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A b s t r a c t

Introduction: Analysis of progression rate of periodontal disease indicates individual variability. It should be 
noted that destructive event in the alveolar bone has been linked to homocysteine (Hcys) metabolism; however, 
the issue has not yet been fully studied. 
Objectives: To assess the peculiarities of the process of peripheral blood neutrophils programmed death in rats 
with lipo-polysaccharide (LPS)-induced periodontitis combined with chronic thiolactone hyper-homocysteinemia 
(HHcy). 
Material and methods: 48 mature inbred white male rats were divided into four groups: control (n = 12), 
LPS-induced periodontitis (n = 12), chronic thiolactone HHcy (n = 12), and LPS-induced periodontitis combined 
with HHcy (n = 12). Analysis of peripheral blood neutrophil samples to determine all the studied parameters was 
performed on flow cytometer Epics XL (Beckman Coulter; USA). 
Results:  LPS-induced periodontitis in rats was accompanied by reactive oxygen species (ROS) hyper-produc-
tion (by 87.9%, p = 0.001) and trans-membrane mitochondrial potential decrease by 73.3% (p = 0.001), which 
resulted in the distortion of integrity of the outer mitochondrial membrane, and the initiation of apoptotic events. 
Chronic thiolactone HHcy enhanced the  initiation of  the  programmed death of  neutrophils in case of  LPS- 
induced periodontitis, which was confirmed by 71.4% significant prevalence of the apoptotic cells in animals with 
LPS-induced periodontitis combined with chronic thiolactone HHcy vs. rats with only LPS-induced periodontitis. 
Conclusions: Excessive production of ROS and mitochondrial dysfunction caused by high serum Hcys level can 
be a crucial molecular mechanism that enhances programmed cell death in rats with LPS-induced periodontitis 
combined with chronic thiolactone HHcy, which opens opportunities to improve pathogenetic therapy in patients 
with comorbid course of periodontal disease and chronic HHcy. 
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Introduction

The periodontium is a complex of tissues surround-
ing the tooth, which includes the tooth itself, periodon-
tium, gum mucosa, and bone wall of the alveoli, which 
morpho-functionality can be treated as a  single entity. 
Periodontal disease is one of  the  most spread patho
logies of  the oral cavity worldwide. It should be noted 
that loss of teeth due to periodontal disease is 5-10 times 
higher than the  frequency of  their extraction due to 
complications of caries [1]. 

According to the WHO data, incidence of periodon-
tal disease correlates with the age of patients; in the 35-44 
age group, the spread of this pathology is about 50%, and 
it reaches up to 65-78% in older population [2]. It should 
be mentioned that the prevalence of periodontal disease 
in developed and developing countries is different [3]. 
For instance, in European countries, the incidence of se-
vere periodontitis in the cohort of 35-44 year old adults 
ranges from 5 to 20%, increasing to 40% in older pop-
ulation groups [4, 5]. At the  same time, the  frequency 
of  periodontal disease among an  adult population in 
Ukraine reaches 85-95% [6]. 

A characteristic feature of periodontitis is the chronic 
course of the disease, which leads to irreversible destruc-
tion of  tissues that surround the  tooth [7, 8]. In perio
dontitis pathogenesis, polymorphonuclear leukocytes 
(PMNs) mediate primary response against pathogenic 
micro-organisms, proliferating in the  hosts’ periodon-
tal tissue. In activated PMNs, the production of reactive 
oxygen species (ROS) is sharply increased, which play 
the key role in the progression of periodontitis that re-
sults in the  destruction of  periodontium [9-12]. More-
over, progression of periodontitis is largely determined 
by the distortion of regulatory mechanisms of cell pro-
liferation, differentiation, and programmed death in 
the  gingival mucosa under the  influence of  numerous 
factors of  aggression [13, 14]. Various gene expression 
patterns and apoptosis have been reported in other perio
dontal studies. Kebschull et al. compared transcriptional 
profiles of gingival tissue in cases of acute and chronic 
periodontitis. They found over-expression of  the  genes 
linked to signaling, apoptosis, and immune response in 
acute periodontitis, while in chronic disease, the  over- 
expressed genes were linked to epithelial tissue integrity 
and metabolism [15]. 

