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Abstract
Background: The molar and non-molar lesions are determined during histomorphological examination and treated as inconclusive. The establishing 
of a marker by immunohistochemical investigations could influence the accuracy of the morphopathological diagnosis. The aim is evaluation of p57 
immunoexpression in the trophoblastic germ compartment in molar and non-molar pregnancies.
Material and methods: Abortion products from 15 patients with hydatidiform mole, 18 pregnancies solved on social indications and 16 short-term 
disordered pregnancies were evaluated depending on the immunoexpresion of p57. 
Results: The hydatidiform mole was classified based on anti-p57 immunoexpression into: complete hydatidiform mole – 8 cases (negative immunoexpression 
or expression in ˂10% of villous cytotrophoblast) and partial hydatidiform mole – 7 cases (positive expression in ˃10% of the villous cytotrophoblast). 
Basal deciduous and extravillous cytotrophoblasts were positive in 100% of cases and served as internal control. Hepatocytes were used as negative control. 
In the control group, the positive immunoexpression was attested in >10% of cases in the villous trophoblast. 
Conclusions: Differential immunoexpression of p57 protein in the germinal cytotrophoblast allows subclassification of molar pathology into complete 
and partial forms, while not allowing the differentiation between partial hydatidiform mole and non-molar lesions. Immunohistochemical evaluation of 
p57kip2 protein in molar and non-molar pathology is useful in differential diagnosis as a complementary method.
Key words: anti-p57, fetal concept, hydatidiform mole, trophoblastic disease.

Cite this article
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---------------------------------------------------------------------------------------------------------------------------------------------------------

Introduction

The morphological profile that is evaluated in short-term 
dysregulated pregnancies includes a heterogeneous group 
of choriovillar abnormalities accompanied by polymorphic 
proliferative and hydropico-cystic lesions in the germinal 
compartment of the fetal conceptus. The complete, partial 
and non-molar molar lesions are established most often 
during the histomorphological examination in early-
term deranged pregnancies in the germinal compartment, 
being often treated as inconclusive. This inconclusiveness 
of the histomorphopathological diagnosis is the result of 
the masking of the particularities attested at the level of 
the choriovillary stroma, in common with the degree of 
proliferation of the villous trophoblast in early terms of 
pregnancy [1, 2]. The histomorphological peculiarities 
are often not obvious and do not help in establishing of 
the differential diagnosis in molar pathology, particularly 

in the early period of evolution [3], including, in the 
association of morphological lesions with a hydropic or 
cystic character [4]. Gersell D. et al. (2011) indicate that the 
differential diagnosis becomes even more unpredictable in 
the case of the addition of hydropic degenerative changes 
in the chorionic villi (15%-40%), being more frequently 
attested in more advanced pregnancies [4]. The molar 
phenotypic profile of the fetal conceptus is usually diploid 
and has androgenic origin, with the establishment of the 
complete molar monospermatic or dyspermatic form, 
through the loss of maternal chromosomes before or 
after fertilization. In the case of the partial hydatidiform 
mole, it represents a fertilization of a normal egg by two 
spermatozoa or by a diploid spermatozoon in most cases 
[5-7]. Also, despite the fact that most molar pregnancies 
are diploid or triploid, they are quite frequently associated 
with molar pregnancies with numerical and structural 
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anomalies, or with a twin pregnancy, where the second 
fetus develops normally [8].

Thus, the establishment of a marker by immunohisto-
chemical investigations could influence the accuracy of the 
morphopathological diagnosis in molar pregnancies. The 
protein p57kip2 (p57) is expressed in pregnancies with 
non-molar, pseudomolar choriovillary phenotype and is 
not expressed in complete molar pregnancies [9, 10]. A se-
ries of studies using p57 protein demonstrate its effective-
ness in identifying the complete molar profile (by negative 
immunoexpression in the germinal compartment) vs par-
tial hydatidiform mole, evaluated with positive p57 expres-
sion in most cases [11]. Therefore, the aim of the study was 
the differential evaluation of p57 immunoexpression in the 
trophoblastic germinal compartment in molar versus non-
molar pregnancies.

Material and methods

The tissue samples were taken from the material 
obtained after medical abortion from 15 patients with 
short-term pregnancies (3-12 weeks) in the Mother and 
Child Institute, Perinatal Center of level III, during 2019-
2021. All the samples were diagnosed as hydatidiform 
mole (group I). The age of the patients in this group 
varied between 17-47 years (28.4±9.36). All patients were 
previously examined by ultrasound and in 5 cases the 
molar ultrasound character was established.

The control group (group II) included the material 
taken from the germinal sac of pregnancies solved on 
social indications (SA) from 8 patients, aged between 22-
40 years (30.5±5.6) and pregnancies solved on medical 
indications (MA) (16 patients) in the short term (with 
the diagnosis of spontaneous abortion or stagnant 
pregnancy, in the presence of hydropic and/or dysplastic 
morphopathological lesions), age between 23-41 years 
(31.3±6.7). Clinical data were obtained from each patient’s 
medical records. The current research is part of a larger 
study of disordered  early-term pregnancies.

Primary processing. The tissue material was collected 
fastly at the Obstetrics Department after the medical inter-
vention, with rapid fixation in 10% formalin (pH 7.2-7.4) 
to reduce the risk of early lysis of tissue material and growth 
of bacterial flora. The time of fixation in formalin was no 
more than 24 hours. The paraffin embedding system was 
DP500/CIT2002 (Bio-Optica, Italy). Histochemical and 
histological processing of the samples was performed on 
the histoprocessor ”TISSUE-TEK, VIP 6AI” (Sakura, Ja-
pan), sectioning on the microtome HM325 (Thermoscien-
tific) (USA). Sections with a thickness of 5 µm were placed 
on positively charged slides (APTACA, Italy).

Histological method. Sections were stained by the 
classical conventional hematoxylin-eosin (H.E) method, 
using Mayer’s hematoxylin (HEMM-36/21, BIOGNOST, 
Slovenia) and eosin Y 1% (EOY10-35/21, BIOGNOST, Slo-
venia). Sections for HE were automatically stained with au-
tostainer AUS-240, (Bio-Optica, Italy) and automatically 

mounted (TISSUE-TEK, ClasTM, Sakura, Japan). Appro-
priate sections (sufficient tissue material) were selected for 
immunohistochemical staining.

Immunohistochemical method. Immunohistoche-
mical assays were performed using the manual procedu-
res adopted for the anti-p57 antibody (clone 25B2, No-
vocastra Liquid Mouse Monoclonal Antibody for human 
p57 protein (Product code: NCL-L-p57: Leica Biosystems 
Newcastle Ltd, Newcastle, UK) with the application of the 
NovolinkTMMaxPolimer detection system, Leica, (RE7280-
K) [12]. Details regarding the antibody can be found in 
Table 1. Deparaffinization was performed in two toluene 
baths (code UN1294, Sigma-Aldrich), 5 minutes each, 
followed by a mixed bath of toluene and alcohol 99.9% 
(code 06-10077F) for 5 minutes, then – 2 baths of absolute 
alcohol 99.9% with rehydration in distilled water. In order 
to unmask the epitopes, the sections were exposed to Na 
citrate solution, pH 6.0, in a water bath at 95°C-96°C, with 
a total pretreatment and posttreatment time of 60 minu-
tes. Incubation of the sections with the primary antibody 
was followed by blocking of endogenous peroxidase by 
applying the Peroxidase-Blocking solution for 5 minutes, 
and DAB (3,3’-diaminobenzidine) was applied as a chro-
mogenic substrate for 5 minutes. Nuclei were counterstai-
ned with Leica hematoxylin (RE7164). The final product 
of the reaction was colored brown with a nuclear pattern. 
Then, the panel of histological slides was subjected to the 
procedure of dehydration and clarification in absolute al-
cohol, one shot of mixed alcohol and toluene, and three 
shots of toluene, each exposure being 5 minutes. The final 
procedure was mounting the slides with BMC-100 soluti-
on. In the manual immunohistochemical staining proce-
dure, the SequenzaTM Immunostaining Center was applied 
using the Thermo Shandon Coverplate.

Table 1. Antibody used: source, dilution, unmasking 
system, detection system, incubation time

Antibody 
/ clone

Sourse / incubation
time / dilution

Retrieval system 
/ time

Detection / 
time

p57/25B2 Leica Biosystems 
Newcastle Ltd, 

Newcastle,  
UK / 30 min / 1:100

Na citrate solution, 
pH 6.0 / Water 

bath at a tempera-
ture of 95°C-96°C / 

20 min

NovolinkTM-

MaxPolimer, 
Leica /  
20 min

Microscopic evaluation. The positive expression of 
p57 in the choriovillar and gestational deciduo-endometri-
al germinal compartment was determined based on nucle-
ar staining in decidual cells and intermediate extravillous 
trophoblast (positive internal control). p57 immunopositi-
vity was interpreted as satisfactory (negative) when chori-
ovillary stroma and chorionic villus trophoblast cells were 
completely negative or showed nuclear immunoexpression 
in less than 10% of the cells, in the concomitant presence of 
the positive internal control. Chorionic villi and decidual 
plates from normal human placenta served as positive ex-
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ternal control. The negative external control was represen-
ted by the liver (negative immunoreaction), being included 
in each research set. Cytoplasmic expression was conside-
red non-specific. The quantification method was applied 
after Gupta et al. [13] and was performed with the Axio 
Imager A2 microscope (Carl Zeiss, Germany) equipped 
with an AXIOCam MRc5 recording camera.

Statistical analysis. The results of the study were stored 
in the Access 2007 database (Microsoft Office 2007). 
Statistical processing was performed using Winstat 2012.1 
software (R. Titch Software, Bad Krozingen, Germany) 
The threshold value for statistically significant results was 
p≤0.05.

Results

The study was carried out on a batch of 15 cases of short-
term disordered  pregnancies with the morphopathological 
diagnosis of hydatidiform mole, the age of the patients 
varying between 17-47 years (28.4±9.3). Most of the 
patients were between 17 and 35 years old (11 cases/73.3%). 
In 3 cases/20% the age was greater than 35 years. The cases 
were classified based on the gestational period as follows: 
the group with the gestational period of 8 weeks (6/40.0% 

of cases), 9 weeks (4/26.7% of cases), 10 weeks (2/13.3% of 
cases), 7 and 12 weeks – 1 case each (6.66%). Data regarding 
age and gestational period were missing in 2 cases. During 
the primary investigation of the fetal conceptus from the 
group with disordered  early-term pregnancies (basic 
group), it corresponded to type V fetal conceptus (molar-
hidatiform fetal conceptus, MHFC) in 8 cases (53.3%) 
and was characterized by macroscopic multicystic lesions 
in the choriovilar germinal compartment, with variable 
sizes from 0.15 to 0.6 cm, with fluid-transparent content 
(fig. 1a). In the rest of the cases, the abortive product 
corresponded to the disorganized fetal concept of type 
VI (growth disorganized embryos, GDE), consisting of 
various categories of tissue plates (thickened and thinned), 
germinal sac (fragmented, mush-like) (fig. 1b). The 
volume of the abortive product was abundant in 100% of 
cases, with dimensions of 5.0x6.0x2.0cm, including the 
hemorrhagic component organized in blood clots. Embryo 
fragments were attested only in one case (6.66%).

In the control group, most patients were between 17 and 
35 years (25 cases/80.6%) or older than 35 years (6/19.35%). 
The cases were classified based on the gestational period as 
follows: the group with a gestational period of 6-9 weeks – 

Fig. 1. a) Fetal conceptus type V (MHFC). Primary anembryony. Cystic vesicular structures, diffuse form.  
b) Fetal conceptus type VI (GDE). Secondary anembryony. Decidual and choriovillous tissue plates. Damaged germinal sac

Fig. 2. Fetal conceptus type VI. a) Choriovillary hydrops with deformed cystic chorionic villi, transparent content;  
disordered dichotomous division; b) Mush-like appearance of the choriovillar product
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22 cases (70.96%), and the group with a gestational period 
of 10-12 weeks – 9 cases (29.04%). During the primary 
investigation of the fetal conceptus obtained from 31 
patients, in 21 cases (67.74%) the fetal conceptus was type 
VI (GDE), including embryo fragments in 5 cases (16.13%), 
and in 10 cases (32.25%) it had a mush-like appearance. The 
macroscopic peculiarities were mainly common, including 
a fragmented germinal sac, mush-like appearance, thinned 
and thickened tissue plates with various characters of 
expression, with or without embryo fragments. In some 
cases, lesions with a cystic appearance were associated, 
having variable sizes (from 0.4-1.9 cm) containing serous 
and transparent liquid (fig. 2). The volume of the abortive 
product was variable, predominantly abundant, including 
a hemorrhagic component in the form of blood clots or in 
a dispersed form with a mottled appearance.

When comparing the clinical diagnosis with the 
morphological one, in 33.3% of cases, the primary clinical 
diagnosis contained the notion of hydatidiform mole. In 
the rest of the cases, the clinical data were evaluated as 
endometrial gland hyperplasia or stagnant pregnancy.

By applying the complementary histological investi-
gation by hematoxylin-eosin with the evaluation of histo-
pathological lesions, the complete hydatidiform mole was 

observed in 8 cases (53.35%) out of 15 (fig. 3), and the par-
tial one – in 7 cases (46.6%) (fig. 4).

In the group of early disturbed pregnancies (n=16), 
morphological lesions corresponding to the hydropic pat-
tern at the level of the villous chorion were established in 
10 cases (62.5%), and the dysplastic component – in 6 ca-
ses (37.5%) (fig. 5, 6).

Subsequently, all cases were subjected to immunostai-
ning with anti-p57 (nuclear pattern), with the evaluation 
of two distinct compartments: germinal site (choriovi-
lar) and gestational (deciduo-endometrial). In the molar 
group, the villous cytotrophoblastic site was positive in 
7 cases (46.7%) and negative or <10% positive in 8 cases 
(53.3%) (fig. 7).

In the control group with pregnancies solved on social 
indications and or disordered  at early term with hydro-
pic and dysplastic stromal component, anti-p57 nuclear 
immunoexpression in the villous trophoblastic compart-
ment was attested in 100% of cases (fig. 8).

In all cases, the internal positive control was attested 
in the region of the extravillous trophoblast, associated 
with the intense expression in the cells of the basal decidua  
(fig. 9 a, b). Hepatocytes served as external negative control 
(fig. 9 c).

Fig. 3. Fetal conceptus type V (MHFC), complete type: a, d) Trophoblastic proliferation: mixed and cytotrophoblastic form;  
a, b) Stromal cystic structures with edema, hypo/hypercellularity; c) Stromal dysplasia with trophoblastic inclusions;  

a-d) Stromal anavascularization. HE, × 100, 400
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Data analysis revealed statistically significant corre-
lations of p57 expression in the following groups: CHM 
vs PHM (p˂0.003), CHM and SA/MA (p˂0.001). When 
analyzing the results of the given study, a series of correla-

Fig. 4. Fetal conceptus type V (MHFC), partial type: a) Focal trophoblastic proliferation with anemic vascular component; 
b) Trophoblastic atrophy with absence of microvilli, vascular component with intravascular nucleated erythrocytes; c) 

Clusters of deformed villi with diverse stromal cellularity; d) chorionic villi with multifocal trophoblastic proliferation vs 
villi with acellular, hydropic stroma and trophoblastic atrophy. HE, × 100, 400

Fig. 5. Fetal conceptus type VI (GDE): Vilar hydrops. 
Hydropic/cystic choriovillar component. HE. × 100

Fig. 6. Fetal conceptus type VI (GDE): Vascular 
stromal mesenchymal dysplasia. HE; × 100.

tions were found in relation to the age of the patient. This 
criterion correlated positively and statistically significantly 
with the term of gestation in the group of pregnancies 
with molar pathology: CHM (rs=0.89, p˂0.02) and PHM 
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(rs=0.75, p˂0.04). The value of this marker, however, did 
not correlate statistically significantly in the group of con-
trol pregnancies and those that evolved with spontaneous 
abortion or stagnated in evolution (rs=0.17, p˃0.28).

Discussion

Molar trophoblastic pathology represents a nosological 
entity describing an early placentation with choriovillary 
abnormalities of a proliferative and hydropic-cystic-
malformative nature in the germinal compartment of 

Fig. 7. Fetal conceptus type V (MHFC): a) CHM. Negative villous trophoblast immunoexpression. Intense nuclear 
immunoexpression in the extravillous trophoblast (internal control). Mixed cyto-syncytiotrophoblastic proliferation;  

b) PHM. Intense positive villous cytotrophoblast immunoexpression. Cytotrophoblastic proliferation.  
Immunoreaction for anti-p57, DAB

Fig. 8. Fetal conceptus type VI (GDE): a) Social abortion; b) Vilar hydrops; c) Mesenchymal dysplasia; Intense positive villous 
trophoblast immunoexpression. Immunoreaction for anti-p57, DAB

Fig. 9. Intense positive immunoexpression in the extravillous trophoblast in: a) the area of implantation in early vascular gestational 
conversion, b) the decidualocytes of a decidual plate (positive internal control); c) negative immunoexpression in hepatocytes  

(positive external control). Immunoreaction for anti-p57, DAB

the fetal conceptus in the case of abnormal fertilization. 
The histomorphological peculiarities are often confusing 
in establishing of the differential diagnosis of the molar 
pathology (CHM vs PHM) in the early period [3], because 
they also describe morphological lesions with a hydropic 
or cystic character [4].

Cytogenetic and ploidy analysis described the molar 
hydatidiform profile by several features. CHM is usually 
diploid and presents a 46XX karyotype and less often 
46XY. Ocasionally, it can be tetraploid, including a small 
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percentage of cases with the biparental genome [7]. 
Androgenic origin is characterized by the lack of the 
maternal genome, as a result of the reduplication of a 
haploid paternal genome or being obtained by dispermatic 
fertilization. PHM presents as a triploid genome, in most 
cases with a 69XXX or 69XYY karyotype. The tetraploid 
genome includes a maternal and paternal haploid genome, 
paternal one being reduplicated as a result of dispermatic 
fertilization [6].

Thus, the evaluation of a marker through immunohis-
tochemical investigations can influence the adjustment of 
the particularities of the morphopathological profile in 
molar pregnancies. In this context, the protein p57kip2 
(p57) is the protein product of the paternally imprinted 
CDKN1C gene, the expression of which is associated with 
the presence of maternal DNA. It is present in pregnancies 
with a non-molar, pseudomolar choriovillous phenotype 
and absent in complete molar pregnancies [9, 10]. 

Kinara M. et al. (2005), Sasaki S. et al. (2015) highlight 
the impact of differential p57kip2 immunoreactivity in 
molar pathology of androgenic origin [14, 15]. 

In the present study it was possible to differentiate 2 
forms of hydatidiform mole (CHM vs PHM) by evalu-
ating the immunoexpression of p57 in the villous cyto-
trophoblast. It should be mentioned that p57 did not ex-
press at the site of the villous cytotrophoblast in all cases, 
which allowed to evaluate these pathological forms in the 
context of differential immunostaining. The results obtai-
ned in the given study are consistent with a series of stu-
dies according to which the complete hydatidiform mole 
does not contain a maternal genomic component, the 
application of the immunohistochemical reaction with 
p57 being important in the differential diagnosis of the 
molar pathology by indirectly identifying the presence of 
the maternal genome [16-18]. The authors mention that 
the application of the p57 protein demonstrates its effec-
tiveness in identifying the complete molar profile by ne-
gative immunoexpression in the germinal compartment 
vis a vis the partial hydatidiform mole, which is p57 po-
sitive in most cases [11]. This divergent expression of p57 
(positive or negative) in the germinal site of complete or 
partial hydatidiform mole denotes the loss or preservation 
of the maternal copy of the DNA [15]. In the systematic 
review and meta-analysis, Madi J. M. et al (2018) found 
a summary sensitivity of 0.984 (95% CI: 0.916-1.000) and 
a specificity of 0.625 (CI 95%: 0.503-0.736), with a curve 
diagnostic performance below 0.980 [19]. Ronnett B. M. 
(2018) indicates that the immunohistochemical evaluation 
of p57kip2 is practical and can be applied in histopatho-
logical practice as an adjunctive investigation in addition 
to the histomorphological one to help in the differential 
diagnosis of MHC [20].

When evaluating the statistical tests, significant diffe-
rences were established in the groups between CHM vs 
PHM, CHM vs SA/MA, but not in PHM vs SA/MA, results 

that do not contradict with the literature data [21-25]. The 
given study highlighted that the majority of patients with 
the diagnosis of molar pathology were between 17 and 35 
years old and the gestational period was within the limits 
of 6 to 9 weeks. Similar studies in the given field denote a 
minimal variability of the age interval [19 ].

In clinical practice, the differential evaluation of the 
hydatidiform molar profile is important. The most impor-
tant reason for differentiating the subtypes of molar patho-
logy in early terms is the possibility of the association of 
trophoblastic disease or choriocarcinoma [22]. Hydropic 
abortion is completely benign, while hydatidiform mole has 
a significant risk of transformation into persistent gestatio-
nal trophoblastic disease, the incidence of which is higher 
in patients with complete hydatidiform mole (10-30%) vs 
patients presenting a partial molar form (0.5-5 %) [25].

Conclusions

Differential immunoexpression of p57 protein in the 
germinal cytotrophoblast allows subclassification of molar 
pathology into complete and partial form. It does not allow 
the differentiation between partial hydatidiform mole and 
non-molar lesions. Immunohistochemical evaluation 
of p57kip2 protein in molar and. non-molar pathology 
is useful in differential diagnosis as a complementary 
method.
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Abstract
Background: The hydatiform mole is charcaterized by a pathological proliferation of the trophoblast. Its evaluation could predict the progression to 
gestational trophoblastic neoplasia. The aim of the study was the analysis of the proliferative activity of the villous trophoblast in the molar vs non-molar 
lesions. 
Material and methods: p-57 and Ki-67 were evaluated by immunohistochemistry in 15 cases of hydatidiform mole and 18 cases of abortions. 
Results: The hydatidiform mole was divided based on the immunoexpression of anti-p57 into: complete (8 cases) and partial type (7 cases). The distribution 
score of Ki67 immunoreactivity in the villous cytotrophoblast was: complete mole: +3 – 8 cases; partial mole: +1 – 1 case, +2 – 3 cases, +3 – 3 cases; 
abortions on social indications: +1 – 6 cases, +2 – 9 cases; +3 – 2 cases. The mean and standard deviations were: 2.88±0.354; 2.29±0.756 and 1.82±0.728, 
respectively. The following statistical correlations were determined: complete vs partial mole (p=0.014), complete mole vs abortion (p<0.01) and overall 
cases of mole vs abortion (p=0.000034).
Conclusions: Villous cytotrophoblast proliferative activity is high in the complete hydatidiform mole, and the immunoreactivity distribution index is 
highly positive and statistically true in the molar versus non-molar group. Immunohistochemical evaluation of Ki-67 in molar pathology is useful in 
differential diagnosis as a complementary method.
Key words: hydatidiform mole, Ki-67, trophoblastic proliferation.
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Introduction

The hydatidiform mole, as a component of gestational 
trophoblastic disease, is categorized into two subtypes: 
complete hydatidiform mole (CHM) and partial hydati-
diform mole (PHM). The maternal genetic component is 
present in the case of the partial form and absent in the 
case of the complete form [1]. CHM is a non-invasive pla-
cental disease characterized by hydropic, cystic deforma-
tions of the chorionic villi accompanied by pronounced 
trophoblastic proliferation. PHM comprises mainly two 
populations of chorionic villi: corresponding to the gesta-
tional age and villi with hydropic changes in the presence 
of expressed focal proliferative character [2, 3]. 

Complete molar, partial molar, as well as non-molar 
lesions in the germinal compartment are established during 
histomorphological examination and are frequently treated 
as inconclusive due to interobserver and intraobserver 
diagnostic variability. This lack of clarity in the diagnosis 
of early-term disturbed pregnancies with molar and non-
molar profile is the result of the masking of morphological 
peculiarities in the choriovillary compartment [4, 5]. The 
histomorphological lesions are quite non-specific and do 

not facilitate the differential diagnosis in molar pathology, 
especially in the early period of evolution [6], considering 
also the association of hydropic and/or cystic stromal 
lesions [7].

The assessment of the risk of the development of per-
sistent gestational trophoblastic disease and its subsequent 
management are affected by the variability of the diagnosis 
of histopathological lesions in early-term disturbed preg-
nancies, including molar pathology. Therefore the assess-
ment of the trophoblastic epithelial proliferative profile has 
a priority importance in the diagnostic management. Thus, 
the elucidation of a marker for the differential diagnosis, 
together with the evaluation of the proliferative pattern, 
remains a subject for studies. A number of studies have 
shown the impact of paternally imprinted p57 gene expre-
ssion in the differential diagnosis of molar vs non-molar 
pathology with incomplete differentiation [8, 9].

Ki-67 is a non-histone nuclear protein present in all 
active phases of the cell cycle, being virtually absent in 
quiescent G0 cells. Ki-67 protein expression is strictly 
associated with cell proliferation, therefore it can be applied 
as a marker for dividing cells [10]. Therefore, the aim of the 
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study was to evaluate the proliferative activity of the villous 
trophoblast in the hydatidiform mole.

Material and methods

General characteristic. The study material was repre-
sented by the tissue samples obtained after medical abor-
tion from 15 patients with short-term pregnancies (3-12 
weeks) from the level III Perinatal Center, Mother and 
Child Institute, during 2019–2021, with the morphopatho-
logical diagnosis of hydatidiform mole. They were included 
in the LI study group. The age of the patients was between 
17-47 years with an average of 28.4±9.36 years. All the pa-
tients were examined by USG, in 5 cases morphological 
ultrasound aspects characteristic of molar hydatidiform 
structures were established.

The control material included tissue samples of the fetal 
conceptus taken after abortion on social indications/desire 
from 18 patients who constituted the control group (LII). 
The age of the patients in this group was between 22-40 
years with an average of 30.5±5.6 years. Clinical data were 
obtained from each patient’s medical records. Specimens 
of liver were used for external negative control. The current 
research is the part of a larger study of disrupted early-term 
pregnancies.

