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INTRODUCTION
According to modern researchers, prevalence of acne vul-
garis (AV) disease in puberty is 85% [1]. One of the basic 
pathogenetic mechanisms of the acne formation is an excess 
sebum production with following chemical composition 
change. Activation of pathogenic adaptive mechanisms leads 
to vasodilatation with stroma swelling and perivascular in-
filtrate following by intensive capillary growth. Endogenous 
and exogenous factors, such as pH, osmolality, and others 
may affect red blood cells (RBC) morphology. 

Erythrocytes are the main cellular component of the 
circulating blood. Mechanical properties of erythrocytes 
are associated with their ability for initial deformation, 
i.e. the capacity for shape change under applied forces 
which make it come in close contact with the capillary 
walls and, provide an adequate gas exchange. Morphologic 
aberrations (qualitative abnormalities) are highly relevant 
in clinical evaluation of red cell diseases [2]. 

Most abnormal red blood cells retain the ability to turn 
back into a discocyte when strength is removed. Such a 
transformed shape includes, foremost, echinocyte (eryth-
rocyte with excrescences). Depending on the significance 
of crenation, echinocytes of types I, II, and III are distin-
guished. Normally, red blood cells of any abnormal shape 
and size account up 10%. Poikilocytosis is the abnormal 
variation (more than 10%) in shape of red blood cells [3].

Modern research in the field of skin diseases indicate 
high prevalence of acne vulgaris comorbidity with Demo-

dex mites, gastrointestinal disorders, dishormonal states 
and others [4]. Demodex mites are found in 17 – 72% 
of healthy population of different age groups. The role 
of Demodex mites in the development and progression 
of acne has been attributed to the variety of pathogenic 
factors: changes in sebum production, induction of 
follicular hyperkeratosis, maintenance of local inflam-
mation, effects on the immune system, which reduce 
the barrier function of the skin and facilitate microflora 
colonization. 

Functional disorders of the gallbladder have a significant 
impact on the formation of acne vulgaris, as confirmed 
by detection FGD in 10 – 20% of young patients without 
somatic pathology [ 5]. 

THE AIM
The aim of the study was to evaluate the role of poikilocy-
tosis in the acne vulgaris comorbidity with demodicosis 
and functional gallbladder disorder.

MATERIALS AND METHODS
A total of 140 patients with acne vulgaris were included. 
Patients with AV, comparable by age and sex (age of patients 
was 23 ± 3.3 years; male/female ratio was 43.5/ 56.5), were 
divided into 3 groups based on the presents of comorbidity: 
group 1 – 40 patients with AV; group 2 (n=50) – comor-
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bidity of AV + demodicosis; group 3 (n=50) – comorbidity 
AV with demodicosis and FGD.

Biochemical analysis of lipid profile and liver enzymes, 
bilirubin was performed with semi-automatic analyzer 
HUMALYZER 3000. In advance of the study, all patients 
were recommended to stick to a low-fat and low-carb diet 
and also abstain from alcohol.

To investigate the possible association between eryth-
rocyte’s morphological characteristic and development of 
acne vulgaris in comorbid condition with demodicosis and 
FGD, scanning electron microscopy was performed in 50 
patients of the study groups: 10 patients of the 1group (con-
trol), 20 patients of the 2 group, 20 patients of the 3 group.

Studies on erythrocyte morphology were conducted by 
using the Romanovsky- Giemsa method with May-Grun-
wald modification with cytological analysis of smear and 
also using scanning electron microscopy. Scanning electron 
microscopy was performed by using scanning electron 
microscope PEI-106I “SELMI” with low-vacuum chamber 
and the possibility to make photos of the results obtained 
and store the data on computer storage device.

For the study was used 2 ml of fasting blood from the 
cubital vein by adding 2 drops of sodium heparin. Sam-
ples were centrifuged for 5 minutes at 2000 rpm. The top 
fraction of centrifugate decanted, left 1 ml and then fixed 
with an aldehyde fixative, using phosphate buffered saline 
60 min exposure period. After the repeated centrifugation 
(2000 rpm, 5 minutes) the fixer was changed, and the cen-
trifugation with the same parameters was performed again. 
Next step involved the preparation of erythrocyte washout 
from the fixative with the addition of phosphate-buffered 
saline. The resulting suspension was filtered through a 
series of increasing concentrations of ethanol and centrif-
ugation performed after each stage. After treatment with 
100% ethanol, final suspension and graphite spraying was 
carried out for further analysis by a scanning electron 
microscope.

