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Summary  

It is estimated that 5.9% of all human deaths are attributable to alcohol consumption and that the 

harmful use of ethanol ranks among the top five risk factors for causing disease, disability, and 

death worldwide.  Ethanol is known to disrupt phospholipid packing and promote membrane 

hemifusion at lipid bilayers.  With the exception of mitochondria involved in hormone synthesis, 

the sterol content of mitochondrial membranes is low.  As membranes that are low in cholesterol 

have increased membrane fluidity, and are the most easily disordered by ethanol, we hypothesize 

that mitochondria are sensitive targets for ethanol damage.  HeLa cells were exposed to 50 mM 

ethanol and the direct effects of ethanol on cellular ultrastructure were examined utilizing 

transmission electron microscopy.  Our ultramicroscopic analysis revealed that cells exposed to 

ethanol harbor fewer incidence of apoptotic morphology; however, significant alterations to 

mitochondria and to nuclei occurred.  We observed statistical increases in the amount of irregular 

cells and cells with multiple nuclei, nuclei harboring indentations, and nuclei with multiple 

nucleolus-like bodies.  Indeed, our analysis revealed that mitochondrial damage is the most 

extensive type of cellular damage.  Rupturing of cristae was the most prominent damage 

followed by mitochondrial swelling.  Ethanol exposure also resulted in increased amounts of: 

mitochondrial rupturing, organelles with linked membranes, and mitochondria localizing to 

indentations of nuclear membranes.  We theorize that these alterations could contribute to 

cellular defects in oxidative phosphorylation and, by extension, the inability to generate regular 

levels of cellular adenosine triphosphate.  

Keywords: ethanol; mitochondria; nuclei; ultrastructure; transmission electron microscopy; 

HeLa 
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1. Introduction!

 The World Health Organization estimates that 5.9% of all deaths are attributable to 

alcohol consumption and that harmful use of ethanol ranks among the top five risk factors for 

causing disease, disability, and death worldwide [1].  Of concern to cellular membranes, ethanol 

disrupts the packing of phospholipids and promotes membrane hemifusion, the joining of two 

leaflets of two adjacent membranes [2,3].  In general, the sterol content within mitochondrial 

membranes is low, except in those cells that biosynthesize hormones [4,5], and membranes that 

are low in cholesterol have increased membrane lipid fluidity and are more easily disordered by 

ethanol [2].  As mitochondrial lipid bilayers typically harbor the least amount of sterols, in 

comparison to other organelles [4], we predict that they are highly sensitive to ethanol damage.  

The mitochondrion is colloquially referred to as the powerhouse of the cell as this organelle is 

the site where oxidative phosphorylation (OXPHOS) occurs.  OXPHOS is the process of 

coupling substrate oxidation to production of the energy-rich molecule adenosine triphosphate 

(ATP).  In addition to contributing to energy production, mitochondria play important roles in 

the regulation of cell survival and cell death and have been implicated in carcinogenesis [6,7].  

 Tissue culture provides a valuable experimental tool to assess ethanol cytotoxicity and 

provides several experimental advantages over in vivo studies.  First, cell lines grown in culture 

are generally homogeneous.  Second, it is easy to distinguish the direct effects of ethanol on 

cultured cell lines without the effects of secondary humoral factors, such as cytokines [8].  Third, 

cell culture permits the investigator to easily visualize the subcellular effects of ethanol treatment 

utilizing electron microscopy. Cagnon and co-workers demonstrated that alcohol caused 

rupturing of mitochondrial cristae in mice prostate cells [9], while a chronic alcohol usage 
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experiment utilizing Calomys callosus as a model system demonstrated mitochondrial cristae 

rupturing in palate mucous membrane cells [10].  Experiments exploiting the HeLa human 

cervical cancer cell line have investigated changes to mitochondrial ultrastructure on exposure to 

various insults and drugs such as:  laser irradiation [11], the anticancer compounds zerumbone 

[12] and vinblastine [13], antibiotics such as toyocamycin [14] and chloramphenicol [15], and 

the phthalocyanine dyes [11].  Here we utilized HeLa cells to investigate the direct effects of 

ethanol on cellular ultrastructure using electron microscopy.  A total of 1189 cells were 

examined in this study. 