The histological examination included the histopro-
cessing of tissue samples, the application of the usual his-
tological method (hematoxylin-eosin) and the immuno-
histochemical method (anti-Ki67 and anti-p57) with the 
evaluation of microscopic features, as well as statistical 
processing.

Primary processing. The tissue material of the product 
of conception was collected at short term in obstetrics 
department with rapid fixation in 10% formalin solution, 
pH 7.2-7.4 to reduce the risk of early lysis of tissue material 
and superimposition of bacterial flora. The period of 
fixation in formalin solution was not more than 24 hours. 
The paraffin embedding system was DP500/CIT2002 (Bio-
Optica, Italy). Histochemical and histological processing 
of the samples was performed on the histoprocessor 
„TISSUE-TEK, VIP 6AI” (Sakura, Japan), sectioning on 
the microtome HM325 (Thermoscientific) (USA). Sections 
with a thickness of 5 µm were spread on positively charged 
slides (APTACA, Italy).

Histological method. Sections were stained by the 
classical conventional hematoxylin-eosin (HE) method, 
using Mayer’s hematoxylin (HEMM-36/21, BIOGNOST, 
Slovenia) and eosin Y 1% (EOY10-35/21, BIOGNOST, Slo-
venia). Sections for H&E were automatically stained with 
autostainer AUS-240, (Bio-Optica, Italy) and automatically 
mounted (TISSUE-TEK, ClasTM, Sakura, Japan). Appro-
priate sections (sufficient tissue material) were selected for 
immunohistochemical staining.

Immunohistochemical method. The immunohis-
tochemical assays were performed by manually adap-
ted operational procedures for two antibodies: anti-Ki67 
(clone MIB-1, ready-to-use, FLEX, monoclonal mouse 

anti-human, Dako, IS626) and anti-p57 (clone 25B2, No-
vocastra Liquid Mouse Monoclonal Antibody for human 
p57 protein (Product code: NCL-L-p57: Leica Biosystems 
Newcastle Ltd, Newcastle, UK) with the application of 2 
detection systems: EnVisionTMFLEX, high pH (K8000) [11] 
and NovolinkTMMaxPolimer, Leica (RE7280-K) [12]. The 
conventional immunohistochemical method was applied 
(Table 1). Deparaffinization was performed in two toluene 
baths (code UN1294, Sigma-Aldrich) of 5 minutes each, a 
mixed toluene and 99.9% alcohol bath (code 06-10077F) 
for 5 minutes, followed by 2 baths in 99.9% alcohol with re-
hydration in distilled water in 2 intakes of 10 minutes each.

Application of primary antibodies was preceded by 
exposure of tissue sections to Target Retrieval Solution, 
Flex, high pH (50x) (code DM828, Dako) for anti-Ki67 
antibody and Na citrate solution, pH 6.0 for anti-p57. The 
exposure took place in a water bath at a temperature of 
95°C-96°C of the unmasking solution, for 20 minutes, with 
a total pretreatment and posttreatment time of 60 minutes. 
Sections were incubated with primary antibodies for 30 
minutes at room temperature. Endogenous peroxidase 
blocking was performed by applying Peroxidase-Blocking 
Solution for 5 minutes, and DAB (3,3’-diaminobenzidine) 
was applied as a chromogenic substrate for 5 minutes. 
Nuclei were counterstained with Mayer’s hematoxylin 
(HEMM-36/21, BIOGNOST, Slovenia) when using the 
EnVisionTMFLEX detection system, high pH. In the case 
of the NovolinkTMMaxPolimer system, Leica hematoxylin 
(RE7164) was applied. The final product of the reaction 
was expressed by staining the nuclei in brown. Then, the 
panel of histological slides was subjected to the procedure 
of dehydration and clarification in 2 batches of absolute 
alcohol, one batch of mixed alcohol and toluene, and three 
batches of toluene, each exposure being 5 minutes. The final 
procedure consisted of mounting the slides with BMC-100 
solution. In the manual immunohistochemical staining 
procedure, the SequenzaTM Immunostaining Center was 
applied using the Thermo Shandon Coverplate.

Microscopic evaluation. Ki67 (nuclear proliferation 
receptor) protein expression was analyzed in the chorionic 
villus compartment (trophoblastic epithelial component). 
The regions with the highest cell density and nuclear ex-
pression (hot-spots) were identified at x100 magnification. 

Table 1. Antibodies used: source, dilution, unmasking 
system, detection system, incubation time

Anti-
body/ 
clone

Sourse/ incu-
bation time/ 

dilution
Retrieval system/ time Detection/ 

time

p57/ 
25B2

Leica Biosystems 
Newcastle Ltd, 
Newcastle, UK/ 
30 min/ 1:100

Na citrate solution, pH 
6.0/ Water bath at a tem-
perature of 95°C-96°C/ 
20 min

Novo-
linkTMMax 
Polimer,
Leica/ 20 min

Ki67/ 
MIB-1

Dako/ 30 min/ 
ready to use

Dako Target Retrieval  
Solution, high pH/ Water 
bath at a temperature of 
95°C-96°C/ 20 min

EnVisionTM-

FLEX, High 
pH/ 20 min
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Subsequently, was counted the number of immunopositive 
cells per 100 cells from 3 fields of view at x400 magnifi-
cation. Then was determined the value of the Ki-67 pro-
liferation index (PI/ %), that represented the percentage 
of immunopositive cells vs the total number of cells. The 
following score was assigned: 0 – absent, weakly positive 
(+1 in ˂10% of cells), moderately positive (+2 in 10-50% of 
cells) and strongly positive (+3 in ˃50% of cells).

Positive expression of p57 in the choriovillary and 
gestational deciduo-endometrial germinal compartment 
was determined based on nuclear positivity in deci- 
dual cells, villous trophoblast and intermediate extravillous 
trophoblast (positive internal control). p57 immunopositi-
vity was interpreted as satisfactory (negative) when cho- 
riovillary stroma and chorionic villus trophoblast cells 
were completely negative or showed nuclear immunoex-
pression in less than 10% of cells, in the concomitant pre-
sence of the positive internal control. Chorionic villi and 
decidual plaques from normal human placenta served as 
positive external controls. The negative external control 
was represented by the hepatocytes (negative immunore-
action), being included in each research group. In all re-
search sites cytoplasmic expression was considered non-
specific. The quantification method was applied according 
to Gupta M. et al. [13]. Quantification of positive cells was 
performed with an Axio Imager A2 microscope (Carl Ze-
iss, Germany) equipped with an AXIOCam MRc5 recor-
ding camera. 

Statistical methods. The study results were stored and 
grouped in the MS Excel 2010 database. Data analysis was 
performed using the SPSS program (SPSS Statistics 23.0; 
IBM, Chicago, IL, USA). Descriptive statistics were applied 
with the determination of the arithmetic mean (M) of the 
Ki67 values and the standard deviation (SD). Were also 
compared the values of Ki-67 PI in the LI vs LII, as well 
as inside the LI (complete vs partial hydatiform mole) by 
applying the t test. The results were considered statistically 
significant at a p<0.05.

Results

The evaluation of the cases included in the LI study 
group showed that the definite diagnosis of hydatidiform 
mole was established in 33.3% of cases. In 66.7% of cases, 
due to the predominance of hemorrhagic syndrome, the 
clinical diagnosis was of endometrial glandular hyperplasia, 
ongoing pregnancy with spontaneous abortion or stagnant 
pregnancy.

Morphological examinations by usual methods of the 
abortive product in the early period in both groups deter-
mined 2 morphological types of fetal conceptus: type V – 
molar hydatidiform fetal conceptus (HMFC) and type VI 
– disorganized fetal conceptus (DFC) in various macrosco-
pic variations of the material. In the material classified as 
type VI fetal concept, in 5 cases the predominantly mushy 
character was macroscopically attested (figure 1a-b).

Following the application of the anti-p57 antibody, 
according to the particularities of the immunomorpholo-
gical profile attested at the site of the villous trophoblast 
(negative or positive immunoreaction from the villous 
cytotrophoblast), two subtypes of hydatidiform mole were 
deciphered: complete hydatidiform mole – 7 cases (46.7%) 
and partial hydatidiform mole – 8 cases (53.3%) (fig. 2). In 
all cases studied, the extravillous trophoblast was analyzed 
for the internal positive control, together with the intense 
expression in the decidual cells (fig. 3a). The hepatocytes 
that did not present a positive immunoreaction served as 
an external negative control (fig. 3b).

Later, the cases were analyzed in terms of the proliferative 
character of the villous trophoblastic epithelium, expressed 
by the Ki67 proliferation index (PI). The numerical values 
and their distribution in relation to the hydatidiform mole 
subtypes and the control group are elucidated in table 1. 

According to the results, the maximum immunoex-
pression of the anti-Ki67 reaction at the level of the villo-
us cytotrophoblast was attested in the group with molar 
pathology, the values of the complete molar subtype being 

Fig. 1. Macroscopic features of the fetal concept: a) Molar aspect of the germinal sac in abortion with brown and hemorrhagic 
changes of the decidual plaques (HMFC); b) The mushy aspect of the disintegrated conceptus in medical abortion (DFC)
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clearly superior both inside the group and also in rela- 
tion to the abortion group. Immunoreactivity in the syncy-
tiotrophoblast was not attested. The distribution of Ki67 
immunoreactivity in the studied groups is reflected in  
table 2.

Fig. 2. Hydatidiform mole. a) CHM: Negative immunoexpression of villous trophoblast; b) PHM:  
Positive immunoexpression of villous trophoblast. Immunoreaction for anti-p57, DAB, × 100, 200

Fig. 3. a)  Intense positive immunoexpression of p57 in decidual cells and extravillous trophoblast  
(positive internal control); b) negative imunoexpression in hepatocytes (positive external control).  

Immunoreaction for anti-p57, DAB, × 200

Fig. 4. CHM (a, b). Positive immunoexpression in the villous trophoblast. Mitotic activity with pronounced cytotrophoblastic 
proliferation. Distribution score +3. Immunoreaction for anti-Ki67, DAB, × 200

In the CHM group, the score was a maximum of +3 
in 100% of cases (fig. 4). In PHM, equal values of +3 and 
+2 scores were attested (42.9% each) and only one case 
(14.2%) of a weak positive (+) immunoexpression (fig. 5). 
In the overall molar pathologies, the maximum score of +3 
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Fig. 5. PHM (a, b). Positive immunoexpression in the villous trophoblast. Distribution score: a) +2; b) +3.  
Focal proliferation. Immunoreaction for anti-Ki67, DAB, × 400, 200

Fig. 6. Abortion on social indications/ desire (a, b). Positive immunoexpression in the villous trophoblast.  
Distribution score: a) +1; b) +2. Focal proliferation. Immunoreaction for anti-Ki67, DAB, × 400

was attested in 11 cases, +2 in 3 cases and +1 in one case. 
When evaluating the distribution of immunoreactivity in 
the control group, the +2 score (9 cases/52.9%) was do-
minant, followed by the +1 score (6 cases/35.3%) and the 
+3 score (2 cases/11.7%) (fig. 6 ). The mean and standard 
deviations were: 2.88±0.354; 2.29±0.756 and 1.82±0.728, 
respectively

At the same time, when analyzing the obtained results, 
a coincidence of Ki67 immunoreactivity was observed in 
the following groups: CHM/ PHM/ AS/D in case of +3 

score, PHM/ AS/D in case of +2 score and PHM/ AS/D in 
case of +1 score.

The mean values of Ki67 PI in each study group can be 
found in the table 3.

To test the hypophysis that each morphological entity 
was associated with statistically significant different mean 
values of Ki67 PI, a t-test was performed. The following 
statistical correlations were found: MHC vs MHP 
(t15,71=3,402, p=0,014), MHC vs AS/D (t13,16=11,71, p<0,01) 
and mole vs AS/D (t1,64=5,105, p=0,000034).

Table 2.  Distribution of Ki67 immunoreactivity (%)

Study 
group

Cytotrophoblast/ score Syncytiotrophoblast / 
score

0 + ++ +++ 0 + ++ +++

CHM - - - 8 - - - -
PHM - 1 3 3 - - - -
HM (total) - 1 3 11 - - - -
AS/D - 6 9 2 - - - -

Note: „0” – absent immunoexpression;  „+” weakly positive (˂10%),  
„++” moderately positive (10-50%), „+++” strongly positive (˃50%)

Table 1. Mean value and standard deviation (M±SD) of 
the Ki67 marker in relation to the study group

Study group

Ki67 (PI)

Villous cyto-
trophoblast

Villous syncytio-
trophoblast

M±SD M±SD
CHM 87.25±4.59 0±00

PHM 48.71±29.66 0±00

HM (total) 69.26±27.99 0±00

AS/D 25.05±20.84 0±00
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Table 3. The mean values of Ki67 PI

MD N Mean Std. Deviation

Ki67citovPI CHM 8 87.2500 4.59036

PHM 7 48.7143 29.66319

Ki67citovPI CHM 8 87.2500 4.59036

AS/D 17 25.0588 20.84907

Ki67citovPI PHM 7 48.7143 29.66319

AS/D 17 25.0588 20.84907

Ki67citovPI mole 15 69.2667 27.99354

AS/D 17 25.0588 20.84907

Note: citov – cytovillous, PI – proliferative index, MD – morphological 
diagnosis, N – number of cases, CHM – complete hydatiform mole, 
PHM – partial hydatiform mole, mole – overall cases of hydatiform mole 
(CHM+PHM), AS/D – abortion on social indications/desire.

Discussion

Hydatidiform mole (HM) represents a heterogeneous 
group of lesions characterized by trophoblastic proliferative 
and hydropic-cystic choriovillary abnormalities in the 
germinal compartment, caused by abnormal fertilization. 
The differentiation of the two forms (subtypes) of HM 
is possible by cytogenetic analysis and based on ploidy. 
The 46XX karyotype, less often 46XY and very rarely the 
tetraploid for CHM were appreciated. In the case of PHM, a 
triploid genome (69XXX or 69XYY karyotype) or tetraploid 
consisting of a maternal and paternal haploid genome were 
determined, the latter reduplicated as a result of bisperm 
fertilization [14, 15]. This differentiation is of major 
importance in clinical management, a fact determined by 
the increased risk of persistence of trophoblastic disease or 
evolution into choriocarcinoma [16], patients presenting 
CHM being more frequently affected [17]. 

For the purpose of distinguishing the molar profile, 
the literature mentions the application of differential 
immunoreactivity of p57kip2 [18, 19], which is the product 
of the paternally imprinted CDKN1C gene, the expression 
of which is associated with the presence of maternal 
DNA [9]. According to data from the literature, as well as 
received results, by immunohistochemical investigation 
of the product of conception taken in early terms of 
short-term dysregulated pregnancies, by evaluating the 
immunoexpression of p57 in the villous cytotrophoblast, 
it was possible to distinguish two evolutionary subtypes 
of HM: complete and partial. At the same time, when 
evaluating the statistical tests, significant differences were 
established in the CHM vs PHM, CHM vs AS/AM groups, 
but not in the PHM vs AS/AM groups, results that do not 
contradict the literature data [20, 21]. 

Complete, partial, and non-molar molar lesions 
in the germinal compartment are established during 

histomorphological examination and frequently treated 
as inconclusive due to interobserver and intraobserver 
variability. This inconclusiveness in the differential 
diagnosis of the molar and non-molar profile is the result 
of the lack of certain morphological peculiarities in the 
choriovilar compartment [4, 5] and frequently presents 
diagnostic difficulties in the early period of pregnancy [6]. 
The evaluation of the trophoblastic epithelial proliferative 
profile has a priority importance in the diagnostic 
management, thanks to the variable deciphering of the 
histopathological lesions in early-term pregnancies, and 
thanks to the impact on the clinical management. Thus, 
the elucidation of an applicative marker for differential 
diagnosis, together with the evaluation of the proliferative 
pattern, remains a subject for studies. 

Ki67 is a non-histone nuclear protein present in all 
active phases of the cell cycle, being virtually absent in 
quiescent (G0) cells. Ki-67 protein expression is strictly 
associated with cell proliferation, therefore it can be 
used to determine dividing cells [10]. According to 
the bibliographic data, being a marker of proliferative 
activity, the expression of the Ki67 oncogene can also be 
applied in trophoblastic disease, including HM subtypes, 
with predictive value for the progression to a gestational 
trophoblastic neoplasia [22].

In the presented study, Ki67 immunoexpression was 
limited to villous cytotrophoblast, syncytium being ne-
gative. Ki67 expression in stromal cells was in most cases 
limited to a score of +1 in the group of abortions on social 
indications/ desire and a moderate score of +2 for molar 
pathology. The given results are in accordance with a series 
of studies, which denote the accentuated and differentiated 
immunoexpression in the villous cytotrophoblastic com-
partment [24]. The obtained data do not contradict the li-
terature data. They denote the presence of different expre-
ssion of Ki67 in molar and non-molar pathology, as well as 
in the CHM and PHM subtypes [23-25]. 

The histopathological features described in the literatu-
re as morphological criteria for differentiating molar and 
non-molar pathology remain uncertain due to interob-
server and intraobserver variability. This discrepancy may 
also be determined by various technical factors, protocols 
and examination techniques, polymorphic tissue mate-
rial. Overall, the immunohistochemical investigation by 
applying the anti-Ki67 antibody comes in handy as a com-
plementary method in the differential diagnosis of molar 
pathology in early-term pregnancies.

Conclusions

Villous cytotrophoblast proliferative activity is high in 
the complete hydatidiform mole, and the immunoreactivity 
distribution index is highly positive and statistically true in 
the molar versus non-molar group. Immunohistochemical 
evaluation of Ki-67 protein in molar pathology is useful in 
differential diagnosis as a complementary method.
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Introduction

Articular cartilage is a tissue with a very poor regenerative 
capacity, and in the case of large defects this is impossible 
[1-4]. The surgical treatment techniques used today mostly 
lead to the formation of fibrous or fibrocartilaginous tissue 
within the defect, with very low mechanical properties [2, 
3, 5-7]. Combining of grafts obtained from synthetic or 
biological structures with various types of cells, seems to 
be an effective way to regenerate organs and tissues. There 
are several ways described in the literature to regenerate 
tissues and organs by combining three-dimensional 
matrices with various cells. Human amniotic membrane 
combined with bone marrow mesenchymal stem cells is 
used in the treatment of rabbit skin defects [8], combining 
of synthetic trachea obtained from polycaprolactone by 3D 
printing with bone marrow mesenchymal stem cells (BM-
MSC), chondrocytes induced from pluripotent stem cells 
and human bronchial epithelial cells, to obtain a functional 
organ [9]. It is also known that biphasic blood vessels can 
be synthesized from polycaprolactone and type I collagen 
combined with smooth muscle cells and endothelial cells 
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Abstract
Background: The existing surgical techniques used to regenerate articular cartilage fail. Utilisation of hierarchical, biphasic structures obtained from 
osteochondral tissue, through demineralisation, decellularization, longitudinal perforation and combination with chondroprogenitor cells, presents a 
high potential in cartilage defects regeneration. 
Material and methods: The research was performed on 36 rabbits, separated equally in two experimental and one control group. In the experimental 
groups, the experimental osteochondral defects of 4-4.5 mm in depth, were performed with a 3.7 drill bit at the level of weight bearing surface of the 
medial femoral condyle. In the 1st group the defects were treated with grafts combined with autologous chondrocytes, and in the 2nd group with grafts 
combined with autologous mesenchymal stem cells. In the control group, cartilaginous defects were treated by transferring the osteochondral plugs taken 
from the trochlear groove. The rabbits were removed from the experiment at 6 and 12 weeks. The results were evaluated by Unified Histological Score 
of Regenerated Cartilage (UHSRC).
Results: At 6 weeks, according to UHSRC, the 1st group had 28.33±1.53 points, the 2nd group –27.67±2.08 points and the control group –26.33±1.53 points 
(p˃0.1; p˃0.2). At 12 weeks the 1st group had 18.68±5 points, the 2nd group –14.89±3.76 points and the control group –17.22 ±4.84 points (p˃0.5; p˃0.2).
Conclusions: According to UHSRC, the experimental groups don’t show a significant difference compared to the control group at 6 and 12 weeks, also 
the quality of regenerated cartilage is poor.
Key words: cartilage, regeneration, biphasic hierarchic graft, chondroprogenitor cells, unified histological score.
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[10]. The combination of different three-dimensional 
monophasic structures obtained from collagen type I, I/III 
or atelocollagen type I with cells was also used to restore 
articular cartilage [7, 11].

As a result, the treatment methods with high perspec-
tive for articular cartilage regeneration, seem to be those 
that use multiphasic grafts combined with cells that have 
chondroprogenitor potential [3, 5, 12-15]. Utilization of 
hybrid structures, bi- or triphasic, obtained by mixing col-
lagen with chitosan [5], with hyaluronic acid with or with-
out chondroitin sulfate [12, 13, 16], with silk threads [17], 
and other non collagenic structures agarose [18], sodium 
alginate, gelatin [19], polycaprolactone [20] and others, are 
widely used in obtaining grafts that can be combined with 
mesenchymal stem cells (MSC) or chondrocytes with the 
aim of regenerating articular cartilage. The most of those 
three-dimensional matrices used in combination with 
chondroprogenitor cells are of synthetic origin, which tend 
to correspond to the specific properties of cartilage in or-
der to be used in combination with MSC or chondrocytes 
[21, 22]. Elaboration of the graft that was used in the ex-
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periment from osteochondral tissue through demineral-
ization, decellularization and longitudinal perforation [4], 
shows a high potential for utilization in combination with 
MSCs or chondrocytes for articular cartilage regeneration 
at the level of weight-bearing regions of the femoral con-
dyle by creating favorable conditions that will protect the 
graft from deterioration after transplantation [6]. Since 
the graft is obtained of tissue with a biphasic, hierarchical 
structure [23], and the ability of cellular penetration and 
proliferation through it is ensured by its high degree of 
perforation, the use of such a graft seems to be reasonable. 
Also, the lack of immune response to decellularized bone 
and cartilage reduces the possibility of a graft rejection re-
action, and its combination with autologous cells such as 
chondrocytes and bone marrow MSC could ensure the tis-
sue remodeling process [24].

Material and methods

The in vivo experimental researches were carried out on 
36 domestic rabbits with an average age of 4.5 ±0.5 months. 
The animals were divided into three groups, by 12 rabbits 
per group as follows:

-	 Group I – rabbits treated with osteochondral de-
mineralised decellularized (OCDD) grafts com-
bined with chondrocytes, consists of 4 males and 8 
females, average weighing 3.52 ±0.42 kg;

-	 Group II – rabbits treated with OCDD grafts com-
bined with MSC, consists of 7 males and 5 females, 
average weight 3.37 ±0.57 kg;

-	 Control group – rabbits treated with autologous 
osteochondral grafts, consists of 7 males and 5 fe-
males, average weight 3.52 ±0.62 kg.

There was no significant difference between the age, 
body mass and gender of the rabbits in the created experi-
mental groups (p ˃0.2). 

Preparation of the hierarchic biphasic grafts
During the experiment 6 additional rabbits were sacri-

ficed, from which were collected the distal femurs needed 
for grafts preparation. The collected distal femurs were sto-
red in ultra-freezer (ULUF 450-2M, Arctiko) at -84°C until 
use. After removing the soft tissues from the distal femurs, 
they were demineralized in 0.6 M HCl [3, 4]. Then with a 
self-made circular knife (fig. 1) from the weight-bearing 
surface of each condyle, pieces of osteochondral tissues 
were sectioned with the diameter of 3.61 ±0.1mm and the 
height of 4.33 ±0.11mm, with the average volume of 44.05 
±1.15mm3. The grafts were longitudinally perforated with 
a 23G syringe needle more than 120 times, degreased with 
3% H2O2 (Eurofarmaco, the Republic of Moldova) for 24 
hours and and with 70% alcohol (Eladum Pharma, the Re-
public of Moldova) for 6 hours by shaking at 200 rpm in a 
shaker-incubator (ES-20, Biosan).

The grafts were washed with distilled water by shaking 3 
hours, the water was changed every hour, and decellularized 
in 1% sodium dodecyl sulphate (SDS) during 24 hours also 
by shaking at room temperature. After decellularization 
the grafts were washed with distilled water during 3 days, 
changing the water 2-3 times a day. In the laminar flow 
hood (LN 090, Nuve) the grafts were washed with 70% 
alcohol (Eladum Pharma, the Republic of Moldova) a 
few minutes. The graft sterilization was performed also 
with 70% alcohol in a laminar flow hood during 2 hours. 
Then, the sterilized grafts were washed with HBSS (Lonza, 
Belgium) for 24 h, changing the solution 3 times. The next 
day by 2-3 small strips of sterile gauze were inserted into 
the sterile 15 ml tubes, and the grafts by one were placed on 
the sterile gauze from the tubes. In order to dry the grafts, 
the test tubes were centrifuged at 4000 rpm for 20 minutes 
(Universal 32R, Hettich Zentrifugen), and then stored at 
-84°C (ULUF 450-2M, Arctiko) until use (fig. 2).

Fig. 1. The selfmade circular knife which was used to make circular sections of the grafts: (a) the device  
consists of circular knife and the trocar to push out the graft, (b) presentation of knife internal  

diameter and the device with a sectioned graft

Fig. 2. The obtaining and preserving of OCDD grafts: (a) graft processing, (b) unperforated OCDD grafts,  
(c) longitudinally perforated OCDD graft,  (d) OCDD grafts preserved at −84°C
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The isolation of cells with chondroprogenitor potential
The necessary cells with chondroprogenitor potential to 

obtain the combined grafts were isolated according to the 
methods presented in previous publications carried out in 
the laboratory. MSCs were isolated by culture from rabbit 
bone marrow, which was collected into a heparinized 
syringe by aspiration under general anesthesia from the 
iliac bone [1, 25]. There were aspirated 4 ±1.2 ml of bone 
marrow. After centrifugation with concentration gradient 
HiSep 1077 (HiMedia, India), the mononuclear cell layer 
was extracted and washed in other 15 ml tube with HBSS 
(HiMedia, India) and cell culture media composed of 
DMEM/F-12 Ham (Sigma, UK) and FBS (Lonza, Belgium) 
and 1% antibiotic antimycotic solution (HiMedia, India). 
Then the cells were transferred to a 25 cm2 cell culture 
flask (Nunc, Denmark) with 5 ml of cell culture media and 
incubated at 37°C, 5% CO2, changing the media every 2-3 
days until a 80-90% confluence.

