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VII National Conference with International Participation 
“Morphological Days”, Sofia, 8-10 of June, 2018
Nina Atanassova*

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
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* Corresponding author e-mail: ninaatanassova@yahoo.com

The traditional 7th National Conference with International Participation “Morphologi-
cal Days” was held on 8th – 10th of June, 2018 in Sofia. The organizer of this event was 
the Institute of Experimental Morphology, Pathology and Anthropology with Museum 
at the Bulgarian Academy of Sciences and the venue of the Conference was the Na-
tional Anthropological Museum of the Institute.

The opening of the conference started by welcome addresses from Professor Svet-
lozara Petkova - Director of the Institute and Professor Nina Atanassova - President of 
the Organizing Committee. They were followed by official ceremony of giving awards 
to Professor Vasil Vasilev on his 90th anniversary and Professor Christo Chouchkov on 
his 80 anniversary for their great recognition for development of morphological sci-
ence, education in anatomy and Bulgarian Anatomical Society.

The main topics of the conference included all the fields of anatomy, histology, 
cytology, embryology, pathology and anthropology. The conference was attended by 
more than 120 participants from Germany, Netherlands, Belarus, Georgia, Serbia, 
Mace donia, Egypt and Bulgaria. In national aspect, the meeting integrated scientists 
from biomedical institutes of the Bulgarian Academy of Sciences, Sofia University “St 
Kliment Ohridski”, Plovdiv University “Paisii Hilendarski”, all Medical Universities 
– in Sofia, Plovdiv, Varna, Pleven, Trakia University in Stara Zagora, University of For-
estry – Faculty of Veterinary Medicine, as well as clinical specialists from University 
Hospitals. 

The conference was organized in ten scientific sessions with 94 presentations. Ple-
nary lectures were given by Professor Katja Teerds from Wageningen University in 
Netherlands, Professor Michail Davidoff from University of Hamburg, Germany and 
Acad. Vladimir Ovtscharoff, President of the Bulgarian Anatomical Society. 
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The conference was funded by the project “Creation and development of young 
high-qualified scientists and lecturers for innovative interdisciplinary research of great 
importance for biomedicine”, Grant No BG05M20P001-2.009-0019-C01/02.06.2017, 
financed by the Operational Programme “Science and Education for Smart Growth” 
2014-2020, co-financed by the European Union via the European Structural and Inves-
tigation Funds. The conference was included in the action plan of the project and all 
the presentations were attended by the project target group of PhD students, PostDocs, 
young researchers and lecturers. 

The venue of the conference – The National Anthropological Museum provided 
nice atmosphere around the museum expositions and anthropological reconstructions of 
the head of great Bulgarians as King Kaloyan, King Samuil, Thracian Princess, Georgi 
Rakovski, Luben Karavelov, Zahari Stoyanov, Bacho Kiro and all the participants en-
joyed the meeting.
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Immunohistochemical Expression of KISS-1 Protein 
and KISS-1R in Breast Cancer 
Desislava Ankova*, Despina Pupaki, Pavel Rashev

Institute of Biology and Immunology of Reproduction „Acad. Kiril Bratanov“,
Bulgarian Academy of Sciences, Sofia, Bulgaria 

*Corresponding author e-mail: dessislava_ankova@abv.bg

Numerous studies have shown that the kiss-1 gene countervails the metastatic aptitude of several cancer 
cell lines and solid-tumor neoplasms. However, there still remains ambiguity regarding its role in breast 
cancer and literature has arisen asserting that Kiss-1 protein may be linked to an aggressive phenotype 
and malignant progression. We investigated the localization of KISS-1 and its receptor KISS-1R in breast 
cancer tissue compared to non-cancerous mammary tissue. Immunohistochemical localization was inves-
tigated using rabbit polyclonal antibodies against KISS-1 and KISS-1R. A total of 30 tumor formations 
and 20 samples from non-tumorous mammary tissue were examined. Our study showed that KISS-1 and 
KISS-1R proteins were significantly higher in breast cancer compared to normal tissue. These results 
further support the role of the KISS-1/ KISS-1R system in breast cancer biology and might be useful in 
developing effective therapeutic strategies aimed at modulating the KISS-1/KISS-1R pathway.

Key words: KISS-1, KISS-1R, breast cancer

Introduction

Breast cancer is a progressive and potentially fatal disease that affects women of all ages. It 
is the most common type of cancer and the leading cause of cancer-related deaths in women 
in most developed countries [14]. Its high mortality rate is in fact not due to the primary 
breast tumor burden but rather its metastatic deposits. The metastatic spread of cancer cells 
is a complex and sequential process that requires detachment from the primary site, survival 
in the circulation, attachment to and invasion of distant tissues [7]. Tumor cell invasion and 
metastasis involves genetic and epigenetic modifications of numerous molecular mediators, 
leading to alterations in various signaling pathways. Numerous studies have shown that 
the KISS-1 gene countervails the metastatic aptitude of several cancer cell lines and solid-
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tumor neoplasias. However, there still remains ambiguity regarding its role in breast cancer 
and literature has arisen asserting that KISS-1 expression may be linked to an aggressive 
phenotype and malignant progression. 

The kiss-1 gene encodes a group of biologically active peptides collectively known 
as kisspeptins (KPs) which play a major regulatory role in puberty onset and reproductive 
function [1, 3, 8, 28]. Kisspeptins are the endogenous ligands for the G protein-coupled receptor 
KISS-1R [12]. Activation of this pathway results in stimulation of the phosphatidylinositol-
3-kinase/Akt and mitogen activated protein kinase (MAPK) pathways [19]. 

In non-malignant tissues, KISS-1 expression has been shown to be particularly 
abundant in the placenta [22], contributing to trophoblast invasion during pregnancy 
[2, 10, 13, 26], followed by a widespread expression in several central nervous system 
regions and moderate-to-weak expression in the testis, pancreas, liver, intestine, kidney, 
lungs and prostate [16, 22, 25]. This tissue distribution pattern is compatible with 
mRNA localization of GPR54, which is highly expressed in the placenta and central 
nervous system, and less prominent in intestine, kidney, lungs, and prostate [16, 22, 
25]. KISS-1 and KISS-1R expression has been investigated in a variety of cancers 
including gestational trophoblastic disease [5], melanoma [16, 31], breast cancer [30, 
17], hepatocellular carcinoma [11], pancreatic cancer [23], gastric carcinoma [6], 
esophageal carcinoma [12], papillary thyroid cancer [27], bladder cancer [29], ovarian 
cancer [15, 9], prostate cancer [32] and pheochromocytoma [24]. The KISS-1/GPR54 
system has also been implicated in the pathophysiology of endometriosis [18]. In most 
malignancies, the kiss-1 gene seems to act as an anti-metastatic agent and loss of KISS-1 
expression is associated with tumor progression and advanced disease. In breast cancer, 
however, the role of kisspeptin remains elusive due to limited and conflicting data, and 
it is possible that increased KISS-1 expression correlates with disease progression and 
poor patient prognosis in this particular type of cancer.

The present study aimed at determining KISS-1 and KISS-1R protein expression 
in breast cancer tissues compared to non-malignant mammary tissues.

Materials and Methods 

Тhirty samples of invasive ductal carcinoma (18 cases of moderately differentiated 
ductal carcinoma and 12 cases of low-differentiated ductal carcinoma) and 20 samples 
from non-tumorous mammary tissue, were included in the study.

Immunohistochemical (IHC) method. Tissue samples were fixed in 10% buf-
fered formalin, dehydrated and embedded in paraffin. Paraffin sections, 5 μm thick, 
were stained with haematoxylin and eosin for histopathological evaluation. Antigen 
retrieval was performed in Citrate Buffer, pH 6.0 (ScyTek Laboratories Inc., USA) at 
95°C for 20 min. Endogenous peroxidase activity was blocked with 3% H2O2 for 10 min 
at room temperature. Subsequently, the sections were washed in TTBS (tris-buffered 
saline + 0,05% Tween 20) and incubated with primary antibodies against KISS-1 (1:150, 
rabbit polyclonal, Elabscience Biotechnology Inc., USA) and KISS-1R (1:150, rabbit 
polyclonal, Elabscience Biotechnology Inc., USA). Biotin-Streptavidin HRP detection 
system (ScyTek Laboratories Inc., USA) with DAB as chromogen was used.

Results
The intensity of the reaction was significantly higher in tumours compared to normal 
tissue. KISS-1 and KISS-1R showed stronger staining in the cytoplasm of tumour cells 
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with additional membrane reaction for KISS-1R. In low-differentiated invasive ductal 
carcinomas the reaction was stronger compared to that in moderately differentiated 
ductal carcinomas (Fig. 1). 

Fig. 1. Immunohistochemical expression of KISS-1 (a, c, e) and KISS-1R (b, d, f) in normal breast epi-
thelium (a, b), invasive moderately differentiated ductal carcinoma (c, d) and invasive low-differentiated 
ductal carcinoma (e, f). Weak cytoplasmic and more intensive apical reaction for both KISS-1 and KISS-
1R in normal breast epithelium was observed (arrows). Stronger staining of the cytoplasm of tumor cells 
in invasive moderately differentiated ductal carcinomas and low-differentiated ductal carcinoma (asterisk).
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Discussion

The class of proteins known as metastasis suppressors can prevent metastasis without 
affecting the growth of primary tumour and has recently attracted much attention as 
it may provide useful mechanistic insight for the development of targeted-therapeutic 
strategies including drug induced restoration of metastasis suppressor genes and emerged 
pathways. The kiss-1 gene was initially identified as a candidate metastasis suppressor 
in 1996, when it was found that its expression was differentially up-regulated in C8161 
melanoma cells that were rendered non-metastatic by microcell-mediated transfer of 
an intact copy of the human chromosome. However, even though the kiss-1 gene has 
been identified as a strong suppressor of metastasis in a variety of cancers, limited 
and conflicting data have been subjected to the intertwined relationship between KISS-
1 system and breast cancer, and its biological role in that particular cancer remains 
to be elucidated [11, 21, 20]. Reports on the expression of KISS-1 and KISS-1R in 
different types of tumours are quite controversial. In some studies, KISS-1 expression 
has been shown to decrease in high-grade tumours, which is associated with increased 
metastatic potential and unfavourable prognosis. Such relation has been found in gastric 
adenocarcinoma [11], oesophageal carcinoma [33], ovarian carcinoma [9], etc. Studies 
on breast cancer, however, have demonstrated the opposite phenomenon. Higher-
grade tumours show increased expression of KISS-1 and KISS-1R, which correlates 
with increased metastatic potential and poor prognosis [35]. Our results show that 
the expression of KISS-1 and KISS-1R is higher in cancer tissue compared to non-
malignant breast tissue. The expression of KISS-1 was also significantly and positively 
related to the expression of KISS-1R. Our findings are consistent with previous studies 
conducted by Martin et al. [21] and Marot et al. [20], that have also demonstrated 
higher expression of KISS-1 is breast cancer compared to normal breast parenchyma. 
It has been previously shown that ERα plays a key role in controlling KISS-1/KISS-1R 
signalling. Under physiological conditions, in the presence of ERα, the activation of 
KISS-1R is associated with growth and remodelling of the gland. Loss of ERα in breast 
cancer, however, results in increased transcription of KISS-1 and/or KISS-1R. Increased 
transcription in these cases is not associated with the physiological role of KISS-1 as 
a metastatic suppressor, but rather, it stimulates invasiveness by EGFR transactivation 
by KISS-1R. This ligand-independent activation of EGFR further stimulates cellular 
invasiveness in breast cancer. Furthermore, the transactivation of EGFR by KISS-1R 
is necessary for the secretion and activation of MMP-9 [35], and the effects of active 
MMP-9 are associated with stimulation of tumour cell invasion and angiogenesis [34]. 
Increased KISS-1R signalling in breast cancer has also been associated with induction 
of EMT, which enables them to assume a mesenchymal phenotype, which includes 
enhanced migratory capacity, invasiveness, elevated resistance to apoptosis, and greatly 
increased production of ECM components [4].

Conclusions

In conclusion, present study demonstrated that protein expression of both KISS-1 and 
KISS-1R was significantly higher in invasive breast cancer compared to normal breast 
tissue. The lower tumor differentiation was, the higher KISS-1 and KISS-1R expression 
was observed. These results further support the role of the KISS-1/KISS-1R system in 
breast cancer biology and might be useful in developing effective therapeutic strategies 
aimed at modulating the KISS-1/KISS-1R pathway.
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The aim of our study was to summarize the role of various cancer cell cultures (human, rat, chicken; 
esta blished from different types of cancer; monolayer cell cultures and 3D cancer cell colonies; primary 
cell cultures and permanent cell lines, tumor and non-tumor cells) used in our investigations for the eval-
uation of cytotoxic / antitumor activity of compounds (a total of 24 compounds) with different chemi-
cal structures and chemical / physicochemical characteristics – ammonium vanadate (NH4VO3) and as 
well as ionophore antibiotics (monensin), non-steroidal anti-inflammatory drugs (NSAIDs, meloxicam), 
cholic acids (ursodeoxycholic acid, UDCA), Mannich bases (BAMP = N,N’-bis(4-antipyrylmethyl)-
piperazine; TAMEN = N,N’-tetra-(antipyryl-1-methyl)-1,2-diaminoethane) and their metal complexes. 
The advantages and disadvantages of cell cultures used as model systems in the experiments as well as 
strategies to meet the challenges of such in vitro models are presented.

Key words: cell cultures, model systems, cancer, cytotoxicity, experimental oncopharmacology

Introduction

Cell cultures have successfully served as experimental models for investigations in the fields 
of experimental oncology and oncopharmacology for many years and have contributed to 
our understanding of tumor biology and mechanisms of cancerogenesis as well as to the 
introduction of diagnostic, prophylactic and treatment strategies in clinical practice [6, 
11, 13]. There are different types of cell cultures, including primary cell cultures (PCC) and 
permanent cell lines (PCL); tumor and non-tumor cell cultures; suspension, monolayer (2D) 
and 3D cell cultures; cell cultures established from different organisms and from different 
histological types of tumors, etc. Each cell culture has its unique biological properties. 
Knowing the advantages and disadvantages of individual cell lines will facilitate the choice 
of the most appropriate model systems for certain scientific purposes and will help us to 
improve their predictive capacity for cancer drug development / discovery. The aim of the 
present study was to summarize the potential role of various cell cultures used by our group 
for the evaluation of cytotoxic / antitumor activity of compounds with different chemical 
structures and chemical / physico-chemical characteristics.

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 25 (3-4)
Sofia • 2018
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Materials and Methods

The cytotoxic activity of 24 compounds was evaluated using a wide range of cancer 
cell lines: i) chicken - LSCC-SF-Mc29 (hepatoma), ii) rat - LSR-SF-SR (sarcoma) and 
iii) human – A549 (non-small cell lung cancer), MCF-7 (luminal A type breast cancer), 
SK-BR-2 (Her-2 positive breast cancer), Caco-2 (colorectal cancer), HeLa (carcinoma 
of the uterine cervix); HepG2 (liver cancer), 8MGBA (glioblastoma multiforme), A431 
(squamous cell carcinoma) and its multidrug resistant clones A431-MDR1, A431-
MRP1 and A431-ABCG2. Non-tumor human (embryonal Lep-3 and MRC-5) as well 
as bovine (MDBK - Madin Darby bovine kidney cells) cell lines were also included in 
the experiments. The compounds tested for cytotoxic activity as well as cell cultures 
used as model systems are presented in Table 1.