 While electron microscopy is a powerful diagnostic tool to detect subcellular 

morphological abnormalities, which are undetectable by light microscopy [16], previous studies 

on the effects of ethanol on cellular ultrastructure have not provided sufficient statistical 

analyses.  We carried out a comprehensive statistical analysis on the effect of alcohol on cellular 

ultrastructure utilizing high-resolution transmission electron microscopy.  Although cells 

exposed to ethanol harbor fewer incidence of apoptotic morphology, there are significant 

alterations to mitochondria and to nuclei.  We observed increases in the amount of irregular cells 

and cells with multiple nuclei, nuclei harboring indentations, and nuclei with multiple nucleolus-

like bodies.  Furthermore, our analysis revealed that mitochondrial damage is the most extensive 

type of cellular damage.  Ruptured cristae were the most frequent damage followed by 

mitochondrial swelling.  Ethanol exposure also resulted in increased amounts of: mitochondrial 

rupturing, organelles with linked membranes, and mitochondria localizing to indentations of the 

nuclear membrane.  We theorize these alterations could contribute to cellular defects in 

OXPHOS and by extension the inability to generate regular levels of cellular ATP. 
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2. Materials and methods   

2.1 Tissue culture 

 HeLa cells were obtained from ATCC.  Cells were incubated in a Sanyo Science 

incubator (Sanyo North America Corporation) using 225 cm2 flasks containing minimum 

essential medium with 10% fetal bovine serum, penicillin (50 µg/ml), streptomycin (50 µg/ml), 

and neomycin (100 µg/ml).  The flasks were maintained in a humidified atmosphere of 95% air 

and 5% CO2 at 37°C.   

2.2 Ethanol treatment and sample preparation 

 Cultures were exposed to ethanol by growing in 39 ml minimum essential medium 

containing 50 mM ethanol and incubated at 37oC for 24 h.  The next day the medium was 

aspirated out of the flasks and cells were then incubated in 10 ml of PBS (Ca2+ & Mg2+ free, 

obtained from Dulbecco) containing 0.04% EDTA for 5 min.  Cells were harvested off the 

bottom of the flask by scrapping and then the suspensions were transferred into microcentrifuge 

tubes, vortexed and centrifuged at 134 g for 5 minutes.  Untreated control HeLa cells were 

harvested in parallel.  The PBS was aspirated off the pellets and the cells were washed with ice 

cold 0.1M NaCac buffer containing 5% sucrose, vortexed for 1 - 2 minutes, centrifuged, and 

finally the buffer was aspirated.  This step was repeated twice.  The last buffer change was 

discarded and replaced with fixative of 1.25% Glutaraldehyde and 2% Formaldehyde in 0.1M 

NaCac buffer for 40 minutes on crushed ice.  Next, the cells were dehydrated with various grades 

of ethanol, the alcohol concentration was gradually increased from 50%, 70%, 80%, 90%, to 

100%, then the samples were processed and embedded in araldite-epon capsules.  Capsules were 
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sectioned for electron microscopy.  Thin sections of 70 nm were prepared using ultra microtome 

Leica EM uc7/Fc7-8/09 (Leica Microsystem, GmbH. Vienna, Austria). 

 

2.3 Transmission electron microscopy (TEM) 

 Thin sections were impregnated with lead citrate and uranyl acetate and examined by 

JEOL-JEM-1011 Transmission Electron Microscope (JEOL LTD, 1-2 Musashino, 3-Chome, 

Akishima, Tokyo 196 Japan).  The ultrastructure morphometric study was conducted on silver 

sections mounted on 300 mesh copper grids using the JEOL-JEM-1011 electron microscope 

operated at 80 kV.  The silver sections were examined by discarding one-micron thick section 

between each mounted ribbon sections on a grid.  Then another silver color ribbon was made 

from the next level of the same capsule.  This process continued by examining a total of nine 

ribbon sections.  The mounted grids were obtained from ten different levels of the same capsule, 

which allowed data collection from different HeLa cells.  