Chondrocytes were isolated by enzymatic digestion of 
articular cartilage taken from one of knes under general 
anesthesia. The harvested cartilage pieces were digested 
with 0.6% collagenase using the continuous monitoring 
method [2], the process being stopped when the chondro-
cytes from the digested cartilage occupied the entire field 
of view. After washing, the chondrocytes were counted and 
seeded in 25cm2 cell culture flasks (Nunc, Denmark) at a 
density of 7100 ±2100 cells/cm2, in 5 ml of cell culture me-
dium composed of DMEM (Sigma, UK) with SFB (Lonza, 
Belgium) and 1% antibiotic antimycotic solution (HiMe-
dia, India). The cell culture media was changed every 2-3 
days until a 80-90% confluence.

The combined grafts obtaining
OCDD grafts were combined with rabbits autologous 

cells and transplanted on the day when MSCs and 
chondrocytes reached 80-90% confluence. Initially, OCDD 
grafts were thawed and heated to 37°C in a thermostat, 
followed by cells detachment from the cell culture surface 
of the flask by trypsinization [3]. After trypsin inactivation 
with cell culture medium specific for each type of cells, 
the contents of the flasks were placed in 15 ml tubes 
and centrifuged at 1000 rpm for 10 minutes at room 
temperature (Universal 32R, Hettich Zentrifugen).

After centrifugation, the cell culture media with inac-
tivated trypsin was removed, and by 1 ml of fresh cell cul-
ture media specific to the cells type was poured into the 
tubes. After pipetting, the cellular suspension was transfer-
red to 1.5 ml Eppendorf tubes, which were centrifuged at 
3500 rpm for 3 minutes (Combi-Spin FVL-2400N, Boeco)  
(fig. 3). After centrifugation from the Eppendorf tubes, 
the medium was extracted, except for 50-60 μl. Meanwhile 
the 15 ml tubes with the OCDD grafts and the sterile de-
vices for fixation and cellularization of small sized grafts 
(DFCSSG) [3, 6] were placed in the hood (LN 090, Nuve). 
The used device was necessary for cellularization of grafts 
by the gravitational method, and its utilisation has been 
described in previous work [6]. The device was placed into 

a stand, the cap from the tube with the graft was removed 
and with a tweezer the graft was extracted from the tube 
and inserted into the container of the fixation device. With 
a micropipette (LightDrop 10-100 μl, Thermo Fisher) the 
cellular pellets from the Eppendorf tubes were pipetted 
into the remaining 50-60 μl, and the cellular suspensions 
were poured onto the OCDD grafts which were fixed in the 
container of DFCSSG. Then, the lid was applied on the de-
vice and it was placed in a 15 ml tube [6], with the slightly 
opened cap and the divice was placed in incubator (Smart-
Cell, Heal Force) at 37°C, 5% CO2 humid environment.

Transplantation of combined grafts
After introduction of the combined grafts in the in-

cubator, the rabbits were weighed and anesthetized. After 
preparing the operating field at the level of the unopera-
ted knee joints, through a medial parapatellar approach of 
approximately 4-5 cm the knee joints were opened. After 
hemostasis, the patella was laterally dislocated and the 
knee flexed. Then, on the weight-bearing articular surfa-
ce of the medial femoral condyle, with drill-bits of 1.5, 2, 
3, 3.5 and 3.7 mm diameter, consecutively, with caution, 
at low speed and without opening the medullary canal, 
the defects of 3.7 mm in diameter and 4-4.5 mm in depth 
were created. Then the combined grafts were taken to the 
operating room. The containers with the combined grafts 
were placed on the operating table respecting all sterility 
principles. Intraoperatively, the base of the support with 
one of the combined grafts was sectioned with scissors and 
the graft was slowly pushed out into the defect with a K-
wire, without damaging it or squeezing out the cells from 
the graft. All grafts were transplanted with its cartilaginous 
part facing up (fig. 4). After graft implantation, the disloca-
ted patella was reduced and with the knee in extension, the 
wound was closed and aseptic dressing was applied. Ma-
intaining the knees in extension, at the lateral side of the 
operated lower limbs thin planks were applied, wider than 
the limb and with the length corresponding to the distance 
from the hip to the ankle, which were fixed to the operated 
limbs with a cast from the pelvis to the ankle, holding a 
window at the level of the postoperative wound for dres-
sings (fig. 6).

Fig. 3. Cells preparation to be combined with OCDD grafts:  
(a) cellular pellet in 15 ml tube after first centrifugation,  

(b) centrifugation of Eppendorf tube with cellular suspension in 
microcentrifuge, and (c) cells pellet at the bottom of Eppendorf 

tube, the pellet is indicated with white arrow
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Transplantation of autologous osteochondral tissue
To the rabbits from the control group was perfor-

med transplantation of autologous osteochondral tissue 
(AOCT). The rabbits were prepared for surgery in the 
same way as the rabbits from the experimental groups. 
Through the same approach, after arthrotomy, lateral dis-
location of the patella and knee flexion, with a scalpel, a 
cartilaginous defect was made on the articular weight-
bearing surface of the medial femoral condyle of 3.7 mm 
in diameter, at the same level where were transplanted 
the combined grafts. In the created cartilage defect with a 
small diameter drill-bit, 3 holes of approximately 1.7 mm 
in diameter were made, in the form of a triangle, with a 
depth of 4-4.5 mm. With a 12 G piercing needle, that has 
internal diameter of 1.7 mm, at low speed, to avoid over-
heating the osteochondral tissue, from the trochlear groo-

ve were taken pieces of autologous osteochondral tissue 
and implanted in the drilled holes at the same height or 
with almost 1 mm higher than the adjacent normal car-

Fig. 4. Transplantation of the OCDD grafts combined with MSCs autologous chondrocytes, (a) animal weighing and general anesthesia 
performing, (b) operating field preparation, (c) medial parapatellar arthrotomy with lateral dislocation of patella, (d) creatig of the 

experimental defect, (e, f) aspect of the graft populated with autologous cells and (g, h) graft implantation into the experimental defect

Fig. 5. Transplantation of autologous osteochondral tissue: (a, b) general anesthesia of the animal and preparation of the operating field, 
(c, d) creating the experimental cartilage defect, (e, f, g) harvesting of the autologous osteochondral tissue grafts from the non weight-

bearing surface of the femoral trochlear groove with 12G needle and (h) their transplantation.

Fig. 6. Postoperative immobilization  
of the operated knees in rabbits
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tilage (fig. 5). After reducing the dislocation of the patella 
and keeping the knee in extension, the wound was sutured 
and aseptic dressing was applied, followed by knee immo-
bilization as described above (fig. 6).

Postoperative care
The cast immobilization of the operated knees was 

removed after 10 days. Postoperatively the rabbits received 
antibiotics for another 2-3 days depending on the case. 
Dressings were performed every 1-2 days, with monitoring 
of the general condition of the animals. All animals were 
kept in clean conditions, fed and watered daily.

The operated rabbits were removed from the experiment 
after 6 weeks – by 3 rabbits from each group, and after 
12 weeks the rest, and the operated distal femurs were 
sampled. After removing of all soft tissues, the distal femurs 
were placed in 10% buffered formaldehyde, pH=7.4. For 
the microscopic examination slides of 5 μm were sectioned 
with microtome and fixed on the coverslip. Histochemical 
staining was performed with Hematoxylin-Eosin (H-
E), Safranin O and Toluidine Blue with Fast Green. The 
evaluation of the results was performed according to 
the Unified Histological Score of Regenerated Cartilage 
(UHSRC) [3], which was composed by combining 3 scores 
widely used in the evaluation of regenerated articular 
cartilage in animals, whose authors are Sellers R. (1997), 
Wakitani S. (1994) and O’Driscoll S. (1986) [3, 26]. Each of 
the scores proposed by the authors contain many similar 
evaluation criteria, which evaluate the general morphology 
of the regenerated tissue and make difference between 
hyaline cartilage, fibrocartilage and fibrous tissue. Those 
scores also evaluate the degree of defect filling, thickness of 
the regenerated cartilage and the presence of lesions in it, 
the metachromasia of the regenerated tissue and the degree 
of integration of the regenerated tissue with the healthy one. 
Each score also contains specific individual criteria, such 
as the cellularity level of the regenerated cartilage in the 
O’Driscoll score, or the cellular pattern in the regenerated 
tissue present in the Wakitani score, and formation of 
chondrocytes clusters in the Sellers and O’Driscoll scores. 
At the same time, the Sellers score includes such criteria 
like evaluation of the subchondral bone condition and 
formation of the demarcation line between the normal and 
the calcified cartilage in the repaired osteochondral unit, 
which is very important, because the subchondral bone was 
also involved in the process of in vivo testing of combined 
biphasic hierarchical grafts [23] for articular cartilage 
regeneration. The UHSRC is presented in Table 1, and 
consists of evaluation of 13 criteria, the values assigned to 
each criteria on the scale are in descending order, in other 
words, the higher is the quality of the regenerated tissue, 
the lower will be the evaluation score, and vice versa, the 
higher is the evaluation score, the lower is the quality of 
the regenerated tissue, the value of the lowest quality being 
43 points.

Table 1. Unified histological score of regenerated 
cartilage (Sellers, Wakitani and O’Driscoll)

  Criteria   Scale

1

Cellular 
pattern in 

regenerated 
cartilage

Hyaline cartilage 0
Predominantly hyaline cartilage 1
Predominantly fibrocartilage 2
Only non-cartilaginous structure 3

2

Cellular 
morphology 
(category – 

a, b, c, d)

(a) Normal 0

(b) Mostly round cells with chondrocytic 
morphology

 

> 75% of tissue with columns in the 
radial zone 0

25-75% of tissue with columns in the 
radial zone 1

<25% of tissue with columns in the 
radial zone (disorganized structure) 2

(c) About 50% round cells with  
chondrocytic morphology

 

> 75% from tissue with columns in 
the radial zone 2

25-75% from tissue with columns in 
the radial zone 3

<25% of tissue with columns in the 
radial zone (disorganized structure) 4

(d) Mostly spindle-shaped cells 
(fibroblast-like) 5

3

Chon-
drocytes 
clusters 

formation

Absent 0
<25% of cells 1

25-100% of cells 2

4 The cellulari-
zation level

Normal cellularity 0
Mild hypocellularity 1
Moderate hypocellularity 2

Severe hypocellularity 3

5 Matrix me-
tachromasia

Normal 0
Slightly reduced 1
Moderately reduced 2
Severely reduced 3

Staining is absent 4

6
The articular 

surface 
aspect

Smooth and intact 0
Superficial horizontal lamination 1
Cracks from 25% to 100% of the thickness 2

Severe disorders, ruptures, including 
fibrillation

3

7

Integration 
of the graft 

with the 
surround-

ing articular 
cartilage

Normal continuity and integration at the 
border 0

Reduced cellularity at the border 1
Gap or lack of continuity on one side 2

Gap or lack of continuity on both sides
3

8

The archi-
tecture of 

entire defect 
without 

including 
edges

Normal 0
1-3 small defects 1
1-3 large defects 2

severe destruction 3

9

The thick-
ness of 

the newly 
formed 

cartilage

100% of the neighboring normal cartilage 0
50-100% of the neighboring normal 
cartilage 1

0-50% of the neighboring normal 
cartilage 2
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10

The pre-
sence of de-
generative 
changes in 

the adjacent 
cartilage

Normal cellularity, no clusters, normal 
staining 0

Normal cellularity, few clusters, moderate 
staining 1

Moderate cellularity, moderate number of 
clusters, moderate staining 2

Severe hypocellularity, without staining 3

11

Filling of the 
defect in 

relation to 
the adjacent 
normal carti-
lage surface

111-125 % 1
91-110 % 0
76-90 % 1
51-75 % 2
26-50 % 3
<25 % 4

12
Formation of 
the demar-
cation line

Complete 0
75-99 % 1
50-74 % 2
25-49 % 3
<25 % 4

13

The percent-
age of newly 

restored 
subchondral 

bone

90-100 % 0
75-89 % 1
50-74 % 2
25-49 % 3
<25 % 4

Results
In order to combine OCDD grafts with cells that 

have chondroprogenitor potential, 1.64x105±7x104 
chondrocytes were isolated from hyaline articular cartilage 
with a viability of 96.79%, from which in the first passage 
during 10±3 days of culture were obtained 2.94x106 
±3.77x105 chondrocytes with a viability of 99.89%. Also, 
from 4 ±1.2 ml of bone marrow collected from the rabbits, 
during 11±3 days were obtained 1.55x106 ±3.76x105 MSC 
with a viability of 98%. 

As a result of the implementation of the UHSRC, the 
animals removed from the experiment at 6 weeks in all 
cases had an almost similar histological score. The group 
of rabbits whose experimental defects were treated with 
OCDD grafts combined with chondrocytes had a score of 
28.33±1.53 points, the group treated with grafts combined 
with MSC obtained a score of 27.67±2.08 points and the 
control group had a score of 26.33±1.53 points. As a result, 
there is no significant difference between the control group 
and the experimental groups in which tissue defects were 
treated with OCDD grafts combined with chondrocytes  
(p ˃0.1) and in that treated with grafts combined with 
MSC (p ˃0.2) (fig. 7).

At the animals removed from the experiment at 12 
weeks after surgery, according to the UHSRC were deter-
mined the following results: the experimental group in 
which the experimental defects were treated with OCDD 
grafts combined with chondrocytes had a score of 18.68 ±5 
points, the experimental group treated with OCDD graf-
ts combined with MSC had a score of 14.89 ±3.76 points 
and the control group had a score of 17.22 ±4.84 points. 
According to obtained results, it was determined that the-
re was no significant difference between the control group 

and the group in which the cartilaginous defects were 
treated with OCDD grafts combined with chondrocytes  
(p ˃0.5) and the group in which the defects were treated 
with OCDD grafts combined with MSC (p ˃0.2) (fig. 8).

Fig. 8. Comparative results of regenerated defects at 12 weeks 
after surgery

At comparison of the results obtained within the same 
group of animals that were removed from the experiment 
at 6 and 12 weeks after surgery, a significant difference is 
determined between the obtained results, which are much 
better in the case of animals that were removed from the 
experiment later, the data are shown in table 2.

Table 2. The comparison of UHSRC obtained  
by groups depending on the evaluation term  

of the regenerated defects
UHSRC at 6 
weeks (n=3)

UHSRC at 12 
weeks (n=9) t-test

OCDD grafts com-
bined with chondro-
cytes

28.33±1.53 18.68±5 p=0.009

OCDD grafts combi-
ned with BM-MSC 27.67±2.08 14.89±3.76 p˂0.001

Transplantation of 
AOCT 26.33±1.53 17.22±4.84 p=0.004

During the histological examination of the regenera-
ted articular cartilage after transplantation of grafts that 

Fig. 7. Comparative results of experimentally created defects 
and treated with hierarchical biphasic grafts combined with 
chondrocytes and BM-MSC at 6 weeks after transplantation
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were combined with chondrocytes (fig. 9), at 6 weeks after 
transplantation was determined that the defects were fil-
led with fibrocartilage with moderate cellularity unevenly 
distributed. It was also determined that the deep areas of 
the neo-cartilage were populated by chondrocytes, arran-
ged in isogenous groups, with signs of cellular hypertrophy 
and preservation of their integrity, and the superficial part 
of the regenerated cartilage was represented by fibroblast-
like cells surrounded by a predominantly fibrous matrix. 
The collagen fibers were determined as being thinned and 
fragmented, and the concentration of glycosaminoglycans 
(GAG) was gradually reduced from the deep areas to the 
periphery. In the place of contact with the native cartila-
ge, long and deep cracks were observed. At 12 weeks af-
ter transplantation, the quality of regenerated articular 

cartilage was significantly better, it was smoother, and its 
thickness was thinner compared to the native cartilage. In 
the deep and middle areas newly formed hyaline cartilage 
was identified, and fibrous cartilage was frequently detec-
ted in the superficial areas. The cells in the regenerated car-
tilage were unevenly distributed, being predominantly of 
the chondrocytic type, organized in isogenic groups. At the 
border with the native cartilage chondrocytic clusters were 
identified, which were delimited by masses of fibrous tis-
sue. The collagen fibers were highly disorganized, and the 
content of GAGs was more homogeneous, being identified 
in all areas of the newly formed cartilage.

In the case of experimental defects regenerated by using 
grafts combined with MSC, no big difference was observed 
compared to grafts combined with chondrocytes from the 

Fig. 9. Regeneration of articular cartilage using grafts combined with chondrocytes at 6 (A) and 12 weeks (B) after transplantation: 
(a, d) moderate cellularised fibrocartilage (× 40), H-E and Toluidine Blue with Fast Green; (b) regenerated cartilage cracks (× 100); (c) 

uneven GAGs distribution (x100), Safranin O; (e, g) chondrocytic clusters delimited by fibrous tissue (× 40, × 100), Toluidine Blue with 
Fast Green and H-E; (f) GAGs homogeneous content (× 40), Safranin O

Fig. 10. Regeneration of articular cartilage using grafts combined with MSC at 6 (C) and 12 weeks (D) after transplantation:  
(a) moderate cellularised fibrocartilage (× 40), H-E; (b, f) GAGs homogeneous content with cells in upper part of the cartilage  

(× 40, × 100), Toluidine Blue with Fast Green and Safranin O; (c, e) regenerated cartilage cracks and fibrillation (× 40);   
(d) chondrocytic clusters delimited by fibrous tissue (× 40), H-E 
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same periods. At 6 weeks was determined that the presence 
of chondrocytes and chondroblasts was predominantly in 
the superficial and middle areas of the regenerated cartilage. 
While at 12 weeks was determined that the thickness of the 
regenerated cartilage is similar to that of the native one, 
the concentration of GAGs being slightly lower, and the 
demarcation line was better visualized (fig. 10).

In the case of cartilage defects regeneration by autolo-
gous osteochondral tissue transfer, at 6 weeks, in all cases, 
were identified areas where the defects were not completely 
filled with regeneration tissue, but also the areas with the 
lack of adherence to native articular cartilage. There are ca-
ses when the autologous transplant was located in the same 
plane as the surface of native articular cartilage, or even sli-
ghtly protruding into the joint cavity. The cartilage within 
the autologous grafts underwent partial or in some cases 
total lytic changes, with partially or totally destroyed chon-
drocytes. In the contact areas of the native cartilage with 
the transplanted tissue, were observed structural changes 
like hypercellularity with uneven cellular distribution and 
their tendency to form large clusters of chondrocytes and 
extracellular matrix with intense metachromasia. At 12 
weeks, the defects areas were incompletely filled, the re-
covery of the defect was achieved only at the level of bone 
tissue, with its non-homogeneous filling. Also, at the pe-
riphery of the transplanted tissue, immature cartilaginous 
tissue was observed, on some places with signs of maturity, 
and in the center of the transplant area a fibrillar matrix 
with fibroblast-like cells was present, with the content of 
GAGs being inhomogeneous (fig. 11).

Discussion

The process of obtaining cells for articular cartilage re-
generation with combined grafts is an essential one. It is 
necessary to mention that there is an obvious difference 

between the number of MSC and chondrocytes transplan-
ted within the experiment (p˂0.001). This significant di-
fference between the groups is due to the fact that MSC 
are larger than chondrocytes, for this reason, the amount 
of transplanted MSCs is almost twice lower comparing 
to chondrocytes. However, in each transplantation, one 
cell culture flask with 80-90% cells confluence was used. 
As a result, if the amount of transplanted cells during the 
experiment is reported to have a defect of 1 cm3, then it 
turns out that for the treatment of a defect of 1 cm3 will be 
necessary to transplant approximately 6.67x107±8.55x106 
chondrocytes or 3.51x107±8.53x106 MSC.

During the performed research, the experimental de-
fects should have been only of articular cartilage, witho-
ut involving the subchondral bone, according to the main 
objective of the research, which is the regeneration of the 
articular cartilage, but not of the subchondral bone.  This 
was not done because it was practically impossible to pre-
pare and fix a decellularized cartilaginos graft combined 
with cells, which after transplantation would be constantly 
subjected to mechanical stress forces, because the articu-
lar cartilage has a very weak regeneration potential, even 
being combined with cells that have chondroprogenitor 
potential, it has poor possibility to adhere at the adjacent 
bone and cartilage. At the same time, the subchondral 
bone in the region with degenerated cartilage is important 
for the nutrition of the deep layers of the cartilage and the 
transfer of mechanical stimuli from the cartilage to the rest 
of the bone [27], as a result, the bone within the biphasic 
graft being demineralized ensures a rapid regeneration of 
the subchondral bone due to its osteoinductive and os-
teoconductive properties [15, 23], but also a more stable 
fixation of the graft. Because the demineralized, decellula-
rized and longitudinally perforated grafts have much lower 
mechanical strength than normal osteochondral tissue [4], 

Fig. 11. Regeneration of articular cartilage using autologous osteochondral grafts transfer 
at 6 (C) and 12 weeks (D) after implantation: (a, b, c, d, e) lack of regeneration between the transferred tissue and the native cartilage 

with signs of partial or total osteo- and chondrolysis (× 40), H-E and Toluidine Blue with Fast Green; (a, d) hypercellularity at the 
level of transferred tissue and lack of cells at the border between graft and native cartilage; (e, f) inhomogeneous GAGs content (× 40), 

Toluidine Blue with Fast Green and Safranin O
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in order to ensure joint rest for the process of osteogenesis 
and chondrogenesis, plaster immobilization was applied 
for a period of 10 days.

Transplantation of biphasic osteochondral, allogeneic, 
demineralized, decellularized, longitudinally perforated 
grafts and combined with autologous cells with chondro-
progenitor potential to regenerate the articular cartilage, 
can be qualified as articular cartilage regeneration through 
tissue engineering techniques. The tissue engineering tech-
nique that uses three-dimensional matrices combined with 
autologous chondrocytes is called Matrix-assisted Autolo-
gous Chondrocyte Implantation (MACI) [2, 3], and the 
technique that uses three-dimensional matrices populated 
with MSC is called Matrix Autologous Stem-cells Implan-
tation (MASI) [14]. Thus, in the performed research, were 
compared two tissue engineering techniques of articular 
cartilage regeneration with the autologous osteochondral 
tissue transfer through the mosaicplasty technique [28]. 
Given that the UHSRC at 12 weeks in the groups that used 
grafts combined with chondrocytes and grafts combined 
with MSC are different (fig. 8), the best score being in the 
case of grafts combined with MSC – 14.89±3.76 points, 
comparatively to those combined with chondrocytes with 
a score of 18.68 ±5 points, from a statistical point of view, 
there is no significant difference between these 2 groups (p 
= 0.08). The research that compares the MACI and MASI 
techniques, using chondrocytes isolated from the articular 
cartilage and MSC isolated from the articular synovium, 
shows slightly better results when MASI technique was 
performed [14].

Considering that the UHSRC obtained in the experi-
mental groups do not show a significant difference compa-
red to the control group at 6 and 12 weeks, and the histolo-
gical picture is far from ideal, the obtained cartilage results 
are far from good.

Conclusions

There was no big difference at 6 and 12 weeks between 
results of the grafts combined with chondrocytes and 
those combined with MSC, even though the number 
of transplanted chondrocytes was almost twice bigger  
(p ˃0.8; p =0.08 ), and the control group did not show 
better results. 

Utilisation of UHSRC allowed a thorough evaluation 
of the obtained results. Thus, a weak regeneration degree 
of the experimental cartilage defects was achieved in both 
cases: using grafts combined with chondrocytes and MSC, 
and the control group.
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Abstract
Background: Biological materials derived from decellularized tissues could be a good basis for progress in regenerative medicine while maintaining 
the main components of the extracellular matrix. A promising scaffold for tissue-engineered is the human amniotic membrane. It is one of the oldest 
biomaterials used for scaffolds.
Material and methods: 3 placentas were obtained through Human Tissue Bank. Under sterile condition human amniotic membrane was collected. The 
human amniotic membrane was treated with 0.5% of sodium dodecyl sulphate (SDS), 1% Triton for 24 and 5 hours. Amniotic membrane decellularization 
was also carried out in combination with ultrasound bath for 20 minutes 3 times. For morphological and structure evaluation of human amniotic membrane 
the scanning electron microscopy of native amniotic membrane and histology of decellularized and native amniotic membrane were performed.
Results: The human amniotic membrane decellularization process with 0.5% SDS solution and 1% Triton solution showed that decellularization for 24 
hours is too aggressive for human amniotic membrane structure. The decellularization for 5h with 1% Triton solution was incomplete. 
Conclusions: The method of decellularization with 0.5% SDS solution is more suitable for amniotic membrane decellularization and can be performed 
in only 5 hours. The use of ultrasound bath did not have a significant effect on the obtained results. 
Key words: amniotic membrane, decellularization, morphology.
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Introduction

Tissue engineering aims at replacing or regenerating 
human tissues or organs in order to restore or establish 
normal function [1]. The tissue engineering triad consists 
of three main factors: the cells, signaling molecules, and 
scaffold, which support and rely upon one another. The 
scaffold, together with integrated signaling molecules, 
provides structural, biochemical, and biomechanical cues 
to guide and regulate cell behavior and tissue development 
[2].

Scaffolds can be prepared through synthetic or natural 
materials. Synthetic scaffolds are beneficial in that their 
structure and mechanical properties can be manipulated 
and controlled with the goal of producing an optimal 
environment for a particular cell type or cell set. Among 
these properties, matrix stiffness and topography show 
profound influences on cell growth and differentiation [2]. 