Analysis of the progression rate of periodontal dis-
ease indicated individual variability. It should be noted 
that a  destructive event in the  alveolar bone has been 
linked to homocysteine (Hcys) metabolism; however, 
this issue has not yet been fully studied [16]. The role 
of  Hcys in the  progression, and the  maintenance 
of  periodontal diseases remains not fully understood. 
Probable mechanisms of  a  negative impact of  hyper- 
homocysteinemia (HHcy) on the  course of  periodon-
titis may include activation of  oxidative stress, which 
primarily causes damage to the endothelium as well as 

development of its’ dysfunction [17, 18] and activation 
of the nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells (NF-kB), which is known to stimulate the 
synthesis of  biologically active substances that in turn 
enhance leukocyte migration into the  vessel wall, in-
creasing leukocyte cyto-toxicity [19, 20]. 

Objectives

The study assessed the peculiarities of the process of 
peripheral blood neutrophils programmed death in rats 
with lipo-polysaccharide-induced periodontitis com-
bined with chronic thiolactone HHcy. 

Material and methods

The present study included 48 mature inbred white 
male rats that were kept under standardized conditions 
at animal facility of I. Horbachevsky Ternopil National 
Medical University. Animal treatment and all experi-
mental procedures were performed in compliance with 
the  European Convention for the  Protection of  Verte-
brate Animals used for Experimental and other Scien-
tific Purposes (1986). Protocol of  the  experiment was 
approved by bioethics commission of  I. Horbachevsky 
Ternopil National Medical University. 

Rats were randomly divided into four groups (n = 12 
per group): group 1 – control, group 2 – rats with  
a  model of  periodontitis. For two weeks, the  animals 
were injected with 40 μl (1 mg/ml) of  E. coli lipo- 
polysaccharide (LPS) (Sigma-Aldrich, USA) into gingi-
val tissues every other day [6]. Group 3 included rats with 
HHcy (n = 12). Homocysteine thiolactone was adminis-
tered intra-gastrically (100 mg/kg of body weight in 1% 
solution of starch) once a day for 42 days [21]. Group 4 
consisted of rats with a model of periodontitis combined 
with HHcy (n = 12). In animals of  this group, chronic 
thiolactone HHcy was caused as described above. From 
the 29th day after the start of HHcy induction, animals 
were injected with homocysteine into the  gum tissue 
with LPS for 14 days, according to the above-mentioned 
scheme in parallel with thiolactone. 

Rats were sacrificed under deep thiopental-sodium 
anesthesia by cardiac puncture the day after the last LPS 
injection (group 2 and 4), or the day after the last homo-
cysteine thiolactone administration (group 3). Whole 
blood was used for further studies. 

To confirm the development of  chronic HHcy, total 
serum Hcys level was determined by a  solid phase en-
zyme immunoassay using Axis-Shield (Great Britain) re-
agent kit on a Multiskan FC analyzer (Thermo Scientific, 
Finland). Total serum Hcys level was expressed in μmol/l. 

Isolation of the peripheral neutrophil population was 
carried out by centrifugation of whole blood at double 
density gradient 1.077 and 1.093 of Ficoll-Urografin [22]. 
Analysis of neutrophil samples was carried out on flow 
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cytometer Epics XL (Beckman Coulter; USA) in order to 
determine all investigated parameters. ROS (hydrogen per-
oxide, H2O2) production was assessed using 2.7-dichloro
dihydrofluorescein diacetate (Sigma Aldrich; USA) [23]. 
Transmembrane mitochondrial potential (ΔΨm) was 
evaluated, using a MitoScreen kit of reagents (BD Phar-
migen; USA) with fluorochrome JC-1 (C25H27Cl4IN4) 
as key reagent [24]. Neutrophils with signs of apoptosis/
necrosis (Annexin V (ANV)+-cells/propidium iodide 
(PI)+-cells) were determined using FITC-labeled annex-
in V from ANNEXIN V FITC kit of reagents (Beckman 
Coulter; USA) [25]. 

