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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Smoking has increasingly reported as deleterious behavior 

associated with serious problems, ranging from mood changes to 
cancer. The basic and common landmark associated with these 
disorders is derangement of mitochondrial quasi-equilibrium. 
This study aimed to identify the role of smoking in modulation 
of lipid profile in the view of mitochondrial dysfunctionality. 
To do so, smokers were recruited, serum lipid profile, serum 
pyruvate, and serum lactate were determined to confirm the 
link between serum lipid profile and smoking induced lactate 
to pyruvate ratio. The recruited subjects were sub-classified 
into three groups; G1 includes smokers for up to 5 years, G2 
includes smokers for 5-10 years, and G3 includes smokers for 
more than 10 years alongside the control non-smokers group. 
The results confirmed that lactate to pyruvate has significantly 
(p<0.05) increased in smoker groups (G1, G2, G3) compared to 
control group and smoking has significantly increased LDL and 
TG with no effects on cholesterol or HDL levels in G1 group 
alongside  minimal or no changes associated with G2 or G3 
compared to control group. In conclusion, smoking impacted 
lipid profile in smokers during initial stages of smoking, 
however, the effect started to be tolerated with continuous 
smoking after 5 years with obscure mechanism. Nonetheless, 
pyruvate/lactate modulation due to restoration of mitochondrial 
quasi-equilibrium might be the cause. Cigarette cessation 
campaign should be advocated to ensure smoking-free society.

Key words. Mitochondria, smoking, lipid, cigarette, pyruvate, 
lactate.
Introduction.

Smoking greatly increases the risk of pathological conditions 
such ischemic heart disease, and it does so inadvertently 
through altering lipid panel. Smoking, eat unhealthy foods, 
and engage in less physical activity every day 1 are coexisted 
inducible factors for lipid derangement [1]. The effect of 
cigarette smoking on lipid profile has been connected to a range 
of processes. The involvement of cigarette smoking in raising 
serum catecholamine levels is the best-proposed mechanism. 
Elevated catecholamine concentrations cause a rise in free fatty 
acids in the circulation, which leads to higher serum VLDL 
and LDL levels and lower serum HDL levels. The effect of 
cigarette smoking on the function of enzymes involved in HDL 
production, nevertheless, ought not be overlooked [2]. Smoking 
has been shown to raise blood cholesterol levels throughout 
most current research. Furthermore, people who smoke have 
a lower ratio of high-density lipoprotein (HDL) to low-density 
lipoprotein (LDL) cholesterol than nonsmokers [3].

Smoking has a well-known influence on heart disease, but 
its impact on platelet reactivity, endothelial dysfunction, 
atherosclerosis, inflammatory processes, and peroxidation is 
still up for debate. Furthermore, the impact of smoking on lipid 

panel, whether directly or indirectly, is less well understood, and 
a consensus based on current information has yet to be reached 
[2]. The link between active or passive cigarette smoking and 
lipid profiles such as total cholesterol, high density lipoprotein 
(HDL), and low-density lipoprotein (LDL) has been studied 
extensively in recent years [4].

Cigarette smoking lead to tissue hypoxia [5,6] resulting in 
cellular disruption of mitochondria in an attempt to override 
reduced energy [7,8], therefore, the lactate and pyruvate levels 
could increase with the time due to cellular adaptation of tissue 
hypoxia [9]. In the present study we aimed to identify the 
mitochondrial malfunction in the light of smoking with their 
derangement of lipid parameters.
Patients and Methods.

The details of patients recruited and included in the study were 
mentioned in table 1.

These smokers recruited over a period of a month and venous 
blood samples withdrawn from them, serum separated, collected, 
freezed at -20°C for future analysis. Cayman’s method were 
used for pyruvate/lactate measurement which is in principle a 
fluorescent technique while enzymatic colorimetric technique 
used for measurement of TC, TG, and HDL (kits supplied 
by Elabscience). LDL and vLDL calculated by Friedewald’s 
equation [10].

The statistical analysis was conducted using GraphPad 
(version 9.3.1). One-way ANOVA with a series of t-test 
conduct to identify the significant (p<0.05) difference group. 
Data expressed as mean±SD.
Results.

