, there is developed 
an increase of leukocyte infiltration impacted to 
reduction leukocytes count, while in periodontitis 
there is enhancement of leukocytes count.3,18 
Heretofore, previous studies only revealed effect 
periodontitis to DM epidemiologically. Accordingly 
this study performed in vivo experimental study by 
means of animal models in order to demonstrate 
influence of Pg infection to leukocytes count in rat 
model periodontitis.

MATERIALS AND METHODS
This research has been approved by the Ethics 
and Advocacy Commission, Faculty of Dentistry 
Universitas Gadjah Mada 00967/KKEP/FKG-
UGM/EC/2017 to be taken place in Biomedical 
Laboratorium Faculty of Dentistry, University of 
Jember. This study was a experimental study with 
only the post test control group design.19 This study 
used 16 healthy male wistar rats (Rattus norvegicus), 
3 months old and body weight 200-250 grams. Rats 
were divided into 4 groups. They were control group 
(K), Pg injection as group 1 (P1), streptozotocin 
induction (DM group) as group 2 (P2), DM group 
injected Pg as group 3 (P3). Before treatment, those 
rats were acclimatized for a week for adaptation to 
places and foods. The rats were fed with standard 
pellet AD2 (Comfeed, Indonesia) 30 grams per day 
with mineral water (Aqua, Indonesia) 50 ml.

The exposure agents used for the treatment 
group obtained 2 x 109 CFU/ml Pg ATCC 33277 
(0.5 μg/0.05 ml PBS) to induce periodontitis and 
streptozotocin (Bioworld, USA) to stimulate DM. 
The Pg culture medium was prepared by dissolving 
3.7 grams of Brain Heart Infusion Agar (BHI-A) 
and 100 ml of aquades in erlemeyer tube, and it 
was homogenized. Subsequently, the tube was 
sealed using cotton and sterilized in autoclave 
(Memmert, Germany) at 121°C for 15 minutes. 
The sterile BHI-A was mixed with 10 μl vitamin 
K, and it was added 50 μl hemin (50 mg hemin 
in 100 ml aquades and 1 ml NaOH) and 500 μl 
yeast extract and then homogenized. Afterwards, it 

was poured in petridish about 25 ml/petridish until 
solid. Subsequently, Pg was inoculated on these 
mediums. After that, these medium were incubated 
into decycator for 2 x 24 hours. The preparation of 
Pg suspension was performed after Pg has been 
cultured using Brain Heart Infusion Borth (BHI-B). 
BHI-B medium contained mixture of 0.37 gram 
BHI-B in 10 ml aquadest in tube. Next the tube was 
sealed with cotton and sterilized in autoclave at 121 
°C for 15 minutes. The sterile BHI-B was added 1 
μl vitamin K, 5 μl hemin and 50 μl yeast extract, 
and then it was homogenized. The Pg suspension 
in BHI-B was prepared in order to made Pg colony.20 
Streptozotocin stock solution was derived from 
streptozotocin powder dissolved with aquadest, and 
then it was dropped with 0.1 M citrate buffer solution 
until streptozotocin solution reach pH 4.5. Next it 
was homogenized by vortex and stored at 4 °C.21