Biomaterials have important roles as mimicking the 
natural environment and providing the physical and 
biological helpers to the attached cells during the in vivo 
and in vitro cultivation [3]. Cellular adhesion is one of the 
most undesirable properties for biomaterials. There are 

many studies in progress about surface modification of 
biomaterials [4]. Furthermore, optimal biomaterials should 
degrade without toxicity and must control degradation 
rate [5] and have excellent swelling and biodegradation 
behaviors [6]. Ideal scaffolds for tissue engineering should 
provide such properties as:

o	Biocompatibility
o	Biodegradability (tissue and damaged based)
o	 Support cell adhesion
o	Non-immunogenicity
o	Non-toxicity
o	Easy obtainable
o	Controllable porosity
o	Provide vasculature for oxygen and nutrients 

delivery
o	Provide microenvironment and promote cells 

growth
o	Possess proper biomechanical strength [7].  

Because many challenges are associated with preparing 
synthetic scaffolds that recapitulate the complexity of the 
cell microenvironment, there has been increasing interest 
in utilizing naturally derived extracellular matrix (ECM) 
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itself. This biologic scaffold is obtained through the process 
of decellularization. The ultimate goal of decellularization 
is to rid the ECM of native cells and genetic materials such 
as DNA while maintaining its structural, biochemical, 
and biomechanical cues [2]. The decellularized ECM can 
then be repopulated with a patient’s own cells to produce 
a personalized tissue and be used to improve, maintain or 
restore damaged tissues or whole organs. The rationale for 
decellularization is related to the adverse response that cell 
waste may induce when tissue-derived material is used 
for implantation procedures, including immune reaction 
and inflammation, leading to implant rejection. Therefore, 
decellularized ECM is usually obtained by different 
decellularization methods, developed to eliminate the 
cells and their waste, mainly DNA [8]. As for all biological 
scaffolds, gentle but complete decellularization is a critical 
step in removing allogenous cells, and various methods 
have been described [9]. 

Various natural structures have the required therapeu-
tic potential to be used as a tissue-engineered structure. 
Among them are the inner body membranes. Membranes 
actually consist of thin layers of cells or tissues that enve-
lope the body, its internal organs, and cavities. Amniotic 
membrane, mesentery, omentum, pericardium, peritone-
um, and pleura are all examples of these membranes with 
therapeutic applications [10].

A promising scaffold for tissue-engineered is the human 
amniotic membrane. It is one of the oldest biomaterials 
used for scaffolds and it has many characteristics that 
make it attractive as a biomaterial [11]. Human amniotic 
membrane is a thin semitransparent membrane normally 
20 µm to 500 µm in thickness. It is tough and is devoid 
of blood vessels, lymphatics, and nerves [9, 12]. Amniotic 
membrane lines the amniotic cavity; its apical surface is 
bathed in amniotic fluid, whereas the basal surface lies on 
top of the chorion [13]. The amnion basement membrane 
is largely composed of collagen I, collagen III, collagen IV, 
laminin, and fibronectin. It is inexpensive and easily takes, 
and its availability is virtually unlimited, negating the need 
for mass tissue banking [11].

The human amniotic membrane has been widely used 
in tissue engineering and regenerative medicine not only 
due to its favorable biological and mechanical properties 
but also as its usage has low ethical problems. In general, 
for amniotic membrane clinical applications or its 
preservation in tissue banks, it is crucial to perform donor 
screening and selection, procure the membrane, wash it, 
and perform additional processing steps. It is common to 
treat the amniotic membrane chemically or with antibiotic 
substrates, preserve, sterilize, package, and store it [14]. The 
reasons for epithelial layer removal, amniotic membrane 
sterilization, and its preservation are, respectively, to reduce 
graft rejection, minimize the risk of disease transmission, 
and store it more quickly for a more extended period [15]. 
Elasticity, stiffness and other biomechanical properties 
also make it possible to use the amniotic membrane for 

various medical purposes. Amniotic membrane is almost 
always considered as discarded substance; it satisfies most 
of the criteria of an ideal biological tissue and shows almost 
zero rejection phenomenon [16].

This paper aim is to evaluate the morphology and 
structure of decellularized human amniotic membrane by 
different methods. 

Material and methods

Human amniotic membrane collection
Human placentas were obtained through Human Tis-

sue Bank, the Republic of Moldova. After written informed 
consent was obtained, 3 placentas were obtained after cae-
sarean section. The research was approved 15.03.2019 No 
14, by Ethical Committee of Research at Nicolae Testemi-
tanu State Medical and Pharmaceutical University of the 
Republic of Moldova, Chisinau. According to Standard 
Operating Procedure (SOP) the screening to exclude any 
risk of transmissible infections, such as human immuno-
deficiency virus, hepatitis virus types B and C, and syphi-
lis was done. Under sterile conditions the placentas were 
decontaminated to remove pathogens by rinsing several 
times with sterile saline solution, and finally, the amnion 
and chorion were separated manually and rinsed with the 
saline solution containing antibiotics and antimycotics. A 
part of human amniotic membrane was decellularized.

Decellularization of human amniotic membrane
Sodium dodecyl sulphate (SDS) decellularization. 

Human amniotic membrane was treated with 0.5% SDS 
solution for 24h and 5h at room temperature. To help 
remove cells from the substrate additional mechanical 
scraping was applied. After the decellularization process 
human amniotic membrane was washed three times with 
phosphate buffered saline (PBS) solution (pH 7.4) for 15 
min each with gentle agitation. 

Triton X-100 decellularization. The tissue was placed 
in a solution of 1% Triton X-100 for 24h and 5h at room 
temperature. The scraping for cell removal was performed, 
followed by a final wash using sterile PBS (pH 7.4) for 15 
min each with gentle agitation.

Ultrasound bath decellularization. The amniotic 
membrane placed in tubes with 1% Triton and 0.5% SDS 
solutions was additionally placed in ultrasound bath for 
20 minutes 3 times. After that, the solutions with human 
amniotic membrane were left for 24 and 5 hours at room 
temperature. After the decellularization process the 
mechanical scraping was applied and amniotic membrane 
was washed three times with PBS solution (pH 7.4) with 
gentle agitation for 15 min each.

Morphological characterization of human amniotic 
membrane

Scanning electron microscopy analysis 
The samples were fixed in 2.5% glutaraldehyde in 0.1 

M sodium phosphate buffer for 24 hours and post-fixed 
in 1% osmium tetroxide for 1 h, dehydrated with a series 
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of ethanol solutions of increasing concentrations (30%, 
50%, 70%, 90%, and 100%) for 10 min each and critical 
point dried. For SEM, the amniotic membrane (AM) was 
further dried with carbon dioxide in a critical point dryer 
and coated with gold in a sputter coater. Then, the samples 
were subjected to scanning electron microscopy Zeiss EM 
900 (MHH, Hannover).

Histological analysis
Native and decellularized human amniotic membranes 

were fixed in 10% formalin, dehydrated with an increasing 
series of ethanol solutions and embedded in paraffin wax. 
The samples were sectioned with each section having a 
thickness of 4 μm. The native amniotic membrane was 
stained with hematoxylin and eosin (H&E) and Van 
Gieson staining. Decellularized amniotic membrane was 
stained with H&E staining. Samples (n=3) were viewed by 
microscope (Leica S 80/0.30).

Results and discussion

Human amniotic membrane is one of the thickest 
membranes in the human body. It consists of a thin 
epithelial layer, a thick basement membrane and avascular 
stroma consisting mainly of collagen [17].

SEM was performed to study the surface morphology 
of the outer and inner layers of native amniotic membrane 
(fig.1). The cuboidal epithelial cells with irregular shape 
were observed on the outer layer of the amniotic membrane 
(fig. 1(a)). It was possible to see the direction of collagen 
fibers, which are an indicator of mechanical properties of 
the human amniotic membrane. Collagen fibers directed 
unregularly were clearly visible on the inner layer of human 
amniotic membrane (fig. 1(b)).

Fig. 1. SEM of native amniotic membrane. (a) the 
outer layer of amniotic membrane consists 

of epithelial cells, (b) collagen fibers on the inner 
layer of the amniotic membrane

Different direction of collagen fibers suggests that 
human amniotic membrane has good mechanical 
properties that allow using it in various fields of medicine 
and especially in tissue engineering.

Epithelium is a monolayer of metabolically active 
cuboidal cells with microvilli present on its apical surface 
[17] and uniformly arranged on the basement membrane. 
Basement membrane is made up of type IV, V and VI 
collagen in addition to fibronectin and laminin [18]. 

Stroma is further divided into three contiguous but distinct 
layers: the inner compact layer which is in contact with 
the basement membrane and contributes to the tensile 
strength of the membrane, middle fibroblast layer which 
is thick and made up of a loose fibroblast network and the 
outermost spongy layer [17].

Fig. 2. (A) H&E stained histological image of native amniotic 
membrane: uniform epithelial layer (a), intact basement 
membrane (b), unmodified compact layer (c), preserved 

fibroblastic layer (d). H-E, × 100. 

(B) Van Gieson stained histological image of native hAM: 
uniform epithelial layer (a), intact basement membrane  

(b), unmodified compact layer (c), preserved fibroblastic layer 
(d), collagen fibers (e). Picrofuxin, × 400

On histological examination of native human amniotic 
membrane (fig. 2) all the layers were found: uniform 
epithelial layer, basement membrane, compact layer and 
fibroblastic layer. In Van Gieson-stained slides the collagen 
fibers can be clearly seen (fig. 2A). 

Figure 3 shows the histology of decellularized human 
amniotic membrane. The human amniotic membrane 
decellularization process with 0.5% SDS solution and 
1% Triton solution showed that decellularization for 24 
hours is too aggressive. The amniotic membrane structure 
was damaged with many gaps.  In samples were used 1% 
Triton solution fig. 3 (A) could be seen disappearance of 
the epithelium (a); continuous basement membrane (b); 
disorganization of the fiber architecture of the compact 
layer (c); cellular debris (d). The decellularization in 0.5% 
SDS solution for 24 hours shows the disappearance of 
the epithelium (a); continuous basement membrane (b); 
disorganization of the architecture of the compact layer 
(c); cellular debris (d). The decellularization in the same 
solutions in complex with the ultrasound bath showed the 
same results (fig. 3 (C), (D)), which means that ultrasound 
had no significant effect on the amniotic membrane 
decellularization procedure. Decellularization with 1% 
Triton solution with ultrasound (fig. 3 (C)) shows some 
fragments of epithelial cells (a); continuous basement 
membrane (b); disorganized compact layer (c); cellularity 
(d). 0.5% SDS solution with ultrasound (fig. 3 (D)) 
shows the disappearance of the epithelium (a); basement 
membrane discontinuity (b); disorganized compact layer 
with fragmentation (c); and acellularity (d). 
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Fig. 3. Histological staining of decellularized amniotic 
membrane in: 

(A) 1% Triton solution for 24h. H-E, × 100, 
(B) 0.5% SDS solution for 24h. H-E, × 100, 

(C) 1% Triton solution with ultrasound for 24h. H-E, × 100, 
(D) 0.5% SDS solution with ultrasound for 24h. H-E, × 100, 

(E) 1% Triton solution for 5h. H-E, × 100,
(F) 0.5% SDS solution for 5h. H-E, × 100,

(G) 1% Triton solution with ultrasound for 5h. H-E, × 100. 
(H) 0.5% SDS solution with ultrasound for 5h. H-E, × 100.

The treatment of human amniotic membrane with 1% 
Triton solution for 5 hours (fig. 3 (E)) was incomplete with 
some visible cells. The histology shows the disappearance 
of epithelium (a); contoured basement membrane (b); 
compact layer preserved (c) and solitary cellular debris 
(d). Decellularization with 0.5% SDS solution of human 
amniotic membrane for 5 hours showed better results (fig. 
3 (F)). The tissue remained undamaged with no visible cells. 
The histology shows the disappearance of the epithelium 
(a); continuous basement membrane (b); disorganized 
compact layer (c) and acellularity (d). 

1% Triton solution ultrasound decellularization 
(fig. 3 (G)) shows the atrophy with disappearance of the 
epithelium (a); disappearance of the basement membrane 
(b); disorganized compact layer (c) and cellular debris 
(d). The same procedure of decellularization with 0.5% 
SDS solution and ultrasound bath (fig. 3 (H)) shows the 
disappearance of the epithelium (a); continuous basement 
membrane (b); disorganized compact layer (c) and 
acellularity (d). Based on the decellularization results, it 
can be assumed that the best decellularization method is 
with 0.5% SDS solution for 5 hours.

Tissue decellularization is a promising method for the 
preparation of bio-scaffolds for regenerative medicine. 
Removing cellular components from tissue or organs 
produces an ECM consisting of active structural proteins 
that can be used in tissue engineering. The most effective 

method of tissue and organ decellularization depends on 
many factors, such as cell (tissue) type, cell density, tissue’s 
thickness, and lipid content [19]. Different decellularization 
protocols describe combinatorial and sequential use of 
different physical, chemical, and enzymatic techniques 
(tab. 1).

Table 1. Known used decellularization methods [7]

Chemical Biological Physical

*Alkaline-acid treatment
*Non-ionic detergents
*Ionic detergents
*Zwitterionic detergents
*Tri(n-buyl) phosphate
*Hypotonic and hyper-
tonic treatments
*Chelating agents

*Protease inhibitors
*Calcium chelating 
agents
*Nucleases
*Antibiotics

*Freezing & Thawing
*Mechanical force
*Sonication
*Mechanical Agita-
tion
*Hydrostatic pres-
sure

In general, chemical and enzymatic techniques are 
mainly responsible for successful decellularization in com-
monly used protocols. Physical techniques are generally 
used to complement chemical and biological techniques 
and therefore increase the decellularization effects. Physi-
cal techniques can produce damage in the matrix, while 
chemical techniques can produce reactions that change the 
chemical composition of the ECM [8, 20, 21].

Detergents are chemical agents used to solubilize cell 
membranes and to dissociate their inner structure. Among 
them, Triton X-100 is the most commonly used detergent 
in decellularization processes. It targets the lipid–lipid and 
lipid–protein interactions, but it leaves the protein–protein 
interaction intact [22, 23]. It is a very useful agent in those 
tissues where the key matrix components are primarily 
proteins. It is an effective detergent to eliminate cells from 
many tissues, but it is generally avoided in tissues with 
glycosaminoglycans as a key component in their matrix. 
Side by side with the Triton X-100, SDS is the other most 
commonly used detergent in decellularization procedures. 
SDS solubilizes both the external and nuclear membranes, 
but also tends to denature proteins and may alter the 
native structure of the matrix [24, 25]. For these reasons, 
short time SDS treatment is the most common, aiming 
to minimize the possible damage to proteins and the 
overall matrix structure. Nevertheless, it is very efficient in 
removing nuclear and cytoplasmic waste [26].

As previously mentioned, physical techniques are not 
enough to decellularize the tissue, but they can help in 
combination with chemical and enzymatic processes. For 
example, when big tissue pieces or whole organs are the 
target of decellularization, perfusion is recommended in 
order to better reach all tissue areas [27]. 

Superficial cells of a tissue can be effectively eliminated by 
physical scraping with a sharp tool or abrasive accompanied 
by enzymes or salt solution. Physical removal of the extra 
layers initially helps to make the decellularization regimen 
more efficient. However, the amount of force required must 
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be precise because the underlying structure and membrane 
attachment are vulnerable to any kind of direct mechanical 
stress [9, 21].

Mechanical agitation and sonication are useful in 
combination with a chemical treatment to assist in cell lysis 
and the removal of cellular debris [28, 29]. Mechanical 
agitation can be applied by using a magnetic stir plate, 
an orbital shaker, or a low-profile roller. There are no 
studies to determine the optimal magnitude or frequency 
of sonication for the disruption of cells. However, the 
standard ultrasonic cleaner appears to be as effective at 
removing cellular material as the movement of an orbital 
shaker. In all of these procedures, the optimal speed, the 
volume of reagent, and the length of mechanical agitation 
are dependent on the composition, volume, and density 
of the tissue [30]. In Forouzesh F. et al. study [31], direct 
and indirect ultrasonic waves were accompanied by SDS 
with 0.1% and 1% concentrations as chemical agents to 
decellularize cartilage tissue. The decellularization process 
was investigated by nucleus staining with H&E, and by 
glycosaminoglycans and collagen staining. Results of this 
study showed that H&E staining indicated that 1% SDS, in 
addition to ultrasonic bath for 5 h, significantly decreased 
the cell nucleus remnant to the lacuna ratio by 66%. It is 
declared that ultrasonic bath helps to a better infiltration 
of decellularization agents, moreover, it is mentioned that 
the process time has decreased due to this method and 
no significant defect has been seen on the structure of the 
tissue.

In order to select the appropriate decellularization 
method, the structure of the tissue must be taken into 
account. These decellularization methods must be carefully 
selected and tested. If it is necessary to keep the tissue 
structure intact, the chemical methods must be carefully 
selected in order not to damage the ECM. 

Conclusions

Based on the SEM of the human amniotic membrane, 
it is possible to assume that the collagen fibers arranged 
in different directions are an indication that the human 
amniotic membrane has good mechanical and tensile 
properties.

The histological examination showed that the membrane 
consists of three main layers, such as epithelium, basement 
membrane and stroma, which were previously described 
in the literature.

The human amniotic membrane decellularization 
process with 0.5% SDS solution and 1% Triton solution 
showed that decellularization for 24 hours is too aggressive 
for the amniotic membrane structure. It shows the 
disappearance of the epithelium, obliterated basement 
membrane and disorganization of the architecture 
of the compact layer. The decellularization methods 
with 1% Triton solution for 5 hours show incomplete 
decellularization with some visible cells. 

The method of decellularization with 0.5% SDS solution 
is more suitable for amniotic membrane decellularization 
and can be performed in only 5 hours. 

The use of ultrasound during one hour did not have 
a significant effect on the decellularization procedure. 
Based on these results and literature data, it is possible that 
ultrasound should be used more time in combination with 
chemical decellularization. 
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Introduction

The application of human skin allograft for the 
wound coverage is widely used worldwide [1]. However, 
complications have been reported in the use of allogeneic 
skin associated with the immunogenicity of the graft due 
to major histocompatibility complex antigens [2], the 
thickness and availability of the grafted skin, which will 
prolong the duration of the wound healing and increase 
the risk of graft failure, scar formation in the donor and 
transplanted region [3]. 

Decellularized biomaterials derived from biological 
tissues are ideal for the tissue engineering applications 
because they mimic the biochemical composition of native 
tissue [4]. The extracellular matrix (ECM) is composed of 
structural and regulatory proteins and polysaccharides and 
is generated and maintained by cells. 

Many cellular functions, such as proliferation, migra-
tion or differentiation are controlled by the extracellular 
matrix [5]. Each organ and tissue is composed of an extra-
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cellular matrix distinct in its biochemical composition and 
structural organization. The physical and structural prop-
erties of the scaffold are important in the fields of tissue en-
gineering and regenerative medicine. These materials can 
be used as films, sponges, hydrogels for the encapsulation, 
delivery of cells and medicinal agents, being transplanted 
directly into the wound as a biological dressing [6]. The 
antigenic individuality of the graft recipient requires tis-
sue engineers to follow rules in choosing decellularization 
agents and techniques to create a valid biomaterial [7]. 

The methods used for tissue decellularization must 
contribute to the preservation of the ECM and avoid 
disruption of the ultrastructure, which may cause an 
immunogenic response. Preservation of native structural 
and biomechanical cues is required. The antigenicity of 
the biomaterial has the effect on the immune response 
in terms of the interaction between the decellularized 
extracellular matrix and macrophages with the subsequent 
influence on the activation of T cells and the occurrence of 
graft rejection [7]. Modified skin substitutes are developed 
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from the acellular materials or can be synthesized from 
autologous, allogeneic, xenogeneic, or synthetic grafts. 
Each of these engineered skin substitutes have their pros 
and cons. However, a fully functional skin substitute is 
not available, and research continues to develop a skin 
substitute product that can rapidly vascularize. 

There is also a need to redesign currently available 
substitutes to make them user-friendly, commercially 
accessible and viable with a longer shelf life [2]. The present 
study focuses on the evaluation of structural and physical 
characteristics of decellularized dermal structures. The use 
of decellularized grafts is a way to help the body recover 
its damaged skin in cases where the healing process is 
impossible, such as severe wounds [8].

Material and methods

Skin preparation. To achieve the goal, were studied 20 
decellularized dermal grafts. 10 samples were obtained 
from the piglet weighing up to 10 kg euthanized by 
blunt trauma. Other tissues (n=10) were received from a 
40-year-old male donor, obtained from the Human Tissue 
and Cell Bank of the Republic of Moldova following the 
recommendations of the university ethics committee. As 
a result, were obtained 20 samples with an average surface 
area of ​​3.06±0.05 cm2 and a weight of 929±0.09 mg.

Separation method. By treating the tissues with 0.3% 
trypsin solution at 37° C, was obtained the dermal-epider-
mal separation of the grafts, according to the protocol [9].

Decellularization method. Tissue decellularization was 
performed by processing the grafts with a 0.5% sodium 
dodecyl sulfate solution in a 1:4 ratio with 0.1% EDTA for 
72 hours. Renewal of the decellularizing solution was done 
every 24 hours [10].

Evaluation of the structural characteristics. The 
morphological assessment of the decellularized grafts was 
performed by histological examination with hematoxylin 
and eosin, scanning electron microscopy of freeze-dried 
tissues. Three representative tissue samples were used to 
determine total DNA content.

Evaluation of the physical characteristics. The analysis of 
the porosity of the grafts was performed by the method of 
moving 96% ethanol through the tissue:

Porosity (%) = V1-V3   ×100
V2-V3

where, V1 – the known volume of ethanol in which the 
graft was immersed, V2 – the volume of ethanol and liquid-
soaked tissue, V3 – the volume of liquid when the soaked 
tissue was removed [11-14].

The swelling rate (%) of the decellularized tissues 
was estimated by the ratio of the difference of the final 
weight of the extracellular matrix soaked in phosphate 
buffer solution (Ws) and the initial weight of the dry-to-
immersion structure (Wd) to the weight of the dry tissue 
scaffold (Wd) [15]: 

SR (%) = W 
s
- W × 100

Wd

The analysis of the density of decellularized grafts was 
performed according to the equation:

d =W/ (V2 − V3)
where W – weight of fluid-soaked graft, V2 – volume 

of fluid and fluid-soaked tissue, V3 – volume of fluid when 
the soaked tissue was removed, (V2 − V3) was the total 
volume of the scaffold. A minimum of three samples were 
analyzed for each tissue [16, 17].

Statistical evaluation. Material collection and data esti-
mation were done in Microsoft Excel Worksheet using ba-
sic concepts and statistical methods. The interdependence 
of decellularized tissue characteristics was estimated by 
Bravais-Pearson correlation. Values of p<0.05 were consi-
dered statistically significant.

Results

As a result of the decellularization of human and 
porcine dermis (fig. 1) with sodium dodecyl sulfate 0.5% 
/ EDTA 0.1% solution, were obtained acellular structures.
 

Fig. 1. Native human (a) and porcine dermis (b)

Histologically, in structures decellularized with 0.5% 
sodium dodecyl sulfate / 0.1% EDTA solution, fewer cells 
were determined in treated human and porcine dermis 
compared to non-decellularized structures (fig. 2, 3)

     

			  a b

Fig. 2. Histological image of decellularized (a)  
and intact human dermis (b)

 a b

Fig. 3.  Histological image of decellularized (a) and intact (b) 
porcine dermis
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Scanning electron microscopy (SEM) shows the three-
dimensional (3D) porous image of the human dermis  
(fig. 4)

Fig. 4. SEM image shows reticular acellular human dermis

Through the spectrophotometric method, it was 
determined that in the human dermis decellularized 
with sodium dodecyl sulfate 0.5%, the amount of 
deoxyribonucleic acids was 1 ± 0.35 ng/µl compared to the 
non-cellularized human tissue 13.9 ± 0.4 ng/µl. As a result, 
it became possible to remove 82.5% of genetic material 
from human dermal structures. Respectively, 2.43 ± 0.5 
ng/µl was determined in the porcine dermis compared to 
17.43 ± 3.4 ng/µl in the intact sample, thus 80.5% of the 
nucleic acids were removed from the porcine matrix.

Evaluating the physical properties of the grafts (surface, 
volume, density, porosity, swelling rate), were collected the 
average values of the characteristics (fig. 5, tab. 1).

 

a b

Fig. 5. Estimation of the surface and volume changes of the 
decellularized porcine dermis following the passage of liquids 

through the tissue (a, b)

Table 1. Distribution of the physical characteristics of 
decellularized structures

Characteristics Human dermis
(n=10)

Porcine dermis
(n=10)

Surface (cm2) 3.3±0.1 3.06±0.05

Volume (ml) 4.56±0.05 1.05±0.05

Density (mg/ml) 360±0.83 379.9±0.83

Porosity (%) 35±0.003 53±0.031

Swelling rate (%) 320.4±0.052 650.4±0.65

The significant difference (P<0.05) of the characteris-
tics of decellularized dermal structures we observed. Cal-
culating the Bravais-Pearson index showed a medium and 
weak direct and inverse correlation between density and 
swelling rate of decellularized porcine dermis 0.33, which 
means that tissues with significant swelling rate are more 
or less dense. A mean correlation and inverse dependence 
of -0.43 was shown between porosity and swelling rate 
of decellularized porcine dermis, indicating that increa- 
sing porosity will decrease the swelling rate of the sponge 
non-significantly (P>0.05).

Discussion

Grafts from xenogeneic dermal substitutes are often 
applied to extensive skin defects. Although human acellular 
dermal matrices (ADMs) have shown satisfactory effects in 
the treatment of large wounds when xenogeneic ADMs do 
not show immunogenicity due to major histocompatibility 
complex antigens [18]. An extensive list of animal ADM 
products is currently available, most of which are achieving 
success in clinical use. Since the 1960s, pigs have served as 
primary donors for xenografts in the United States due to 
their accessibility and histological structural similarities to 
human skin [19]. 