The cells were grown as monolayer (2D) cultures in Dulbecco’s modified Eagle’s 
medium (D-MEM) supplemented with 5-10% fetal bovine serum and antibiotics 
(100 U/ml penicillin and 100 µg/ml streptomycin) or as 3D cancer cell colonies in a 
mixture of 2X DMEM medium and 0.9% agar (1 : 1, vol. : vol.). The investigations 
were performed by short-term (24-72h) experiments with monolayer cell cultures and 
methods with different molecular targets and mechanisms of action (MTT test, neutral 
red uptake assay, crystal violet staining, trypan blue dye exclusion technique, double 
staining with acridine orange and propidium iodide) and long-term experiments (14-30 
days) with 3D colony-forming method as it was earlier described [1, 4]. 

Results and Discussion

The cytotoxic activity of 24 compounds with different chemical structures and chemical 
/ physicochemical properties was evaluated in our investigations using a wide range of 
cancer permanent cell lines (Table 1): human, rat, chicken; cultures established from 
different types of cancer; grown as 2D- or 3D- cell cultures; sensitive and multidrug 
resistant cancer cells. The examined compounds were found to reduce to varying degrees 
the viability and proliferation of the treated cells, each cell culture expressed different 
rate of sensitivity to the cytotoxic effect of each individual compound. Examples of 
hierarchical orders based on the chemosensitivity of the model cell lines are presented 
in Table 2. The results / experience obtained by us can be summarized as follows:

i) Chicken hepatoma and rat sarcoma cells 
LSCC-SF-Mc29 chicken hepatoma and LSR-SF-SR rat sarcoma cells were found 

to be highly sensitive to the cytotoxic activity of the compounds examined. Both cell 
lines (LSCC-SF-Mc29 and LSR-SF-SR) are valuable model systems for the search 
of new anticancer agents  because of at least five reasons: i) they are easily grown 
as 2D cell cultures and 3D cancer cell colonies; ii) implanted subcutaneously in 
immunocompetent chickens or rats, respectively, the cells induce tumor development 
and are useful for in vivo investigations in the fields of experimental oncopharmacology 
and tumor immunology; iii) these cells contain / express v-myc (LSCC-SF-Mc29) or 
v-src (LSR-SF-SR) oncogene. The cellular analogues of these genes are known to be 
involved (when their expression and/or activity is / are not properly regulated) in the 
pathogenesis of a wide range of cancers in humans and animals. Myc and Src genes and 
their products are attractive targets for the development of innovative new anticancer 
strategies [7, 12]; iv) the high sensitivity of chicken hepatoma and rat sarcoma cells 
makes them suitable models for primary screening for new anticancer agents; v) while 
a large number of mammalian (for example human, mouse) cell lines are known, the 
amount of the available avian permanent cell lines is quite limited. The relatively low 



13

Table 1. Compounds tested and cell cultures used as model systems for the evaluation of their cytotoxic 
activity

Compound(s) Number of the 
compounds 

tested
Cell cultures used as experimental models

1.
Meloxicam (Mel) and its 
Zn(II), Cu(II), Co(II) and Ni(II) 
complexes

5 LSCC-SF-Mc29; LSR-SF-SR, HeLa,
8MGBA

2.
Monensin and its Mg(II), Ca(II), 
Mn(II), Co(II), Ni(II) and Zn(II) 
complexes

7

LSCC-SF-Mc29; LSR-SF-SR, MCF-7, 
HeLa, A549, HepG2, 8MGBA, A431 and 
its multidrug resistant clones A431-MDR1, 
A431-MRP1 and A431-ABCG2, Lep-3

3.
Ursodeoxycholic acid (UDCA) 
and its Zn(II), Cu(II) and Ni(II) 
complexes

4 LSCC-SF-Mc29; LSR-SF-SR, MCF-7,
HeLa, A549, HepG2, Lep-3

4.
Complexes of Ni(II) with 
Mannich type ligands BAMP or 
TAMEN

6 LSCC-SF-Mc29; LSR-SF-SR, MCF-7,
SK-BR-3, Caco-2, HepG2, 8MGBA

5. Mixed ligand Cu(II) complex
Cu2BAMPdipyCl4

1 LSCC-SF-Mc29; LSR-SF-SR, A431, 
A431-MDR, A431-MRP, A431-ABCG2

6. Ammonium vanadate (NH4VO3) 1 LSCC-SF-Mc29; LSR-SF-SR, MCF-7,
HeLa, HepG2, Lep-3, MRC-5, MDBK

Total 24 compounds 13 cell cultures – 10 tumor and 3 non-tumor

BAMP = N,N’-bis(4-antipyrylmethyl)-piperazine; TAMEN = N,N’-tetra-(antipyryl-1-methyl)-1,2-
diaminoethane;  dipy = 2,2 bipyridyl

amount of commercially available monoclonal antibodies against avian and rat antigens 
limits to some extent the possible applications of these cell lines in laboratory practice. 

ii) Human cervical carcinoma cells 
HeLa was the first human cell line established in culture [5]. HeLa cells are well 

studied and used for many decades all over the world as a model system to carry out a 
wide range of investigations [13]. It is worth to be mentioned here that two Nobel prizes 
for physiology or medicine have been awarded for discoveries achieved by the “help” of 
HeLa cells: the link between human papilloma virus (HPV) and cervical cancer (2008, 
Harald zur Hausen) and the role of telomeres and the enzyme telomerase in preventing 
the ends of chromosomes from degradation (2009, Elizabeth Blackburn, Carol Greider, 
and Jack Szostak). HeLa cells are particularly suitable in the search for new diagnostic, 
prognostic and therapeutical approaches for human cervical cancer. The results obtained 
by us reveal that these cells exhibit moderate sensitivity to the cytotoxic effect of the 
compounds investigated as compared to the other human cancer cells and are more 
resistant than rat sarcoma and especially chicken hepatoma cells (Table 2). The HeLa 
cells contain human papilloma virus type 18 (HPV – 18) [3, 10]. It will be interesting 
to evaluate comparatively the influence of one and the same agent on the viability and 
proliferation of human cervical carcinoma cells containing different high-risk oncogenic 
(e.g. HPV-16, HPV-18) and low-risk oncogenic (e.g. HPV-6, HPV-11) types HPV. 

iii) Human breast cancer cell lines
MCF-7 and SK-BR-3 cell lines were established from different subtypes of human 

breast cancer: luminal type A (MCF-7) and HER-2 positive (SK-BR-3) breast cancer. 
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The experimental data obtained showed that SK-BR-3 cells were less sensitive to 
the cytotoxic activity of Ni(II) complexes with BAMP (Ni2(BAMP)(CH3COO)4 and 
Ni2(BAMP)(Cl)4) as compared to MCF-7 cells (Table 2). In addition, MDA-MB-231 
(triple negative breast cancer, TNBC) cell line was more resistant to the cytotoxic 
activity of Zn(II)/Au(I) and Zn(II)/Ag(I) complexes with Schiff bases (Salen, Salampy 
and Saldmen) than MCF-7 cells [14]. The observed difference in sensitivity of these 
cells can be explained at least partially by tumor heterogeneity phenomenon [2] that 
makes each tumor / tumor cell line a unique biological system. At the same time, luminal 
A type breast cancer has a more favorable prognosis as compared to Her-2 positive and 
triple negative breast cancer. Investigations performed with cell lines established from 
different breast cancer cell types will allow better understanding of breast cancer biology 
and behavior and will facilitate the identification of new treatment strategies, especially 
for TNBC for which currently there is no targeted / specific treatment available. 

iv) Multidrug resistant cancer cells
The cell line A431 (human squamous cell carcinoma) and its clones expressing 

mdr1 (A431-MDR1), mrp1 (A431-MRP1) or abcg2 (A431-ABCG2) gene were also 
included in our studies. It was found that mixed ligand complex Cu2BAMPdipyCl4 as well 
as monensin and its metal complexes decrease significantly viability and proliferation 
of both – sensitive parental A431 cell line and resistant cell clones. Drug resistant 
cancer cell lines can be established by genetic manipulation; continuous culturing in 
the presence of gradually increasing  concentrations of particular anticancer agent(s) 
(starting by non-toxic concentration); cultivating the primary cell culture derived from 
tumor tissue in medium containing high concentration of antitumor agent/s. The last 

Table. 2. Hierarchic orders of cell lines according to their sensitivity  to the cytotoxic effect  of 
compounds examined

Compound Method Treatment 
period, h Hierarchic order

Ni2B(CH3COO)4 MTT 72 MCF-7 (57.2)* > HepG2 (81.8) > 8MGBA (100.8) > 
Caco2 )172.3) >  SKBR-3 (2016.1)

Ni2BCl4 MTT 72 MCF-7 (94) > HepG2 (149.5) > 8MGBA (221.6) > Caco-2 
(238.8) > SKBR-3 (268.3)

Cu-Mel MTT 72 LSCC-SF-Mc29 (32) > LSR-SF-SR (53) > 8MGBA (304) 
> HeLa (306)

Co-Mel MTT 72 LSCC-SF-Mc29 (42) > LSR-SF-SR (45) > 8MGBA (313) 
> HeLa (429)

Zn-UDCA MTT 72 LSCC-SF-Mc29 (68) > LSR-SF-SR (102) > HepG2 (143) 
> HeLa (149) > A549 (161) > Lep3 (>200)

Cu-UDCA MTT 72
LSR-SF-SR (<50) > LSCC-SF-Mc29 (37) > HepG2 (159) 
> A549 (169) > 8MGBA (>200) = HeLa (>200) = Lep3 
(>200)

NH4VO3

MTT 72 LSR-SF-SR (1.0) > MRC-5 (1.0) > LSCC-SF-Mc29 (1.5) 
> HepG2 (2.1) > HeLa (7.0)  > MCF-7 (7.7) > Lep3 (8.0)

NR 72 LSCC-SF-Mc29 (1.4) > LSR-SF-SR (2.0) > HepG2 (3.8) 
> HeLa (4.4) > MRC-5 (7.8) > MCF-7 (8.4)

* – Cytotoxic concentration 50 (CC50, µM) that reduce the percent of viable cells by 50% as compared 
to the non-treated control; All hierarchic orders  start  with  the  most  sensitive cell line (with the lowest  
CC50 value of the compound); MTT – thiazolyl blue tetrazolium bromide test; NR – neutral red uptake 
cytotoxicity assay; B = BAMP = N,N’-bis(4-antipyrylmethyl)-piperazine.
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two technical approaches represent the well known situations in clinical practice where 
oncology patients can develop drug resistance during the prolonged course of cancer 
treatment (acquired drug resistance) or demonstrated drug resistance from the very 
beginning of chemotherapy (pre-existing, intrinsic drug resistance) [9]. Drug resistance 
is among the main obstacles preventing successful managing of cancer diseases. (Multi)
drug resistant cancer cell lines are absolutely necessary for better understanding of this 
phenomenon as well as for the discovery of  sensitizing agents and effective treatment 
strategies.     

v) 2D- and 3D- cell cultures
Monolayer (2D) cell cultures were used in our investigations to evaluate the “quick” 

cytotoxic effect of the compounds tested (in short-term experiments lasting usually 24-
72h) by MTT, NR, CV, TB and AO/PI assays. In order to examine the ‘duration” of 
the cytotoxic effect we carried out CFM based on the natural ability of cancer cells for 
anchorage-independent 3D growth in semi-solid medium. These long-term experiments 
last 2-4 weeks and provide more adequate information about cytotoxic activity of the 
compounds tested. Conventional monolayer cell cultures are easier to maintain, suitable 
for routine culturing, well studied and allow application of wide range cytotoxicity 
assays. 3D-cell cultures are more “realistic” model systems and represent better tumor 
/ tumor cell biology and behavior. 

vi) Primary cultures 
Permanent cell lines were proved to be suitable tools for the needs of biomedicine 

and biotechnology. They have many advantages as model systems in experimental 
oncopharmacology such as adaptation for propagation in laboratory conditions, 
accessibility and availability, their biological features are well characterized, etc. On the 
other hand, a large number of in vitro passages of PCL can result in significant genetic and 
epigenetic changes that do not exist in the tissue of origin. Even one and the same PCL 
cultured in different laboratories / conditions may show some different characteristics. 
That is why primary cell cultures are more “close” to the initial tissue. PCC can be useful 
in the search for new anticancer agents and for the needs of personalized medicine. 
From practical point of view the establishment of PCC meets some challenges such 
as the presence of unwanted stromal fibroblasts, possible microbial contamination (for 
example in the case of gastric or colorectal cancer), short life, etc.     

vii) Non-tumor cell cultures
Non-tumor permanent cell lines were included for comparative purposes in our 

investigations. The results obtained reveal that these non-tumor cells are usually also 
highly sensitive to the cytotoxic activity of the compounds examined. This is not 
surprising because the non-tumor PCL are usually established from embryonal tissues 
– it is well known that tumor and embryonal cells share some common characteristics 
including high proliferative activity, expression of some antigens. In addition, 
embryonal cells are highly sensitive to the influence of the chemical agents in their 
microenvironment whereas cancer cells have been selected during tumor progression 
to become more and more aggressive and well adapted [2]. In our opinion, PCC 
obtained from transplantable tumors in laboratory animals and healthy cells from the 
same tumor-bearing animals (lymphocytes, macrophages, bone marrow cells, etc) are 
suitable model systems in the field of experimental oncology representing the situation 
of patients under cancer chemotherapy. Special attention deserve bone marrow, liver, 
kidney and heart cells (tissues that are frequently attacked during cancer chemotherapy), 
but the establishment of such PCC is challenging and can be with low success. 
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Conclusion

Cell cultures are suitable model systems in the search for new agents with promising 
antitumor properties and identification of their molecular target(s) and mechanism(s) of 
action. Each cell line has its own individual features and advantages providing specific 
benefits for the implementation of various biomedical studies. The improvement of 
cell culture systems (especially 3D cell cultures, co-cultures) will increase significantly 
their predictive value and facilitate the translation of “in vitro” experimental data into 
results of importance to clinical practice.   
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The study presents experimental design (direct and indirect experiments, assays, cell cultures) used by 
our group for the initial cytocompatibility assessment of new materials for bone implants. Some advan-
tages and drawbacks of cell cultures (primary cultures and permanent cell lines; non-tumor and tumor 
cells) applied as model systems in the investigations are also discussed.   
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Introduction

The global incidence of bone diseases and conditions is rising steadily and is 
expected to double by 2020. The most affected are people over the age of 50 with 
reduced physical activity and obesity. The treatment of bone and joint degenerative 
and inflammatory processes, fractures, spinal pain, osteoporosis, scoliosis and other 
musculoskeletal problems requires the use of permanent, temporary or biodegradable 
materials/devices [4]. Suitable model systems and experimental strategies are needed 
for biocompatibility assessment of new materials for bone implants and estimation of 
their osteoinductive and osteoconductive properties [2, 9].