On the other hand, the control group (K) 
was without treatment. Rats in group 1 (P1) was 
injected with 0.05 ml Pg in the distopalatal sulcus 
and the distobuccal of the upper first molar about 
7 times with 3 days intervals for 19 days. The Pg 
concentration utilized in this study was 0.5 μg/0.05 
ml PBS.20 The group 2 (P2) and 3 (P3) performed 
hyperglycemic by streptozotocin, as diabetogenic 
agent, with stratified dosages. The stratified 
dosages were started 40 mg/kg BW at the first day, 
35 mg/kgBW at the second day, 30 mg/kgBW at 
the third day, 25 mg/kg BW at the fourth day and 
20 mg/kg BW at the fifth day. Streptozotocin was 
performed intraperitoneally, previously the injection 
area was disinfectant by alcohol spray. Afterwards, 
the injection was smeared by povidone iodine.21 On 
the sixth day, P3 group was injected with 0.05 ml Pg 
ATCC 33277 with concentration of 2 x 109 CFU/ml 
in the area the distobuccal and distopalatal gingival 
sulcus of the maxillary first molars. Injection was 
performed 7 times at 3-day intervals for 19 days.20 
During the treatment, the blood glucose levels of 
rats were observed by blood sampling from the 
vein tail using glucometer (Easy Touch, Taiwan). 
The diabetic rats were signed blood glucose level 
more than 300 mg/dl.21 The blood glucose level 
observation in the P1 group was performed on 
the 2nd, 4th, 7th and 14th days during 19 days 
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of treatment periods as well as on the day before 
termination. The blood glucose level observation 
in P2 group was performed every streptozotocin 
injection for five days and the day before termination. 
The blood glucose level observation in P3 group 
was performed every streptozotocin injection for 
five days. Subsequently, the observations were 
on the 2nd, 4th, 7th and 14th days for 19 days of 
Pg injection and the day before termination. Body 
weight of animal models was observed at the same 
time as the blood glucose level examination. After 
completed treatment in each group, the rats were 
incubated for a day before they were terminated.

Blood sampling was taken from intracardiac 
blood. The rats were anesthetized until they were 
unconscious before their blood was taken and 
collected on a tube with EDTA addition. Leukocyte 
counting was done manually using the improved 
neubauer booth count (Assistent, Germany). The 
number of leukocytes per mm3 was calculated 
following the formula:22

Total number of leukocyte= 50 X N…………………Equation 1)

N = number of leukocytes contained in all four squares

The resulted data was then tested statistically using 
Kruskall-Wallis test.

RESULTS
The results demonstrated that the highest average of 
leukocytes count was in the group of P2, DM model 
group, while the lowest average of leukocytes count 
was in P3 group of DM rat model injected with Pg. 
Table 1 revealed that the P2 group has the highest 
average leukocyte count of 13,232/mm³ and the 
P3 group has the lowest average of 4,738.90/mm³. 
Besides it, the average of leukocytes count in the 
control group (K) was higher than that in the P1 
group and P3 groups. The Kruskall-Wallis statistical 
tests of the result revealed that the Chi square was 
6,079 with significance 0,108. This indicated no 
significant difference.

Ulfita, dkk. : Effect of Porphyromonas gingivalis ...

DISCUSSION
The statistical analysis of this study revealed there 
were no significant differences. It was suggested 
that the sample of this study was inadequate or the 
theory utilized in this study has not been analyzed 
in many studies. Furthermore, the blood sampling 
for leukocytes count was performed once during the 
study, a day after treatment. This was presumably 
able to influence statistic analysis which showed 
insignificant result. Concomitant during present 
study, there was a dead rat of DM rat model injected 
with Pg (P3 group). 

The DM model in present study demonstrated 
the highest average of leukocytes count. This 
was presumed hyperglycemia stimulated immune 
system activation by increasing the leukocytes 
count. DM induced insulin resistance caused 

by chronic inflammation and immune system 
activation. Proinflammatory cytokines, especially 
interleukin-6 (IL-6), are potent stimulants of leukocyte 
differentiation, so as IL-6 was affected enhancement 
of leukocytes count and insulin resistance. 
Furthermore, the immune system activation could 
escalate leukocytes count and cytokine production 
accompanied by decrease of insulin sensitivity.7 The 
relationships between leukocytes and DM might be 
associated with various proinflammatory cytokine 
actions. Some inflammatory markers, such as IL-6, 
TNF-α and CRP, are related with DM. TNF-α are 
played a role in inflammation of DM through an 
interaction insulin signaling pathway and function 
of β-cell. This relationship might be correlated to 
granulocytes secreting TNF-α. A polymorphism 
of IL-6 gene might be also related with the total 

Table 1. Average and standard deviation of total number of leukocytes 

Group K P1 P2 P3
x̄ ± SD (mm³) 12.908,50 ± 1.409,79 12.208,38 ± 4.799,05 13.232 ± 2.638,42 4.738,90 ± 3.207,94