Statistical analysis of  the  experimental data was 
performed using MS Office Excel (Microsoft Corp.; 
USA) and Statistica 7.0 (StatSoft Inc.; USA). Normali-
ty of variables’ distribution was tested by Kolmogorov- 
Smirnov test. Since the variables were not normally dis-
tributed, three or more groups were compared using  
Kruskal-Wallis test. Mann-Whitney test with Bonfer-
roni correction was subsequently applied in pair-wise 
group comparisons. Data within the groups were report-
ed as median Me (interquartile range [IQR]). Results 
were considered statistically significant at a probability 
level p-value < 0.05. Additionally, Spearman’s rank cor-
relation coefficient (r) and its’ p-value were calculated 
to find associations between the  studied variables. For 
all tests, p-value < 0.05 was accepted as statistically sig-
nificant. 

Results 

The results of  our study demonstrated that total 
serum Hcys level in case of  LPS-induced periodonti-
tis increased by 47.4% vs. the control group (Table 1). 
However, these changes were not statistically significant 
(p  =  0.215). In animals with LPS-induced periodonti-
tis combined with chronic thiolactone HHcy, the  total 
serum Hcys level increased significantly by 3.8 times 
compared to controls, which was 2.6 times higher than 
the  data obtained for only LPS-induced periodontitis.  
It should be noted that in animals with chronic thiolac-
tone HHcy, Hcys level in blood serum demonstrated 

significant 3.4 times increase compared to the  control 
group, and did not differ (p > 0.05) from the data ob-
tained from rats with LPS-induced periodontitis com-
bined with chronic thiolactone HHcy. 

We found that ROS production by peripheral neu-
trophils of animals with only LPS-induced periodontitis 
significantly increased by 87.9% compared to the con-
trol group. In rats with LPS-induced periodontitis 
combined with chronic thiolactone HHcy, this index 
demonstrated a 2.8 times increase (p < 0.001) compared 
to controls, which was 50.5% (р  =  0.008) higher than 
the indices for only LPS-induced periodontitis (Table 2). 
In animals with chronic thiolactone HHcy, ROS produc-
tion by peripheral blood neutrophils increased by 54.8% 
(р = 0.007) compared to the control group, and did not 
differ (p > 0.05) from data of rats with only LPS-induced 
periodontitis. 

It was found that in animals with only LPS-induced 
periodontitis, the  number of  peripheral blood neutro-
phils with reduced ΔΨm increased by 73.3% (р = 0.001) 
compared to controls (Table 2). In rats with LPS- 
induced periodontitis combined with chronic thio-
lactone HHcy, this index showed a  2.5 times increase 
(p  <  0.001) vs. controls, which was 42.3% (р  =  0.001) 
higher than the data of only LPS-induced periodontitis. 
In animals with chronic thiolactone HHcy, the number 
of peripheral blood neutrophils with reduced ΔΨm in-
creased by 40.0% vs. the control group. However, these 
changes were not statistically significant (р = 0.304). 

While studying the number of peripheral blood neu-
trophils with signs of apoptosis, it has been determined 
that in animals with only LPS-induced periodontitis, 
this index showed a 2.1 times increase (р < 0.001) com-
pared with the control group (Table 2). In animals with 
LPS-induced periodontitis combined with chronic thi-
olactone HHcy, there was a 3.5 times increase in num-
ber of ANV+-cells, (р < 0.001) compared with controls, 
which was 71.4 % (р = 0.001) higher than the data for 
only LPS-induced periodontitis. 

When studying the  number of  РІ+-cells, which 
characterize the intensity of necrotic processes, in ani-
mals with only LPS-induced periodontitis, a significant 

Table 1. Level of homocysteine (Hcys) in blood serum of rats with LPS-induced periodontitis without comorbid 
pathology, and combined with chronic thiolactone hyperhomocysteinemia (HHcy) (Me [IQR]) 

Parameter Experimental groups 

1 – Control 2 – Periodontitis 3 – HHcy 4 – Periodontitis + HHcy 

Hcys, µmol/l 7.70 (7.40; 8.15) 11.35 (10.15; 11.65) 26.39 (23.99; 29.63) 29.04 (26.45; 33.12) 