The aim of this study was to present the advantages and challenges of experimental 
strategies used by our group for cytocompatibility assessment of new materials for bone 
implants. 
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Materials and Methods

The cytocompatibility of 25 materials for bone implants from three different groups 
was investigated in our study: i) di- and tricalcium phosphate fine powders; ii) com-
posite materials (Zn(13)-b-Ca3(PO)4 and hydrogels prepared from gelatin, xanthan 
gum and carrageenan; iii) cements. The cell cultures used as model systems are 
presented in Table 1. 

Table 1. Cell cultures used as model systems in our investigations

Origin Type (PCL / PCC; T /NT) Established from (Name)
Rat PCC, NT Bone morrow

Mouse
PCC, NT Bone marrow
PCC, NT Bone explants
PCL, NT Embryonal fibroblasts (BALB/c 3T3)

Bovine PCL, NT Kidney (MDBK)

Human

PCL, NT LEP-3, MRC-5 – embryonic fibroblasts
PCL, T Osteosarcoma (Saos-2) 
PCL, T Carcinoma of the uterine cervix (HeLa)
PCL, T Breast cancer (MCF-7)

PCL = permanent cell line; PCC = primary cell culture; T = tumor; NT = non-tumor

Primary cell cultures (PCC) were established as described earlier [5, 6]. Permanent cell 
lines (PCL) were obtained from the Cell Culture Collection of the Institute of Experimental 
Morphology, Pathology and Anthropology with Museum – Bulgarian Academy of 
Sciences. The cells were grown in Dulbecco‘s modified Eagle‘s medium (D-MEM) 
medium supplemented with 5-10% fetal bovine serum (FBS), 100 U/mL penicillin and 
100 μg/mL streptomycin and kept in a humidified incubator (Thermo Scientific, HEPA 
Class 100) at 37oC under 5% CO2 in air. For routine passages the monolayer cell cultures 
were detached using a mixture of 0.05% trypsin and 0.02 % EDTA. 

The effect of the compounds on cell viability and proliferation was studied in direct 
(the cells were seeded on the material) and indirect (the cells were grown in culture 
medium in which the material was pre-incubated) experiments using one or more of the 
following cytotoxicity assays - thiazolyl blue tetrazolium bromide (MTT) test, neutral red 
uptake assay, crystal violet staining (CVS), trypan blue dye exclusion technique (TBT). 
Double staining with acridine orange & propidium iodide (AO/PI) and/or hematoxylin & 
eosin (HE), single cell gel electrophoresis (Comet assay), light/fluorescent microscopy 
and scanned electron microscopy (SEM) were also performed [5, 6, 7]. 

Results and Discussion

The investigations were performed by:
Indirect experiments (IDE) – the “material extracts” were prepared by incubating the 

materials in culture medium (D-MEM) for various periods of time (for example 1h, 4h, 8h, 
24h, 3 days, 6 days, 10 days). The parent “extracts” (100%) were then diluted in D-MEM to 
obtain a series of dilutions with concentrations of 75%, 50%, 25%, 10% and 1% which were 
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used further for cell viability/proliferation tests. IDE can be carried out by a wide range of 
cytotoxicity assay, cytological, (immuno) cytochemical and other methods. 

Direct experiments (DE) – the cells were cultivated directly on the material’s 
surface. DE provide valuable information about the interactions between the material 
and the cells, including the ability of the material to allow and support cell viability, 
adhesion, proliferation and differentiation. However, the application of some cyto to-
xicity assays in this approach may require additional modification depending on the 
physicochemical properties of the material examined. 

Various cell cultures were used as model systems for cytocompatibility assessment 
of the materials. Our decision to include bone marrow cells (BMCs) in the experiments 
was not occasional because of at least three reasons: 1) the possible contact of BMCs 
with the material in the body; ii) BMCs are characterized by low or absent expression of 
P-glycoprotein which makes them extremely sensitive to the toxic effects of xenobiotics; 
iii) BMCs are mixture of various stem / progenitor cells including mesenchymal stem 
cells (MSCs) that are suitable for application in bone tissue engineering [1, 3, 13]. 

Primary cultures from bone explants of laboratory animals are attractive model 
systems because represent at least partially the regenerative process of damaged bone 
in laboratory conditions. 

MCF-7 and HeLa cells were used in our investigations because they are established 
from two of the most common cancers in women – breast cancer and carcinoma of the 
uterine cervix. Both cancers are known to induce bone metastasis that may cause major 
morbidity including fractures [8, 11]. In addition, endocrine treatment of hormone-dependent 
breast cancer increases the risk for osteoporosis and fractures [10]. That is why data on the 
potential effect of bone substitutes on the proliferation of cancer cells are needed. 

Some advantages and drawbacks of cell cultures used as model systems in our 
experiments are presented in Table 2. 

One of the most important questions is what kind of cell cultures to be used as 
model systems in biocompatibility asssessment of new materials for bone implants. On 
one hand, osteoblasts, that are known to produce calcified bone matrix and contribute 
to bone formation and remodeling [14] as well as their progenitors seem to be the 
most appropriate model systems for this purpose. On the hand, human body is a highly 
coordinated complex system, where different organs/tissues have overlapped and inter-
connected functions. One can suggest that the local bone implant will more or less 
interact with the whole organism (through body fluids that “wash” the material, by 
switching on or off various signaling pathways). 

In this relation various cell cultures must be taken into account when examining the 
potential cytotoxicity of bone implants including liver and kidney cells. The challenge 
is that we need information coming from normal cells. Most of the available human 
kidney and liver cell lines were obtained from cancer tissues and as a result exhibit 
different biology/behavior as compared to normal cells. Even permanent cell lines esta-
blished from healthy liver or kidney can possess genetic/epigenetic alterations obtained 
during prolonged cultivation in laboratory conditions. Most of the available non-tumor 
kidney and liver PCL are of non-human origin. 

Theoretically, a better option to solve this problem is to use primary cultures from 
healthy tissues. In reality, there is some difficulty in doing this at least because healthy 
human tissue is not easily accessible and the establishment of primary cell cultures has 
a low successful rate. 

Primary cell cultures obtained from the same type “starting material” and following 
the same protocol can differ in some of their characteristics.  

The mesencymal stem cells (MSCs) are among the most appropriate model systems 
for biocompatibility assessment of new materials for bone implants and bone tissue 
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engineering. The main advantages of MSCs include their high ability to proliferate, 
self-renew and differentiate into osteoblasts and chondroblasts; the possibility to be 
isolated from various embryonic and adult tissues; immunomodulating properties and 
the lack of teratogenic potential.  

Co-cultures, including fibroblasts, endothelial cells and osteoblasts can be helpful 
for the evaluation of bone implant materials [13].

In conclusion, the successful development of improved new biomaterials for 
bone implants requires adequate experimental strategies and cell culture models to test 
their biocompatibility, osteoinductive and osteoconductive properties and to provide 
valuable predictive information.
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Table 2. Advantages and drawbacks of cell cultures used as model systems for cytocompatibility 
assessment of new materials for bone implants

Cell culture Advantages Drawbacks

Fibroblasts

Important for bone tissue 
growth and regeneration

Well known and readily 
accessible permanent cell 
lines are available

Terminally differentiated cells 
(their conversion into functional 
osteoblasts for the needs of bone 
tissue engineering  may require 
special strategies) 

Bone marrow cells

(Possible) contact with 
material in the body

The stem/progenitor nature of 
these cells 

Heterogeneous population

The cells grow (with some 
exceptions such as MSCs) in 
suspension that requires adequate 
cytotoxicity assays (For example 
MTS test instead of MTT test)

Primary cultures from animal
(rat, mouse) bone explants

In vitro model of an in vivo 
bone  regeneration

Heterogeneous population?

Each cell culture has its individual 
own characteristics (low 
repeatability)

The type/nature of the cells has to 
be determined

Osteosarcoma cells Their (osteoblast/osteocyte) 
origin

The biology and behavior of cancer 
cells differ from those of normal 
osteoblasts/osteocytes. 
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Trichinellosis is one of the most common helminthozoonoses in Bulgaria. While in previous years the 
main source of infection were wild boars, today there is a shift in the tendency towards the domestic breed 
of swine as well as to the consumption of meat from bears, badgers, etc. which constitute a major link in 
the epidemiological chain of Trichinellosis. The objective of the present study was to better characterize 
the Trichinella genotypes found in wild boars and wildlife carnivores from different regions in Bulgaria. A 
molecular characterization by PCR of 24 Trichinella isolates from a variety of game has been performed. 
The prevalence of T. britovi among the wild animals in the country was confirmed.

Key words: Trichinella britovi, species determination, polymerase chain reaction (PCR)

Introduction
Trichinellosis is a food-borne parasitic disease caused by nematodes of the genus 
Trichinella which are zoonotic parasites with cosmopolitan distribution and major socio-
economic importance. Human infection is acquired through consumption of undercooked 
meat from domestic or wild animal. Penetration of trichinella larvae into striated skeletal 
muscle cells results in ultrastructural and metabolic changes [2]. Migration of larvae 
causes the typical symptoms and signs of the disease. The severity of the symptoms 
depends on the number of ingested trichinella larvae and the immune response of the 
host [1, 2]. Based on epidemiological observation, [3] it is assumed that approximately 
100 and 300 larvae of Trichinella spiralis cause disease and an intake of 1,000 to 3,000 
or more larvae can cause severe disease. The incubation period for development of the 
disease after consumption of contaminated meat or meat products ranges from 1 to 51 
days [5]. Тhe main reason for global distribution of this parasite is the fact that trichinella 
has a wide range of hosts and can infect more than 150 species of animals, including 
humans. It is evaluated that around 11 million people may be infected by trichinella [4]. 
Until recently it has been accepted that the cause of trichinellosis in all animal species 
was the same – Trichinella spiralis. However, the implementation of molecular biology 
methods proved the existence of a significant diversity of species and differences in the 
taxonomy, the geographical dissemination and the epidemiology of trichinellosis [10]. 
Today, nine species and three genotypes are recognized in this genus [6, 9].

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 25 (3-4)
Sofia • 2018
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In Bulgaria, Kurdova et al. [7] inves tigated parasite isolates obtained upon 15 
epidemic outbreaks. Received results showed the predominance of T. britovi (etiological 
agent in 10 outbreaks) while T. spiralis was found in 5 outbreaks. For the period from 
2008 to 2014, 29 outbreaks were recorded in Bulgaria. Of 1 670 people who consumed 
meat or meat products contaminated with trichinella larvae, 710 were infected. The annual 
incidence of human trichinellosis for the period varied from 0.22 to 5.82 per 100,000 
population [12]. An in-depth analysis based on molecular research, performed with 120 
trichinella isolates was made by Lalkovski [8]. He found the appearance of two species: 
Trichinella britovi and Trichinella spiralis. T. britovi predominated over T. spiralis – 113 
isolates (94.17%) and 7 (5.83%) respectively. Both species were identified in domestic 
pigs and wild boars, with T. britovi:T. spiralis ratios in 45:1 in wild boars and 1:1 in 
domestic pigs. T. britovi was the geographically more widespread species. (Fig. 1).

Fig.1. Trichinella britovi larvae within the diaphragm muscle of mouse.

Materials and Methods
The studies were carried out following the reference method of digestion using a 
magnetic stirrer according to Regulation (EU) 2015/1375. Muscle larvae were preserved 
in ethanol. Trichinella spp. larvae were identified at the species level by multiplex PCR, 
which has been developed for the simple and unequivocal differentiation of trichinella 
species and genotypes. Partial DNA sequence data were generated from the internal 
transcribed spacers ITS1 and ITS2 and from the expansion segment V region of the 
rRNA repeat from different trichinella species and genotypes.

Twenty four Trichinella spp. isolates were tested, typified and sorted according 
to the laboratory protocol of The European Union Reference Laboratory for Parasites 
(Rome, Italy).
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Results
A total number of 24 isolates typified and sorted as followed:  

Table 1. The Data obtained from the multiplex PCR.

N Source of 
infection

Type of muscle 
in the original 
host

Species identi-
fication PCR

Number of 
larvae/g
diaphragm

Number of 
passages
in vivo

Place of origin 
locality

Latitude
longitude

1 w. boar masseter
diaphragm Tb 4 2 Elhovo 42° 31′N

26° 71˘ E

2 w. boar masseter
diaphragm Tb 8 2 Grudovo 42° 41′N

27° 17˘ E

3 w. boar masseter
diaphragm Tb 9 2 Chiprovci 43° 45′N

22° 79˘ E

4 w. boar masseter
diaphragm Tb 5 2 Bankia 42° 78′N

22° 63˘ E

5 w. boar masseter
diaphragm Tb 6 2 Melnik 41° 32′N

23° 45˘ E

6 fox masseter
diaphragm Tb 2 2 Rudarci 42° 33′N

23° 19˘ E

7 jackal masseter
diaphragm Tb 3 2 Peshtera 42° 05′N

23° 90˘ E

8 jackal masseter
diaphragm Tb 2 2 Elena 43° 00′N

25° 86˘ E

9 Jackal masseter
diaphragm Tb 7 2 Kula 43° 89′N

22° 51˘ E

10 jackal masseter
diaphragm Tb 4 2 Razlog 41° 82′N

23° 46˘ E

11 jackal masseter
diaphragm Tb 3 2 Govedarci 42° 36′N

23° 53˘ E

12 wild cat masseter
diaphragm Tb 4 2 Anton 42° 69′N

24° 38˘ E

13 m. foina masseter
diaphragm Tb 6 2 Belchin 42° 44′N

23° 41˘ E

14 m. foina masseter
diaphragm Tb 4 2 Kostenec 42° 56′N

23° 98˘ E

15 badger masseter
diaphragm Tb 14 1 Svoge 42° 91′N

23° 32˘ E

16 badger masseter
diaphragm Tb 7 2 Iskretc 42° 94′N

23° 26˘ E

17 rat masseter
diaphragm Tb 23 1 Sofia 42° 44′N

23° 21˘ E
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Discussion
The results obtained in the study of the trichinella species from wild animals:wild boars 
- 5 specimens, fox-1, waiting-5, wild cat - 1, m. foina-2, badjer-2, rat-3, wolf-2, bear-2 
and 1 otter showed that parasites cause of infection belong to T. britovi.