2.4 Data analysis 

 Randomly examined cells in each view were captured by digital photography and images 

were saved for numerical and morphological data collection.  The collected data include: shape 

and number of cells, shape and number of nuclei, shape and number of nucleoli, presence of 

cytoplasmic processes, shape and number of mitochondria in each cell, number of swollen 

(enlarged) and ruptured mitochondria, and the number of mitochondria with ruptured or distorted 

cristae, including their distribution within the mitochondrial matrix (Table 1).  We examined 606 

control cells and 583 cells exposed to ethanol.  To test the differences between the proportions in 
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each of the nine characteristics of HeLa cells in ethanol or control treatments, the following 

hypotheses were considered: 

!!!!:!!! = !! 

!!!!:!!!! > !!,  

where !! is the proportion or percentage of the characteristic in the ethanol treatment, and !! is 

the corresponding proportion in the control treatment. The following two statistical procedures 

were used in Excel 2010 Developer to test the hypotheses: 

1. The Z-test statistic which uses the normal distribution at! = 0.01, with the following 

assumptions: 1) the two random samples must be independent of one another; 2) since the 

samples sizes are sufficiently large, both populations can be considered approximately 

normally distributed; 3) the sample proportion of a characteristic with the ethanol 

treatment is !! = !! /583 ,  where !!!is the cell count of the characteristic, and the 

correspondent sample proportion with the control treatment is  !! = !! /606 and 

! = ! !!!!!!!"# .!The formula for test statistic  is ! = !!!!!
!(!!!) !

!"!!
!
!"#

. If  ! > !.!" = 2.325 

then the null hypothesis, !!!, is rejected.  

2. The P-value approach, in which the area of the right hand tail is computed by using the 

normal distribution value of the opposite of the z test statistic, P-value = NORMSDIST(-

z). If P-value < ! = 0.01 then the null hypothesis, !!!, is rejected.  

 The results obtained with Excell 10 were verified using Mathematica 10.4 (Wolfram Inc., 

Champaign, IL).  

 

 



!
!

8!
!

2.5 TEM assessment of cellular apoptotic morphology 

 Cells with apoptotic morphology were assessed as previously described [12,17].  Briefly, 

TEM was used to take random digital pictures from HeLa capsule sections treated separately 

with and without alcohol.  Data for each image was collected as described in section 2.4 above 

and standard ultrastructure criteria were utilized to define cells undergoing morphological 

changes consistent with apoptosis.  The criteria used to define apoptotic morphology included: 

cell shrinkage, increased granularity, dense cytoplasm, tightly packed organelles, pyknosis 

(condensed chromatin), karyorrhexis (discontinuous and fragmented nuclear envelop), and 

formation of apoptotic bodies (irregular cell membrane and vesicles). 

 

3. Results 

3.1 Assessment of untreated HeLa cell ultrastructure 

 In HeLa control cells, nuclei appeared lucent with 1 - 3 nucleolus-like bodies and their 

mitochondria appeared densely stained, of similar size, and rounded.  Mitochondria from control 

cells displayed normal morphological shapes and sizes with tightly packed cristae located within 

densely stained mitochondrial matrices (Figure 1 Panel 1 and Materials and methods).  These 

mitochondria were spread throughout the cytoplasm around the nucleus and very few showed 

rupturing of cristae.  