Kruskal-Wallis criterion: Н = 26.41; р < 0.001* 

р1-2 = 0.215 
р1-3 < 0.001* 
р1-4 < 0.001* 

р2-3 = 0.035* 
р2-4 = 0.002* 

р3-4 = 0.999 –

р1-2, р1-3, р1-4  – probability of differences between control and experimental groups; р2-3 – probability of differences between the group with periodontitis and the group with HHcy; 
р2-4 – probability of differences between the group with periodontitis and the group with periodontitis combined with HHcy; р3-4 – probability of differences between the group with 
HHcy and the group with periodontitis combined with HHcy; * – statistically significant results
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excess of the data obtained from the control group (by 
70.4%) was found. Animals with LPS-induced perio
dontitis combined with chronic thiolactone HHcy had 
a 2.8 times higher number of РІ+-cells (р < 0.001) vs. 
the control group, which was 63.0% (р = 0.001) higher 
than the data for only LPS-induced periodontitis. 

It should be noted that in animals with chronic thio
lactone HHcy, the number of peripheral blood neutro-
phils both with signs of apoptosis and with signs of ne-
crosis, did not significantly differ from the controls. 

The analysis of  the  association between the  amount 
of ANV+-cells and the amount of cells with increased ROS 
releasing and reduced ΔΨm in animals with only LPS- 
induced periodontitis showed a  strong direct correlative 
linkage between the amount of ANV+-cells and the amount 
of  cells with increased ROS releasing a  moderate direct 
correlative linkage between the amount of ANV+-cells and 
the amount of cells with reduced ΔΨm. In animals with 
LPS-induced periodontitis combined with chronic thio-
lactone HHcy, both of  the  above-mentioned correlative 
linkages had strong manifestations. As for the  animals 
with chronic thiolactone HHcy, the  correlative linkag-
es between the  amount of  ANV+-cells and the  amount 

of cells with increased ROS releasing and reduced ΔΨm, 
turned out to be statistically improbable (Table 3). 

The conducted correlative analysis between the 
amount of РІ+-cells and ANV+-cells as well as the amount 
of cells with increased ROS releasing and reduced ΔΨm in 
rats with only LPS-induced periodontitis has determined 
only one significant direct moderate interaction between 
the number of РІ+-cells and the number of cells with in-
creased ROS releasing (Table 3). A direct very strong as-
sociation between the amount of РІ+-cells and the amount 
of neutrophils with a decreased ΔΨm as well as a direct 
strong linkage between the  number of  РІ+-cells and 
the number of neutrophils with an increased ROS produc-
tion were determined in rats with LPS-induced periodon-
titis combined with chronic thiolactone HHcy. 

Analyzing correlative linkages between Hcys levels 
in the blood serum and the count of РІ+-cells, the count 
of  ANV+-cells, neutrophils’ count with an  increased 
ROS production, and the  number of  neutrophils with 
a  decreased ΔΨm, it should be noted that significant 
correlative linkages with all the studied indices were de-
tected in rats with LPS-induced periodontitis combined 
with chronic thiolactone HHcy (Table 4). 

Table 2. ROS production, ΔΨm, and apoptosis/necrosis of peripheral blood neutrophils in rats with lipopolysaccha-
ride-induced periodontitis without comorbid pathology, and combined with chronic thiolactone hyperhomocyste-
inemia (HHcy) (Me [IQR]) 

Parameter Experimental groups 

1 – Control 2 – Periodontitis 3 – HHcy 4 – Periodontitis + HHcy 

Suspension of blood neutrophils 

Increased ROS 
production cells 
count, % 

16.05 (14.25; 19.40) 30.15 (27.50; 31.85) 24.85 (22.85; 26.60) 45.38 (41.13; 47.00) 

Kruskal-Wallis criterion: Н = 41.38; р < 0.001* 

р1-2 = 0.001* 
р1-3 = 0.007* 
р1-4 < 0.001* 

р2-3 = 0.272 
р2-4 = 0.008* 

р3-4 < 0.001* – 

Decreased ΔΨm cells 
count, % 

1.50 (1.20; 1.70) 2.60 (2.25; 2.80) 2.10 (1.80; 2.30) 3.70 (3.45; 3.95) 