Several reports have attested to the benefits of using 
pigskin in the treatment of extensive wounds. These 
advantages include reduced healing rates for partial-
thickness wounds and granular wounds [19]. Currently 
available acellular porcine dermal matrices include 
Permacol (Tissue Sciences Laboratories), Strattice 
(LifeCell Corp.), Collamend (Bard), Xenoderm (mbp), and 
XenMatrix (Davol, Inc.) [ 20 ]. Researchers have developed 
protocols for the decellularization of various native tissues 
[21]. Sodium dodecyl sulfate is the most powerful detergent 
used to decellularize biological tissues. It is ionic and 
disrupts all interactions between biomacromolecules. This 
agent is the most reported in decellularization protocols, 
and numerous teams have used it to process human skin 
[22]. SDS treatment is usually performed by immersing 
the tissue in a 0.5% w/v solution (range of concentrations 
reported in the literature: 0.1–1%) and takes hours. Thick 
and complex tissues containing a dense connective layer or 
a multilayered epithelium, such as the skin, are processed 
from 12 to 24 hours. All decellularization studies including 
SDS in concentrations > 0.1% in their protocols reported 
total removal of cells and cellular debris from native tissue 
and low levels of remaining DNA [23]. 

During the given study were found similar results. 
Porcine skin was decellularized with sodium dodecyl 
sulfate with the technique used according to the protocol 
having the amount of DNA of 1 ± 0.35 µg/µl. Sodium 
dodecyl sulfate is considered an excellent agent for tissue 
decellularization, but ECM damage has been frequently 
reported. Loss of ECM density as well as glycosaminoglycan 
content and collagen network damage have been observed 
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especially in the matrix produced from fibrillar sheets [24] 
or in complex tissues such as human skin [25]. Increasing 
SDS concentration from 0.05% to 0.5% on fibroblast sheets 
or exposure time from 6 to 12 h was directly correlated 
with amplification of ECM changes. Scanning electron 
microscopy studies also suggest rearrangements of 
ECM fibers and variations in scaffold porosity after SDS 
treatment. Different combinations of SDS and Triton X-100 
were also tested on rat fasciocutaneous flaps, resulting in 
high DNA removal after perfusion of 1% SDS for 24 or 72 
h, followed by Triton X-100 treatment of 1% [26]. Porosity 
measurement using SEM images is not an accurate method 
for the porosity analysis of scaffolds. 

The ethanol displacement technique was also used by 
Nokoorani Y.D. et al. in 2021 [8]. Porosity greatly affects 
the biological and mechanical characteristics of a scaffold. 
It plays a vital role in cell migration and proliferation 
and can influence the exchange of gases and nutrients, 
especially when the vascular system is not functioning 
sufficiently. Porosity of chitosan and gelatin scaffolds 
obtained by Nokoorani Y.D. et al. in 2021 was between 
27 and 32% using the ethanol displacement technique, 
which is comparable to the obtained results of 35% ± 
0.003 for human tissue and 52% ± 0.031 for porcine tissue. 
Swellability is an essential property of scaffolds and is also a 
factor that determines the usability of biomaterials in vivo 
[27]. Traditional dressings are used to keep the wound dry 
and to defend the body against microorganisms. Therefore, 
an ideal skin scaffold should absorb wound exudates and 
keep the wound moist [28, 29]. In the study by Nokoorani 
Y.D. et al. in 2021 the average swelling rate being 292–377% 
in the first 15 minutes of the experiment is comparable to 
the obtained results 320.4±0.052 for human dermis and 
650.4±0.65 for porcine matrix [8].

Conclusions

The decellularization process significantly (P<0.05) 
removed the cellular components while preserving the 
connective three-dimensional structure of the dermal 
matrices clearly shown by quantification of the amount 
of deoxyribonucleic acids and microscopic examination 
of the decellularized dermal structures. Decellularization 
of the dermis led to the change in density, volume and 
swelling rate significantly (P<0.05). Increasing the porosity 
of the decellularized dermal structures resulted in a non-
significant (P>0.05) decrease in the swelling rate of the 
sponge. Decellularized dermal tissue shows value for 
regenerative medicine by being readily available without 
the use of complex chemical syntheses and complicated 
manufacturing processes.
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Introduction

Phenolic compounds are members of the largest 
group of plant secondary metabolites and have the main 
function to protect the plants against ultraviolet radiation 
or invasion by pathogens [1]. They can be divided into four 
distinct classes based on the number of phenol rings and 
structural fragments connecting them, namely phenolic 
acids, flavonoids, stilbenes and lignans [2]. The first class 
generally involves the phenolic compounds possessing 
a carboxylic acid as the main functional group [3], thus 
being named as phenolic acids, which are further split into 
two groups, namely hydroxybenzoic and hydroxycinnamic 
acids [4].

Hydroxycinnamic acid derivatives comprise a large 
group of simple phenolic acids, are abundant in fruits, 
vegetables and cereals and seeds of fruits. Ferulic acid, 
caffeic acid, p-coumaric acid, chlorgenic acid, sinapic acid, 
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Abstract
Background: Hyssopus officinalis L. (hyssop), a species native to the Caspian Sea region, has been cultivated in the Republic of Moldova as aromatic plant 
and has been used in folk medicine as antitussive, expectorant, carminative, digestive and sedative remedy.
Material and methods: The aerial parts of H. officinalis L., with pink, white and blue flowers, were collected from the collection of the Scientific Practical 
Center in the Field of Medicinal Plants during flowering phase. The extracts were obtained with 70% ethanol by maceration with stirring. The concetration 
of the extracts was done with the rotative evaporator Laborota 4011. Identification of phenolic compounds in dried extracts from hyssop herb was 
carried out by thin-layer chromatography. The total content of hydrocyanamic acids was measured in plant products and dried ethanolic extracts, by 
spectrophotometric method, with Arnow’s reagent. Quantitative analysis of total phenolic content was carried out by UV-spectrophotometry analysis, 
using a Metertech UV/VIS SP 8001 spectrophotometer.
Results: The chlorogenic (Rf 0.47) and caffeic (Rf 0.93) acids were identified in the three genotypes of Hyssop herba, with pink, white and blue flowers. 
The total of hydroxycinnamic acids, expressed in caffeic acid, for both, aerial parts and dry extract, was the highest in H. officinalis L. with white flowers 
(1.484 mg/g; 3.014 mg/g respectively), followed by H. officinalis L. with pink flowers (1.190 mg/g; 2.915 mg/g) and H. officinalis L. with blue flowers 
(1.015 mg/g; 2.851 mg/g).
The highest polyphenol content, expressed in gallic acid equivalent (GAE), was found in the dry extract of H. officinalis L. with blue flowers  
(39.056 mgGAE/g dry extract). 
Conclusions: This study showed that the extract of the Hyssopus officinalis L. containing phenolic compounds, can be used as a natural antioxidant in 
pharmaceutical and cosmetic industries.
Key words: Hyssopus officinalis L, phenolic compounds, antioxidant activity.
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curcumin and rosmarinic acid belong to this important 
phenolic acid group [3].

Hyssopus officinalis L. (hyssop) belonging to the family 
Lamiaceae, is a perennial herbaceous plant from Southern 
Europe and some temperate regions of Asia. Hyssop, 
which is one of the most important pharmaceutical herbs, 
is extensively cultivated in central and South European 
countries, such as Spain, France and Italy [4]. Hyssop 
has thick ramified roots and several 20-60 cm high 
wooden stems. This plant has small, paired, pointed and 
very fragrant leaves and purplish darkblue, white and 
occasionally red flowers [5-7].

Hyssop has been exploited for many uses. It is well 
known for its aromatic scent, and as an ornamental and 
bee attracting plant. The aerial parts are used in the food 
industry as a condiment and spice or as a minty flavor. 
In traditional medicine, the plant has long been used as 
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a carminative, tonic, antiseptic, expectorant and cough 
reliever [8].

The aerial shoots of this herbaceous perennial are use-
ful for the treatment of respiratory diseases, including 
asthma, bronchitis and cough, as they contain chemicals, 
such as terpenes, flavonoids, volatile oils, tannins and re-
sins [5]. In H. officinalis L., from flavonoids group, apige-
nin, quercetin, diosmin, luteolin and their glucosides, and 
from other phenolic compounds – chlorogenic, protocate-
chuic, ferulic, syringic, p-hydroxybenzoic and caffeic acids 
are present. Reports on the essential oils extracted from 
aerial parts of H. officinalis L. revealed several principal 
components, including terpenoids pinocamphone, isopi-
nocamphone and β-pinene [9].

The extracts and the essential oil isolated from 
hyssop showed moderate antioxidant and antimicrobial 
activity together with antifungal and insecticidal antiviral 
properties, in vitro. The ethanol extract of hyssop has 
been recently reported to present protective properties for 
the gastric tract based on the adhesive stomach mucosal 
compounds, and also significant anticoagulant and 
antioxidant properties through reducing the production 
of free radicals [5]. Animal model studies indicated 
myorelaxant, antiplatelet, and α-glucosidase inhibitory 
activities for this plant. The essential oil is mainly used for 
flavouring and food preservation and for phytotherapeutic 
uses [10]. Research suggests that hyssop essence has special 
antimicrobial effects on bacteria, such as Streptococcus 
pyogenes, Staphylococcus aureus, Escherichia  coli and 
Candida albicans [5].

The purpose of this study was to investigate the content 
of the secondary metabolites accumulated in the aerial 
parts of hyssop cultivated in the Republic of Moldova, 
comparison of 3 genotypes with distinctive morphological 
characters highlighted by the colour of flowers (blue, pink 
and white) and evaluation of polyphenolic content and 
antioxidant capacity of the extractive products of the plant.

Material and methods

As plant material, the aerial parts of 3 genotypes of 
Hyssopus officinalis L. – hyssop with blue flowers, hyssop 
with pink and white flowers, collected from the Scientific 
Practical Center in the Field of Medicinal Plants of Nicolae 
Testemitanu State University of Medicine and Pharmacy, 
were used. The product was sampled during July 2022.

Obtaining the dry extract by the fractional macera-
tion method

The method of fractional maceration with stirring was 
used for the extraction. 10 g of chopped plant product 
(Hyssopi officinalis herba) were treated with 5 portions of 
200 ml ethanol 70% each, in a ratio of 1:10. All extraction 
phases lasted 60 min, with the separation of the extractive 
liquid from the vegetable residue. Fractions of extractive 
solutions stayed in the refrigerator for 5-6 hours at +50°C, 
then they were filtered through Whatman filter paper  

No 2, using the Buchner funnel. The Laborota 4011 digital 
rotary evaporator was used to concentrate the extractive 
solutions. The alcohol was evaporated at 40°C. The stirring 
was carried out with a magnetic stirrer at room temperature 
[11, 12].

Qualitative analysis by Thin Layer chromatography 
(TLC)

The qualitative evaluation of the alcoholic plant ex-
tractions was carried out on a silica TLC plate. The time 
of extraction was 60 min. Test solution: 0.05 g of dry  
extract was dissolved in 70% ethanol in a 25 ml volumetric 
flask. Reference solution: 0.1% solutions of rutin, hype-
roside, isoquercetin, quercetol, apigenin, luteolin, gallic 
acid, chlorogenic acid, caffeic acid. Stationary phase: silica 
gel plates. Mobile phase: ethyl acetate: formic acid: water 
(6:9:90). Migration: 12.4 (extraction duration 1 hour) – 
12.5 (extraction duration 15 min) cm. Plate drying: 100-
105°C for 10 min. Detection: The plate was sprayed with a 
3% solution of AlCl3. After 30 min the plate was examined 
under UV light at a wavelength of 366 nm [12].

Determination of total hydroxycinnamic acids
The preparation of the stock solution from aerial plant 

products was performed with 80 ml of 50% ethyl alcohol 
mixed with 0.2 g of crushed plant product, boiled on a 
water bath under reflux condenser for 30 minutes, then 
cooled and filtered into a volumetric flask with 100 ml 
capacity. The entire volume was adjusted to the mark with 
50% ethanol. Stock solution of dry extracts: 0.01 g of dry 
extract was dissolved with 80% ethanol, brought up to level 
in a 10 ml volumetric flask with the same solvent. The test 
solution: 1 ml of stock solution, 2 ml of 0.5 M hydrochloric 
acid, 2 ml of Arnow’s reagent (prepared by dissolving 10 
g of sodium nitrite and 10 g of sodium molybdate in 100 
ml of water), 2 ml of 8.5% sodium hydroxide solution, 
adjusted up to the mark of 10 ml with purified water. The 
whole mixture was stirred. Blank solution: 1 ml of the stock 
solution adjusted up to 10 ml with distilled water. The 
absorbance of the test solution was immediately measured 
at 518 nm [13].

Determination of total polyphenol content
The quantitative analysis of the polyphenols, in the 

plant products of hyssop and in the dry extracts, was car-
ried out by the spectrophotometric method with the Fo-
lin-Ciocalteu reagent, using gallic acid as standard. The 
samples from the dried hyssop extracts were prepared as  
1 mg/ml with 70% ethyl alcohol. From each solution ob-
tained, an aliquot of 1 ml, 5 ml of Folin-Ciocalteu reagent 
(1:10) was added, and stirred for one minute. After that 
4 ml of 4% sodium carbonate solution were added. After 
stirring the mixture was left for 2 hours at room tempera-
ture in a dark place. The absorbance on Metertech UV/
VIS SP8001 spectrophotometer at a wavelength of 765 nm 
was measured. Total polyphenolic content was expressed 
in mg gallic acid equivalent/g absolute dry mass of hyssop 
extract. The total polyphenol in the analyzed samples was 
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calculated using the calibration curve established under 
the same conditions as the analyzed solutions. All mea-
surements were performed 3 times [14]. 

Determination of the antioxidant activity by the 
DPPH method

Stock solution: in a 100 ml volumetric flask, 20 mg 
of 1,1-diphenyl-2-picrylhydrazyl (DPPH) were added 
and adjusted up to the mark with 96% ethyl alcohol 
(concentration 200 mg/l). The given solution was kept at 
+4°C, in aluminum foil, for no more than a week. 5 ml 
of stock solution were withdrawn to a 50 ml volumetric 
flask and adjusted up to the mark with 96% ethanol 
(concentration 1 mg/ml). From this solution, the dilutions 
for the calibration curve (200, 100, 75, 50, 25, 10, 5 μg/ml)  
were prepared. The test solution: 1.5 ml of ethanolic 
solution was added to 3 ml of DPPH solution (20 mg/l). 
Absorbance was measured at a wavelength of 517 nm, 96% 
ethyl alcohol was used as blank solution [15-17].

All chemicals used were of analytical grade. Gallic 
acid, rutin, hyperoside, isoquercetin, quercetol, apigenin, 
luteolin, chlorogenic acid, caffeic acid, sodium hydroxide, 
sodium nitrite, Trolox, DPPH and Folin-Ciocalteu reagent 
all were obtained from Sigma Aldrich Corporation.

The experiments were carried out in triplicates and 
statistical analysis was performed by Excel 2020 using p< 
0.05 significance level.

Results and discussion

Identification of flavonoids by TLC was performed to 
identify flavonoids in plant products and dry extracts. The 
extracts were dissolved in 70% ethanol. The analyzed sam-
ples and the controls were applied to the chromatographic 
plate (20x20 cm). After the development, the yellow color 
predominated, but the shades were different. The spots 

were analyzed with an ultraviolet lamp (fig. 1). To identify 
the substances, the Rf value and fluorescence of the spots 
obtained with the sample solution and the Rf value and  
fluorescence of the spots obtained with the reference solu-
tion were compared.

Thus, after analyzing the chromatogram in UV light at 
λ = 366 nm it was observed that in all the three genotypes 
of Hyssopus officinalis L. (white, pink and blue flowers), 
the blue spots corresponding to numbers 8 and 9 could 
be clearly observed, which denotes the presence of caffeic 
and chlorogenic acids. Also, in addition to the identified 
substances, a number of substances were separated on the 
plate, which demonstrates the diversity of compounds 
from the aerial parts of hyssop. The qualitative analysis by 
TLC demonstrated the presence, in plant products, along 
with the dry extracts, obtained from the 3 genotypes of 
H. officinalis L., of chemical compounds from flavonoid 
group: rutin (Rf = 0.21), caffeic acid (Rf = 0.93) and 
chlorogenic acid (Rf = 0.47), the chromatograms of the 
genotypes being practically identical.

Quantitative determination of total hydroxycinnamic 
acids

The European Pharmacopoeia method, for determining 
the total hydroxycinnamic acids (THA), describes the 
determination of the THA in the aerial parts of the plant 
and in its dry extract, using the Arnow’s reagent (10% 
aqueous solution of sodium nitrite and sodium molybdate, 
2 ml). Analysis of each sample was performed in triplicate. 
Following the experience, it was observed that the leader 
among the genotypes with the highest content of THA 
expressed in caffeic acid was the H. officinalis L. with white 
flowers (1.484±0.620 mg/g) as shown in fig. 2; the lowest 
content of THA was determined in H. officinalis L. with 
blue flowers (1.015±0.024 mg/g).

BA

Fig. 1. Chromatogram of plant products (A) and dried extracts (B) of Hyssopus officinalis L. under UV light 366 nm
Samples from aerial parts with: 1 – white flowers, 2 – pink flowers, 3 – blue flowers. Standard substances: 4 – rutin,  

5 – hyperoxide, 6 – isoquercetol, 7 – quercetol, 8 – apigenin, 9 – luteolin, 10 – myricetol, 11 – chlorogenic acid, 12 – caffeic acid
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Fig. 2. The total content of hydroxycinnamic acids in plant 
products from the aerial parts of Hyssopus officinalis L. (mg/g)

The evaluation of THA in the hyssop dry extracts, 
revealed that the richest content was present in the dried 
extract of H. officinalis L. with white flowers (3.014±0.114 
mg/g) followed by H. officinalis L. with pink flowers 
(2.915±0.126 mg/g) and H. officinalis L. with blue flowers 
(2.851±0.103 mg/g).

Quantitative determination of total polyphenols 
in plant products and dry extracts from the aerial 
parts of Hyssopus officinalis L. was identified by the 
spectrophotometric method in recalculation to gallic acid. 
The absorbance was read on a UV-VIS spectrophotometer 
over 90 min at a wavelength of 765 nm. The calibration 
curve was prepared in the following concentrations: 0.01; 
0.02; 0.03; 0.06; 0.08 mg/ml (fig. 3) in methanol from 
standard 1 solution of gallic acid.

Fig. 3. Gallic acid calibration curve

The total polyphenol content (TPC) was ca culated   
according to the following formula: x=(y+0.0383)×250) 
/88.948 in gallic acid equivalent mg/g dry mass. The high-
est amount of phenolic componds was determined in ae-
rial parts of hyssop with blue flowers (12.256±0.120 mg-
GAE/g) and the lowest content in aerial parts of hyssop 
with white flowers (8.012±0.059 mgGAE/g), as shown in 
fig. 4.

The spectrophotometric dosage of TPC in dry extracts, 
demonstrated that the highest content was found in H. 
officinalis L. with blue flowers (39.056±0.894 mg/g dry 
extract), followed by the dry extract of H. officinalis L. 
with white flowers (36.111±0.314 mg/g) and the dry 
extract of H. officinalis L. with pink flowers (33.078±0.620 

mg/g). The obtained results demonstrated the advantage 
of concentration of liquid extractive products and solvent 
evaporation, thus increasing the content of phenolic 
compounds.

12.256

8.114

8.012

0 2 4 6 8 10 12 14

H. herba with blue flowers

H. herba with pink flowers

H. herba with white flowers

Fig. 4  The content of total polyphenols in plant products from 
the aerial parts of Hyssopus officinalis L. (mgGAE/g)

There are only few reports on the polyphenolic content 
of hyssop and no comparisons of different accessions of 
the species. Németh-Zámbori E. et al. reported significant 
difference in the total phenolic content among genotypes, 
that ranged from 443.64 mg/g DW (‘Erfurter Ysop’) and 
329.32 mg/g DW (‘Hyzop lekarsky’) calculated as gallic 
acid. The effect of the year was not significant, although, 
detected a significant variety in year interaction for the 
species cultivated in Hungary [18].

Determination of the antioxidant activity by the 
DPPH method

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical is 
a stable radical with a maximum absorption at 517 nm 
that can readily undergo reduction by an antioxidant. 
Because of the ease and convenience of this reaction it 
now has widespread use in the free radical-scavenging 
activity assessment [19]. Determination of the antioxidant 
action using the DPPH test (tab. 1), revealed that all three 
studied hyssop genotypes, H. officinalis L. with blue flowers 
(IC50=38.091 mg/ml), H. officinalis L. with pink flowers 
(IC50=34.172 mg/ml) as well as H. officinalis L. with white 
flowers (IC50=34.774 mg/ml) possess high antioxidant 
properties, compared to the standard substance Trolox 
(IC50=3.15 mg/ml). 

Table 1. Total phenolic content and antioxidant activity 
of dry extracts from aerial parts of different  

Hyssopus officinalis L. genotypes 

Hyssop samples TPC
mg GAE/g

THA
mg CA/g

IC50, mg/ml
M±SD

Dry extract of H. herba 
with white flowers 36.111±0.314 3.014±0.114 34.774±1.954

Dry extract of H. herba 
with pink flowers 33.078±0.620 2.915±0.126 34.172±0.682

Dry extract of H. herba 
with blue flowers 39.056±0.894 2.851±0.103 38.091±0.288

Trolox 3.15±0.147

Each value is the mean ± SD of three independent measurements

Fathiazad F. et al. demonstrated the total phenolic 
content in the n-butanol and ethylacetate extracts of the  
aerial parts of H. officinalis L. from Iran was found to be 
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246 mg gallic acid equivalent GAE/g and 51 mg GAE/g 
[20]. Comparing the polyphenolic content, the methanolic 
extract obtained from Iranian H. officinalis L. var. angusti-
folius was richer than the ethanolic extract obtained from 
Romanian hyssop (90 mg/g and 77.72 mg/g, respectively) 
[10]. The antioxidant activity of ethanolic extract of H. of-
ficinalis L. (IC50=125.44±4.70 µg/ml), native to Romania, 
was evaluated by DPPH radical scavenging, with Trolox as 
a positive control (IC50 = 11.20±0.20 µg/ml) [10].

The contents of total polyphenols in six samples of 
H. officinalis L. were collected from five localities on the 
territory of Montenegro, ranged between 64.1 and 112.0 
mg GAE/g. The content of chlorogenic acid was in the 
range between 23.35 and 33.46 mg/g, whereas rosmarinic 
acid was present in lower amounts (3.53–17.98 mg/g). 
The sample richest in chlorogenic and rosmarinic acids 
was also the richest in total polyphenols. The methanol 
extracts expressed moderate to weak antioxidant activity 
(DPPH IC50 = 56.04-199.89 µg/ml), compared to the rutin 
methanolic solution [21].

Ethanolic extracts of H. officinalis L. var. angustifolius 
stems, leaves, and flowers showed good antioxidant activity. 
Inhibitory concentration (IC50) for DPPH scavenging was 
found to be 148.8±4.31 μg/ml for flowers, 208.2±6.45 μg/
ml for leaves and 79.9±2.63 μg/ml for stems [22].

Conclusions

The experimental findings show that dry extracts of 
hyssop cultivated in the Republic of Moldova, contain 
considerable amounts of hydroxycinnamic acids and poly-
phenols due to which, the free radical scavenging power, 
determined with DPPH method is comparable with Trolox 
standard. The findings of this study specify the importance 
of Hyssopus officinalis L. as a readily available source of an-
tioxidants in order to prevent the occurrence of neurosis 
and hyper-excitability, liver dysfunction, inflammatory 
diseases for which free radicals are considered important 
contributing factors.
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Introduction

Vitamin D deficiency is a public health problem, affec-
ting more than a billion children and adults worldwide [1]. 
There is a strong correlation between vitamin D deficiency 
and a range of acute and chronic diseases and conditions, 
such as hypocalcemia in newborns, rickets/osteomalacia 
in children and adolescents, obesity, osteoporosis, type 1 
diabetes, asthma, juvenile arthritis, high blood pressure, 
premenstrual syndrome in teenage girls, depression, fibro-
myalgia, chronic asthenia syndrome, schizophrenia, neu-
ro-degenerative diseases, including Alzheimer’s disease, 
sarcopenia in adults. Vitamin D deficiency can contribute 
to the development of 16 types of cancer (breast, colon, 
prostate, etc.), cardiovascular diseases, stroke, autoim-
mune diseases, periodontal pathologies, transplant failure 
in endo-alveolar surgery, etc.
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Abstract
Background: Vitamin D plays an important role in the prevention of many diseases. More than 1 billion people worldwide suffer from vitamin D deficiency. 
Vitamin D deficiency can contribute to the development of 16 types of cancer (breast, colon, prostate, etc.), cardiovascular diseases, stroke, autoimmune 
diseases, periodontal pathologies, transplant failure in endo-alveolar surgery, etc. There are several risk factors that would prevent the achievement of 
treatment objectives. The national protocol for deficiency rickets prevention privileges vitamin D2 versus vitamin D3, which creates a medical risk factor 
compromising oral health in both children and adults. The article provides sufficient arguments in favour of vitamin D3 vs vitamin D2 prescription for 
prophylactic and treatment purposes.
Conclusions: Considering that vitamin D deficiency is currently a global public health problem, it can be proposed to declare vitamin D deficit/deficiency 
a priority public health problem at the national level. Vitamin D3 should be elective in preventing deficit. Taking into account the multitude of acute 
and chronic diseases related to vitamin D deficiency, in order to improve the status of vitamin D in all population categories, it is necessary to include 
vitamin D3 in the list of molecules fully subsidized by the state and distributed free of charge at least to children under the age of 5 years and adolescents 
in the period of intensive growth.
Key words: Vitamin D deficiency, osteoporosis, risk factor, oral health, rickets.
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Analysis and discussion

Studies on the role and involvement of vitamin D 
in oral health are still too few and too recent, but some 
leads are emerging. Thus, hypovitaminosis D would be 
correlated with a higher risk of periodontitis particularly 
through an overexpression of RANK L, responsible for 
osteoclastogenesis [2, 3], also leading to a decrease in bone 
density [4]. The deficiency would also increase the rate of 
dental loss, again in correlation with bone metabolism [5] 
but also through a lower resistance to infection.