K	 : Control group
P1	 : Treatment group 1 (Pg injection)
P2	 : Treatment group 2 (DM mouse model)
P3	 : Treatment group 3 (DM mouse model then injected with Pg)
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count and differential leukocytes because IL-6 was 
produced by mononuclear cells. In other words, the 
leukocyte count related with DM.23

An increase of leukocytes count in DM was 
associated with worsening glucose metabolism. 
The mechanism regarding the escalation was 
insulin resistance. Disturbance of insulin action in 
adipose tissue, muscle, and liver leads to chronic 
low-grade inflammatory conditions. Both intra-
arterial inflammation and extravascular stimulation 
could induce the secretion of proinflammatory 
cytokines generating in leukocyte differentiation 
and maturation. Each process associated with 
chronic inflammation exhibited deprivation of insulin 
action and insulin resistance which could enhance 
inflammation.24 Several previous studies also 
revealed there was an increase of leukocytes count 
as following increase of the metabolic syndrome 
component in diabetic patients.25 

Pg injected DM models group showed the 
lowest leukocytes count. This was suggested that 
Pg worsened DM condition through immune system 
deterioration marked by deprivation of leukocytes 
count. This condition tent to cause an infection, 
particularly bacterial infection, and then it induced 
sepsis through bacteremiaemia.26,27 The sepsis 
in this group might be associated with a decrease 
leukocytes count. Moreover, hyperglycemia caused 
leukocyte capability (chemotaxis and phagocytosis), 
notably neutrophil and monocyte deteriorated. 
However, the diapedesis ability of leukocytes 
from blood vessel to tissue enhanced. In addition, 
virulence factors of Pg, especially gingipain and 
LPS, diminished production of proinflammatory 
cytokines and enhanced vascular permeability. The 
enhancement of vascular permeability exacerbated 
the leukocyte deprivation in peripheral blood 
vessels, enhancement of leukocyte migration and 
leukocyte accumulation into the tissues, as well as 
increase of bacteraemia.26-30

This present study exhibited the average of 
leukocyte count in the Pg-injected group was lower 
than in control group. This result was differed with 
the previous studies revealed that continuously Pg 
injection enhanced leukocytes count. Because LPS 

produced Pg directly triggered the host response. 
LPS stimulated leukocytes action in order to 
release various cytokines, such as IL-1β, TNF-α, 
IL-6, PGE2 and MMPs. Pg and its products entered 
the bloodstream and caused systemic infections. 
The host responded by increasing the number of 
leukocyte cells in the bloodstream as a defense 
against Pg.31 Moreover, the Pg virulence factors 
released protease enzymes reducing the function 
of the intercellular endothelial junctional cadherin 
and platelet endothelial cell adhesion molecule. 
The virulence factors also enhanced permeability 
of vascular endothelial and gingival epithelium. 
The permeability enhancement led Pg penetration 
easily and entering the bloodstream. However, as a 
consequence there was enhancement of leukocyte 
migration from blood vessels to peripheral tissues. 
Thus aforesaid was suggested as a cause of 
leukocytes count in the Pg group lower than control 
group.28

The average of leukocytes count in the control 
group was higher than the normal value. We 
suggested it was linked to stressful conditions in 
animal models stimulating an increase of leukocytes 
count. One of the etiologies of leukocytosis is stress.32 
Persistent stress conditions induce nerve fibers 
to secrete noradrenaline hormone into the blood 
vessels. This neurotransmitter signal subsequently 
intensifies hematopoietic stem cells proliferation 
impacted leukocytes count enhancement.33 Another 
factor suggested stimulating excessive leukocyte 
count more than the normal level represented 
human error which leukocytes and diluents was not 
mixed homogenously. It led undistributed leukocytes 
well. Aforementioned, it is necessary to undertake 
further studies about observation and figuring total 
leukocytes regarding periods interval therefore we 
are qualified to know obviously leukocytes profile 
alteration. 

CONCLUSION
On the basis of this study, it is conclusive that Pg 
exposure decreases the total number of leukocytes 
in DM rat model.
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