Kruskal-Wallis criterion: Н = 37.42; р < 0.001* 

р1-2 = 0.001* 
р1-3 = 0.304 

р1-4 < 0.001* 

р2-3 = 0.504 
р2-4 = 0.001* 

р3-4 < 0.001* – 

ANV+-cells count, % 2.20 (1.80; 2.45) 4.55 (4.25; 4.90) 3.40 (3.25; 3.60) 7.80 (7.45; 8.30) 

Kruskal-Wallis criterion: Н = 42.85; р < 0.001* 

р1-2 < 0.001* 
р1-3 = 0.247 

р1-4 < 0.001* 

р2-3 = 0.182 
р2-4 = 0.001* 

р3-4 < 0.001* – 

PI+-cells count, % 1.35 (1.15; 1.65) 2.30 (2.15; 2.35) 1.90 (1.55; 2.00) 3.75 (3.65; 4.15) 

Kruskal-Wallis criterion: Н = 39.95; р < 0.001* 

р1-2 < 0.001* 
р1-3 = 0.653 

р1-4 < 0.001* 

р2-3 = 0.116 
р2-4 = 0.001* 

р3-4 < 0.001* – 

р1-2, р1-3, р1-4  – probability of differences between the control and experimental groups; р2-3 – probability of differences between the group with periodontitis and the group with HHcy; 
р2-4  – probability of differences between the group with periodontitis and the group with periodontitis combined with HHcy; р3-4 – probability of differences between the group with 
HHcy and the group  with periodontitis combined with HHcy; * – statistically significant results
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Discussion 

Violation of  the  oral microbiota and formation of 
the biofilms have been determined as the leading etio
logical factors of  periodontitis [26]. Of all PMNs in 
the periodontal pocket and gingival crevice, neutrophils 
comprise the largest fraction. Since neutrophils are also 
the  largest leukocyte group in inflamed periodontal  
tissues, they act as a barrier preventing micro-organism 
ingress between dental plaque and junctional epithelium 
[27]. Neutrophils produce marked bactericidal effect; 
they neutralize pathogens by releasing free radicals (in 
so called ‘respiratory burst’), and then absorbing them 
through phagocytosis [28]. Moreover, neutrophil cells 
contain an array of hydrolytic enzymes, including pro-
teases, lipases, and deoxyribonucleases, in addition to 
compounds specifically targeting the bacterial cell wall, 
such as lysozyme and lactoferrin [29, 30]. Additionally, 
a new antibacterial defense mechanism has been discov-
ered in recent years: neutrophil extra-cellular traps [31]. 

At the same time, excessive activation of neutrophils 
and ROS hyper-production as a  reaction to periodon-
tal pathogens can induce periodontium damage, and 
lead to the persistence of periodontitis [27]. Our results 
showed the  significant increase of  ROS generation by 
peripheral blood neutrophils, decrease of  their ΔΨm 
as well as the increase of the number of cells with signs 
of apoptosis in case of LPS-induced periodontitis. 

Our results are consistent with reports of other re-
searchers, who showed an  association between perio
dontal tissue damage, hyper-production of  ROS, and 
apoptosis. Matthews et al. showed that neutrophils ob-
tained from patients with chronic periodontitis demon-
strated an increase of extra-cellular ROS release in-vitro 
without exogenous stimulation [32]. Other researchers 
showed that LPS from Porphyromonas gingivalis and  
hypoxia induce a NADPH oxidase 4-dependent increase 
in the release of H2O2 in periodontal ligament fibroblasts 
that may additionally facilitate the  development and 
progression of periodontitis [33]. Oktay et al. observed 

Table 3. Correlative linkages between the count of peripheral blood neutrophils with signs of apoptosis/necrosis 
and the count of cells with increased ROS production and decreased ΔΨm in case of lipopolysaccharide-induced pe-
riodontitis without comorbid pathology and combined with chronic thiolactone hyperhomocysteinemia (HHcy) (r

xy
) 