3.2 HeLa cells treated with ethanol harbor altered nuclear structures 

 HeLa cells exposed to ethanol were observed to undergo apoptosis less frequently than 

untreated control cells (Table 1).  Cell division was not significantly affected; however, in cells 

treated with ethanol, cellular apoptotic morphology decreased by ~60% with respect to control 
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cells and the occurrence of irregular cells increased ~2.6-fold (Odds Ratio, Table 1; Figure 2 and 

Materials and methods).  In this study, apoptotic morphology was the only observed variable to 

have fewer instances with ethanol treatment: only ~2.6% compared to 6.1% in the controls 

(Table 1).  Cells treated with alcohol were irregular in shape and harbored altered nuclear and 

mitochondrial structures (Figure 1, compare panels 1 and 2).  Ethanol treatment resulted in a 2.8-

fold increase in cells harboring multiple nuclei (Table 1, Figure 3).  The nuclei were ~2.5 times 

more likely to harbor indentations and the occurrence of multiple densely stained nucleolus-like 

bodies increased 1.8-fold (Table 1; Figure 1 compare panel 1 with panels 2, 3, 4, and 6).   

3.3 HeLa cells treated with ethanol harbor altered mitochondrial structures 

 In the samples obtained from ethanol treatment, the majority of the mitochondria were 

located to one side of the nucleus and some were larger than others (Figure 1, compare panel 1 

with panels 2, 3, and 6).  In contrast to the densely stained mitochondria from control cells, HeLa 

cells treated with ethanol harbor lucent or pale stained mitochondria of various irregular shapes 

and sizes that also typically appear extremely hypertrophied (Figure 1, compare panel 1 with 

panels 2 - 6).  These swollen mitochondria contain less cristae that are oblique and disorganized 

(panels 4 and 5).  Swollen mitochondria were ~3.8 times more likely to occur when HeLa cells 

were treated with ethanol (Table 1, Figure 4).  Mitochondria with dense matrices were also 

observed in cells treated with ethanol, albeit not as often as in control cells (Figure 1, panel 2 - 

6).  In general, we observed that mitochondria from cells exposed to ethanol harbor less cristae 

and these cristae appeared distorted and ruptured. The effect of ethanol on mitochondrial cristae 

is depicted in Figure 5 at high magnification. The likelihood of ruptured mitochondria and 

ruptured cristae significantly increased by 2.1- and 4.2-fold, respectively (Figure 4).  Also, we 

observed an increase in the amount of mitochondria with linked membranes and these structures 
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could represent ethanol-induced membrane hemifusion or a disruption to the dynamic 

mitochondrial fusion and fission cycle, or both (Figure 1, panels 2 - 6).  As depicted in Figure 1, 

mitochondria from cells exposed to ethanol were localized within nuclear membrane 

indentations (panels 2, 3, and 6), inside extensions of cytoplasmic cell processes (panel 2), and 

were abnormally long and appeared to fold over on themselves (compare panel 1 with panels 2 - 

6).  Ruptured mitochondria were observed in close proximity to nuclei (panels 2 and 3) and 

mitochondria with compromised outer membranes were also apparent (see HM in panels 4 and 

5).  In summary, partial cristolysis or rupturing of mitochondrial cristae, was the most frequent 

mitochondrial alteration we observed followed by mitochondrial swelling and rupturing of 

mitochondria (Table 1).  The p-values for these observations were all less than 0.0001 indicating 

highly significant differences. 

4. Discussion  

 Ethanol induces expansion of lipid membranes, decreases membrane thickness, and 

disorders lipid acyl chains [2,3].  We hypothesized that mitochondria are sensitive targets to 

ethanol damage due to their distinct two-membrane architecture harboring both an outer 

mitochondrial membrane and an inner mitochondrial membrane.  In agreement with studies 

demonstrating that mitochondrial membranes harbor low levels of sterols [4,5], and observations 

that lipid membranes low in cholesterol are more easily disordered by ethanol [2], mitochondrial 

damage was the most frequent damage observed for HeLa cells exposed to ethanol.  We 

examined the intracellular ultrastructure of 583 ethanol exposed and 606 untreated HeLa cells by 

high-resolution transmission electron microscopy.  Cell division was not affected by alcohol 

treatment but cellular apoptotic morphology decreased 2-fold relative to untreated cells.  