The detection of only T. britovi in wild animals shows that this species is prevalent 
in wildlife. Our results confirm the opinion of Pozio et al. [11] that in most countries of 
the European Union, including Bulgaria, T. britovi was the more prevalent species. These 
results confirm the assumption that wild animals (wild boar, fox, jackal, etc.) represent 
wildlife reservoir for T. britovi in Bulgaria. Previous investigation of trichinella isolates 
obtained upon 15 epidemic outbreaks revealed the predominance of T. britovi, as a 
cause of infection. Therefore, when people fail to properly breed domestic pigs this 
parasite reaches the domestic environment as it is registered in three outbreaks caused 
by the consumption of pork from backyard pigs [7]. As data indicate a steady increase in 
the number of outbreaks and of sporadically occurred individual cases, as well as due to 
public health importance of the disease, many questions remain open. We think that the 
main efforts should have been focused on the control or elimination of trichinella from 
the food chain and hope that our discoveries may have an impact on the transmission 
and control of trichinellosis in Bulgaria.
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18 rat masseter
diaphragm Tb 14 2 Elin Pelin 42° 43′N

23° 29˘ E

19 rat masseter
diaphragm Tb 25 1 Slivnitca 42° 51′N

23° 15˘ E

20 wolf masseter
diaphragm Tb 11 2 Grudovo 42° 21′N

27° 26˘ E

21 wolf masseter
diaphragm Tb 9 2 Mramor 42° 75′N

22° 60˘ E

22 bear masseter
diaphragm Tb 17 1 Madan 41° 42′N

24° 91˘ E

23 bear masseter
diaphragm Tb 6 2 Batak 41° 88′N

24° 20˘ E

24 otter masseter
diaphragm Tb 12 2 Samokov 42° 19′N

23° 34˘ E

N Source of 
infection

Type of muscle 
in the original 
host

Species identi-
fication PCR

Number of 
larvae/g
diaphragm

Number of 
passages
in vivo

Place of origin 
locality

Latitude
longitude
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The aim of the present study is to examine the structures that interact with the acupuncture needle. For 
this purpose, we examined the vicinity of the needle tract formed after experimental acupuncture in ST36 
acupoint in humans. We used the method for needle tract visualization, developed by us, to demonstrate the 
tissues in a condition, maximally close to the condition during the needling. As a result of acupuncture the 
integrity of the epithelium, dermis, subcutis and striated muscles is disrupted and folds are formed in the 
direction of the needle tract. Elastic and collagen fibers in dermis and subcutis are partially destroyed. We 
observed hair follicles, nerve fibers, blood vessels, and muscle spindles in the vicinity of the needle tract. 
Some of them are partially destroyed by the acupuncture needle. Larger blood vessels and nerves are not 
affected by it. Needling of the acupoint generally causes displacement and destruction of the soft tissue. 

Key words: acupoint, Zusanli (ST36), muscle spindles, needle tract

Introduction

Traditional Chinese Medicine (TCM) and acupuncture in particular continue to gain 
more and more popularity in Bulgaria, Europe, and all over the world in the last years, 
which is one of the reasons for our struggle to clarify the morphological basis of this 
ancient healing method. Acupuncture points (acupoint) are important for treatment 
in TCM and they can be found by applying the method of standard proportions of 
anatomical structures under the control of an apparatus measuring skin resistance [12]. 
Acupuncture point ST36 is one of the most important acupoints used for treatment in 
TCM. In human, ST36 acupoint is located on the stomach meridian – from ST35 (‘lateral 
eye of the knee’, at the level of the knee joint space) 3 cun (1 handbreadth) down and 1 
fingerbreadth lateral to the anterior crest of the tibia, on the tibialis anterior muscle [8]. 
In TCM for therapeutic intention, acupuncture needles are inserted into the acupoint. 
The depth of the needling ST36 acupoint in the human is 1–1.5 cun [8]. Researchers 
investigate the mechanism of acupuncture and the nature of acupuncture points [1, 13], 
but there is a lot of uncertainty and controversy. Some physicians use the electrical 
conductance of the skin at the acupuncture points, for diagnostic purposes [2].  
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The aim of the present study is to examine the structures that interact with the 
acupuncture needle. For this purpose, we examined the vicinity of the needle tract 
formed after experimental acupuncture in ST36 acupoint in humans.

Materials and Methods

We used the method for needle tract visualization, developed by us in rats and explained 
in detail in previous publications [3, 5, 6] to demonstrate the tissues in a condition, 
maximally close to the condition during needling. This method enables the investigator 
to demonstrate the tissues in a condition, maximally close to the condition during the 
needling process, after retracting the needle. This method was applied on human cadavers 
to obtain samples from ST36 acupoint. The experiments were carried out on six human 
cadavers of different ages available at the Department of Anatomy in the Faculty of 
Medicine of the Trakia University. ST36 acupoint was located, defined and marked using 
the method of standard proportion of anatomical structures – 3 cun down from ST35 and 
1 fingerbreadth lateral to the anterior crest of the tibia, on the tibialis anterior muscle 
[8]. We used standard steel acupuncture needles with size 0.30 × 40 mm. Acupuncture 
needles were inserted 25 mm deep into ST36 acupoint. Samples from ST36 acupoint with 
different size 10 × 10-15× 25 mm was excised together with the needle and fixed in 
formalin for 48h – 96h. Tissue was paraffin-embedded and sectioned on a conventional 
microtome in 5 µm sections. The acupuncture needle remained in the paraffin block 
and was taken out immediately before its plane was reached by the microtome blade. 
We used classical histological techniques of staining: H&E, Orcein and Van Gieson for 
visualization of morphological structures in the vicinity of the needle tract. 

Results

The method used successfully visualizes needle tract formed after experimental 
acupuncture in ST36 acupoint in humans (Fig. 1, 2). We demonstrate the needle tract 
and tissues in the vicinity in a condition, maximally close to the condition during the 
needling. The needle tract defect seen is with a minimum size and is observed across all 
tissues through which the needle has passed. The needle tract is visible from the surface 
of the ST36 acupoint point to its depth. The acupuncture needle destroys and shifts the 
tissues through which it passes. 

As a result of acupuncture the integrity of the epithelium, dermis, subcutis and 
striated muscles is disrupted and folds are formed in the direction of the needle tract. 
We observed indentation of the epidermis and compression and displacement of the 
connective tissue from acupuncture needle (Fig. 1A). The needle tract formed as a 
result of acupuncture is clearly visible in the depth of investigated tissues (Fig. 1, 2) 
Changes in the structure are most clearly differentiated in the vicinity of the needle tract 
formed by the acupuncture needle. Particles of loose connective tissue and collagen and 
elastic fibers fall inside the needle tract into the plane of disrupted striated muscle. We 
observed destroyed elastic and collagen fibers in dermis, subcutis and striated muscles 
in the needle tract (Fig. 2A-D). We also observed hair follicles, nerve fibers, blood 
vessels, sebaceous glands, sweat glands, lymph vessels, striated muscle fibers (Fig. 1) 
and muscle spindles in the vicinity of needle tract (Fig. 2C). Some of them are also 
destroyed from the acupuncture needle (Fig. 1B-D; 2B). Very interesting observation 
was the presence of blood vessels (Fig 1B; 2B), hair follicles (Fig. 1B) particles of 
striated muscles (Fig. 2C) and muscle spindles (Fig. 1D) inside in the needle tract. 
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The destroyed blood vessels in the needle tract were cut into two parts by the needle. 
The muscle spindle observed in the needle tract was removed from its normal position 
between striated muscles by the needle and moved along the needle tract (Fig. 1D). 
Blood vessels with reduced cross section and in various degrees of compression were 
found in the vicinity of the needle tract (Fig. 1B). The larger blood vessels and larger 
nerves deeper in tissue were not affected by the needle. 

Fig. 1. The representative Hematoxylin & Eosin (H&E)-stained structures in the vicinity of the needle 
tract formed after acupuncture in ST36 acupoint in humans. (A) The needle tract (arrow) formed after 
acupuncture and structures in the vicinity of the needle tract. (B) Needle tract formed after acupuncture 
(arrow) and nerve fibers (nf), and blood vessels (BV) in the vicinity of the needle tract (arrow). (C) Hair 
follicles (hf) in the vicinity of the needle tract (arrow) destroyed by the acupuncture needle. (D) The 
muscle spindle (ms) in the needle tract (arrow) destroyed by the acupuncture needle between striated 
muscles (SM). Scale bars: 500 µm (A), 200 µm (B), 100 µm (C), 50 µm (D).

Discussion

In our previous investigation of morphology of ST36 acupoint in the human we 
demonstrated normal anatomical structures in this acupoint: skin, subcutaneous adipose 
tissue, blood vessels, nerves, sebaceous and sweat glands, and mast cells. In some areas 
of the skin indentations and differences in the thickness of the epidermis and the loose 
connective tissue layers were found, but these differences were not pronounced [7]. In 
this study we observed normal anatomical structures in this acupoint in the human but 
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also alterations of the structure of elastic and collagen fibers in the vicinity of needle 
tract. Our previous results in rats ST36 acupoint show normal anatomical structures and 
the presence of a thicker layer of loose connective tissue in some areas of the skin, 
indentations and differences in the thickness of the epidermis and folding of the deep 
fascia [4]. Following acupuncture in ST36 in rats, a needle tract is formed in the tissues, 
affected by the needle. The influence of the acupuncture needle in ST36 in rats induces 
morphological changes in the examined tissues – compression and displacement of the 
connective tissue in the vicinity of the needle tract. The integrity of derma, subcutis, 
deep fascia, epimysium and striated muscle was disrupted by the acupuncture needle 
[3]. Changes in the structure of elastic and collagen fibers in ST36 in rats are most 
clearly defined in the vicinity of the needle tract formed by the acupuncture needle. 
The defect is seen with a minimum size, mainly because tissue integrity recovers fast 
after the removal of the needle [5]. In this study we successfully visualized needle tract 
formed after experimental acupuncture in ST36 acupoint in humans and tissues in the 
vicinity of this tract. We observed analogous to those in experimental animals changes 
in the structure of elastic and collagen fibers in the vicinity of the needle tract. In this 

Fig. 2. The structures in the vicinity of the needle tract formed after acupuncture in ST36 acupoint in 
humans. (A) Needle tract (arrow) formed after acupuncture and elastic fibers in dermis and subcutis in the 
vicinity of the needle tract, partially destroyed by the acupuncture needle (Orcein). (B) Elastic fibers and 
blood vessels (BV) in the vicinity of the needle tract (arrow) destroyed by the acupuncture needle (Orcein). 
(C) The needle tract (arrow) destroyed striated muscles. Muscle spindles (MS) in the vicinity of needle 
tract (arrow) (Van Gieson). (D) Collagen fibers in the vicinity of the needle tract, partially destroyed by the 
acupuncture needle (arrow) (van Gieson).  Scale bars: 500 µm (A, C), 100 µm (B), 50 µm (D).
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study we observed destroyed muscle spindles in the needle tract. This indicates that the 
acupuncture needle is able to destroy at least some of muscle spindles. We also observed 
large nerve fibers and large blood vessels in ST36 acupoint in the humans. However, 
they were not affected. This confirms our previous investigation in rats, which shows 
that larger neurovascular structures remain relatively intact following needling of the 
acupoint [3]. All this leads to the conclusion that morphological alterations following 
experimental acupuncture in ST36 acupoint in humans and rats are similar. Other 
researchers have observed the needle tract in the tissue of acupoints. In its vicinity, they 
observed nerve fibers, small vessels and muscle spindles in canine acupoints [9]. This 
confirms our investigation in humans. Observed changes after acupuncture that occur 
in the connective tissue are important because they are probably related to the effect of 
acupuncture. Some investigators have suggested that the mechanism of the acupuncture 
effects is the reaction of the connective tissue near the needle tract [10, 11, 14]. The 
investigators suggest that collagen fibers play an important role in the degranulation of 
mast cells and acupuncture analgesia [14]. This shows the important role of the changes 
of connective tissue observed after insertion of acupuncture needle, which we confirm 
on a morphological level. 

Conclusion

The method for needle tract visualization, developed by us successfully visualizes needle 
tract formed after experimental acupuncture in ST36 acupoint in humans. Needling of 
the acupoint generally causes displacement and destruction soft tissue. The alterations 
are mainly in the connective tissue of the acupoint. However, smaller blood vessels and 
nerve structures, such as muscle spindles, are also affected. The observed morphological 
effects of acupuncture are probably related to at least some of the mechanisms of post-
acupuncture reactions.
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The aim of our study was to evaluate the influence of disulfiram (Antabuse) on viability and proliferation 
of cultured retrovirus-transformed rat sarcoma cells (permanent cell line LSR-SF-SR). The investigations 
were performed by thiazolyl blue tetrazolium bromide (MTT) test, crystal violet staining, double staining 
with acridine orange and propidium iodide in short-term (24-72h) experiments with monolayer cultures as 
well as in long-term experiments (30 days) by 3D-colony forming method. The results obtained reveal that 
applied at a concentration range of 0.3 –100 µg/ml disulfiram expresses significant cytotoxic effect that is 
time- and concentration- dependent.

Key words: disulfiram, Rous sarcoma virus, rat sarcoma, cell culture, cytotoxicity

Introduction

Disulfiram (DS), an FDA (Food and Drug administration, USA) approved drug  for the 
treatment of alocoholism has been also reported to express promising antitumor activity 
in cellular and animal models as well as in humans [7, 10]. According to the literature 
available, in this study we report for the first time data about inhibitory effect of 
disulfiram on 2D- and 3D-growth of cultured LSR-SF-SR rat sarcoma cells transformed 
by Rous sarcoma virus strain Schmidt-Ruppin (SR-RSV). The cells contain v-src gene - 
the cellular analogues of this gene are known to be involved (when their expression 
and functioning are disturbed) in pathogenesis of various malignancies in humans and 
animals [9, 11].

Materials and Methods 

Tetraethylthiuram disulfide (Disulfiram) was provided by Sigma-Aldrich Co (Germany, 
Lot #BCBN4962V). Disulfiram was dissolved in dimethylsulfoxide (DMSO – the 
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concentration of DS in the stock solution was 1 mg/ml containing 2 % DMSO) and then 
diluted in culture medium.

Permanent cell line LSR-SF-SR established from a transplantable sarcoma in 
rat, induced by Rous sarcoma virus strain Schmidt-Ruppin (SR-RSV) [1] was used 
as an experimental model in our study. RSV, as well as cells transformed by the virus, 
contain v-src gene [11]. The influence of disulfiram on cell viability and proliferation 
was studied as it was previously described [2, 4], in short-term (24-72h, with monolayer 
cultures) experiments by MTT test (MTT), crystal violet staining (CV) and double 
staining with acridine orange and propidium iodide (AO/PI) as well as in long-term 
experiments (30 days) with 3D-colony-forming method (CFM). Statistical analysis was 
done using one-way analysis of variance (ANOVA) followed by Dunnett post-hoc test 
and Origin 6.1TM .

Results 

The results obtained reveal that applied at a concentration range of 1-100 µg/ml for 
24 – 72h disulfiram significantly decreases viability and proliferation of LSR-SF-SR 
rat sarcoma cells in a time- and concentration-dependent manner (Fig. 1A, Table 1). 
The cytotoxic activity of DS has been confirmed by MTT test (that measures the ability 
of the mitochondrial enzyme succinate dehydrogenase to convert yellow thiazolyl 
blue tetrazolium bromide into purple formazane) – accepted as a gold standard for 
cytotoxicity assays [14] and staining with crystal violet dye that binds to proteins 
and DNA [5] (Fig. 1B, Table 1). Cytopathological alternations such as cellular 
polymorphism are observed in LSR-SF-SR cells cultured for 72 h in the presence of DS 
applied at concentrations of 0.39 to 25 µg/ml. Individual cell size varies up to 4-5 times. 
Giant cells (of about 30 μm in diameter) and large optically dense cytoplasmic vacuoles 
have been observed. The nuclei are intact and multiple nucleoli (2 or more) are visible. 
Cytoplasmic morphology is erased. Apoptotic changes of the cell membrane are found 
only in single cells with dimensions less than 10 μm. Mitotic activity is missing (Fig. 2).