Parameter 

ANV+-cells count, % Increased ROS production cells count, % 

Periodontitis HHcy Periodontitis + HHcy 

r = 0.82; р = 0.001* r = 0.29; р = 0.365 r = 0.83; р = 0.001* 

Decreased ΔΨm cells count, % 

Periodontitis HHcy Periodontitis + HHcy 

r = 0.62; р = 0.031* r = 0.25; р = 0.440 r = 0.77; р = 0.003* 

РІ+-cells count, % Increased ROS production cells count, % 

Periodontitis HHcy Periodontitis + HHcy 

r = 0.58; р = 0.049* r = 0.64; р = 0.024* r = 0.76; р = 0.004* 

Decreased ΔΨm cells count, % 

Periodontitis HHcy Periodontitis + HHcy 

r = 0.49; р = 0.110 r = 0.56; р = 0.060 r = 0.91#; р < 0.001* 
*Statistically significant results. #Significant differences of correlation coefficients; p < 0.05 (between the group of only periodontitis with the group of periodontitis combined with HHcy) 

Table 4. Correlative linkages between the  level of  homocysteine (Hcys) in blood serum and the  count of  peri-
pheral blood neutrophils with increased ROS production, decreased ΔΨm, and signs of apoptosis/necrosis in case 
of lipopolysaccharide-induced periodontitis without comorbid pathology and combined with chronic thiolactone 
hyperhomocysteinemia (HHcy) (r

xy
) 

Parameter Experimental groups 

Periodontitis HHcy Periodontitis + HHcy 

Hcys, µmol/l Increased ROS production cells count, % r = 0.76; р = 0.004* r = 0.58; р = 0.047* r = 0.82; р = 0.001* 

Decreased ΔΨm cells count, % r = 0.62; р = 0.032* r = 0.59; р = 0.044* r = 0.65; р = 0.022* 

ANV+-cells count, % r = 0.56; р = 0.057 r = 0.79; р = 0.002* r = 0.65; р = 0.022* 

РІ+-cells count, % r = 0.51; р = 0.065 r = 0.69; р = 0.013* r = 0.66; р = 0.020* 
*Statistically significant results
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that rats, if compared with the  control group, which 
were infected with the periodontal pathogens, manifest-
ed a 5-fold increase in oxidative stress index [34]. 

Parahonsky et al. examined 39 patients with perio
dontitis. They determined that while the  levels cyto-
chrome C (a marker of cell apoptosis) initially increase at 
the  beginning of  periodontics, they decrease afterward, 
as the disease progresses to its’ final stages [35]. Sarkisov 
et al. examined 40 patients with periodontitis and found 
an  increased level of  annexin V in the  oral fluid [36].  
To determine the relationship between apoptosis and peri-
odontium condition, the researchers performed a correla-
tion analysis, which revealed a statistically significant link-
age of moderate strength between the level of annexin V 
and the values of periodontal indices, which reflected the 
role of apoptosis intensification in the progression of in-
flammatory-destructive changes of the periodontium. 

Therefore, the  LPS-induced periodontitis in rats is 
accompanied by ROS over-production by peripheral 
blood neutrophils and the decrease of their ΔΨm, which 
consequently distorts the  integrity of  mitochondrial 
membrane and the launch of apoptotic death. The con-
ducted correlative analysis indicates a probable linkage 
between the number of ANV+-cells, number of cells with 
ROS over-production, and the  number of  neutrophils 
with a decreased ΔΨm, which indicates a mitochondrial 
pathway of apoptosis initiation. 

Our results demonstrate that chronic thiolactone 
HHcy enhances the  initiation of  programmed cell 
death in case of  periodontitis, which is confirmed by 
the  significant prevalence of  the  number of  peripher-
al blood neutrophils with the signs of apoptosis in rats 
with LPS-induced periodontitis combined with chronic 
HHcy, if compared with rats with LPS-induced perio
dontitis only. We suggest that ROS over-production and 
destruction of the mitochondrial inner membrane that 
occurs due to a decrease of  trans-membrane potential, 
is one of  the  important signalling pathways of  trigger-
ing programmed cell death, both in condition of LPS- 
induced periodontitis only, and in case of a comorbidity 
of  LPS-induced periodontitis and chronic thiolactone 
HHcy. 