Statistical analysis revealed that rupturing of mitochondrial cristae was the most extensive type 
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of cellular damage caused by ethanol treatment followed by the occurrence of: swollen 

mitochondria, multiple nuclei, irregular shaped cells, nuclei harboring indentations, ruptured 

mitochondria, and multiple nucleolus-like bodies (Table 1).  The distribution of organelles was 

affected with mitochondria localizing to nuclear indentations within the cytoplasm.  

Mitochondria of cells treated with ethanol appeared lucent or pale and were of various shapes 

and sizes with many of the organelles appearing extremely hypertrophied.  We observed that 

cells treated with ethanol harbor mitochondria with a higher occurrence of linked membranes, 

which could represent ethanol-induced membrane hemifusion [2,3], or disruption to the 

mitochondrial dynamic cycle of fusion and fission, or both.  Pathological mutations in genes 

responsible for mitochondrial fusion have been associated with alterations in the organization of 

mitochondrial networks and with the inhibition of energy metabolism [18,19].  Heterogeneous 

ultrastructure pathology may represent altered mitochondrial networks [7] and, according to 

Arismendi-Morillo, total or partial cristolysis may suggest severely compromised OXPHOS [20].  

Furthermore, it is evident that there is a close relationship between mitochondrial energy 

production and the status of the mitochondrial reticulum in human cells [21].   

 According to Castro and coworkers [22], rat mammary tissues may bioactivate ethanol to 

become highly mutagenic [23] and to generate free radicals, leading to oxidative stress, which 

may play a role in tumor promotion [24,25].  Additionally, mitochondrial DNA is susceptible to 

ethanol-induced damage and if not repaired can impair mitochondrial function [26].  In regard to 

ethanol exposure and cancer, mitochondrial morphological alterations caused by ethanol have 

been reported in various tumors and malignancies such as carcinomas [27,28], Warthin’s tumor 

[29], malignant glioma cells [30], cancer cell lines [31], and in clones of cancer cells with 

mitochondrial respiration defects [32].  Additionally, HeLa cells exposed to the 
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chemotherapeutic agent cis-4-((((2-Chloroethyl)nitrosamino)carbonyl)amino)-cyclohexane 

carboxylic acid (cis-acid), caused mitochondrial swelling and vacuolation [33].  In spite of these 

advances, much more research is required to understand the potential implications of ethanol and 

other pharmaceuticals in relation to cancer cell bioenergetics, and specifically the bioenergetics 

of HeLa cells. 

 Mitochondria play a central role in the process of programmed cell death known as 

apoptosis, which can occur through intrinsic or extrinsic pathways [34], with the intrinsic 

apoptotic pathway being initiated by the mitochondrial permeability transition pore [34].  Upon 

induction of apoptosis, remodeling of cristae takes place to allow the release of an estimated 85% 

of cytochrome c that is stored within the intracristal space [35].  However, mitochondria are best 

known for their role in cellular energy production but they are also essential for diverse 

metabolic functions such as heat production, calcium and iron homeostasis as well as the 

biosynthesis of heme, pyrimidines, and steroids [34,36,37].  Mitochondria generate most of the 

cellular energy in the form of ATP via the electron transport chain and the oxygen-dependent 

pathway of OXPHOS [16,34].  In this regard, the mitochondrial swelling and distortion of cristae 

observed here was similar to that reported in human astrocytic tumors and malignant glioma cells 

associated with hypoxic–ischemic conditions [7,30].  Because it has been stated that 

mitochondrial defects play a significant role in the development and progression of cancer and 

are important in cancer therapy [7] exposure of human cells to agents that reduce mitochondrial 

OXPHOS could have broad implications on therapeutic approaches to treat cancer, as 

demonstrated by recent studies that employed mitochondrial-targeted anticancer agents [38,39].  