The correlation test conducted between the lipid parameters 
and lactate, or pyruvate confirmed that there was no or negative 
correlation between most studied parameters. Regarding lactate, 
in the control group, a strong positive correlation exists between 
lactate and TC or LDL and a positive correlation exists between 
lactate and HDL. In the G1 group, a positive correlation was 
noticed between lactate and TC, TG, or VLDL. Regarding 
pyruvate, in the control group, a strong positive correlation exists 
between pyruvate and TC or HDL and a positive correlation 
exists between pyruvate and LDL (Table 2).

Analysis of results of measured parameters (in mg/ml) 
has revealed a significantly (p<0.05) higher level of serum 
TC in G1 group [151±5.3] compared to control, G2, G3 
[119±6.5, 125±5.3, 137±5.6, respectively]. A non-significant 
(p>0.05) differences found when G1 or G2 or G3 compared 
to control group regarding serum concentration of TG, vLDL, 
LDL. A significantly (p<0.05) higher level of serum LDL 
demonstrated in G1 group [83±3.7]  and G3 group [71±3.4] 
compared to control [54±4]. A significantly (p<0.05) higher 
level of serum LDL demonstrated in G1 group [83±3.7] and 
compared to G2 group[65±4.4] or G3 group [71±3.4]. Lactate 
to pyruvate ratio used as an indicator of mitochondrial function 
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revealed significantly higher ratio in G1, G2, and G3 groups 
[20±0.5,21±0.3, and 23±0.7,respectively] compared to control 
group [17.5±0.2], see figure 1.
Discussion.

Although plasma lipid plays a crucial role in the human body, 
contributing to a variety of metabolic activities and serving as 
a building element, destabilizing lipid components pose risks 
[11]. This study also found that continuing to smoke is strongly 
linked to dyslipidemia. A number of factors can contribute 
to cigarettes dyslipidemia. In line with prior studies, our data 
demonstrated that smokers had significantly greater TC levels 
than non-smokers [12-14]. Smokers had higher TG, LDL, and 
VLDL levels than non-smokers, and our findings are consistent 
with those of other studies [13-15,16] which have shown 
modulation of lipid profile in smokers. 

Similarly, smoking had decreased HDL levels than 
anthropometrically matched non-smokers, which is consistent 
with past findings[13-15,16,17]. Furthermore, smokers have a 
considerably higher TC:HDL ratio than nonsmokers, in spite of 
the increasing TG and reducing HDL, a large Japanese cohort 
showed no difference in smokers' TC and LDL-C. It could be due 
to a number of competing parameters such as lipid metabolism, 
dietary lipid consumption, culture, or even other variables like 
activity [18,19].

The findings of this study revealed that smokers' HDL-C 
levels were substantially lower than non-smokers', which is 
similar to the findings. CVDs are linked to a decrease in HDL-C 
and an increase in LDL-C and VLDL-C [20,21]. An imbalance 
between good and bad cholesterol is one of the causes of 
thrombus formation and arteriosclerosis. Smoking' serum 
lipid levels may rise for a variety of causes. High quantities of 
nicotine are absorbed into the bloodstream through the lungs 
throughout cigarettes.

Cigarettes triggers the release of catecholamine’s from the 
body, which is caused by the activation of adenylyl cyclase in 
adipose tissue, an increase in lipolysis, and the release of free 
fatty acids into the bloodstream, as well as the release of free 
fatty acids into the bloodstream. Elevated levels of free fatty 
acids in the liver increase the generation of TG and VLDL-C, 
resulting in increased TG and VLDL-C levels in the blood [16]. 
A reduction in HDL-C levels is caused by increased LDL-C 
and VLDL-C levels in the blood [22]. Researchers have 
discovered another mechanism that leads to smokers' reduced 
HDL-C levels, in addition to nicotine-mediated catecholamine 
release. Homocysteine levels in smokers are greater than in 
nonsmokers. Increased homocysteine is known to lower HDL-C 
levels in smoking and has an adverse influence on HDL-C 
levels [23]. Lipid alteration might be a consecutive of hypoxia-
provoked intracellular events via modulating mitochondrial 
DNA content, resulting in signaling of HIF-1a pathway. Where 
HIF-1a contributes as a component of metabolic tolerance, 
promotes lactate accumulation at the latter phase of hypoxia 
[24]. Hypoxia affect cells behaviors in term of changing cell 
secretome, exosome, and even the cell architecture [25-27].
Conclusion.

Mitochondrial dysfunction has been associated with chronic 

smoking alongside lipid metabolic derangement.
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