The link between caries risk in children and serum 
vitamin D levels has been demonstrated in some studies, 
but the results are still conflicting [6-8]. On the other hand, 
its role in MIH (Molar – Incisor – Hypomineralization) 
has been statistically demonstrated [9]. In terms of 
implantology, vitamin D is gradually emerging as a factor 
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favoring good osseointegration, administered systemically 
[10, 11] or topically [12], as well as a better defense against 
infections, especially during bone grafting.

For a successful promotion of national strategies 
for vitamin D deficiency correction, it is necessary to 
identify and prevent the risk factors that lead to the high 
maintenance of its metabolism disturbance. The number 
of risk factors for hypovitaminosis D varies from country 
to country. Their identification and correction would 
allow a much more effective prophylaxis of rickets and 
other conditions related to vitamin D deficiency, since 
its deficiency begins during pregnancy and is associated 
with a significant reduction in bone mineral density, 
which persists until the age of 9-10 years after birth and 
even until adulthood if it is not corrected in time [13]. The 
risks of developing a vitamin D deficiency are found in 
all corners of the world, regardless of the socio-economic 
level of the countries. Thus, official statistics from Africa, 
Australia, the Far East, Mongolia, New Zealand, Brazil, 
have documented a continuous increase in risk factors for 
vitamin D deficiency in both children and adults [14-16].

Putting aside the publications of the last 5 years from 
France, Canada and the USA, on the need to review the 
prophylactic doses used in vitamin D deficiency to increase 
them for all population categories that aim not only to 
strengthen bone health, but also extraosseous health 
(oral health, improvement of prognosis after surgery in 
endo-alveolar procedures, prophylaxis of 16 types of 
cancer, strengthening the immune and nutritional status, 
decreasing the incidence and prevalence of cardiovascular, 
rheumatic, renal, gastrointestinal, dermatological, 
neurological, neuro-psychological diseases, etc.), it is 
important to point out that in the national protocol for the 
prevention of deficiency rickets of the Ministry of Health, 
Labor and Social Protection No 105 of 04.06.2010, vitamins 
D2 and D3 are considered equivalent both in terms of dosage 
and action. The research in recent years has eloquently 
demonstrated that these vitamins, having different origins, 
are also very different in terms of effectiveness on the 
human body and phosphocalcic metabolism [11-13, 17-
21], almost unanimously giving priority to vitamin D3. 

Thus, numerous randomized studies or meta-analysis 
have demonstrated that the use of Vitamin D3 is still more 
effective in increasing the serum level of 25(OH)D3, 
compared to the administration of the same dose of Vit 
D2, especially in long-term treatment duration [22-24].

Vitamins D2 and D3 work as prohormones, therefore, 
do not have independent biological effects, a series of 
biochemical transformations in the human body being 
required for them to manifest the effect. These 2 molecules 
are of different origin – Vitamin D2 – of vegetable origin, 
vitamin D3 – of animal origin, differing at the biochemical 
level by the structure of the lateral chains, but having 
the sterol ring in common. To become active, both 
substances need two successive hydroxylations – the first 
in the liver – under the influence of 25-hydroxylase (with 

the involvement of microsomal cytochrome P450 2R1 
and mitochondrial cytochrome P450 27A1), resulting 
in 25-hydroxyvitamin D (calcidiol). In the kidneys, a 
second hydroxylation occurs under the influence of the 
enzyme 1-alphahydroxylase (cytochrome P450 B1), 
resulting in 1,25-dihydroxyvitamin D2/D3. Hydroxylations 
are controlled by the level of parathormone, through 
homeostatic mechanisms. Although both vitamins 
eventually reach the active form of calcitriol, statistical data 
show that taking D3 results in a more pronounced increase 
in 25(OH)D levels compared to D2.

Scientists have established that vitamins D2 and D3 
have different affinities for the vitamin D receptor (VDR), 
which in turn activates 24-hydroxylase – the enzyme 
responsible for the inactive metabolite calcitriol formation. 
Moreover, vitamin D2 is inactivated faster by this enzyme 
than vitamin D3, so it has a shorter half-life than vitamin 
D3. It was found that 24(R),25-dihydroxyergocalciferol 
(24,25-(OH)2D2) has 1.7 times weaker affinity than 
24(R),25 dihydroxycholecalciferol (24,25-(OH)2D3), the 
latter also having a much higher affinity to the plasma 
transport protein of vitamin D – DBP – resulting in a 
half-life 1.3 times longer than 1,25-(OH)2D2 vis-à-vis 
VDR in the intestine. Scientists claim that this plays an 
important role in the difference in the action of vitamins 
D2 and D3. It should be noted that 1,24,25(OH)2D3 is also 
an inactivated product, but already of cholecalciferol. 
Unlike 1,24,25(OH)3D2, it maintains its affinity for VDR 
and requires one more oxidation to become completely 
inactive. Therefore, this additional step gives cholecalciferol 
(vitamin D3) an increased potential for biological activity 
and maintenance of an adequate 25(OH)D status in 
the body [19, 25]. Vitamin D3 is assumed to be the 
“preferred” substrate for the liver 25-hydroxylase, which 
in combination with the difference in VDR affinity of 
vitamins D3 and D2 and inactivation rate, respectively, only 
reinforces the importance of using vitamin D3 prophylaxis.

According to a review by Houghton and Vieth in 2006 
[24], the metabolic differences between vitamins D2 and 
D3 are due to the difference in the internal chain structure 
of the vitamins. Thus, ergocalciferol (vitamin D2) still has 
a methyl group in position 24, which slows down the rate 
of conversion to 25(OH)D and respectively decreases the 
affinity towards the vitamin D binding protein (DBP). 
Armas et al. and Heaney et al. demonstrated that vitamin 
D3 induces a faster and longer response in maintaining 
serum 25(OH)D levels. They also demonstrated that after 
a single bolus administration of 50000 IU of ergocalciferol 
(vit D2), 25(OH)D2 values ​​decrease much faster (on the 
14th day) compared to 25(OH)D3 at the same dose of 
cholecalciferol (elevated values ​​are maintained even on the 
28th day) [19, 25]. Thus, 50 000 IU of D3 and D2 respectively 
were used in 2 distinct groups for 12 weeks. The values ​​of 
the 25(OH)D growth curve were higher for 25(OH)D3 
than for 25(OH)D2. Additionally, it was determined that 6 
weeks after finishing the administration of bolus vitamins, 
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the degradation rate of serum 25(OH)D2 was higher than 
for 25(OH)D3, respectively the concentration of the latter 
being higher in the serum, and of ergocalciferol decreasing 
to the initial base values.

Therefore, the most plausible explanation for the better 
effect of vitamin D3 supplementation is: a) the increased 
affinity of vitamin D3 and its metabolites to VDR, DBP and 
liver 25-hydroxylase; b) the lack of liver’s ability to directly 
hydroxylate position 24 of the internal chain of vit D3 as 
opposed to vit D2.

A 2011 Cochrane study highlighted the significant 
differences between the two vitamins and the death rate 
examined for people who supplemented their diet with 
vitamin D2 compared to those who did so with vitamin 
D3. Analysis of 50 randomized controlled trials, which 
included nearly 100000 participants, showed a relative risk 
reduction of 6% among those who used D3 and an increase 
in relative risk of 2% among those who used D2.

According to recent research, vitamin D3 is about 
85% better at increasing and maintaining vitamin D 
concentrations in the body and produces a storage of 
vitamin D 200-300% higher than vitamin D2. It is repeatedly 
mentioned that any form needs to be converted by the body 
into a more active form, and vitamin D3 is converted 500% 
faster than vitamin D2. The latter has a shorter deposit life 
and binds poorly to blood proteins, further hindering their 
effectiveness.

Moreover, synthetic vitamin D3 is produced as analog 
of the natural one by obtaining 7- dehydrocholesterol from 
cholesterol and then by UV irradiation it turns into D3. Vi-
tamin D2, however, is synthesized from ergosterol which 
is obtained chemically from ergot extracted from molds 
(fungi). Thus, vitamin D2, in addition to low biological ac-
tivity, also has instability to temperature differences, hu-
midity or even dependent on storage containers. Contrary 
to this, vitamin D3 is stable. The instability and low purity 
of vitamin D2 may also favor higher toxicity compared to 
D3, which is more stable and much more purified [24].

Vitamin D3 increases the total and free 25(OH)D 
level more than D2 (25(OH)D concentration increases 
practically twice faster per week for vitamin D3 versus 
vitamin D2. Finally, another argument in favor of vitamin 
D3 is that laboratories do not have kits to determine 
25(OH)D2, which can lead to errors in assessing the status 
of vitamin D in the body.

In conclusion it can be supposed that the determination 
of vitamin D status may also be necessary pre-operatively, 
pre-implant or before any bone grafting.

As several studies have shown, age should not be taken 
into account, as even young people and children can be 
deficient.

The elderly population is considered to be deficient, 
but a preliminary assessment of vit D status would enable 
better tailoring of supplementation.

Prevention in the field of oral health should be based 
on more frequent dosing of vitamin D: such test could be 

considered by its importance as equivalent to taking blood 
pressure when examined by a physician.

The elements that suggest a deficiency:
– Population groups: elderly, obese, pregnant women
– Clinical: nonspecific diffuse musculoskeletal pain; 

spontaneous fractures; chronic kidney disease; 
chronic generalized fatigue; alcoholism and smok-
ing, depression

– Radiological: Decreased bone density
– Biological: increased parathyroid hormone (PTH), 

hypocalcemia.

Conclusions

Based on the above, the following course of action is 
proposed:

1. Daily intake of vitamin D is on average 2000 to 4000 
IU [25]. The daily intake will therefore have to compensate 
for the latter.

2. In a healthy population, classical supplementation 
is around 800 to 1200 IU/day without any risk of toxicity, 
or 50000 IU/month [25]. People at risk should logically 
receive a higher dose.

Supplementation can be done in several ways:
•	 Droplets (Uvedose) 1 million IU percent: 6 to 12 

drops per day
•	 Vials (Uvedose) 100000 IU, 3 to 4 times a year
•	 Tablets (200, 400, 800 or 1000 IU per tablet depending 

on the deficiency, 1 tablet per day).
3. For an attack treatment (stoss method), supplemen-

tation is done in 2 to 4 doses of 100000 IU, 15 days apart, 
depending on the severity of hypovitaminosis D.

4. There is a proposal that the currently existing national 
protocol on deficiency rickets be adapted according to the 
presented information, favoring the fractional or stoss 
prescription of vitamin D3.

5. Based on the fact that vitamin D deficiency is 
currently a global public health problem, it is necessary 
to declare the deficit/deficiency of vitamin D as a priority 
public health problem at the national level.

6. Taking into account the multitude of acute and 
chronic diseases related to vitamin D deficiency, in order 
to improve the status of vitamin D in all population 
categories, it would be useful to include vitamin D3 in the 
list of molecules fully subsidized by the state and distributed 
free of charge at least to children under the age of 5 years 
and adolescents in the period of intensive growth.
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Introduction

COVID-19 disease is an infectious pathology, trans-
mitted by infected aerosol droplets or direct contact with 
surfaces contaminated by them [1], caused by the SARS-
CoV-2 virus, first identified in December 2019 in Wuhan, 
Hubei Province, China. During the 3 months since the first 
identification, due to the high contagiousness, this infec-
tion had a global spread, which made in March 2020, the 
World Health Organization declare “Pandemic State” in 
connection with the increased number of cases and the 
global spread of this viral infection. From the beginning 
of the pandemic until the present, over 515400000 cases of 
COVID-19 infection have been confirmed with 1% of cur-
rently mortality rate [2].

COVID-19 is a polymorphic disease with the predomi-
nant clinical presentation of viral interstitial pneumonia 
and secondary systemic hypoxemia. But, pathophysiologi-
cally, the viral infection COVID-19, through the mecha-
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nism of viral penetration, the lesions caused at the systemic 
vascular level and the secondary immune response repre-
sents a systemic pathology, mirrored by the pulmonary 
vascular lesions. The clinical evolution is highly dependent 
on the secondary immune response and the detailed anal-
ysis of each stage of the disease, the predisposing factors 
towards an unfavourable evolution and the changes occur-
ring in the lung and at laboratory level can guide us about 
disease course, the risks of adverse events and the necessity 
for close monitoring. During the pandemic different clini-
cal and laboratory parameters that impact and are associ-
ated with negative outcome and mortality, but with differ-
ent informativity, were highlighted. Also were applied and 
developed specific scores for evaluation and prognosis of 
clinical course.

The goal of this review is analysis and evaluation of 
impact and predictability of the multitude of parameters 
and prognostic scores that mirror clinical evolution of 
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COVID-19 infection. In order to realize the goal of the study 
was realized bibliographic search of the PubMed database, 
applying the keywords: ”SARS-CoV-2”, ”COVID-19”, 
”risk score”, ”laboratory parameters”, ”pathophysiology”, 
”cytokine storm”, “imaging evaluation”, “outcomes”, 
“clinical evolution”, which were combined with each other. 
There were selected English-language publications, in 
extenso, published in recognized journals from March 
2020. Priority in the analysis was given to articles of critical 
synthesis of literature, randomized studies, those with 
large samples of patients. The final bibliography included 
76 references.

Discussion

1. Pathophysiology
1.1. Cell penetration and immune reponse
The SARS-CoV-2 virus is enveloped with a single-

stranded positive sense 30 kb RNA virus, which is part of 
the Coronaviridae family along with the viruses HCoV-
229E, HCoV-OC43, SARS-CoV, HCoV-NL63, HCoV-
HKU1 and MERS-CoV [3]. The SARS-CoV-2 virus con-
sists of 4 structural proteins: spike (S), membrane glyco-
protein (M) with the role of stabilizing the viral structure, 
forming the envelope and releasing the viral; envelope (E) 
responsible for virulence and activation of the body’s im-
munopathological response; nucleocapsid (N) that binds 
to viral RNA and participates in viral replication [4].

The S protein is composed of 2 subunits: S1 – responsible 
for binding to the host cell receptor and S2 – responsible for 
the fusion of viral and cell membranes. The Angiotensin-
Converting Enzyme 2 receptor (ACE2) has been identified 
as a functional receptor for the structural protein S of 
SARS-COV-2 virus. The Type II transmembrane Serine 
Protease (TMPRSS2), which is present in the host cell, 
promotes viral uptake by cleavage with the ACE2 receptor 
and the S protein of the virus and its entry into the cell [5].

The life cycle of the virus consists of five periods: 
attachment, penetration, biosynthesis, maturation and 
release [6]. Being an RNA virus, it directly begins the 
production of its own protein and new genomes after 
penetrating the cell by attaching to ribosomes of the host 
cell. The ribosomes of the host cell transcribe RNA into 
RNA polymerase, which is then used to produce new 
virions in the Golgi apparatus. Newly formed virions are 
released from the cell by exocytosis by excretory vesicles. 
The release of the virus from the cell is associated with its 
deformation and injury. At the same time, the SARS-CoV-2 
virus interferes with direct cell damage by promoting cell 
apoptosis [7].

The virions spread systemically, affecting the target 
organs that contain the high expression of ACE2 receptors 
and TMPRSS2 protein, which include: lungs (through type 
II alveolar cells), heart (through myocardial cells), arterial 
vascular system (through cells endothelial), kidneys 
(through proximal tubule cells), ileum and oesophagus 

(through epithelial cells), bladder (through urothelial 
cells) [8]. This localization of ACE2 receptors explains 
the clinical polymorphism of COVID-19 disease and 
the susceptibility or predisposition of certain population 
groups to the development of certain complications as well 
as to the evolution of the disease in severe and critical form.

The pathophysiology and clinical course of COVID-19 
disease is the consequence of the T-cells mediated immune 
response, which produce interferon-gamma (INF-gamma) 
and interleukins like response to the cell invasion of the vi-
rus. Also, the damage of infected cells (especially alveolar), 
is the result of pro-inflammatory mediators, cytokines, in-
terferons and other intracellular elements release. Alveo-
lar macrophages identify cell damage and the secretion of 
cytokines, responding with proper secretion of cytokines 
and chemokines. Tumor necrosis factor (TNF), secreted by 
macrophages along with other proinflammatory cytokines, 
increases vascular permeability and cell adhesion, that in-
duces the recruitment of other immune cells, such as neu-
trophils and monocytes. Neutrophils incorporate viruses 
and other elements from the affected area. This process is 
accompanied by the secretion of chemokines that leads to 
affect the surrounding tissues. Leukopenia associated with 
lymphopenia is the result of the consumption of immune 
cells involved in a large number in the process of immune 
and inflammatory response as well as the secretion of in-
terferon [9].

1.2. Cytokine storm
The multitude of immune elements, cytokines and 

proinflammatory mediators activated by the SARS-CoV-2 
invasion and cell destruction potentiate the phenomenon 
of “Cytokine storm”, which is increasingly discussed in the 
context of COVID-19 disease.

Cytokine storm or Cytokine storm syndrome, is a 
cascade of activations and auto-amplification processes 
of pro-inflammatory cytokines production followed by 
exaggerated and dysregulated immune response of the 
host to various triggers (infection, rheumatic diseases, 
malignancies) [10].

Immune hyperactivity in cytokine storm is the 
result of the imbalance between the activity of pro- and 
anti-inflammatory processes with the predominance 
of proinflammatory ones. This is caused by excessive 
immune cell activation, pathogenic overload (e.g. sepsis), 
uncontrolled infections and prolonged immune activation. 
All this leads to the failure of the negative feedback 
mechanism, whose role is to control and avoid or prevent 
the hyperinflammatory phenomenon [11]. The clinical 
phenotype of the cytokine storm is largely manifested 
by elements of systemic inflammation, acute lung injury  
associated with acute respiratory distress syndrome and 
multiple organ dysfunction [11].

1.3. Covid coagulopathy
Endothelial injury caused by the virus and the immune 

response, which involves cytokines and leads to compli-
ment activation, plays an important role in the association 
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of COVID-19 coagulopathy [12]. In this context, the in-
volvement of neutrophils and monocytes in the “throm-
boinflammatory” or “immunothrombosis” process is eva-
luated.

The role of monocytes consists in the formation and 
activation of thrombo-monocyte aggregates, whose 
activation degree correlates with the severity of the disease 
and with the values of the reactive “C” protein [13].

Neutrophils are also involved in the process of 
micro- and macrothrombosis by forming neutrophil 
extracellular traps (NETs) [14]. Elevated levels of NETs 
closely correlate with disease severity and oxygenation 
disorders [15]. The presence of extracellular neutrophil 
traps was identified in the lungs, liver and kidneys of 
patients who died from COVID-19 disease [16]. Along 
with the mentioned immune cells, hypoxia, like a result 
of the multitude of proinflammatory processes in the lung 
capillaries, promotes thrombotic processes in patients with 
COVID-19 disease [17].

Hypoxia acts in 2 ways: first, the direct pathway of 
immunomodulin suppression and reduction of fibrinolytic 
potential and the second, by the formation of HIF-1a 
and HIF-2 transcription factors. These factors potentiate 
the thrombosis process by involving the inhibitor of 
plasminogen activation and blocking tissue factor (TF) 
inhibitor [18]. Therefore, in severe forms of COVID-19 
disease, the hypercoagulant phenotype, with the fibrin 
polymerization and the resulting thrombosis, predominates 
over that of consumption coagulopathy [19].

The events resulting from the viral invasion on 
the host have a self-amplifying character, where each 
involved element represents a trigger and stimulates the 
development of a vicious pathophysiologic circle. This 
circle induces “cytokine storm” with prothrombotic and 
hypercoagulant status and the development of acute 
lung injury, ventilation/perfusion mismatch, pulmonary 
oedema, hypoxia similar to acute respiratory distress 
syndrome (ARDS) and promotes the development of 
multiple organs damage [20].

2. Severity degrees and characteristics of clinical 
evolution 

In the clinical course of COVID-19 disease can be 
evident the following forms of severity [21]:

1. Asymptomatic – with positive SARS-CoV-2 test, no 
symptoms;

2. Mild illness – accompanied by fever, cough, anosmia 
and loss in taste, no dyspnea;

3. Moderate illness – with clinical or radiographic 
evidence of pathological changes in the lower airways 
and lungs, but with the maintenance of peripheral oxygen 
saturation (SpO2)> 94%, without oxygen support;

4. Severe illness – presence of lung infiltrates more 
than 50% of the total surface, SpO2 <93% without oxygen 
support, tachypnoea more than 30 breaths/min and signs 
of respiratory distress;

5. Critical illness – defined by the criteria of acute 
respiratory distress syndrome, sepsis, septic shock and 
multiple organs dysfunction.

From the total number of cases, those with asympto-
matic, mild and moderate manifestations represent ap-
proximately 80% and the rest of them get severe and criti-
cal forms. The rate of Intensive Care Unit (ICU) admission 
of COVID-19 patients is 11% of the total number of con-
firmed cases [22].

There are several clinical stages in the evolution of the 
disease. The transition from one stage to another is not 
mandatory for all those infected with the SARS-CoV-2 
virus. 

These are:
– Incubation period – lasts on average 5.3 days;
– Early stage of disease evolution – manifested by the 

signs and symptoms of a seasonal viral infection (fever, 
myalgia, cough, fatigue, diarrhoea, anorexia) – is observed 
during the first 5-8 days after the symptoms onset;

– Pulmonary phase – is characterized by the appearance 
of dyspnea, signs of hypoxia, the appearance of opacity on 
lung radiography and computed tomography – develops at 
day 8-11 of illness;

– Hyperinflammatory phase characterized by “cytokine 
storm”, acute respiratory distress syndrome, sepsis and 
septic shock – starting from day 11-15 of illness  [22–25].

The factors that contribute to the progression of the 
disease in another phase are not fully elucidated at the 
moment [24]. It is assumed, that the unfavourable evolution 
of the disease dependents on the individual over-response 
of the immune system to the SARS-CoV-2 infection and 
on the presence of comorbidities that represent the risk 
factors for a severe evolution.

Management and treatment approach differs from the 
disease evolution stage  and the patient’s treatment response 
determins the regression of the disease or its transition to a 
more advanced phase [26].

In COVID-19 patients, the average time from the first 
symptoms onset until the admission in intensive care 
unit (ICU) is 9.84 days. The overall ICU mortality rate is 
35.5% and the average duration from the onset of the first 
symptoms until death is 15.93 days [25, 27].

 3. Severity predictors, evolution particularities and 
clinical outcome 

3.1. Demographics
The severity of COVID-19 disease and the final outcome 

of survivor or non-survivor is determined by several factors 
and comorbidities, including: age, male gender, diabetes, 
chronic heart disease, cerebrovascular disease, pulmonary, 
renal and hepatic diseases, immunosuppression and 
malignancy [22]. Furthermore, obesity is one of the 
unfavourable predictors, and the presence of Body Mass 
Index (BMI) more than 30 in association with one of the 
factors mentioned above substantially increases the risk of 
disease severity [28].
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The fever with values more than 38.0 and resistance 
to antipyretic treatment is one of the independent factors 
of severity and prognosis of the disease, especially in the 
first 5 days after the symptoms onset. Its rate is approx. 
80% in symptomatic patients COVID-19 and is the 
common symptom in approx. 90% of patients requiring 
hospitalization [22, 29].

3.2. Association of bacterial and fungal infection
Bacterial co-infection. The pooled prevalence of 

bacterial co-infection identified in patients with COVID-19 
disease reaches 21%. The respiratory co-infection has 
pooled prevalence of 5.2% and gastrointestinal 4.8% [30]. 
In hospitalized patients, this varies from 5.9 to 7%, with a 
double value of 8-14% in ICU patients. The most frequently 
cultivated pathogens are Mycoplasma pneumoniae (42%), 
Pseudomonas aeruginosa (12%) and Haemophilus 
influenzae (12%) [31].

Bacterial superinfection rate reaches a value of 24% 
in patients with COVID-19 disease, and 41% in cases of 
ICU patients. The most often cultivated are: Acinetobacter 
spp. (22.0%), Pseudomonas (10.8%), and Escherichia coli 
(6.9%) [32].

Ventilator Associated Pneumonia (VAP) is most 
common manifestation of healthcare associated bacterial 
superinfection in COVID-19 with rate of 50%. Bloodstream 
infection represents 34% of total cases and venous 
catheter-associated bloodstream infections – 10% [33]. 
The development of VAP in COVID-19 patients during 
mechanical ventilation serves as an aggravating factor of 
disease clinical course, with the mortality rate of 42.7%. 
These mortality values are triple higher in comparation 
with non-Covid-19 patients [34, 35].

Fungal infection – has a rate of 8% in COVID-19, with 
the predominance of Candida species (18.8%) [32].

The presence of co-infection and especially a bacterial 
superinfection in COVID-19 patients is an unfavourable 
prognostic factor, associated with an increased risk of 
mortality, mainly among ICU patients [31, 32].

3.3. The laboratory predictors
In COVID-19 clinical course can be highlighted 

following laboratory parameters with prognostic value of 
evolution, assessment of disease severity and risk or rate 
of adverse events (mechanical ventilation, acute kidney 
injury, septic shock, need in vasopressors, PE, AMI or 
others) [19, 36]:

• Lymphopenia – indicates severe evolution of the dis-
ease, due to increased viremia and the increased con-
sumption of immune cells. In its case the lymphocytes 
number is inversely proportional to the severity of the 
disease [37].

• Neutrophil-lymphocyte ratio – it is a marker of stress 
and systemic inflammation in critically ill patients. Its 
value higher than 9.8 in COVID-19 patients correlates 
with the higher rate of ARDS and the need for non-
invasive or invasive ventilatory support [38].