The rapid cytotoxic effect of disulfiram observed after short treatment intervals (24-
72h) has been found to persist over time – the long-term experiments (30 days) carried 
out by CFM show that administered at concentrations ≥ 3.12 µg/ml DS completely 
inhibits 3D growth of rat sarcoma cells in a semisolid medium.
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Fig.1 Effect of disulfiram on viability and proliferation of LSR-SF-SR rat sarcoma cells. The 
investigations are performed by MTT test (MTT) after 24, 48 and 72 h of treatment (Fig. 1A) as well as 
by MTT test and crystal violet staining (CV) after 72 h incubation period (Fig. 1B).

Table 1. Cytotoxic concentrations 50 (CC50, µg/ml) and 90 (CC90, µg/ml) of disulfiram for LSR-SF-SR 
rat sarcoma cells determined by MTT test (MTT) and crystal violet staining (CV)

Cytotoxicity assay MTT CV

Treatment period 24h 48h 72h 72h

CC50 42.1 27.2 4.4 4.3

CC90 n.d. 85.4 45.0 6.24

n.d. – not determined

Discussion

Disulfiram has been used for the treatment of chronic alcohol dependence since 1951. 
The promising anticancer properties of DS have also been reported – DS induces 
apoptosis in cancer cells, inhibits their proliferation and dissemination (metastases). 
Various mechanisms clarifying at least partially the antineoplastic potential of DS 
have been suggested including inhibition of proteasome functions and topoisomerase 
and matrix metalloproteinase activity, ability to suppress cancer STAT3 signaling, 
inhibition of  TGF-beta-induced epithelial mesenchymal transition via ERK/NF-kB/
Snail pathway, etc. Important feature of DS’s anticancer activity is its ability to suppress 
cancer stem cells. DS has the potential to enhance the activity of anticancer agents 
and to overcome drug resistance (for example to alkylating agents) [6, 7, 8, 10, 12]. 
The protective effect of DS against the doxorubicin-induced cardiotoxicity has been 
documented [13]. The cytotoxicity of disulfiram is copper-dependent. The thiol groups 
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and thiuram structure has been proved to be indispensable for the anticancer activity of 
DS [3].  In this study we report for the first time that DS decreases 2D- and 3D-growth 
of retrovirus transformed rat sarcoma cells containing v-src gene. Src family kinases 
are known to play an important role in tumor development / progression being involved 
in cell adhesion, invasion, proliferation, survival, and angiogenesis and have been 
recognized as promising therapeutic targets for cancer [9].

Conclusion

The promising antitumor properties of disulfiram as well as its well known pharma-
cokinetics, pharmacodynamics and toxicity profile make it a suitable candidate for 

Fig. 2. Non-treated (Control) LSR-SF-SR rat sarcoma cells (a) and cells cultured in the 
presence of disulfiram applied for 72h at a concentration of 0.39 (b), 3.12 (c), 6.25 (d), 12.5 
(e) and 25(f) µg/ml. Double staining with acridine orange and propidium iodide.  
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the so called “drug repurposing” – a promising strategy for cancer therapy. Additional 
studies are needed to clarify better the antitumor activity of disulfiram and to establish 
the most appropriate form of its application. 
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We evaluate the incidence of serum anticardiolipin antibodies in patients with different types of vas-
culitides and vasculopathies and describe clinical, histological and laboratory specificity and disease 
course in correlation with their positivity. We conclude that they activate endothelial cells in both oc-
clusive and inflammatory vascular diseases, aggravate skin symptoms, but are not related to advanced 
systemic involvement and poor prognosis. They represent skin ulcerations on acral sites in lupus ery-
thematosus and  have a predictive role for thrombosis. Livedo vasculitis may be a clinical sign of an-
tiphospholipid syndrome. 

Key words: Anticardiolipin antibodies, vasculitis, vasculopathy, antiphospholipid syndrome, live-
do vasculitis.

Introduction

Anticardiolipin antibodies (aCL) are one of the most prominent members of antiphos-
pholipid family. They bind to immobilize cardiolipin in an ELISA and cross-react with 
phosphotidylserin, phosphatidylinositol, and phosphatidic acid. Their assays are iso-
type-specific, but of different isotypes: IgG, IgM and IgA. ACL are detectable in up to 
2% of the normal population with no definite association with either age or sex. They 
are revealed also in autoimmune diseases - systemic lupus erythematosus (SLE) and 
other, infection diseases, malignancies and drug-induced conditions. ACL in patients 
with autoimmune diseases are completely different from those occurring in patients 
with nonautoimmune diseases, which confer little risk of thrombosis and are inhibited 
by cofactor. Autoimmune-related antibodies are suspected to be IgG. They bind with 
high avidity with high correlation between the presence of aCL and lupus anticoagu-
lant. The pathogenecity of aCL is tend to be due to activation of proinflammatory and 
procoagulant phenotype sustain by the up-regulation of adhesion molecules, synthe-
sis and secretion of cytokines, chemokines, endothelin-1 and tissue factor [1]. Plasma 
beta2–GPI is always needed to inhibit the contact activation of the intrinsic coagulation 
pathway, factor XII, factor Xa generating activity, ADP-induced platelet aggregation, 
and protein C [9].
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Materials and Methods

The total number of 90 patients of both sex aged 18-77 years were enrolled in the 
study. Several patient groups were differentiated in accordance with the clinical entities: 
cutaneous necrotizing vasculitis (CNV) – 15 patients, Henoch Schonlein purpura (HSP)-
7, Morbus Behcet (MB)-7, cutaneous polyarteritis nodosa (cPAN)–4, systemic lupus 
erythematosus (SLE) – 25, systemic scleroderma (SSc) – 12, livedoid vasculitis (LiV)–
18 and gangrene – 2 (Fig. 1). Antibodies to cardiolipin IgG, IgM, IgA and to beta2–GPI 
IgG were tithred by solid-phase enzyme immunoassay on the first visit of each patient. 
A conformation of aCL-ELISA (chromogenic) positivity in 12 weeks interval was 
needed. Histology samples were taken with a routine punch 4-mm technique. Clinical 
observations assessing skin changes and concomitant systemic symptoms were made 
on the day of the first visit, and at follow-up visits at the end of the first month, sixth 
month and after one year period.

Results 

Anticardiolipin antibodies were detected in 30 of our patients (Table 1).
We found that 4 of the investigated 15 patients with CNV were positive for IgG 

and IgMaCL. No IgAaCL were detected. One of these cases was a 71-year old man. 
He developed hemorrhagic, bullous and ulcerative lesions on the skin on his left 
leg and on the stump of the right one (Fig. 1). He was amputated one year before 
because of thrombosis of a. tibialis posterior dextra. He had high titters of IgGaCL and 
leucocytoclastic vasculitis on histopathology. We put the diagnosis antiphospholipid 
syndrome (APS) considering aCL responsible for the thrombosis. We think that vascu-
lopathy has thrombotic origin and vasculitis is concomitant. Another interesting case 
was that of a young man with wide spread necrosis on the testes and thigh (Fig. 2), 
aCL and leucocytoclastic vasculitis. We achieved improvement with therapy with 
corticosteroids and anticoagulants. The other two cases with positive aCL and CNV 
were women who like the previous ones had stormy course of the disease with deep 
painful bleeding ulcerations. 

We had two patients with aCL from our series of 7 patients with HSP (Fig. 3), and 
all of them had only positive IgAaCL, neither IgG nor IgM.

Table 1. Clinical entities, number of the investigated patients and number of the positive ones for aCL

Vasculitidis         Vasculopathies

Leucocytoclastic V Lymphocytic V  

CNV- 15/ 4 aCL SLE- 25/ 7 aCL Livedo vascul- 18/ 7 aCL

HSP- 7/ 2 aCL SSc- 12/ 4 aCL Gangrene-2/ 1 aCL

M. Behcet- 7/ 2 aCL   

cPAN- 4/ 3 aCL   



40

We investigated 7 patients with MB and found that two of them had high titters 
aCL but only of IgM isotype. 

Our patients with elevated aCL with cPAN were three. They had no systemic 
involvement and therapy with prednisone was successful (Fig. 4). The majority of 
patients with vascular endothelial damage demonstrate aCL with positive correlation 
between aCL and livedo reticularis. 

We observed 7 patients with SLE and positive aCL. This is not uncommon as aCL 

Fig.1. Hemorrhagic lesion on the skin of the 
stump in a patient with CNV and aCL

Fig.2. Necrotic ulcer on the skin of the thigh in 
a patient with CNV and aCL

Fig.3. Patient with HSP and aCL Fig.4. Painful nodules and purpuric plaqes in a 
patient with cPAN and aCL
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are positive in 40% in SLE. All our patients had ulcerations on the extremities and one 
of them had it on the ear, which is rarely seen.

We tested 12 cases with SSc for aCL and found elevated levels in 4 of them. An 
amputation of the thumb was required in one patient because of a digital gangrene (Fig. 5).

We followed 18 patients with LiV and found that 7 had positive aCL. Two of them 
developed thromboses years after they had been diagnosed as having LiV (thrombosis 
of the femoral vein and cerebral thromboembolism). We put the diagnosis APS in 5 
of these patients (including the 2 cases above). However, ulcerations and scarring are 
recognized cutaneous manifestations of aCL and occlusion of the smaller dermal vessels 
in APS may result in the clinical picture of LiV.

We had 2 other cases with digital gangrene and one of them had high titters of 
IgGaCL and not reversible ischemic changes (Fig. 6). An amputation of the gangrenous 
digits was necessary. The combination of thrombotic and inflammatory defects 
compromise tissue perfusion and lead to tissue necrosis.

Fig.6. Gangrenous digits in a patient with positive 
aCL

Fig.5. Amputated thumb in a patient with SSc 
and aCL

Discussion

Clinical observations showed that high serum levels of aCL aggravates skin symptoms, 
but are not related to advanced systemic involvement and poor prognosis for our 
patients with vasculitides and vasculopathies. ACL activate endothelial cells in both 
occlusive and inflammatory vascular diseases by inducing a proinflammatory and 
procoagulantphenotype resulting in high thrombogenetic activation.

The association of aCL and cutaneous necrotizing vasculitis demonstrates 
significant tissue ischemia and necrosis (uncommon in vasculitis alone) and lead to 
dramatic and complicated course of the disease. ACL possibly favor the diminution of 
blood flow and thrombi form more easily at the site of vasculitis-induced endothelial 
injury when a coagulopathy exists [3]. 

The aCL pathogenetic role in Henoch Schonlein purpura is quite controversial. 
Based on earlier observations it is suggested that aCL are often co-incidentally associated 
with HSP with no pathogenetic events of occlusive vasculopathy [6]. The presence of 
IgAaCL may be used as an indicator of adult HSP thus being an indicator of its activity [2]
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The frequency of aCL in Morbus Behcet ranges between 8 and 50% in different 
publications. ACL are pointed as markers of endothelial damage in MB associated with 
retinal vasculitis [10] and are linked to the risk of development of cutaneous vasculitis 
and erythema nodosum. According to a study including 128 patients with MB, aCL 
have not a primary role in MB and regional determinants - environmental or genetic, 
might also play a role in controlling aCL production [8]. We suppose aCL may cause 
inflammatory tissue reaction in MB due to acute infection or hypersensitivity to bacterial 
antigens.

The presence of aCL in systemic lupus erythematosus patients is not uncommon 
as aCL are positive in 40% in SLE. Having in mind our cases we may say aCL in SLE 
represent significant tissue ischemia and necrosis with deep skin ulcerations on acral 
sites. Although vasculitis is not considered to be a common manifestation in systemic 
sclerosis, it is suggested that vasculitis involving small vessels is present histologically 
if not always clinically in the SSc patients with severe ischaemia [4]. It is still unclear 
wheather aCL could after a certain period of time lead to vasculopathy or these are 
the vasculitic changes that lead to the formation of aCL. Or it is possible that aCL in 
such cases do not have a pathogenetic role but should be interpreted as a marker of 
vasculopathy. ACL may have a role in the genesis of vascular involvement related to 
SSc - pulmonary arterial hypertension and digital infarcts.

Livedo vasculitis-like ulcers may be a clinical sign of APS and should raise 
suspicion for it [7]. We can also speculate of a predictive importance of aCL in LiV for 
development of thrombosis. It would seem that LiV may represent a clinical sign of a 
heterogeneous group of diseases that cause an occlusive vasclopathy such as APS or 
that may occur as a sole entity [5].

Conclusions

The aCL antibodies are found to activate endothelial cells by inducing a proinflammatory 
and procoagulantphenotype resulting in high thrombogenetic activation in both occlusive 
and inflammatory vascular diseases. Clinical observations showed that high levels of 
aCL aggravate skin symptoms, but are not related to advanced systemic involvement 
and poor prognosis. The presence of IgAaCLmay be used as an indicator of adult HSP 
activity due to their positive correlation with some clinical and laboratory markers of 
inflammation in the initial phase of the disease. All positive SLE patients represent skin 
ulcerations and necrosis on acral sites. Occlusion of the smaller dermal vessels in APS 
may result in the clinical picture of LiV and the suspicions of LiV as a manifestation of 
APS might be easily adopted.
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Statins are a group of lipid-lowering drugs widely used for treatment of hypercholesterolemia and known 
to reduce the risk of cardiovascular diseases. Recently, the statins have been gaining an increasing scien-
tific interest due to their anti-inflammatory, immuno-modulatory, neuroprotective and anticancer effects. 
The present study aims to assess the antitumor activity of simvastatin on Graffi myeloid tumor cells. 
The effect of simvastatin on the viability of the tumor cells was studied by MTT assay. The alterations in 
the tumor cell morphology induced by the statin were analyzed by fluorescent microscopy after staining 
with acridine orange/ethidium bromide, DAPI and annexin V/propidium iodide. The results of the MTT 
test showed a significant and dose-dependent reduction of the viability of simvastatin-treated cells. 
Fluorescent microscopic analysis of Graffi myeloid cells exposed to simvastatin revealed morphological 
alterations typical for the apoptosis. These findings are in accordance with previous data indicating 
significant in vitro antitumor and proapoptotic activity of simvastatin and suggests that it is a promising 
drug candidate for cancer treatment.

Key words: statins, simvastatin, tumor, antitumor activity, apoptosis

Introduction

Statins are effective and safe cholesterol-lowering drugs, widely used for the treatment 
of dyslipidemia [1]. The statin family consists of eight members, some of which 
(mevastatine, lovastatin, simvastatin, pravastatin) are natural products derived from 
Penicillium and Aspergillus filamentous fungi and others (fluvastatin, rosuvastatin, 
atorvastatin, and pitavastatin) are chemically synthesized [6, 21]. The introduction 
of the statins into medical practice led to a significant reduction of morbidity and 
mortality associated with cardiovascular diseases [19, 21]. The molecular mechanism 
by which statins reduce cholesterol is well understood. It is known that statins decrease 
cholesterol concentrations by blocking the enzyme 3-hydroxy-3-methylglytaryl-
coenzyme A (HMG-CoA) reductase. This enzyme catalyzes the conversion of HMG-
CoA into mevalonate that is the rate-limiting step in the cholesterol biosynthesis 
pathway [8, 18]. 
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Besides the cholesterol-lowering properties, statins exhibit many other beneficial 
pharmacological activities including anti-inflammatory and immuno-modulatory, neu-
roprotective and anticancer effects [9, 10]. The increasing interest in statins as potential 
anticancer agents has originated from several studies demonstrating a decreased cancer 
incidence in patients treated with statins [1, 10, 16, 17]. Consequently, a wide variety 
of experimental studies, as well as some clinical trials, has confirmed the noticeable 
antitumor effect of statins [3, 7, 13, 20]. Statins have been reported to exert antineoplastic 
activity by inhibition of tumor cell growth, induction of apoptosis, suppression of an-
giogenesis, repression of metastatic potential and stimulation of antitumor immunity 
[2, 17]. The exact molecular mechanism by which these drugs elicit their antitumor 
activity still remains unclear. It has been suggested that the changes in lipid metabolism 
initiated by the statins lead to inhibition of intracellular proliferative and survival sig na-
ling pathways and induction of apoptosis [2, 15].