Reactivation of apoptosis by rebooting mitochondria in cancer cells is currently a hot topic in 

cancer research.  Interestingly, morphological changes in mitochondria are implicated in many 
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aspects of altered metabolism in cancer cells [40] and cancer cell mitochondria are structurally 

and functionally different from wild-type mitochondria [41,42].  One example is in human lung 

adenocarcinoma cells that have faulty mitochondrial fusion and the mitochondrial dynamic cycle 

is shifted towards mitochondrial fission/fragmentation [43]. Our current knowledge of 

fragmented mitochondrial structure and alterations to mitochondrial metabolism in cancer cells 

offers the potential for mitochondria to be exploited as markers for early detection of cancer [42].   

 Down-regulation of the gene encoding the mitochondrial cristae morphology control 

protein mitofilin in HeLa cells results in abnormal mitochondrial ultrastructure and cell death 

[36].  In a study on the effect of alcohol on the hard palatine mucosa, Martinez and coworkers 

proposed that alcohol may target mitofilin resulting in altered mitochondria and ruptured cristae 

[10].  The alcohol exposed HeLa cells studied here displayed mitochondrial cristae variation 

similar to that reported for mouse mitofilin [36].  John and coworkers indicated that variation of 

the mitochondrial cristae architecture is ascribed to different metabolic states of the organelle 

[36].   

 We theorize that in HeLa cells treated with ethanol, OXPHOS is reduced due to structural 

alterations to the mitochondrion.  Future studies could investigate mitochondrial bioenergetics in 

cells exposed to ethanol to assess mitochondrial damage.  The morphological changes we 

observed when cells are exposed to 50 mM ethanol agrees with in vivo impairment observed 

around the blood alcohol concentrations of 43 to 65 mM [44].  From our TEM morphometric 

analysis we determined that multiple cellular irregularities in HeLa cells are caused by ethanol 

exposure; however, apoptotic morphology occurred less frequently.  Future ethanol exposure 

studies utilizing models and/or cell lines representative of cancer, could investigate whether or 

not decreased apoptosis is a universal phenomenon.  In addition to using TEM to assesse 
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apoptotic morphology, cytochrome c released from mitochondria and caspase-3 activation could 

be investigated as markers of apoptosis. 

5. Conclusions 

 The aim of this work was to analyze the effects of ethanol on mitochondrial ultrastructure 

in HeLa cells utilizing TEM.  We determined that in HeLa cells treated with ethanol, significant 

alterations to mitochondria and to nuclei occur.  Mitochondrial damage was the most extensive 

type of intracellular damage and cellular apoptotic morphology occurred less frequently. 
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Figure 1.  HeLa cells grown in tissue culture and exposed to 50 mM ethanol have altered 

mitochondrial ultrastructure.  Panel 1, ultrastructure of a control HeLa cell at 10,000x.  Panel 

2 - 6, ultrastructure of HeLa cells obtained from cells treated with 50 mM ethanol for 24 h.  

Panels 2 and 3, 12,500x; Panels 4 and 5, 25,200x; Panel 6, 5,000x.  M, mitochondria; N, 

nucleus; HM, hypertrophied mitochondria; RC, ruptured and reduced mitochondrial cristae; FF, 

disrupted mitochondrial fusion and fission or ethanol induced membrane hemifusion or both.  All 

samples were stained with uranyl acetate and lead citrate and the transmission electron 

microscope was operated at 80 kV (Materials and methods). 

Figure 2. Effect of ethanol on Mitosis, Apoptotic Morphology, and Irregular Shaped Cells. 

There was not a statistically significant difference in the percentage of mitotic cells in treated 

versus control cells. Mitosis was 67% higher in the alcohol treatment with a p value of 0.019.  

The effect of ethanol on apoptotic morphology was found to be statistically significant with a p 

value of 0.0014. However, ethanol treatment was found to decrease the occurrence of apoptotic 

morphology by ~ 60%. This is the only variable that had fewer instances in the alcohol 

treatment, only about 2.6% occurrence compared to 6.1% in the control. The percentage of 

irregular cells was increased by about 2.6-fold in cells treated with ethanol as compared to 

controls. For ease of data visualization, proportion values from Table 1 were converted to 

percent (%).  