• Platelets count – values less than 150, are a negative 

prognostic factor [39]. The value less than 50 indicates 
very high, up to 92%, risk of death [40]. At the same 
time, the increase in the platelets number (which 
is below the normal range), during hospitalization, 
indicates a positive evolution and an increase in the 
chances of survival [41].

• Fibrinogen is a protein of acute phase which is 
synthesized in the liver under the interleukin-6 (IL-6) 
induction, like a response to a systemic inflammatory 
process [42]. Fibrinogen participates in the coagulation 
cascade and its decrease is associated with increased 
mortality in sepsis [43]. However, in patients with 
COVID-19, attention is given to high fibrinogen levels, 
which indicate an unfavourable outcome and a severe 
course of the disease [44].

• ALT / AST are liver enzymes whose values increase as 
a result of hepatocyte damage. In COVID-19 patients, 
the systemic inflammatory process or administered 
hepatotoxic medication can be factors that contribute 
to liver injury and their elevation. The amount of these 
enzymes guides the prognosis, and their increased 
values at admission are associated with an increased 
risk of ICU admission, the need for vasopressor 
support, non-invasive or mechanical ventilation and 
acute kidney injury [45].

• Albumin – hypoalbuminemia is a negative prognosis 
factor in both general groups of patients and in 
COVID-19 and is an independent indicator of 
mortality [19, 46].

• Lactate dehydrogenase (LDH) – is the enzyme that 
participates in the formation of energy by converting 
lactate to pyruvate and is present in several cells in the 
body. Its increase has been recorded in acute or chronic 
lung diseases and interstitial diseases [47]. Elevated 
LDH levels are an indicator of illness severity and are 
associated with a 6-fold higher risk of adverse outcome 
and respiratory worsening at values more than 450 U/l 
[39, 47].

• Creatinine is a marker of kidney function, which 
closely correlates with COVID-19 severity. Values 
higher than 130 mmol / l indicate a 2.6-fold increased 
risk of negative outcome [39]. Also, the rate of acute 
renal injury (AKI) in COVID-19 patients is approx. 
20%, with a mortality rate of approx. 55% in case of its 
association [48].

• Urea values higher than 6.5 mmol/l registered at 
admission indicate negative evolution, poor prognosis 
and the greater risk of developing the severe and 
critical form of the illness [49].

Biomarkers
• Interleukin 6 (IL6) is a protein produced by activated 

monocites, macrophages and other cells. Interaction 
with specific receptors on responsive cells, IL-6 pro-
motes antiviral effect, release of acute-phase reactant 
from hepatocytes [42]. In COVID-19, IL-6 is a reliable 
predictor of desease severity and ventilatory support, 
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where the IL- 6 levels exceeding 210 pg/mL were 100% 
associated with respiratory failure [50, 51]. Also, the 
IL-6 level recorded in ICU patient is 52% higher in 
comparation with non-ICU [52], and each increase 
in the IL-6 level of 1 pg/mL significantly increased the 
risk of mortality of COVID-19 patients [53].

• Serum Ferritin is a shell protein that sequesters iron in 
its core. Its synthesis is regulated by various “oxidant 
and antioxidant stimuli” and represents “acute phase 
reactant” that mirrors the degree of both chronic and 
acute inflammatory reaction inside the body [54]. A 
higher ferritin level indicates an activated monocyte-
macrophage system, where the synthesis of ferritin is 
responsive to alteration in cytokine status [54]. High 
ferritin level is observed across a lot of inflammatory 
diseases and it serves as biomarker for different 
conditions like a rheumatologic and inflammatory 
disorders and cancer [54]. COVID-19 patients with 
severe and critical disease had higher ferritin level 
compared to patients with mild and moderate. 
Moreover, the same results were observed in non-
survivors and survivors, also in ICU patients requiring 
mechanical ventilation and in those who didn’t require 
ICU and did not require mechanical ventilation 
[54]. Additionally, higher ferritin levels correlate 
with presence of COVID-19 related thrombotic 
complications [54]. Increased ferritin value [median 
1016 ng/mL (IQR 516–2534)] was reported in patients 
with COVID-19 related acute kidney injury compared 
to those without AKI [median value 680 ng/mL (IQR 
315 to 1416)] [55]. 

• C-reactive protein (CRP) – is the inflammatory marker 
of the acute phase, and is produced by hepatocytes 
following stimulation by interleukin-6 and is used as 
an indicator of the severity of both inflammatory and 
infectious processes [56]. In the case of patients with 
COVID-19, it not only directly correlates with the 
degree and extent of pulmonary damage in the initial 
stage and the early pulmonary phase, but also suggests 
the possibility of poor prognosis and four time higher 
rate of negative outcome and respiratory worsening at 
values more than 10 mg/l [39, 47, 57, 58].

Coagulation disorders are often associated with 
COVID-19 infection and they are reflected by changes 
in coagulation tests like fibrinogen level, D-dimer, and 
total platelet counts. Severe forms with bad prognosis 
are correlated with elevated levels of D-dimers and 
fibrinogen and low levels of total platelet counts [44].

• D-dimers are fibrin degradation products which level 
indicates the increased quantity of thrombin and 
intense fibrinolysis process. Thromboembolic events 
have a high rate in patients with severe COVID-19 
forms admitted in ICU. Rates of these are for venous 
thromboembolism – 31%, for deep vein thrombosis 
– 28% and for pulmonary thromboembolism – 19%, 
which rate is of 22% in post-mortem studies and the 

presence of these events is associated with 74% higher 
risk of mortality [59]. The high levels of D-dimers are 
directly proportional with the disease severity and 
show a 3-fold higher risk of adverse events, and the 
values more than 2 mcg / ml at admission predict a 
high risk of in-hospital mortality and are considered 
like an early marker of severity and therapeutic 
strategy. A double increase in mortality rate, from 32.8 
to 52.4%, can be followed in those with D-dimer values 
higher than 3 mcg /ml [39, 44, 59, 60].

• Procalcitonin is a precursor of calcitonin that is 
normally synthesized in parafollicular C cells of the 
thyroid gland. In case of bacterial infection, under the 
action of high concentrations of TNFα and interleukins 
it can be synthesized by extrathyroidal tissues [61]. The 
synthesis of this biomarker is inhibited by interferon- 
(INF)-γ, which predominates in the early phase of the 
disease and, as a result, with the presence of normal 
values in non-severe evolution. The dynamical 
increase of this parameter levels indicates the negative 
evolution of the disease, the possible presence of 
bacterial superinfection and the 5 times increased risk 
of negative outcomes [62].

3.4. Main prediction scores and their value
In clinical practice, especially in ICU patients, different 

prediction scores are used for risk stratification, prognosis 
of clinical evolution and correction of treatment tactics.

In critical patients the most used and with a high 
predictive value are: APACHE II, SOFA, NEWS2, which 
at the beginning of the pandemic were used in COVID-19 
diseases in order to stratify risks. However, it was later 
shown that the APACHE II score has the best predictive 
value in these patients, but it is significantly lower 
compared to non-covid patients [63]. At the same time, the 
use of the previously mentioned scores, which include a 
lot of complex parameters whose evaluation requires time, 
creates difficulties in the triage and analysis of patients 
in conditions of pandemic and overload of the medical 
system.

The decrease in the predictive values of nonspecific 
COVID-19 scores is argued by evaluating uncharacteristic 
for SARS-CoV-2 infection parameters of omitting 
others with high predictive value, such as the number of 
lymphocytes or D-dimers. For example, in this context, 
the A-DROP score, as a modification of the CURB-65, has 
a higher mortality predictive value than the Pneumonia 
Severity Index (PSI), CURB-65, CRB-65, SMART-COP, 
qSOFA and NEWS2 in the case of patients hospitalized 
with Community Acquired Pneumonia, as well as, in 
the case of COVID-19 patients [63,64]. Additionally, the 
MEWS score being one of the simplest and fastest, with a 
satisfactory degree of prediction [65].

The applicability of the CURB 65, NEWS-2 and qSOFA 
scores remains debatable in the context of the moderate 
prognostic level and underestimation of the mortality rate 
in patients with COVID-19 disease [66].
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3.5. COVID-19 prediction scores
During the pandemic, many factors associated with the 

increased mortality were identified and were adapted sev-
eral prediction models. The common parameters that were 
included in most of them are: lymphocytes number, D-
dimers, CRP, platelet count, neutrophil-lymphocyte ratio, 
LDH, oxygen saturation and the presence of comorbidi-
ties. For example, Covichem score which includes 2 clini-
cal and 5 biochemical parameters [67], COVID-19 Scoring 
System (CSS) which evaluates 4 parameters (procalcitonin, 
D-dimers, lymphocytes (%) and the presence of cardio-
vascular pathology) [68], ABC2-SPH mortality risk score 
that analyses 7 parameters (age, SpO2 / FiO2 ratio, platelet 
count, CRP values) [69].

In the list of the developed and validated for COVID-19 
scores is also included the ISARIC score, which was evalu-
ated in 75000 patients and was validated and applied in 9 
regions of the United Kingdom [70]. This score evaluates 11 
parameters at hospital admission or at first contact with a 
patient. This is the number of comorbidities, age, sex, pres-
ence of pulmonary infiltrates, urea level, respiratory rate, 
CRP, lymphocyte number, oxygen saturation. After intro-
ducing the required parameters depending on the score 
obtained, is stratified and assessed the risk of two evolu-
tions – deterioration and mortality. The calculated risks are 
presented in percentage values. Unfortunately, the value of 
D-dimers was not included in the prediction parameters of 
this score, because it was present and analysed in a small 
number of participants included in the study [70].  

3.6. Scores for imaging evaluation and standardization
Imaging assessment of the lung lesions severity plays 

an important role in the analysis and stratification of the 
COVID-19 evolution.

The gold standard in the imaging evaluation of the degree 
and type of lung modification, as well as of the evolutionary 
stage, is represented by Computed Tomography (CT-scan). 
The main changes that can be identified on CT are: vascular 
enlargement (84.8%), followed by ground-glass opacity 
(60.1%), air-bronchogram (47.8%) and lung consolidations 
(41.4%) [71]. Likewise, it can establish the location of the 
changes and the degree and extent of the spread. The CO-
RADS score and the CT Severity Score (CSS) are used 
to standardize the severity of the lung damage. The CO-
RADS score accuracy in estimating is slightly higher and 
both of them, closely correlate with the disease severity 
and changes in laboratory parameters with prediction of 
negative evolution [72, 73].

The overload of the medical system and the large flow 
of patients create impediments in imaging evaluation by 
computed tomography. Dynamical examination of lung 
infiltrates evolution requires transporting to the CT scan 
that is associated with certain risks, especially in severe 
or critically ill connected to non-invasive or mechanical 
ventilation. Like an alternative, the role in imaging 
evaluation in this situation was taken by the chest X-ray, 
which has a lower diagnostic value compared to computed 

tomography, but can be easier, faster and dynamically 
performed in ICU patient.

In March 2020, a group of Italian authors, based 
on radiological images of patients with COVID-19, 
developed a new system for grading the severity of lung 
damage, specific to the type and form of tissue damage 
encountered in SARS-CoV-2 infection, called Brixia Score 
[74]. Subsequent research has shown a close correlation 
of the Brixia Score with both the severity of the disease 
and the prognosis [75, 76]. This score includes two stages 
of analysis of the radiological image. In the first step, the 
lungs are divided into six zones on frontal chest projection 
(posteroanterior or anteroposterior projection according to 
the patient position). In the second step, a score (from 0 to 
3) is assigned to each zone based on the lung abnormalities 
detected on frontal chest projection as follows [74]: 

•	Score 0 no lung abnormalities,
•	Score 1 interstitial infiltrates,
•	Score 2 interstitial and alveolar infiltrates (interstitial 

predominance),
•	Score 3  interstitial and alveolar infiltrates (alveolar 

predominance).
The scores of the six lung zones are then added to obtain 

an overall “CXR SCORE” ranging from 0 to 18.
The application of this score standardized the analysis 

and calculation of the degree of lung damage in COVID-19 
patients by radiologists giving it diagnostic severity and 
prognostic value [75].

Conclusions

COVID-19 disease caused by SARS-COV-2 virus 
includes a multitude of pathophysiological changes that 
through its mechanism represent a systemic nosology. The 
complete analysis of all the factors and parameters that can 
influence its clinical evolution, especially in patients at risk 
groups, is a basic component of the decision-making steps, 
management tactics and treatment approach.
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Introduction

Dysfunctional temporomandibular joint (TMJ) pain 
(Costen’s syndrome) was first described in 1934 by otola-
ryngologist James Costen and it is a complex of symptoms 
characterized by dull pain in the TMJ, headache, pain in the 
cervical spine, occiput and behind the auricle, which in-
creases towards the end of the day, clicks in the TMJ during  
eating, hearing loss, tinnitus, heartburn in the throat and 
nose [1-3].

According to the source of 2019, pain in the face 
associated with the pathology of TMJ, occurs in 19-26% of 
the adult population [4]. In 2015, students of ninth – twelfth 
grades were examined, of which 33.3% suffered from TMJ 
dysfunction and 52.5% of them had TMJ pain. Without 
dolore symptoms – 31.03%; in orthodontic treatment – 
17.24%; bruxism – 43.1% [5]. This study showed that this 
disease has a tendency to rejuvenate and therefore does not 
lose its relevance.

According to the 2004 source, the disease affected about 
5-12% of the adult population and is the most common 
musculoskeletal disorder [6]. Analyzing different articles 
written in different years, it can be concluded that the 
problem of TMJ dysfunction is not solved and therefore 
continues to be current.
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TMJ dysfunction is also a multifaceted and inter-
disciplinary problem that must be solved by doctors from 
various fields: dentist, neurologist, psychotherapist and 
others [7-9]. Maxillofacial surgeons restore the correct 
ratio of TMJ elements, the work of orthodontists is 
aimed at restoring adequate occlusal ratios, neurologists 
mainly use medical methods to combat tinnitus, and 
otorhinolaryngology doctors often identify and treat 
dysfunction of the Eustachian tube, which is associated 
with tinnitus and vertigo [10].

Numerous factors can contribute to TMJ dysfunction. 
Factors that increase the risk of TMJ dysfunction are called 
predisposing factors. Factors that cause the onset of TMJ 
are called initiation factors, and factors that interfere with 
healing or stop the progression of TMJ dysfunction are 
called perpetuating factors. In some cases, a single factor 
can perform one or all of these roles. These factors are: 
occlusal condition, trauma, emotional stress, severe pain 
intake and parafunctional activities [11].

Based on the main complaints of patients inherent in 
the syndrome of TMJ dysfunction the following can be 
highlighted:
•	 Accusations directly related to TMJ: pain, sound 

phenomena (clicks, squeaks, and crackles), limitation 
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of mouth opening, and blockage of the joint, deviation 
of the lower jaw to the side when opening the mouth.

•	 Accusations of occlusal disorders: abrasion of enamel, 
deformation and disruption of occlusion, dissatisfac-
tion with the results of prosthetic and orthodontic 
treatment.

•	 Accusations related to pain: in the maxillofacial 
region, in the masticatory and facial muscles, tension 
in the facial muscles, frequent headaches, pain when 
yawning, wide opening of the mouth or mastication.

•	 Accusations of disorders of the psycho-emotional state: 
depression, irritability, vertigo, general weakness, 
general discomfort, decreased performance [12].

The most common clinical manifestations in TMJ 
dysfunction is the following triad of symptoms: sound 
phenomena in the joint, functional disorders and pain 
syndrome [13].

After analyzing a large number of bibliographic sources, 
four main causes of TMJ dysfunction can be highlighted:

1.	 Dysfunction of TMJ as a result of orthodontic 
treatment;

2.	 Dysfunction of TMJ as a result of partial or total 
edentation;

3.	 Dysfunction of TMJ as a result of pathological 
abrasion of teeth (occlusal pathologies);

4.	 Dysfunction of TMJ as a result of psycho-
emotional stress.

Dysfunction of TMJ as a result of  
orthodontic treatment

Orthodontic treatment should begin with an 
examination of the temporomandibular joint, muscles, 
which are responsible for the movement of the lower jaw, 
since even in minor abnormalities of localization of a tooth 
or groups of teeth, the patient may have complaints and, 
accordingly, symptoms of TMJ dysfunction, which the 
doctor-orthodontist must take into account in the process 
of work. In 2012, a scientific research was carried out, which 
shows that at the stage of examination and preparation 
of patients for orthodontic treatment, symptoms of 
musculoskeletal dysfunction of TMJ were revealed, which 
in the first group of patients intensified in the treatment 
process, while in another group the symptoms barely 
appeared [14]. During orthodontic treatment premature 
contacts on the surface of the teeth may occur, and they 
are possible to develop disorders in the TMJ. In this case, 
a possible distal displacement of the articular condyles 
with dislocation of the anteromedial disc may occur. These 
changes in the mandibular kinematics and TMJ function 
lead to damage to the bilaminar zone, which is located 
behind the articular disc and carries out TMJ trophic. In 
this case, the formation of synovial fluid and nutrition of 
the cartilaginous structures of the joint will be disturbed. If 
the bilaminar zone is already intertwined, pain in the joint 
appears [9].

Dysfunction of TMJ as a result of partial or total 
edentation

TMJ dysfunction is detected in more than half (62.5%) 
of people with dentition defects [3]. Due to partial or total 
tooth loss, vertical occlusion size height and vertical resting 
size height change. Long change of these parameters leads 
to the development of irreversible consequences in the 
TMJ. Tooth loss leads to statistically significant changes 
in the parameters that characterize the mandibular fossa, 
articular tubercle and articular condyle of the mandible. 
Changes in the articular surfaces related to occlusion lead 
to severe dysfunction of the TMJ and stretching of its 
capsule [3]. Some authors mention that the most common 
cause of TMJ dysfunction is the partial absence of teeth or 
their destruction, which leads to a decrease in the vertical 
occlusion size [3].

As pointed out by N. A. Rabukhina et al., in the absence 
of teeth, the articular condyle of the mandible is displaced 
posteriorly, while there is a moment of compression in 
the joint to the retroarticular space, where the anatomical 
formations located in it are compressed [3]. In this regard, 
it can be assumed that the appearance of Costen’s syndrome 
will be observed, because the anatomical formations and 
the bilaminar area, which are located posteriorly, are 
compressed and the patient feels some pain.

			 

A B
Fig. 1. Palpation in order to determine the location of the mouse 

process of the lower jaw. A – with a comfortable closing of the 
mouth, B – with protrusion of the lower jaw [9]

A B C

Fig. 2. Palpation of the masticatory muscle in order to determine 
the form of TMJ dysfunction. A – place of origin of muscle,  

B – body of muscle, C – muscle attachment area [9]
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Dysfunction of TMJ as a result of pathological 
abrasion of the teeth (occlusal pathology) 

For many years, the main cause of TMJ dysfunction 
was considered to be occlusal disorders, which lead to 
tension and hypertrophy of the masticatory muscles and 
TMJ pathology. However, in recent years this relationship 
has been called into question. 

If occlusal factors are related to TMJ, then the medical 
dentist is the only professional who can provide adequate 
therapy. On the other hand, if occlusal factors are not 
related to TMJ, the medical dentist should refrain from 
treating TMJ with occlusal changes [4, 11].

There are many etiological factors of the occurrence 
of TMJ pathology, the main and most common of which 
is pathological occlusion [15]. The founder of this theory, 
the occlusal theory of temporomandibular disorders, 
is considered Costen J. [9]. In 1934, James Costen made 
the first systematic description of this group of diseases, 
indicating occlusal disorder as the main cause [16]. 
Occlusal pathology can involve several factors that can 
cause TMJ dysfunction, namely, the presence of premature 
contacts as a result of dental restorations and the presence 
of pathological abrasion of the teeth. Both factors will lead 
to the development of TMJ pathology. In the presence of 
occlusal pathologies, the patient will feel a constant tension 
of a certain muscle group, as a result of which the lower jaw 
will begin to move along the wrong path – pathological. If 
the pathogenic factor is not eliminated in time, the muscles 
will be in constant hypertonicity, which will soon lead to a 
spasm of the mimic and masticatory muscles [17]. These 
factors will contribute to a change in muscle tone and, 
as a consequence, the development of the pathological 
trajectory of the lower jaw will lead to changes in the joint 
itself, namely, deformation of the articular disc and a change 
in its position when opening and closing the mouth – the 
pathological position of the articular disc [9]. In correcting 
pathological occlusion, it is necessary to take into account 
the condition of the masticatory muscles; otherwise the 

treatment will not be effective. In such patients, during 
treatment to eliminate TMJ dysfunction resulting from 
occlusion disorders, physical therapy (myogymnastics) is 
prescribed [8].

It is considered, that TMJ and dental occlusion from a 
functional point of view are related not only to each other, 
but also to the musculoskeletal system. In this context 
it has been observed that if a patient with occlusion 
pathology begins orthodontic or prosthetic treatment 
without correcting the condition of the cervical spine, then 
the success of dental treatment is questioned. A scientific 
research, conducted in 2018, can show us that the complex 
rehabilitation tactics, which include muscle relaxation 
procedures, drug treatment, splint therapy, myogymnastic 
exercises for masticatory muscles according to an 
individual plan and correction of body posture, proved to 
be 12.49 and 2.18% more effective than traditional methods 
of treatment [18]. Occlusal pathologies include not only 
the presence of supracontacts, but also pathological 
abrasions, which can also be called bruxism [19, 20]. To 
best understand bruxism that occurs at night, the clinician 
should first have an appreciation of the sleep process. 
Sleep is investigated by monitoring the brain wave activity 
(electroencephalogram) of an individual during sleep. 
This monitoring is called a polysomnogram. Elements 
of bruxism seem to be associated with an etiology and 
identification of functional disorders in the masticatory 
system, during the transition from a deeper sleep to a 
lighter one [11]. Most often, the front group of teeth is 
prone to bruxism. This may not bother the patient for a 
long time; he will not notice a decrease in the function of 
the stomatognathic (dental) system [19, 20]. The only thing 
that will worry him will be the presence of an aesthetic 
defect. At the same time, the height of the vertical occlusion 
size decreases, the position of the lower jaw relative to the 
upper one may change, which entails the appearance of 
problems in the temporomandibular joint. The appearance 
of attrition of the hard tissues of the tooth, the narrowing 
of the clinical crown of the tooth, the lowering of the lower 
third of the face – all this will indicate bruxism [19].

Dysfunction of TMJ as a result of  
psycho-emotional stress

The emotional state of the patient is largely dependent 
on the psychological stress incurred. Stress is described 
by Selye as the “nonspecific response of the body to any 
request made on it” [11]. The etiopathogenetic basis of 
this factor, which is the cause of TMJ disorders, is based 
on the neuromuscular theory, proposed by B. Jankelson 
(1953). The main link of this theory is the statement that 
“TMJ only allows movement to be performed, and the very 
movement and, accordingly, the function is performed by 
the muscles” [21].

A common systemic phenomenon that can influence 
masticatory function is an increase in the level of emotional 
stress borne by the patient. The emotional centers of the 

A B C

Fig. 3. Palpation of the temporal muscle in order to determine 
the form of TMJ dysfunction. A – anterior portion of muscle,  
B – middle portion of muscle, C – posterior portion of muscle 
[9] Dysfunction of TMJ as a result of pathological abrasion of 

teeth (occlusal pathology)
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brain influence muscle function. The hypothalamus, 
the reticular system, and especially the limbic system 
are primarily responsible for the emotional state of the 
individual. These centers influence muscle activity in many 
ways, some of which are gamma – efferent pathways. Stress 
can affect the body by activating the hypothalamus, which 
in turn prepares the body to respond (the autonomic 
nervous system). By the hypothalamus, through the 
complex neural pathways, increases the activity of gamma 
efferents, which cause contraction of muscle fibers. This 
sensitizes the muscle shaft so that any slight stretching of 
the muscle will cause a reflex contraction. The overall effect 
is to increase the tonicity of the muscle. The therapist must 
understand and appreciate emotional stress, as it plays an 
important role in the development of TMJ dysfunction 
[11].

The masticatory muscles participate in raising the 
mandible (masticatory, temporal, masseter and medial 
pterygoid muscles) and lowering the lower jaw (milohyoid, 
geniohyoid, digastric venter anterior, lateral pterygoid 
muscle). These muscles are at rest when the mandible is in 
a state of physiological rest and contract when closing the 
mouth (i.e. raising the lower jaw) and closing the teeth in 
occlusion. In a stressful situation, the teeth will more often 
be placed in the position of centric occlusion, which means 
that the masticatory muscles will be in constant tension 
(there will be a constant contraction of muscle fibers). Such 
discoordination of the activity of the masticatory muscles 
will lead to disturbances in intraarticular relationships 
[21, 22]. Prolonged hypertonicity of the masticatory 
muscles, which can be examined using magnetic reso-
nance imaging (MRI), can lead to structural changes in 
the muscles, i.e., TMJ dysfunction. MRI imaging allows 
obtaining multiplanar images, visualization of masticatory 
muscles throughout, evaluation of their symmetry and 
morphostructure [23].

Conclusions

Analyzing a large number of different sources and 
scientific articles, it is possible to make the conclusion, that 
TMJ dysfunction can be caused by different reasons.

1. The dentist must consciously examine patients with 
TMJ disorders, drawing special attention to the collection 
of anamnesis. To make an accurate diagnosis of the disease, 
additional instrumental methods of TMJ examination 
should also be used. 

	 2. As reported, TMJ dysfunction has different etiolo-
gies, and for etiotropic treatment, the doctor must estab-
lish a causal relationship between the symptoms of TMJ 
dysfunction and the causes that caused it.