The present study aims to assess the antiproliferative and proapoptotic activity of 
sim vastatin on cell cultures derived from Graffi myeloid tumor in hamsters (GMTH). 
The tumor was originally induced by Graffi murine leukemia virus and adapted to grow 
in a solid form after subcutaneous inoculation in Syrian golden hamsters. GMTH is a 
transplantable, rapidly growing tumor with very aggressive behavior that never show 
a spontaneous regression. This experimental tumor and the cell cultures derived from 
it are reliable model systems for studying the antitumor effects of natural and synthetic 
chemical substances, showing precise and reproducible results [22].

Materials and Methods

Simvastatin. A stock solution of simvastatin (Sigma-Alrich) in DMSO was prepared 
and stored at 4ºC. Serial dilutions of the stock solution with cell culture growth medium 
were made and solutions with concentrations ranging from 1 to 100 µM were used in 
the experiments.

Cell cultures and cultivation. Cell cultures of Graffi myeloid cells were isolated 
from the solid tumor tissue of Syrian golden hamsters under aseptic conditions. The 
cells were grown as monolayers in 25cm2 tissue culture flasks in RPMI-1640 medium 
containing 10% fetal bovine serum, 2 mM glutamine, 100 U mL-1 penicillin and 100 µg 
mL-1 streptomycin. The cultures were maintained in an incubator at 37ºC in a humidified 
atmosphere with 5% CO2. 

MTT-dye reduction assay. The in vitro antitumor activity of simvastatin was studied 
on Graffi myeloid tumor cells using the standard MTT-dye reduction assay, described 
by Mosmann [14]. Tumor cells in a density of 1×105 cells/mL RPMI-1640 containing 
10% FBS were plated (100 μL/well) in 96-well microplates and allowed to adhere for 
24 h. The cells were then treated with simvastatin at concentrations of 0.8, 1.6, 3.2, 6.4, 
12.5 25, 50 and 100 µM for 24, and 48 h. Untreated tumor cells were used as negative 
controls. After simvastatin treatment, the culture medium was discarded and 100 μL of 
MTT solution with a concentration of 0.5 mg/mL were added to each well. The plates 
were incubated for 3h at 37.5°C in a humidified atmosphere and 5% CO2. Formazan 
crystals were dissolved by adding 100 μL/well of an absolute ethanol/DMSO (1:1 v/v) 
solution and the absorption was measured using a microplate reader (TECAN, Sunrise 
TM, Groedig/Salzburg, Austria) at 540 nm. 

Acridine orange/ethidium bromide double staining. Apoptotic cell morphology 
was assessed using acridine orange and ethidium bromide double staining according to 
standard procedures [11] with a minor modification [22]. Briefly, Graffi cells cultured 
on 13-mm-diameter cover glasses in 24-well plates were treated with 25µM simvastatin. 
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After 24 h of incubation, the glass coverslips were washed with phosphate buffer saline 
(PBS), equal volumes of fluorescent dyes AO (10 μg/mL) and EtBr (10 μg/mL) were 
added and the cells were immediately examined under fluorescent microscope (Leica 
DM 500B, Wetzlar, Germany). 

DAPI staining.The alterations in the nuclear morphology of the Graffi cells induced 
by simvastatin were studied by fluorescent microscopy after staining with DNA binding 
dye 4′,6-Diamidine-2′-phenylindole dihydrochloride (DAPI). The tumor cells were 
seeded on glass coverslips in 24-well tissue culture plates at a concentration of 1×105/
well, incubated overnight at 37°C and 5% CO2 and then treated with 25µM simvastatin 
for 24 hours. The culture medium was poured off and the coverslips were fixed with 
methanol. The cells were incubated for 15 minutes in 1 µg/mL DAPI in methanol in the 
dark, mounted with glycerol on microscope slides and examined under a fluorescence 
microscope (Leica DM 5000B, Wetzlar, Germany).

Annexin V and pripidium iodide (PI) double staining. Apoptosis-inducing ability of 
simvastatin was assessed using annexin V Apoptosis Detection Kit: sc-4252 AK (Santa 
Cruz Biotechnology, Inc. USA) according to manufacturer’s instructions. Briefly, glass 
cover slips were placed on the bottom of each well in 24-well plates. Graffi cells were 
seeded on glass coverslips (1×105 cells/well), incubated overnight and treated with 
25µM simvastatin for 24 h. The culture medium was removed, the glass coverslips 
were washed twice with PBS (pH 7.4) and fixed with 3% paraformaldehyde. The cells 
were washed with distilled water and incubated in a solution containing 1 µg/ml PI and 
1 µg/ml annexin V-FITC for 10 min, in the dark, at room temperature. After staining 
the coverslips were mounted with glycerol on slides and analyzed using fluorescence 
microscope Leica DM 5000B. 

Statistical analysis. Statistical analysis was performed by One-way ANOVA follo-
wed by Bonferroni’s post hoc test (GraphPad Prism software package). p<0.05 was 
accepted as the lowest level of statistical significance. All results are presented as a 
mean ± SD.

Results and Discussion

The in vitro antiproliferative activity of simvastatin on the Graffi myeloid tumor cells 
was evaluated by MTT test after 24 and 48 hours of exposure. The results from the 
assay showed that the tested statin induce a concentration-dependent decrease of the 
tumor cell growth and viability (Fig. 1). 

Fig. 1. Antiproliferative effect of simvastatin on Graffi myeloid tumor cells after 24 (a) and 48 (b) hours 
of treatment. MTT-dye reduction assay; ***p<0.001, compared to the untreated control.
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As evident from the presented data, statistically significant re du cti on of the cell 
viability of sim vastatin-treated cells (p <0.001) as compared to the untreated control 
was established at all concentrations higher than 10 µM. The inhibition of the tumor cell 
growth was more clearly expressed after 24h as com pared to 48h exposure. The IC50 
values of simvastatin, determined after 24 and 48 hours of treatment were 24.67 µM and 
36.90 µM, res pectively.

Fluorescent microscopy of ac ridine orange/ethidium bromide stai ned cells showed 
that simvastatin induced cytopathic alterations such as shrinkage, rounding up and de ta ch-
ment of the cells and loss of mo nolayer integrity. In contrast to the untreated cell that were 
uniformly green stained (Fig. 2a), some of the simvastatin-tre ated cells showed granular 
yellow-green fluorescence or orange staining (Fig. 2b) that are characteristic for the early 
and late apoptosis, respectively.

Fig. 2. Fluorescent microscopy images of the mor phological alterations induced by simvastatin in 
Graffi myeloid tumor cells. 
a-, c-, d- control cell cultures; b- ,d-, f- cell cultures ex posed to 25 µM simvastatin for 24h; a-, 
b- Acridine oran ge/ethidium bromide staining; c-,d- DAPI staining; e-, f- Annexin V-FITC and 
propidium iodide staining.
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Simvastatin-induced alterations in the nuclear morphology of the tu mor cells were 
analyzed after DAPI staining. The nuclei of the control cells were homogenously stained 
with DAPI (Fig. 2c), whereas cancer cells treated with simvastatin showed an altered 
nuclear staining pattern with condensed chromatin, fragmented nuclei and apoptotic bodies 
(Fig. 2d) that are hallmarks of the apoptotic cell death.
The apoptosis-inducing ability of simvastatin was confirmed by Annexin V-FITC/PI 
staining. One of the earlier events of apoptosis includes translocation of membrane 
phosphatidylserine from the inner side of the plasma membrane to the surface. The green 
fluorescence observed in simvastatin-treated cells (Fig. 2f), but not in controls (Fig. 2e) 
indicates the binding of FITC-labeled Annexin V to the exposed phosphatidylserine and 
is an evidence for apoptosis.

A number of reports have shown that simvastanin inhibits proliferation and induces 
apoptosis in various cancer cell types including leukemic cells [23], breast [13], cervical 
[5], prostate [13], colon [4, 13], liver [13], pancreatic [13], renal [7], lung [12, 13] and skin 
[13] cancer cells. Our results complement and confirm the previous findings and indicate 
that this statin exhibits pronounced antineoplastic effect against myeloid tumor cells.

Conclusion

Simvastatin induced a significant and dose-dependent reduction of cell viability of 
Graffi myeloid tumor cells. Apoptotic cell death is one of the main mechanisms of the 
antineoplastic activity of simvastatin. Presented results indicate that simvastatin is a 
promising drug candidate for treatment of hematologic malignances.
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The main goal of this study is to assess zinc (Zn) salivary levels in healthy Bulgarian individuals. 
Totally 40 healthy volunteers have been investigated – 31 males and 9 females. Zn is measured in 
morning saliva collected in Saliveti tubes, Sarstedt. After centrifugation, the saliva is diluted 1: 2 with 
1%HNO3 and Zn is measured by flame atomic absorption spectrometry (AAnalyst 400, Perkin-Elmer, 
with  deuterium correction). Mean Zn salivary  levels are 1.43 ± 0.57μmol/ L for all studied individuals 
and higher levels in females (1.76 ± 0.56 μmol / L) than males (1.36 ± 0.55 μmol/L) with no significant 
difference (p = 0.076). Our previous studies establish significantly higher serum Zn levels in females 
(13.09 ± 2.25 μmol/l) than in males (12.45 ± 3.58 μmol/l). It seems likely that salivary Zn levels follow 
similar biological gender variation, as serum levels do. 

Key words: saliva, zinc, salivary omics

Introduction
Saliva is composed of salivary glands secrets, cellular debris, upper respiratory 
tract fluid and microorganisms in the oral cavity [3]. Saliva testing for monitoring 
and diagnosis of both oral and systemic disorders is a challenge in accordance 
with the contemporary development of “omics” sciences. Research applications 
are directed to dental diseases and evaluation of hormonal, neurological and 
emotional status, and human behavior [2, 3]. Essential micronutrients copper (Cu) 
and zinc (Zn), simultaneously with salivary cortisol and other laboratory findings as 
adrenocorticotropic hormone, catecholamines and various cytokines, could be useful 
stress biomarkers [3]. Zn with neurotransmission and receptor functions is involved 
in mental health [2]. Cu and Zn are suggestive to participate in sleep durations due 
to the fact that they are antagonists of the sleep-mediated N-methyl-D-aspartate 
glutamate (NMDA) receptor [12]. Systemic zinc supplementation may alter salivary 
stress hormone levels, particularly these of cortisol [2].
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The interest on saliva as a biological specimen is provoked by non-invasive way 
of collection and large enough sample volume [3]. Analysing of salivary samples could 
serve as an aspect in laboratory assessment of hormonal, emotional and immunological 
status and also dental health. Knowledge on the metabolic relations of trace elements 
in different body fluids could be of benefit in medicine. Specific salivary pathological 
findings could be compared to those in other fluid matrixes. “Omics” development of 
science and, in particular salivary omics (genomics, proteomics and metabolomics) is 
associated with the introduction of new biomarkers in clinical practice [9]. In this sense, 
salivary metallomics is definitely a modern perspective.  

Zinc has a dual nature in human body. It is essential for life as component of various 
metalloenzymes with physiological significance for immune system, cell division and 
growth processes, reproductive system, etc. From the other hand, the element is cytotoxic 
when accumulated in high concentrations [6, 8]. Data about salivary levels of Cu, Zn 
and Fe as biomarkers in oral carcinogenesis are provided [11]. Recent observations 
underline the significance of trace elements in saliva, particularly Cu, Zn and Fe, as 
markers for the effects of the social stress [10].

The main goal of this study is to evaluate salivary zinc levels in healthy individuals 
of Bulgarian population. 

Materials and Methods

The study comprises 40 volunteers (males:females = 31:9) with no evidence of anemia 
and impaired glucose tolerance. A signed informed consent form of all participants 
has been obtained. Non-stimulated salivary samples are collected in Salivette tubes-
Sarstedt, after 2-hours pause in food and liquid intake and cigarette smoking prior to the 
saliva release. The samples are centrifuged at 2500 rpm for 10 min at room temperature 
and the supernatants are stored at -80°C until the analyses. Saliva samples are diluted 
1:2 with 1% nitric acid immediately before the measurement. Zn levels are measured 
by flame atomic absorption spectrophotometry (AAnalyst 400, Perkin-Elmer) with a 
deuterium background corrector. All samples are determined in one run to minimize the 
analytical variation. The analyses are performed in Clinical Laboratory of St. Ivan Rilski 
University Hospital, Medical University of Sofia, in 2017. The results are statistically 
processed by MED CALC program.

Results and Discussion

Zn levels in saliva are presented in Table 1. Data are not normally distributed in both 
groups of males and females.

Table 1. Descriptive statistics and distribution analyses

Zn
Saliva
µmol/L

Gender
Total

Males Females

n Mean SD Distribution n Mean SD Distribution n Mean SD Distribution

31 1.36 0.55 0.0038 9 1.76 0.56 <0.0001 40 1.43 0.57 0.0345
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The established mean values for zinc in saliva are 1.43±0.57 µmol/L. Comparing 
to previously published results of other authors, zinc concentrations in the present study 
are the lowest (Table 2). The reasons for this observation could be multifactorial: diets, 
soil contents, age of participants or analytical variations. 

Table 2. Salivary Zn concentration in comparison to the data of other studies

Present study,
2017

Wang, D.
et al., 2008 

[13]

Erkekoglu, P.
et al, 2016 [2]

Mehmetoğlu, I.
et al., 2013 [7]

Jassim A. M. N. 
etal., 2016 [5]

Zn Saliva
µmol/L 1.43±0.57 3.97±2.019 2.57±1.90 4.36±3.36 16.24±0.73

Method for 
determination AAS ICP-MS Colorimetric AAS AAS

•	 AAS – Atomic absorption spectrophotometry
•	 ICP-MS – Inductive Coupled plasma mass spectrometry
The Mann-Whitney test points no statistically significant difference between the 

levels of salivary Zn depending on gender: p=0.0776. Higher levels are established 
in females than in males. One limitation of the present study is the limited numbers 
of the included individuals. In any case, eventual gender variation must be confirmed 
by enough numbers of individuals in both studied groups. Gender and age are widely 
known biological factors for variation of trace element levels in human body [8]. 
Our previous observations for Bulgarian population reveal higher serum Zn levels in 
women (13.09±2.25 µmol/l) than in men (12.45±3.58 µmol/l) with significant statistical 
difference (p < 0.01) [4]. It seems likely that the salivary levels follow the same model 
for gender distribution.     