 

Figure 3. Effect of ethanol on nuclei and nucleoli  in HeLa cells. Ethanol was found to 

significantly affect the characteristics of multiple nuclei (p value = 0.0012), indented nuclei ( p 

value < 0.001) , and multiple nucleoli (p < 0.001). In all characteristics the percentage or 
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proportion with alcohol was significatively higher than in the control treatment. For ease of data 

visualization, proportion values were converted to percent (%). 

 

Figure 4. Effect of ethanol treatment on mitochondria. Highly significant differences between 

the percentages of control and alcohol treatments were found for the characteristics of big 

mitochondria (p < 0.001), ruptured mitochondria (p < 0.001), and ruptured cristae (p < 0.001). 

The percentages of cells with big mitochondria, ruptured mitochondria, and ruptured cristae were 

found to be increased by more than 2-fold after ethanol treatment as compared to controls. For 

ease of data visualization, proportion values were converted to percent (%). 

 

Figure 5. Ultrastructure of mitochondria obtained from HeLa cell culture treated with 50 

mM ethanol for 24 hours. Most of the mitochondria are hypertrophied and have ruptured 

cristae (Arrows) or reduced mitochondrial cristae.  Several mitochondria have irregular cristae 

arrangement. Several mitochondria show fusion-fission (FF). Stained with uranyl acetate and 

lead citrate. X74,800 Taken at 80 kV.  Scale bar 500 nanometer.  
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Figure 1 
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Table 1.  Summary statistics for the effect of ethanol treatment on the ultrastructure of HeLa cells. 

 
Type% Treatment% Proportion% Lower% Upper% Test%Statistic% p4value% Odds%Ratio%
Mitosis! Alcohol! 0.0600343!

!
0.0346908 

 
0.085368 2.065183!

!
0.0194528!

!
1.7791971!

!
Control! 0.0346535!

!
0.0155142 

 
0.0537927 

 

Apoptotic!
Morphology!

Alcohol! 0.025728988!
!

0.008837698 
 

0.042613721 
 

<2.97774714!
!

0.001451877!! 0.406119147!
!

Control! 0.061056106!
!

0.036001134 
 

0.086111077 
 

Irregular!Cell! Alcohol! 0.195540309!
!

0.15734949 
 

0.233731128 
 

5.457602158! 2.41304E<08!! 2.589634246!
!

Control! 0.085808581! 0.056500089 
 

0.115117073 
 

Multi!Nuclei! Alcohol! 0.04974271!
%

0.026547575 
 

0.072928841 
 

3.020184233!
%

0.001263105!!
%

2.831473581!
%

Control! 0.018151815!
%

0.004181965 
 

0.032121665 
 

Indented!
Nuclei!

Alcohol! 0.651801029!
!

0.600975391 
 

0.702606937 7.702273058% 6.68334E<15!!
%

2.491095112!
%

Control! 0.429042904!
!

0.377251028 
 

0.480834781 
 

Multi!
Nucleoli!

Alcohol! 0.246998285!
%

0.200987829 
 

0.292990879 
 

4.11357031!
%

1.94793E<05!!
%

1.832623552!
%

Control! 0.151815182!
%

0.114264969 
 

0.189365394 
 

Big!
Mitochondria%

Alcohol% 0.240137!
%

0.194564 
%

0.285693 
%

7.697905!
%

6.92E<15!!
%

3.758705%

Control% 0.077558!
%

0.049568 
%

0.105547 
%

Ruptured!
Mitochondria!

Alcohol! 0.164665523!
%

0.125097612 
 

0.204218074 
 

4.117610166!
%

1.91411E<05!!
%

2.100142158!
%

Control! 0.085808581!
%

0.056500089 
 

0.115117073 
 

Ruptured!
Cristae!

Alcohol! 0.325901!
%

0.275895 
 

0.375886 
 

9.347579!
%

4.48E<21!!
%

4.16697!
%
%Control! 0.10396!

%
0.072022 

 
0.135898 
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