3. Treatment of TMJ dysfunction, as well as its study 
and examination, must be carried out by specialists from 
different fields of medicine. Surgical treatment does not 
give the desired effect and often entails various destructive 
and functional disorders in the postoperative period. 
The treatment of patients with TMJ dysfunction will be 

complex: therapeutic and preventive measures aimed at 
normalizing occlusal relations, restoring the functional 
state of the masticatory muscles, normalizing the psycho-
emotional state of patients. Also it is recommended to 
exclude solid foods, limit the opening of the mouth, which 
increase strain and tension or cause a feeling of fatigue, 
stiffness and spasm in the TMJ region. 
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Introduction

The retinal diseases and the optic nerve atrophy are 
more frequent causes of decreased visual acuity and blind-
ness [1]. There are multiple causes of the retinopathies and 
of the optic nerve atrophy: inflammatory and vascular pa-
thologies of the optic nerve and retina, glaucoma, athero-
sclerosis of the vessels of the head and neck, pathologies of 
the central nervous system, intoxications of various etio-
logy, hereditary diseases. Optic nerve atrophy is caused by 
the irreversible apoptosis of retinal neuronal cells. In the 
absence of curative treatment for these degenerative pa-
thologies, current therapies focus mainly on the etiologi-
cal cause or late complications. However, most treatments 
have low specificity. Given the availability of advanced 
therapies, stem cell-based therapies offer a new approach 
in the treatment of retinal and optic nerve pathologies [2].

Being easily harvested and cultured, mesenchymal stem 
cells are the most widely used stem cells in regenerative 
medicine [3]. Mesenchymal stem cells can be induced to 
differentiate into bone, cartilage, fat, tendon and other cell 
lineages, depending on conditions and growth factors [4, 
5]. Mesenchymal stem cells are easy to isolate and expand 
rapidly after a short rest period [6]. 
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Abstract
Background: The tissue engineering is the evolving science that combines cells, biomaterials and biochemical factors aimed at restoring, maintaining 
and substituting different types of tissue. An important role is played by the use of the stem cells in various fields of medicine, including ophthalmology, 
namely in cases of retinopathies and optic nerve atrophy. 
Conclusions: Current treatment of the optic nerve atrophy is based on the etiological causes or late complications. Considering the availability of advanced 
therapies, stem cell therapy offers a new approach in the treatment of the atrophy of the optic nerve. Being easy to harvest and cultivate, mesenchymal 
stem cells are most commonly used in regenerative medicine, they can be induced to differentiate into cartilage, tendons, adipose tissue and other cell 
lines. Mesenchymal stem cell harvesting has no ethical issues compared to embryonic stem cell harvesting. The major histocompatibility factor II is not 
expressed on the surface of mesenchymal stem cells, and this great advantage allows their use in autologous or allogenic form. Mesenchymal stem cells 
produce growth factors with paracrine action that are thought to activate endogenous repair mechanisms, due to these properties mesenchymal stem cells 
have been used in several clinical studies in optic nerve disorders where immunomodulatory and neuroprotective properties have been demonstrated. 
All of the properties mentioned above stand for the clinical use of mesenchymal stem cells in case of optic nerve atrophy.
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 The harvesting of mesenchymal stem cells is free of 
ethical problems, compared to the harvesting of embryo-
nic stem cells [7]. It is also considered that mesenchymal 
stem cells are “immunoprivileged” because the Major His-
tocompatibility Factor II is not expressed on their surface 
[8], this great advantage allows the use of mesenchymal 
stem cells in autologous or allogeneic form [9]. 

Furthermore, mesenchymal stem cells produce several 
growth factors with paracrine action that are believed to 
activate endogenous repair mechanisms [10-14].  Due to 
these properties, mesenchymal stem cells have been used 
in several preclinical studies in optic nerve disorders and 
retinopathies, where immunomodulatory, neuroprotective 
and tissue repair properties have been demonstrated 
[15-17]. These properties support the clinical use of 
mesenchymal stem cells. In neurodegenerative disorders, 
the use of mesenchymal stem cells is an opportunity for 
tissue repair and regeneration [18].

This synthesis aims to review the published clinical 
studies on the indications, dosage and results of stem cell 
therapy in case of retinal pathology and in case of optic 
nerve pathology.
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Results and discussion

The material was synthesized based on clinical studies 
in which mesenchymal stem cells were used in cases of 
retinopathies and optic nerve atrophy.

For the advanced selection of bibliographic sources, the 
following filters were applied: stem and eye, optic nerve at-
rophy, retina, the materials published from 2004 to 2022 
were analyzed.  After examining the titles of the articles 
found, only papers containing relevant information on the 
use of stem cells in retinopathies and optic nerve atrophy 
were considered. The information was systematized, high-
lighting both the contemporary aspects of the use of mes-
enchymal stem cells in retinal and optic nerve pathologies, 
as well as the results obtained following the performance of 
published clinical studies. In the analyzed clinical studies, 
autologous stem cells from bone marrow or adipose tissue 
were used, the main route of administration of mesenchy-
mal stem cells was intravitreal injection, followed by intra-
venous administration.

As a result of analyzing the information identified by 
the Google Search engine, from the PubMed databases 
according to the search criteria, 127 articles and 24 clini-
cal trials were found on clinicaltrials.gov that address the 
problem of retinopathies and optic nerve atrophy. After the 
primary review of the titles, 40 publications and 24 clinical 
trials were considered relevant and were included in this 
review article.

Retinitis pigmentosa is one of the main hereditary 
degenerative retinal diseases, affecting 1 in 4000 people. 
Retinitis pigmentosa is characterized by low arteriolar dia-
meter and pallor of the papilla [19-20]. Stargardt disease 
is the most common form of hereditary juvenile macular  
degeneration. The worldwide prevalence is 1 in 10000 peo-
ple [21].

Initially, patients present a decrease in central vision. 
The pathology is defined by the accumulation of lipofuscin 
in the apical area in the cells of the pigmented epithelium 
of the retina. The clinical manifestations are a decrease in 
visual acuity up to blindness, secondary choroidal neovas-
cularization with a gradual bilateral decrease in vision [21].

There are currently 9 clinical studies using mesenchy-
mal stem cells to treat this type of retinal dystrophy (6 for 
retinitis pigmentosa, 2 for Stargardt disease and retinitis 
pigmentosa, 1 for retinitis pigmentosa and other patholo-
gies).

Although most clinical trials are in the recruitment 
phase, there are two completed trials that include retinitis 
pigmentosa. Both performed at Hospital das Clinicas, Sao 
Paolo. (NCT01068561 phase I, NCT01560715 phase II). 
Autologous MSCs harvested from the bone marrow were 
used, which were injected intravitreally containing 10x106 
cells/0.1ml. MSCs were obtained by aspirating 10 ml of 
bone marrow tissue from the posterior iliac crest and were 
separated by Ficoll-Hypaque centrifugation.

In the NCT01068561 study (phase I) there is one re-

ported case [22]. The patient presented macular edema 
associated with retinitis pigmentosa. The macular edema 
resolved within seven days after mesenchymal stem cells 
injection, and the result was maintained for one month, 
a fact demonstrated by optical coherence tomography. It 
was concluded that adult stem cells have the ability to re-
store the ocular blood barrier due to paracrine effects or 
through an osmotic gradient that allows the absorption of 
macular edema [22].

The NCT01560715 study (phase II) is completed, from 
the published results it was concluded that therapy with 
intravitreal administration of mesenchymal stem cells can 
improve the quality of life of patients with retinitis pigmen-
tosa.

The results were evaluated with a test that assesses the 
quality of life related to sight (NEI VFG-25) before therapy, 
3 and 12 months later. There was considerable improve-
ment 3 months after treatment, while at 12 months there 
was no significant difference from baseline [23].

A phase I clinical trial with autologous mesenchymal 
stem cells from bone marrow in retinitis pigmentosa pa-
tients is underway at the Virgen Hospital in Arrixaca, 
Spain. This clinical trial continues to recruit patients.

There are some clinical studies involving patients with 
diabetic retinopathy and age-related macular degeneration. 
Diabetic retinopathy is a prevalent microvascular compli-
cation in diabetes and remains the main cause of blindness 
in able-bodied people (20-74 years). Approximately 30% of 
all patients with diabetes have signs of diabetic retinopathy, 
and 30% of them may have sight-threatening retinopathy 
(severe retinopathy or macular edema) [24, 25]. Current 
standard treatment for the management of these disorders 
is mainly based on laser therapy or antiangiogenic thera-
py, both of which are associated with unavoidable ocular 
and systemic effects [25]. Age-related macular degenera-
tion is a chronic, progressive retinal pathology and a lead-
ing cause of vision loss worldwide in people older than 60 
years [26]. The prevalence of this pathology is increasing 
as an exponential consequence of the aging of the popula-
tion. Significant progress has been made in the manage-
ment of age-related macular degeneration with the intro-
duction of anti-angiogenesis therapy [27]. However, anti-
angiogenic treatment does not stop progression or treat 
age-related macular degeneration. Thus, new approaches 
in the treatment of age-related macular degeneration, such 
as stem cell therapy, are needed. The use of bone marrow-
derived stem cell therapy in diabetic retinopathy has been 
evaluated [28, 29] and there are five ongoing clinical trials 
(NCT01518842, IRCT 201111291414N29, NCT01736059, 
ChiCTR-ONC-16008055 and NCT01920867), and in case 
of age-related macular degeneration there are four clini-
cal trials (NCT02016508, NCT01920867, NCT01736059 
and NCT01518127). Following the NCT01736059 study, 
results were published in patients with age-related macu-
lar degeneration [30]. In these clinical trials, bone marrow 
mesenchymal stem cells were collected from the patient’s 
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iliac crest in an average volume of 50 ml. Then, mononucle-
ated cells were separated by Ficoll gradient centrifugation. 
The dose of cells was between 2x104-1.8x108 suspended in 
0.1 ml of buffered saline. A clinical study using stem cells 
obtained from adipose tissue was withdrawn, the reasons 
were not elucidated (NCT02024269).

The results of stem cell treatment for diabetic retino-
pathy are limited to the report of two patients. A 43-year-
old patient with advanced retinal and optic nerve atrophy 
caused by diabetic retinopathy, vision – limited to defective 
light perception. After treatment with mesenchymal stem 
cells the patient showed improvement and did not show 
side effects such as inflammation or infection [28]. In this 
study, a patient with macular edema associated with ma-
cular ischemia is included, after intravitreal injection of 
mesenchymal stem cells from the bone marrow, the de-
crease of macular edema and the improvement of retinal 
function were described [29]. Clinical results of mesenchy-
mal stem cell therapy in age-related macular degeneration 
describe two patients with 20/200 visual acuity. After intra-
vitreal injection of mesenchymal stem cells, visual acuity 
changed to 20/80 and 20/160. In the patient with visual 
acuity 20/80, the result was maintained for 6 months. In 
the case of the second patient with visual acuity 20/160, it 
returned to the initial values ​​of 20/200. After performing 
fluorescein angiography, in the case of both patients, a 
slight increase in extrafoveal geographic atrophy was de-
tected in both eyes, a fact that can be attributed to disease 
progression [24].

Optic neuropathies are characterized by the degene-
ration of the optic nerve and can be caused by patholo-
gies, such as glaucoma, autoimmune diseases, infections, 
trauma, ischemia or infections. In adults, glaucoma is the 
most common cause of vision loss followed by nonarteri-
tic anterior ischemic optic neuropathy [30-32]. Traumatic 
optic neuropathy is a cause of vision loss and currently has 
no reliable treatment [33]. Neuromyelitis optica or Devic’s 
disease is an autoimmune demyelinating pathology that 
causes optic neuritis, prevalence 1-3 per 100000 [31, 34]. 
Currently, the treatment consists of administration of cor-
ticosteroids and immunosuppressive drugs [32, 35].

There are two phase I clinical trials using mesenchy-
mal stem cells to treat glaucoma (NCT02330978 and 
NCT02144103). Both clinical trials are currently recruit-
ing patients. One clinical trial is taking place at the Uni-
versity of Sao Paolo, Brazil (NCT02330978), and the other 
at the Burnasyan Federal Medical Center, Russian Federa-
tion (NCT02144103). In the clinical study carried out in 
Brazil, autologous mesenchymal stem cells, derived from 
the bone marrow, are injected intravitreally. In the clini-
cal study carried out in the Russian Federation, autologous 
mesenchymal stem cells are introduced into the subtenon 
space. Mesenchymal stem cells are taken from the adipose 
tissue on the anterior abdominal wall. There are currently 
no published data from these studies. In the SCOTS clini-
cal trial (NCT01920867), conducted at the John Hopkins 

Hospital, United States of America, a case of autoimmune 
optic neuropathy was reported [36]. The patient underwent 
vitrectomy and injection of autologous mesenchymal stem 
cells from the bone marrow in one eye, and injection of 
autologous mesenchymal stem cells from the retrobulbar, 
subtenon and intravitreal bone marrow was performed in 
the other eye. Thus, the improvement of visual acuity was 
noticed.

A case of idiopathic optic neuropathy was also included 
in this study. The patient, in the right eye, was injected with 
autologous MSCs from the bone marrow in the retrobul-
bar, subtenon and intravitreal space, and in the left eye 
vitrectomy was performed, followed by direct injection of 
autologous MSC cells from the bone marrow, followed by 
the intravenous injection of them. After this procedure, a 
considerable improvement in visual acuity was observed, 
and the result was maintained for 12 months postopera-
tively [36]. 

For neuromyelitis optica there is an active clinical trial 
at Foothills Medical Center, University of Calgary, Canada 
(NCT01339455), two patients recruited at Northwestern 
University, United States (NCT00787722), an ongoing 
clinical trial in Tianjin Medical University General Hos-
pital, China (NCT02249676) and one with unknown sta-
tus at the Affiliated Hospital of Nanjing University, China 
(NCT01364246). Most active and recruitment clinical 
trials use immunosuppressive treatment followed by au-
tologous hematopoietic stem cell transplantation. Nanjing 
University uses human umbilical cord mesenchymal stem 
cell transplantation. In this clinical trial (NCT01364246), 
5 patients were followed for 18 months, including as-
sessment of the Extended Disability Status Scale (EDSS), 
clinical course, magnetic resonance imaging (MRI) fea-
tures, and adverse events, and reported an improvement 
in symptoms and signs of neuromyelitis optica in four out 
of five treated patients [34]. There is another clinical trial 
for secondary progressive multiple sclerosis with evidence 
of optic nerve damage (NCT00395200), in which patients 
were treated with autologous bone marrow stem cell trans-
plantation, which resulted in an increase in visual acuity 
[35]. Some individual cases of neuromyelitis optica treated 
with allogeneic hematopoietic stem cells have also been re-
ported.

Traumatic optic neuropathy is being studied in a clinical 
trial in China by the Cellular Biotherapy Center, Daping 
Hospital, Third Military Medical University (ChiCTR-
TRC-14005093). They are currently recruiting patients and 
will use human umbilical cord-derived mesenchymal stem 
cell transplantation. There are no results yet. 

Advances in the knowledge of the neuroprotective, 
immunomodulatory and regenerative properties of MSC 
are continuously generated by several in vitro and in vivo 
preclinical studies on animal models with different neuro-
degenerative diseases, including optic nerve atrophy and 
retinopathies. This fact gave the possibility to carry out the 
translation of treatment approaches in clinical practice. 
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Since 2008, several steps have been taken, designing new 
treatment approaches, regarding the use of cell therapy in 
patients with degenerative pathologies of the optic nerve 
and retina. These are phase I or I/II clinical trials, whose 
main objective is to evaluate the safety of mesenchymal 
stem cells using different routes of administration, in which 
the main route used is intravitreal injection. However, of 
the 24 clinical trials registered on clinicaltrials.gov, there 
are only 2 completed clinical trials, 3 ongoing, 15 in pa-
tient recruitment, 3 in unknown status, and 1 clinical trial 
has been withdrawn without informing about the reasons 
for this decision. Most of the results published so far are 
reduced to 6 cases reported in various retinopathies and 
optic nerve atrophy, but the number of patients is small.

Moreover, most of these clinical trials use autologous 
cells, obtained by bone marrow aspirates, so that the 
final content to be administered is a concentrate of 
mononuclear cells, which contains a very small percentage 
of mesenchymal stem cells (0.1%) [15], only four clinical 
trials used a specific concentration of mesenchymal 
stem cells without adding another cell type. Surprisingly, 
although adipose tissue-derived MSCs are easier to obtain 
and in higher concentration [17], there are only 2 clinical 
trials using this type of cells and one of them was withdrawn 
without explanation. Regarding the use of allogeneic MSCs, 
it is limited to 2 clinical trials, using umbilical cord-derived 
MSCs, however, it is not known whether patients will receive 
immunosuppressive therapy. Regarding the cell dose used 
in different clinical trials, there is a large variation from one 
to another. There is no consensus regarding the calculation 
of cell dose for the use of these cells by intravitreal 
injection. In clinical trials using aspirated mononuclear 
cells, the doses are usually high (between 3×106 cells / 0.1 
ml and 30×106 cells/0.1 ml), while in clinical trials using a 
purified concentrate of mesenchymal stem cells the doses 
are smaller (1×106cells/0.1 ml). However, the information 
collected by clinicaltrials.gov and the international clinical 
trial registration platform does not specify the cell dose 
calculation.

Conclusions

 It is important to know the development of cell therapy 
in relation to its use in clinical practice. However, it is also 
important to recognize that there is still a long way to go to 
reach phase III-IV clinical trials. One of the factors needed 
to proceed is the establishment of unified criteria for the 
dose to be used, another important factor is the use of only 
CSM without the addition of other cells, mesenchymal 
stem cells are immunoprivileged cells. Therefore, it is 
necessary to continue preclinical and clinical studies to 
improve this new therapeutic tool.
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Born on October 29, 1942, in the village of Podoima, 
Camenca district, Academician Mihail Popovici is one of 
the Lords of science in the Republic of Moldova. Mr. Mihail 
Popovici went through an exemplary career evolution and at a 
fast pace firmly moved up the steps of the scientific-practical 
career. He graduated from the State University of Medicine and 
Pharmacy, Chisinau (faculty of general medicine) in 1965. His 
activity in the period of 1965-1977 included: doctorate, assistant 
and associated professor at the biochemistry department. 
In 1986 Mr. M. Popovici obtained the scientific degree of 
Doctor Habilitatus in Medicine, and in 1990 – scientific title of 
University Professor. 

Mr. Mihail Popovici achieved outstanding results in his 
scientific-practical career. We will not review the hundreds of 
works of the scholar Mihail Popovici which, throughout his life, 
placed him in a vanguard position in the modernization and 
reform of the medical services system. Throughout his successful 
career, he was actively participating in the reconstruction of 
both the medical society and the academic life. We will only 
remember that this important personality of our science is 
essentially related to the research in the field of cardiology. This 
was also one of the reasons why in 1977 he was entrusted with 
the founding within the State Institute of Medicine in Chisinau 
of the Research Laboratory in the Field of Cardiology, which 
through the insistence, perseverance, and tenacity characteristic 
for Mr. M. Popovici in just a few years became the clinical-
experimental Sector and firmly established itself as an important 
research subdivision.  In 1983 Mr. M. Popovici was appointed the 
director of the Scientific-Research Institute of Cardiology and in 
1987 – the director of the Institute of Research in Preventive 
and Clinical Medicine of Moldova which embraces 4 important 
Research Institutes of the country – Cardiology, Preventive 
Medicine, Pneumo-Phthisiology and Oncology.  Since 1997 he 
has continued to be the director of the Institute of Cardiology. 
This emblematic institution for both health, research and higher 
education in the Republic of Moldova, whose General Director 
until 2014 was Academician Mihail Popovici, in addition to 

saving hundreds of thousands of lives, also gave birth to many 
scholars, specialists in clinical and fundamental cardiology 
research as well as doctors of higher category. A remarkable 
group of almost 40 scientists who delivered their scientific 
degrees of PhD and Doctor Habilitate under the supervision of 
Mr. M. Popovici have honored a remarcable  scientific school 
in cardiology recognized by wide world. Nowadays, a lot of 
them activate in the prestigious cardiological centers in USA, 
Germany, Italy, Spain, Romania, etc.

The active participation of academician Popovici in the 
socio-political life of our country is also highly appreciated. 
Being a deputy in the Parliament of the Republic of Moldova 
from the twelfth legislature (1990-1994), he is a signatory of the 
Declaration of Independence of the Republic of Moldova. The 
1990s were perhaps the most difficult years in the modern his-
tory of medicine in the Republic of Moldova and as a Member 
of the Parliamentary Commission, Member of the Board of the 
Ministry of Health (1998–2004), Mr. M. Popovici is among the 
illustrious figures of shapers of the new system of medicine go-
vernance, management and operation dictated by the transition 
to the market economy.

Today academician Mihail Popovici continues to work 
assiduously, being vice-director for science of the Cardiology 
Institute, an emblematic institution in the Republic of Moldova, 
whose founder he was. The field of research that he leads 
represents, beyond the outstanding practical and research 
activities carried out, beyond the results and the recognition 
obtained over time is a catalyst of valuable ideas and continues 
to contribute to the appearance of many scientific works, which 
are published in magazines with national and international 
impact, are presented at the Congresses of the European Society 
of Cardiology, of the Romanian Society of Cardiology, and also 
of the Society of Cardiologists of the Republic of Moldova, 
whose Presidency he holds.

Through all his prodigious activity academician Popovici 
proves to us that it does not matter how many years of life you 
have accumulated, but how much life you have accumulated in 
the years you have gone through.

On your anniversary, we address you, both on behalf of 
all Institute of Cardiology collaborators, and on behalf of 
the scientific community, the Society of Cardiologists of the 
Republic of Moldova, the expression of our most sincere feelings 
and the full support of all your activities to cultivate standards 
of excellence in research and health. We wholeheartedly wish 
you health and full success in your noble mission of harnessing 
the scientific-practical potential. May you always succeed in 
combining research and innovation, so that you find and keep 
the key to a knowledge society!

Happy Birthday, our dear Academician! Happy birthday, 
fruitful, bright, and good!

Vitalie Moscalu, MD, PhD, Associate Professor
Director of the Institute of Cardiology
Chisinau, the Republic of Moldova

Mihail Popovici – 80-year anniversary
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We are honored and happy to congratulate you on the oc-
casion of a beautiful jubilee and your worthy achievements, be-
cause this year your birthday marks a real event for the Public 
Health Institution – Institute of Cardiology collaborators, who 
have known you for years.

Every time we pay tribute or appreciate a personality, we 
mention what he has achieved or experienced, but often the 
words are not enough to frame the multiple qualities, virtues 
that were bestowed upon Mr. Oleg Calenici, who is in his activ-
ity a skilled doctor, peerless clinician and prodigious scientist 
having national and international outstanding performance.

Thus, speaking about Doctor Oleg Calenici represents a 
challenge, but also a possible risk. The challenge means to ex-
plore all the aspects through which we can pencil his personal-
ity, and the risk threatens the one who would not succeed in 
catching all the essential aspects of a person passionately dedi-
cated to saving lives. As it is difficult to encompass all his merits, 
we have selected only a few significant benchmarks, which de-
fine his great activity.

The stages of professional training that you have gone 
through are remarkable, from honors student, as a graduate of  
the faculty of general medicine of the State Institute of Medicine 
in Chisinau (1985), followed by secondary clinical studies (1985-
1987) and postgraduate studies (1988-1991) cardiology specialty 
(at the Academy of Medical Sciences of the USSR, Moscow). The 
titanic effort resulted in writing the thesis of a doctor in medical 
sciences, then you had the ambition to take the post-doctorate in 
2000, became a doctor habilitate in medicine.

Even so, the career is in a continuous ascent that extends 
on distinct levels, but which are interrelated and support each 
other. Thus, at the same time with your work as a doctor and 
manager of the Institute of Cardiology, you also carried out a 
prodigious research activity, starting from scientific researcher 
(1991-1992) to senior scientific researcher (1992-2000) and 
coordinator (2000-2010) in the scientific laboratory of Cardio-
myopathies and Myocarditis of the Institute of Cardiology. We 

Oleg Calenici – 60-year anniversary

are proud to say that you have continued research in the field 
of science within the Institute of Cardiology, and several of its 
indispensable branches which have been founded through your 
concept idea. It refers to the creation of the Invasive Cardiology 
Service of the Institute of Cardiology (2000-2010).

You are a true professional, a perfectionist, who had and 
always has the will and perseverance to go beyond one’s limit, 
to be the first to apply the newest conquests of science in the 
medical system. The results of the conducted scientific studies 
were reflected in more than 300 scientific publications, one of 
which, “Ischemic Cardiopathy in Figures and Tables”, was se-
lected for preservation in the United States Library of Congress. 
Under your supervision, 2 theses were also defended by doctors 
of medicine.

As a manager, exercising the position of deputy director of 
the Institute of Cardiology during the work itinerary 1997-2010, 
you were a competent manager, with a perfect spirit of a leader, 
with an outstanding professional and human demeanor, always 
willing to look for new ways to approach the complex problems 
defined by cardiovascular diseases. Being constantly concerned 
with ensuring a high level of cardiologic support, maintaining 
the necessary conditions for the care of the sick, you managed to 
obtain high performance indicators in the activity of the institu-
tion you had managed.

The managerial and scientific activity was combined with a 
rich and responsible medical practice. You are a doctor for whom 
saving human lives was and is above everything else. Your intel-
ligence, tact and sensitivity warmed the hearts of many suffering 
patients, but also inspired many spirits of students and doctors 
who see in you a perfect example and a human image to follow.

Although your soul remained firmly with patients and stu-
dents from the Republic of Moldova, in 2010 you went abroad 
with your family to continue your professional activity at the 
same levels of competence and responsibility. So, in a short 
time, your professional and human value was also recognized 
in France, where you work until now as a clinical cardiologist 
at the Center Hospitalier Intercommunal Caux Vallée de Seine, 
Lillebonne, France.

You have reached one of the most important heights of life 
and you have every reason to consider yourself realized, that is 
why we wish you to be glad and delighted with new achieve-
ments, to be healthy and enjoy the respect and affection from 
people.

On behalf of the collaborators, on the occasion of your ju-
bilee, Mr. Oleg Calenici, we wish you health, wealth, joys, work 
power, perseverance, achievements, continued and increased 
national and international recognition.

Best regards, 

Alexandru Caraus, MD, PhD, Professor
Head of the Arterial Hypertension Clinic 
Medical Director of the Institute of Cardiology
Chisinau, the Republic of Moldova

ANNIVERSARIES
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