Salivary diagnostics becomes more and more a reality nowadays. But it must 
face to certain challenges: standardization of preanalytical phase; measurement with 
acceptable sensitivity, establishment of factors for variability that define biochemical 
profile of saliva with potential for clinical use. 

Conclusion
Saliva as a specimen in clinical laboratory practice might complement and enrich the 
disease management.   
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The rat is one of the most frequently used species in experimental models regarding pulmonary fibrotic 
and allergic processes. The lack of data about the comparison between mast cell distribution in the 
different layers of intrapulmonary airways, interalveolar septa and pulmonary pleura in normalleft lung 
and that in right lung of rats at different ages motivated us to perform this study. Eighteen rats at the age 
of 20 days, 3 months and 1 year were used in the study. Tissue pieces were taken from both left and right 
lung. Sections were stained with Toluidine blue and Bismarck brown. Mast cell number, estimated per 
field (x200 with area of 0.163 mm2), were specified for different layers of the intrapulmonary large and 
small bronchi, terminal and respiratory bronchioles, interalveolar septa and pulmonary pleura in both 
left and right lungs and age dependent peculiarities were identified. 

Key words: lung, mast cell, rat

Introduction

The rat is widely used in experimental models regarding pulmonary fibrotic processes, 
hypoxia and allergic bronchoreactivity [9, 12, 13]. Mast cells (MCs) are one of the 
main cells involved in the pathophysiology of the mentioned processes, accompanied 
by increased number of these cells.

It is important to notice that the data about the MC distribution in rat lung are con-
troversial. Some authors reported that in rat, the mast cell number decreased from large to 
small bronchi,and were not detected in the interalveolar septa [1, 2, 5]. In con trast, other 
authors established mast cell distribution in the alveolar septa in the same species [3, 6, 13].

Detailed information about the distribution of both metachromatic and serotonin 
positive mast cells in the intrapulmonary airways, interalveolar septa and pulmonary 
pleura of cranial lobe in rat right lunghas been reported in our previous study [6]. 
Metachromatic cytoplasmic granules of mast cells together with the histamine-pro du-
cing capacity and the existence of membrane IgE receptors are fundamental properties of 
these cells. The metachromatic staining with cationic dyes,for example Toluidine Blue, 
at low pH enables the identification of glycosaminoglycans such as galactosaminoglycan 
and heparin, produced by mucosal mast cells (MMCs) and connective tissue mast cells 
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(CTMCs) [4].Enerback et al. [4],reported that the granules of the rat MMCs, like those 
of the few CTMCs in the subserosal layer of the organs, stained strongly with Toluidine 
Blue.

The aim of the study was to compare the number of mast cells in the different 
layers of intrapulmonary airways, interalveolar septa and pulmonary pleura in both left 
and right lungs of normal rats at different ages.

Materials and Methods

Animals
In this study we used six male Wistar rats for each age group (20 day-old, 3 month-old 
and 1 year old), housed under a 12/12 h light/dark cycle and given a standard diet and 
tap water ad libitum. The procedures were performed according to the Bulgarian laws 
about the animal care (Ordinance 20 of 01.11.2012 on the minimum requirements for 
the protection and welfare of experimental animals and requirements to objects for use, 
cultivation and/or delivery) and the Directive 2010/63/EU of the European Parliament 
and of the Council of 22 September 2010 on the protection of animals used for scientific 
purposes.The animals were anesthetized with ketamine and xylasine (90 mg/kg + 10 
mg/kg, IP), then transcardially perfused with4% paraformaldehyde in phosphate-
buffered saline (PBS).

The cranial and caudal lobes of right lung as well as cranial part of left lung from 
each animal were removed, immersed in the same fixative for 24 h, washed in PBS, 
dehydrated, cleared in xylene and embedded in paraffin.

Histochemistry for detection of metachromatic mast cells using Toluidine blue
Cross sections of 5 µm thickness from the tissue specimens were cut and mounted 

on gelatin-coated glass slides, deparaffinised in two changes of xylene, and rehydrated 
through descending ethanol concentrations. The sections were immersed in buffered 
solution of Toluidine blue (pH=3).

After Toluidine blue staining additional Bismarck brown staining was performed 
on serial sections in order to confirm the mast cell presence. The adjacent sections were 
deparaffinised, rehydrated through descending ethanol concentrations and immersed in 
a staining solution of 500 mg Bismarck brown in 80 ml 96% ethanol and 10 ml 1N HCL 
for two hours at room temperature. After three changes of 70% ethanol for differentiation, 
the sections were counterstained by immersion in Mayer`s haematoxylin, then rinsed in 
tap water, cleared in xylene and coverslipped in Entelan [10]. 

Statistical analysis
The number of mast cells was estimated on two microscopic fields (X200 with area 

of 0.163 mm2) from the sections of the three lung lobes from each animal using a light 
microscope (LEICA DM1000) equipped with a digital camera (LEICA DFC 290). The 
data for mast cells density (number per field) were processed using GraphPad Prism 
6 for Windows (GraphPad Software, Inc., USA) via one-way ANOVA followed by 
Tukey-Kramer’s post-hoc test. P-values of less than 0.05 were considered statistically 
significant. The data are presented as mean ± SD.

Results

In this study toluidine blue staining enabled to mark and count metachromatic MCs 
in the different layers of intrapulmonary airways as well as in pulmonary pleura from 
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the left lung (LL), cranial (CrLRL) and caudal lobes of right lung (CaLRL) in rats at 
different ages (Fig 1). To confirm the presence of MCs, Bismarck brown staining was 
performed (Fig 2). In this regard, adjacent sections were used, where the same MCs 
were demonstrated by both methods (Fig.1 and Fig. 2).

Fig. 2. MCs visualized by Bismarck brown staining (arrows) in the visceral pleura 
of cranial lung lobe in rats at the age of 3 months. Bar = 100µm.

Fig. 1. Metachromatic MCs (arrow) in the visceral pleura of cranial lung lobe in 
rats at the age of 3 months.Toluidine blue staining. Bar = 100µm.
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In the rat, the intrapulmonary airways are devoid of cartilaginous structures; large 
bronchi represented those of the first bronchial generation and the others were con sidered 
to be small bronchi (second generation) which continue with the terminal and respiratory 
bronchioles. Mast cells were counted in the airways propria bordered by the base of the 
epithelium and muscular layer, also in the muscular and adventitial layer. In general, mast 
cells were located in lamina propria predominantly of large and small bronchi, but rarely 
in propria of bronchioles, near blood vessels in the adventitia. The most MCs were found 
in the adventitial and muscle layers of the airways, than in the propria. The least MCs 
were found in the respiratory bronchioles and interalveolar septa.

However some differences in the distribution of lung MCs were detected according 
to both: the place – left lung or cranial and caudal lobes of right lung and the age of 
animals.

I. Comparing the mast cell number in the wall of airways with different 
diameters, alveolar septa and pulmonary pleura in cranial lobe of rat right lung 

I.1. In rats at the age of 20 days
After comparing the mast cell number in the airways with different diameters, 

alveoli and pulmonary pleura, the following results were detected: 
In the whole wall of the airways of CrLRL from 20-day-old rats, the highest MC 

number was estimated in large bronchi (LBr) (14.50±2.6), followed by small bronchi 
(SBr) (2.9±0.5), interalveolar septa (1.5±0.52) and pleura (1.2±0.39). In terminal (TBol) 
and respiratory bronchioles (RBol), MCs were not detected. Significant difference 
between alveolar septa and pleura was not found.

In the different layers of LBr wall, the MC number observed in the propria 
(3.5±0.52) was significantly lower than in the adventitial (6.5±0.52) and muscular 
layer(5.5±0.52). MC amount in muscular layer was equal to that in adventitial layer.

In contrast to LBr, in the wall of SBr, MCs were not detected in the propria. 
Their number in muscular layer (1.17± 0.39) was equal to that in the adventitial layer 
(1.75±0.45) but was smaller than in the same layers of LBr.

I.2. In rats at the age of 3 months
Unlike 20-day-old rats, in the whole wall of the airways of cranial lobe of right 

lung from 3-month-old rats, the highest MC number was estimated in pleura (8.5±0.52), 
followed by LBr (6.08±0.51), SBr(3.75±0.45) and alveolar septa(1.25±045). Similar to 
20-day-old rats, in terminal and respiratory bronchioles MCs were not observed. MC 
number in the muscle layer (4.83± 0.39) of LBr was significantly higher than in the 
same layer (1.17± 0.39) of small bronchi, but in adventitial layer (1.25± 0.45) of LBr 
their number was lower than in the small bronchi (2.5±0.51).

I.3. In rats at the age of 1 year
In this group of animals, like 3-month-old rats, MC number was highest in the 

pleura (10.50 ±0.52). MC amount in the whole wall of LBr(4.5±0.67) and SBr(4.0±0.42) 
as well as in terminal bronchioles(4.5±0.52) was similar but higher than in respiratory 
bronchioles(1.83± 0.39) and alveolar septa (1.83± 0.39). In the respiratory bronchiole 
wall and alveolar septa equal number of MCs was detected.

II. Comparing the mast cell number in the wall of airways with different 
diameters, alveoli and pulmonary pleura in caudal lobe of right lung 

II.1. In rats at the age of 20 days
In the whole wall of the airways of caudal lobe of right lung from 20-day-old 

rats, the most MCs were estimated in LBr (5.5±0.52), but less – in the alveolar septa 
(1.5±0.52) and pleura (1.5±0.52) (with the same number of mast cell). We found more 
MCs in the muscle layer (4.00± 1.04) than in adventitial one (1.5±0.52). In SBr, terminal 
and respiratory bronchioles MCs were not detected.
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II.2. In rats at the age of 3 month
The most MCs were estimated in pleura (10.50±0.52), followed by LBr (7.00±1.04) 

and SBr (4.67±1.16), terminal bronchioles (1.17±0.39) and alveolar septa (1.50± 0.52).
In the propria of all airways and in the whole wall of respiratory bronchioles MCs 
were not observed. In the wall of LBr and SBr, the MC number was highest in the 
adventitial layer (5.50±0.52 and 3.08± 0.90,respectively),followed by that in muscle 
layer (1.5±0.52and 1.58±0.51, respectively). In terminal bronchioles these cells were 
located in the muscle layer (1.17±0.39) only.

II.3. In rats at the age of 1 year
MC number was highest in the pleura (9.00±1.04). MC amount in the wall of LBr 

(4.67± 0.49) and SBr(5.00±0.43) was similar but higher than  alveolar septa (1.25±0.45). 
In the terminal and respiratory bronchioles`wall, MCs were not observed.

III. Comparing the mast cell number in the wall of airways with different 
diameters, alveoli and pulmonary pleura in left lung in rats 

III.1. In rats at the age of 20 days
In the whole wall of the airways the highest MC number was estimated in LBr 

(10.08± 0.99), followed by SBr (2.17±0.38), alveolar septa (1.50±0.52) and pleura 
(1.08±0.29). In the alveolar septa and pleura the MC amount was almost the same. In the 
wall of terminal and respiratory bronchioles MCs were not detected. In the adventitial 
layer of LBr (5.50±0.52) MCs were lower than in propria (1.08±0.29) and muscle layer 
(3.5±0.52) but significantly more than in the adventitial layer of SBr (1.08±0.29).

III.2. In rats at the age of 3 month
The most MCs were estimated in pleura (8.5±0.52), followed by LBr (4.42±0.51) 

and SBr (3.50±1.57), terminal bronchioles (2.58±0.67) and alveolar septa (1.17±0.39). 
Like the caudal right lung lobe, in the propria of all airways and in the whole wall of 
respiratory bronchioles MCs were not observed. 

Unlike the caudal right lung lobe, in the wall of LBr, the MC number was highest 
in the muscular layer (2.92±0.51), but in SBr and terminal bronchioles similar MC 
number was observed in the muscle (1.50±0.52 and 1.08±0.29, respectively) and 
adventitial layers (2.00± 1.04 and 1.50±0.52, respectively). The highest amount of MC 
was observed in the muscle layer of LBr than in the same layer of SBr and terminal 
bronchioles.

III.3. In rats at the age of 1 year
MC number was highest in the pleura (8.92±2.43), followed by the wall of LBr 

(6.50± 2.61) and SBr (3.42±0.67), terminal (1.33±0.65) and respiratory bronchioles 
(1.17±0.39), alveolar septa (1.58±0.51). There is not significant difference between the 
amount of MCs in the terminal and respiratory bronchioles, and alveolar septa as well. 
In the terminal bronchioles MCs were located in their adventitial layer only, but in the 
respiratory ones – in the muscle layer only.

Discussion

In this study, toluidine blue staining was successfully used for demonstration of 
metachromasia and identification of lung mast cells which is in agreement with the 
findings of Enerback et al. [4].The distribution of toluidine blue stained MCs in the wall 
of intrapulmonal airways as well as in the interalveolar septa and pulmonary pleura 
was compared between left lung and cranial and caudal lobes of the right lungs in rats 
at different ages, for the first time. To confirm the presence of MCs Bismarck brown 
staining was used, known as an alternative to the Toluidine blue staining [10]. For 
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that purpose, serial sections were used, where the same MCs were identified by both 
methods. 

The localization of rat lung cells predominantly in the muscular and near the blood 
vessels of adventitial layer can be explained with the ability of these cells to synthesize 
mediators such as serotonin [6, 7]and nitric oxide [8], responsible for smooth muscle 
cell contraction and relaxation. This means that mast cells may regulate the function 
of the smooth muscle layer of airways with different diameters and the same layer of 
blood vessels. 

Rat lung mast cells and their mediators are widely studied in experimental models 
regarding pulmonary fibrotic and allergic processes associated with increasing mast cell 
density [1, 2, 5]. But the information about the normal rat mast cell distribution in the 
left and right lugs and also in different lung lobes is scarce. In this regard, we undertook 
this study to establish the MC density in the different lobes of normal rat lungs that can 
be used as reference values. In general, we agree with the authors reported that in the 
rat, the mast cell number decreased from large to small bronchi [1, 2, 5].

The data about the mast cell distribution in rat lung are controversial, for example, 
some authors did not describe mast cell in the interalveolar septa [1, 2, 5]. The current 
study showed that single mast cells are located in the interalveolar septa in lungs of rats 
at different ages which confirm the results of other studies where the same mast cell 
distribution was described [3, 6, 13].

Based on both the results of studies above and our findings we tried to give more 
detailed data regarding the distribution of lung mast cells in normal rat. Firstly, the 
normal distribution of mast cells in the different layers of the airways` wall, pulmonary 
parenchyma and visceral pleura in left and right lungs was elucidated; secondly, lung 
MC distribution in rats at different ages was established; thirdly, it was clarified whether 
MCs localize in the interalveolar septa of normal rat lungs or not. 