Diagnosis of functional gallbladder disorder was estab-
lished using Rome III Consensus (2006) criteria (which 
includes episodes of pain, dyspeptic disorders and early 
satiety or postprandial fullness and gallbladder ejection 
fraction < 40 % [6]. The absence of significant changes in 
lipid metabolism and hepatic cytolysis parameters is one 
of the criteria for establishing a diagnosis of functional 
gallbladder disorder [7]. 

For assessing the gallbladder function, all patients had 
undergone abdominal ultrasound investigation using So-
noScape S6Pro ultrasound diagnostic system with 3 – 5 
MHz Ultrasound Probe Transducer С354. To determine 
the functional disorder type, measurement of the gallblad-
der size and volume was performed with the calculating 
of the gallbladder ejection fraction (EF) according to the 
following formula:

EF = (1 – RV/FV) × 100,
RV – residual volume of the GB; FV – fasting volume 

of the GB [10].
Ejection fraction values from 40 to 65 % was used as nor-

mal range according to Rome III criteria.

Statistical processing of the obtained results was per-
formed by using Windows 10 – Office Professional Plus 
software (Agreement ID: V0731528) with the use of para-
metric and non-parametric methods of variation statistics. 
Shapiro–Wilk test was applied to test normality of parame-
ters. Data of lab analysis and morphological characteristics 
were represented as mean ± SD values. Student’s t-test with 
two-tailed distribution was used in statistical testing to 
determine the significance of differences between groups 
with AV; AV with demodicosis; AV with demodicosis 
and functional gallbladder disorders at 0.05 level of sig-
nificance. Relative changes method was used to compare 
results in study groups. Pearson’s correlation was used to 
calculate the correlation coefficient between poikilocytosis 
and comorbidity of AV with demodicosis and functional 
gallbladder disorders at 0.05 level of significance

RESULTS AND DISCUSSION
Baseline biochemical analysis showed that in all the groups 
biochemical hepatic indicators were in the normal range 
(tab. I), but in the group 3 an increasing in average con-
centrations of lipid metabolism indicators (TC by 13%, 
LDL – C by 39%) and liver tests (GGT by 22%, ALT by 
14%, AST by 13,6%) was detected. 

The mean gallbladder ejection fraction of patients in 
group 3 at the time of enrollment was 34% ± 4.6, that 
confirmed hypomotor disorder of gallbladder. Groups 1 
and 2 was characterized by normal average EF – 52± 3.8.

Scanning electron microscopy of peripheral blood 
smears demonstrated significant differences in erythro-
cytes morphology shift between the groups (tab.II).

The erythrocytes morphology deviations in patients of the 
group 1 (control) were less 10%, what may be estimated as a 
normal value (fig. 1). Mild degree of erythrocytes abnormal-
ity was detected in the 2nd group: increase in echinocytes by 
20,9% and reduction in discocytes by 2.25 % (fig. 2).

The most significant changes in blood erythrocytes 
morphology were observed in patients with comorbid-
ity of acne, demodicosis and functional disorders of the 
hepatobiliary system.

Analysis of blood smear in the group 3 (fig. 3) demon-
strated the discocytes reduction by 13.3 %, the echinocytes 
increase by 153 % and irreversible shapes increase by 287 
% compared to the values in the group 1. 

Pearson’s correlation analysis revealed a strong direct 
association r = +0.75 (p < 0.05) between the poikilocytosis 
and comorbidity of acne vulgaris combined with demodi-
cosis and functional gallbladder disorder.