Molecular mechanisms that underlie the  pro-apop-
totic effect of  Hcys are not yet well-understood. Hcys- 
induced mitochondrial dysfunction can be a crucial mo-
lecular mechanism that mediates apoptosis. Hcys can 
cause endoplasmic reticulum stress and intra-cellular 
Ca2+ mobilization, which are followed by a subsequent de-
velopment of programmed cell death [37]. Moreover, the 
consecutive leakage of cytochrome C from mitochondria 
as well as ROS activate the caspase 3 pathway, which leads 
to DNA fragmentation. Huang et al. observed that Hcys 
prompts apoptotic DNA damage mediated by increased 
intra-cellular H2O2 and activation of  caspase 3 [38]. 
Kruman et al. have demonstrated that Hcys concentra-
tion influences the value and speed of apoptosis develop-
ment in their experiment. For instance, a  250 μM con-

centration of Hcys caused the apoptosis of practically all 
hippocampal neurons in culture within 28 hours, while 
in the same experiment, a 0.5 μM concentration (which 
is an in-vivo norm) led to apoptosis of only 40% of neu-
rons within 96-144 hours [39]. Bao et al. demonstrated 
Hcys-induced apoptosis in endothelial progenitor cells, 
which may be due to their pro-oxidative effects as well as 
because of an upregulation of p38MAPK protein expres-
sion and caspase-3 activity [40]. Alam et al. also showed 
that Hcys-mediated endothelial cells apoptosis is associ-
ated with caspase-8, cytochrome-c release and caspase-3 
activation [41]. It has been revealed that Hcys induces mi-
tochondrial apoptosis in SH-SY5Y cells [42] and in prima-
ry cultures of cyto- and syncytiotro-phoblastic cells [43]. 
Kim and Рае have conclusively demonstrated the dose-de-
pendent toxicity of Hcys on the culture of cerebellar gran-
ule neurons. Hcys at a dose of more than 300 μM activates 
N-methyl-D-aspartate receptors within 16-22 hours, thus 
causing an  increased production of  ROS and initiation 
of programmed cell death [44]. In a study of Fang et al., 
the viability of Neuro2a neuroblastoma cell line declined 
in a dose-dependent manner when incubated with Hcys; 
the cells underwent apoptosis within 48 hours. These ef-
fects were produced at a Hcys concentration of < 5 mM. 
The authors suggested that apoptotic process is initiated 
by nuclear translocation of  glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as well as acylation [45]. Chen 
et al. described the Hcys-induced cell apoptosis in mela-
nocytes via ROS and endoplasmic reticulum stress protein 
kinase RNA-like ER kinase (PERK) – eukaryotic trans-
lation initiation factor 2α (eIF2α) – C/ EBP homologous 
protein (CHOP) (PERK–eIF2α–CHOP signalling path-
way) [46]. A number of mechanisms produced by Hcys 
resulting in adverse effects on mitochondrial and endo-
plasmic reticulum function were described by Zhang et al., 
who investigated human umbilical vein endothelial cell 
(HUVEC) [47]. First, Hcys-induced mitochondrial dys-
function involved downregulated Bcl-2 expression, re-
duced mitochondrial transmembrane potential and 
amplified mitochondrial ROS, all of  which resulted in 
elevated cytoplasmic cytochrome C, ROS, and caspase-3 
levels, initiating HUVEC programmed death. Addition-
ally, Hcys contributes to HUVEC apoptosis by modulat-
ing NF-kβ activation, as it triggers PERK, initiates eIF2α  
phosphorylation, and upregulates the expression of acti-
vating transcription factor 4 and CHOP. The endoplasmic 
reticulum stress is furthermore triggered by an increased 
cytoplasmic ROS, resulting in misfolded proteins. 

Study limitations 

This study was performed on a  small sample size; 
the results are therefore presented as preliminary. Fur-
ther investigations are needed to explore the clinical im-
plications of these findings. 
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Conclusions 

Our study showed that chronic thiolactone HHcy 
enhances the apoptotic events in peripheral blood neu-
trophils of  rats with LPS-induced periodontitis. Exces-
sive production of  ROS and mitochondrial dysfunction 
caused by high serum Hcys level can be a crucial molec-
ular mechanism that enhances programmed cell death 
in rats with LPS-induced periodontitis combined with 
chronic thiolactone HHcy, which opens opportunities for 
improving of  pathogenetic therapy in patients with co-
morbid course of periodontal disease and chronic HHcy. 
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