Presence of functional gallbladder disorder in the group 
3 indicated the increase of deformed erythrocytes number 
up to 21%, mainly due to echinocytes І, ІІ order. Echino-
cytosis, somatocytosis and magnification of irreversible 
forms among patients in the group 3, vs the absence of 
these disorders in patients of groups 2 and 1, indicated a 
significant effect of somatic pathology on the quantitative 
and qualitative composition of red blood cells in the pe-
ripheral blood. 
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It should be noted that changes in the morphology of red 
blood cells in patients of the group 3, revealed by scanning 
electron microscopy, have the same pattern as described 

in the literature [8].
Disruption of microcirculation in AV, associated with a 

decrease in erythrocyte deformability, significantly affects 

Table I. Baseline data analysis across groups
Characteristic 1 group (n=10) 2 group (n=20) 3 group (n=20)

TC, mmol/l 3,6 ± 0,91* 3,96 ± 1,1* 4,14 ± 1,23**

LDL - C, mmol/l 1,9 ± 0,86* 2,1 ± 1,05* 3,14 ± 0,98**

VLDL - C, mmol/l 0,23 ± 0,42 0,34 ± 0,44 0,53 ± 0,49

HDL - C, mmol/l 1,32 ± 0,21 1,25 ± 0,34 1,1 ± 0,39

Atherogenic index 2,2 ± 1,89* 2,6 ± 1,9* 3,1 ± 1,68**

Bilirubin, µmol/l 16,9 ± 2,46 18 ± 1,34 20,61 ± 4,01

GGT, U/l 26,05 ± 5,3* 28,6 ± 6,04* 33,7 ± 6,46**

AP , U/l 72,2 ± 12,2 74,2 ± 14,1 75,3 ± 15,3

ALT, U/l 18,3 ± 9,1* 19,6 ± 10,2* 21,2 ± 11,4*

AST, U/l 19,1 ± 8,7* 20,4 ± 9,3* 22,1 ± 9,8**

*p > 0, 05; ** p < 0, 005
TC - Total cholesterol,
LDL-C - Low-density lipoprotein cholesterol,
VLDL – C – very low-density lipoprotein cholesterol, 
HDL-C - high-density lipoprotein cholesterol, 
AI - atherogenic index, 
GGT - gamma-Glutamyl Transferase, 
AP – alkaline phosphatase, 
ALT alanine aminotransferase, 
AST - aspartate aminotransferase.

Table II. The morphological characteristic of peripheral blood smear 

Eritrocytes 
morphology

1 group
 (n=10)

2 group
(n=20) 3 group (n=20) Δ1-2% Δ1-3% Δ2-3%

Discocytes, % 90,43 ± 4,3 88,4 ± 3,6 78,4 ± 7,6 2,25 13,3 11,3

Echinocytes, % 7,04 ± 3,4 8,51 ± 2,19 17,84 ± 8,94 20,9 153 109,7

Stomatocytes,% 2,27 ± 1,27 2,68 ± 1,32 3,44 ± 1,46 18 51,5 28,3

Irreversible form, % 0,32 ± 0,28 0,41 ± 0,29 1,24 ± 0,46 28,1 287 202

Fig. 1. Scanning electron microscope (SEM) images of the blood smear of 
the 1st group patient (AV): poikilocytosis 11,2 % (Original magnification 
1200; scale bar = 50 µm).

Fig. 2. Scanning electron microscope (SEM) images of the blood smear of 
the 2nd group patient (AV + Demodicosis): poikilocytosis 11,2 % (Original 
magnification 1200; scale bar = 50 µm).
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microcirculatory blood flow, when red blood cells are 
forced to pass through small blood vessels (skin capillary), 
which causes tissue hypoxia [9].

Therefore, further studies are required to optimize acne 
treatment regimens, which should include adequate man-
agement for comorbid somatic pathology.

CONCLUSIONS
A strong direct association between the concomitant 
pathology of acne vulgaris and an increase in the num-
ber of initial forms of erythrocyte deformation confirms 
the influence of functional gallbladder disorder on the 
morphological characteristics of red blood cells and the 
occurrence of poikilocytosis. An increase in the number 
of pathological forms of erythrocytes under conditions of 
comorbidity leads to the disorders of microcirculation, the 
progression of inflammation, the persistence of microbiota 
and Demodex, which significantly declines the prognosis 
of the disease.
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Fig. 3. Scanning electron microscope (SEM) images of the blood smear of 
the 3rd group patient (AV + Demodicosis + FDGBS): poikilocytosis 18.6%. 
(Original magnification 2,000; scale bar = 20 µm).