Conclusions

Тhe mast cell populations in the left and right lung of the rat are different in terms 
of both their distribution along the bronchial tree and visceral pleura, and their 
distribution during the ages. Our findings could be very useful in planning experimental 
morphological studies using rat lungs. The results showed that in such studies the same 
parts of lungs should be collected from the control and experimental animals to be sure 
that the accurate results will be received.
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Traumatic brain injury (TBI) is one of the leading causes of non-natural death in younger adults. High 
levels of YKL-40 are discussed to serve as a biomarker in acute and chronic inflammatory diseases. The 
aim of our study was to examine the expression and dynamics of YKL-40 secretion in TBI patients. 
Cerebrospinal fluid (CSF) and plasma samples were collected from nineteen patients with TBI – on the 
24th and 96th hour after injury. ELISA and immunocytochemical methods were performed. 
We determined that the CSF levels of YKL-40 were significantly lower compared to plasma 
concentrations on the 24th and 96th hour. No significant change between CSF levels of YKL-40 on the 
24th h after TBI compared to the control group was found. The presence of YKL-40 protein in the 
cytoplasm of polymorphonuclear leukocytes was detected as a strong diffuse reaction. We suggest that 
YKL-40 levels reflect the inflammatory process and could provide new information about its dynamics 
in patients with TBI.

Key words: traumatic brain injury, YKL-40, biomarker

Introduction

Traumatic brain injury (TBI) is a global health problem, characterized by high frequency 
of occurrence, high mortality rate, severe and long lasting disability in patients who 
have survived [12]. There is a lack of accurate and standardized panel of biomarkers for 
assessment of progression and disease outcome. Severety of TBI is defined by clinical 
prognostic models. Brain damage following head injury may occur as a direct physical 
effect at the moment of action of the traumatic agent (skull fractures, hematoma, cerebral 
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contusion). It is referred to primary brain injury and leads to deformation and damage of 
brain tissue due to exceeding its structural tolerance [19]. 

Complications after the trauma are defined as a secondary brain damage. They 
happen within hours to days and are performed as brain-barrier alteration, oxidative 
stress [5], exocytotoxicity [13], mitochondrial dysfunction [14]. Inflammation is also an 
accompanying process [10]. The inflammatory process is mediated by the activation of 
cells (astrocytes, glial cells, macrophages and lymphocytes) and production of pro- and 
anti-inflammatory cytokines and chemokines [1]. 

YKL-40, also known as CHI3L1, is an extracellular glycoprotein with a molecular 
weight of 40 kDa. It is a member of the glycosyl hydrolase family 18 and has no 
enzymatic activity [4]. Protein expression was detected in neutrophils, activated ma-
crophages, T cells, chondrocytes, synovial cells, endothelial cells, stelate liver cells, 
activated astrocytes, oligodendrocytes [16].  There is evidence that YKL-40 is involved 
in the immune response by inhibiting oxidant injury, apoptosis and pyroptosis [7]. It 
was proved that YKL-40 was associated with T cell activation and proliferation [9]. 
Participation in neoangiogenesis, tissue remodeling, fibrosis, cell migration and proli-
feration was reported [11]. 

However, the particular mechanism of YKL-40 function remains unclear. Elevated 
YKL-40 in acute and chronic inflammatory diseases was determined [6, 8, 18]. There 
are few investigations focused on YKL-40 levels in TBI pathology which suggested 
that the protein expression correlated to the local neuroinflammation [3].

The aim of our study was to examine the expression and dynamics of YKL-40 
production in TBI patients.

Material and Methods

Cerebrospinal fluid (CSF) and plasma samples were collected from nineteen patients 
with TBI – on the 24th and 96th hour after the trauma. The age distribution of the patients 
assessed as mean ± standard deviation was 50 ± 15 years. Seventeen of the patients were 
males and two were females. CSF samples were isolated also from forensic autopsies of 
15 adult cadavers (healthy individuals before death) and served as an age-matched (63 ± 
18 years) and gender-matched (13 males and 2 females) control group. Concentrations 
of YKL-40 in biological fluids were analyzed by ELISA using MicroVue™YKL-40 kit 
(QUIDEL, Cat. №8020) according to manufacturer’s instructions.

Immunocytochemical staining of YKL-40 in lumbar punctuate was performed by 
the indirect immunoperoxidase method. The avidin-biotin system was applied (Vectas-
tainElite ABC Kit, Vector Laboratories, Burlingname,CA). The sections were incubated 
at 37 °C for 1 h with primary goat anti-human chitinase 3-like antibody (YKL-40) (R&D 
Systems, Minneapolis, MN) and anti-goat IgG secondary antibody. The final detection 
was performed by freshly prepared DAB as a chromogen. Nuclei were counterstained 
with haemotoxylin. A morphological analysis was performed by standard hematoxylin 
and eosin (H&E) staining. 

The cytopathological examination was verified by two independent observers. The 
study was approved by the University Ethics Committee (Protocol№3/31.05.2018). 
Informed consent was signed by all examined individuals according to the Helsinki 
Declaration.

Statistical analysis. The Wilcoxon signed rank test was used to compare the concen-
trations of YKL-40 in plasma and CSF on the 24th and 96th hour after TBI. The levels 
of YKL-40 in the group of patients were compared with the ones in the control group 
by the Mann-Whitney test. Boxplot diagrams were used for graphical visualization of 
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YKL-40 concentrations - the criteria 1.5 of the interquartile range have been accepted 
to distinguish outliers. The significance level was set at 5%.

Results and Discussion

Inflammatory processes after TBI induce time-dependent cascades of acute phase 
response [15]. Proteins secreted into the systemic circulation and CSF are able to reflect 
the severity of the inflammation and the disease course [1]. We found no significant 
change between CSF levels of YKL-40 on the 24th h after TBI compared to the control 
group (mean ± standard deviation: 269±165 vs 153±51 ng/ml) (Fig.1). However, the 
interquartile range (25–75 percentiles) of YKL-40 concentrations for the control group 
was much narrower than the one of TBI patients (Fig. 1). Our results are in accordance 
with earlier investigations [3] suggesting that the level of the glycoprotein illustrates the 
inflammatory process. 
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Fig. 1. YKL-40 concentrations in CSF of TBI patients and the control group.

We showed that CSF levels of YKL-40 were significantly lower compared to 
plasma concentrations on the 24th (p=0,027) and 96th hour (p=0,044) (Fig. 2). A recent 
study revealed increased CSF concentrations of YKL-40 in athletes with postconcussion 
syndrome due to repetitive concussive TBI. YKL-40 concentration correlated with 
lifetime concussion events. The authors claimed that head trauma was associated with 
biomarker evidence of astroglial activation but they did not report plasma YKL-40 
values [17]. 
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Another clinical study following neuroinflammation and CSF YKL-40 levels in 
Huntington’s disease showed that the concentration of the protein was not suitable as 
an early marker in this pathology but might have a possible role as a marker for glia 
activation [20]. 

Monocytes, phagocytes and polymorphonuclear cells were observed by morpho-
logical examination (Fig. 3 A, B). The results are in accordance with the findings of 
other researchers in CSF cytology who reported that lymphocytes and macrophages/
monocytes were the cells frequently seen in nonspecific reactive conditions [2].
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Fig. 2. Time-dependent differences of YKL-40 concentrations in CSF and 
plasma in TBI patients; the distributions of the differences CSFconcentration 
– Plasmaconcentration calculated for each individual patient are visualized, 
ng/ml

Fig. 3. Cytology of CSF in TBI patients (hematoxylin and eosin staining).
Monocytes, phagocytes and polymorphonuclear (PN) cells are observed (3A, B). (magn × 630).
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The immunocytochemical exami-
nation determined the presence of the 
YKL-40 protein in the cytoplasm of 
polymorphonuclear leukocytes. A strong 
diffuse staining was recorded (Fig. 4). 

Another study suggested that 
YKL-40 expression at the perimeter 
of contusions might be an important 
feature of the astrocytic response to 
modulate neuroinflammation[21].

Therefore, CSF and plasma YKL-40 
measurements are useful tools to analyze 
the course of inflammation and the time 
of lethal outcome in TBI. Higher plasma 
concentrations of the glycoprotein seem 
to be a part of the acute phase response 
as an immediate reaction after injury.  
The biomarker value and its dependency 
on trauma survival times are in prospect 
examination.

Conclusion

Our study is the first to show time-dependent change of YKL-40  levels in TBI. We 
assume that plasma and CSF YKL-40 levels reflect the inflammatory process and would 
provide new information about its dynamics in TBI patients.
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Blood sera from 13 psychologically and neurologically healthy volunteers from Sofia aged 90-95 years 
were investigated. Our previous studies have shown that GD1a antibodies can be considered as bio-
markers for neurodegenerative changes. According to the performed ELISA technique, no elevated IgG 
titers of these antibodies were detected. This shows that the neurons of this people are healthy inde-
pendently of the ageing.
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Introduction

Health is the ability of a biological system to acquire, convert, allocate, distribute, 
and utilize energy sustainably. The World Health Organization (WHO) defined human 
he-a lth in a broader sense in its 1948 constitution as “a state of complete physical, 
mental and social well-being and not merely the absence of disease or infirmity” [12].

Over the last 150 years, life expectancy has increased by 2 years for every 
decade. Today in the developed countries it is 75-80 years, but the duration of health 
increases by about 1.7 per decade. More people suffer from age-related illnesses – 
cancer, cardio vascular disease, diabetes, hypertension, dementia, osteoporosis, eye 
and hearing pro blems and others. Life time duration over the years is: 1850-40 
years; 1900-47 years; 1950-68 years; 2000-78 years; 2050-88 years. The solution is: 
moderate sports and exercise, nutrition – excessive intake of carbohydrates definitely 
shortens life (and in what form it is taken), it is good not to eat as many hours as 
possible, repairing the damage to the body from outside [11]. Our studies since 
2002 have convincingly de mo nstrated that the titer of GD1a gangliosides may be a 
marker for neuronal damage. We have found in our experimental model of multiple 
sclerosis (MS) – chronic remitting experimental allergic encephalomyelitis (CREAE) 
that before the destruction of the myelin sheath, there is an increased titer of GD1a 
gangliosides, which is a sign of neu ronal damage [5].
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Materials and Methods
The health status of 76 randomly chosen volunteers between 90 and 104 years of age 
from all parts of Bulgaria is described. The illnesses that appear on our list are just like 
those described by prof. E. Verdin as diseases of the elderly all over the world [11]. A 
group of all 13 persons who are from Sofia are presented. Their sera were estimated by 
enzyme-linked immunosorbent assay (ELISA) technique for detecting IgG anti-GD1a 
antibodies [6]. People are selected one at a time and they do not have any neurological 
or psychiatric indications – their neurons are healthy.

All these 13 patients were without any neurological or mental illness. The ELISA 
protocol was selected by slight modifications of the method of Mitzutamari et al [6]. 

Results

Blood sera from 13 psychologically and neurologically healthy volunteers from Sofia 
aged 90-95 years were studied. In the ELISA technique, no elevated IgG titers of anti-
GD1a antibodies were detected. It is important to note that in all 13 blood samples, there 
was no need for centrifugation because the serum was self-excreted. This is because all 
healthy old people who were tested take preparations for decrease of blood viscosity 
and thus they are in great condition (Table 1).

Discussion

Screening at the level of anti-GD1a antibodies indicates that neuronal damage can be tra-
ced in many patients. The mechanism by which ganglioside GD1a participates in the cell 
cohesion is not known. So we decided to study elderly with different diagnoses but without 
dementia. When there is no evidence for dementia, for impaired function of the neuron, 
the elderly are mentally healthy no matter how old they are. In all 13 elderly there was no 
increase in the antibody titers against GD1a meaning that there were no neuronal damages. 

The production of fibrinolytic enzyme plasmin, produced by vascular endothelial 
cells, decreases with the age. This is the main reason for increased coagulation (blood 
clotting). On the other hand, fibrinogen increases with the age. This causes increased 
platelet aggregation, which increases the risk of stroke and heart attack. The elevated fi-
brinogen is a more significant risk factor for strokes than high blood cholesterol levels. 
To this should be added the combination of risk factors with different relative weight [7].

OD Optical density
90-95 year old

n=13

IgG anti – GD1a

Mean ± SEM

(-)

≤ 0.06 ± 0.02

Table 1. Titers of anti-GD1a antibodies in sera from elderly (90-95 years old) 

Data are presented as a mean value x± standard error of mean (SEM)
Legend: OD – optical density; SEM – standard error of mean; n – number of patients

Age
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Plasma lipids could increase the cerebrovascular risk through alteration of the 
hemorheological profile [9]. Parallel with whole blood viscosity (WBV) many hema-
tological parameters, including the erythrocyte morphology have also been evaluated [3].

Nicotinamide adenine dinucleotide (NAD(+)) is a coenzyme found in all living 
cells. Here we review factors that regulate NAD(+) and discuss how supplementation 
with NAD(+) precursors may represent a new therapeutic opportunity against aging 
and associated disorders, particularly neurodegenerative diseases [10]. The ketone 
body β-hydroxybutyrate (βOHB) is a convenient source of energy from adipocytes 
to peripheral tissues during fasting or exercise. These regulatory functions of βOHB 
serve to link the outside environment to cellular function and gene expression, and have 
important implications for the pathogenesis and treatment of metabolic diseases inclu-
ding diabetes type 2 [8]. 

Factors that support human health are: income and social status; social support 
network; education and literacy; work conditions; social environment; physical envi-
ronment; personal health practices and coping skills; healthy development in childhood; 
biology and genetics; health services; culture. Longevity is a side effect of health [12].

The causes of stroke have been tested in 47 countries and are described as follows: 
1. Hypertension – 24%; 2. Lack of regular physical activity – 18%; 3. Not administering 
statins – ratio of apolipoproteins B/A1 – 13%; 4. Harmful feeding habits – 12%; 5. Waist 
to hip ratio – 9%; 6. Psychosocial factors – stress, bullying at the workplace – 8.5%; 
7. Smoking – 6%; 8. Cardiovascular diseases – 4.5%; 9. Alcohol consumption – 3%; 
10. Diabetes mellitus – 2% [7].

Global grey matter volume decreases linearly with age, with a significantly steeper 
decline in males. Local areas of accelerated loss were observed bilaterally in the insula, 
superior parietal gyri, central sulci, and cingulate sulci. Areas exhibiting little or no age 
effect (relative preservation) were noted in the amygdala, hippocampi, and endorhinal 
cortex. Global white matter does not decline with age, but local areas of relative 
accelerated loss and preservation were seen [4]. From the brain regions affected by ageing, 
the hippocampus and the prefrontal cortex (PFC) seem to be particularly vulnerable, but 
even within and between these regions the impact of ageing on the neuronal function can 
differ. The morphology of neurons in the PFC is more susceptible to age-related changes, 
as these cells show a decrease in dendritic branching in rats and humans [1].

In 2017 David Cundiff reports 19 different relative risk factors for cardiovascular 
disease in 168 countries. They include: consumption of products of animal origin; refi-
ned carbohydrates; alcohol; tobacco; vitamin K2 intake; level of exercise; body mass 
index; blood sugar/hemoglobin A1c; problems with the blood pressure; medicines for hy-
pertension; cholesterol/HDL ratio; the incomes of individuals; level of education; gender; 
age; ethnic origin; vitamin D level; air pollution; fetal, baby and childhood stress [2].

There is no evidence of neuronal damage in elderly who are born in 1924 to 1928 
and are in good mental and psychological health.
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GM3 gangliosides have been described as biomarkers for oncogenic tissue changes. Anti-GM3 
antibodies in mouse sera were tested in a lead intoxication model, followed by treatment with the 
polyether ionophorous antibiotic salinomycin. The results show abiding high titer of IgG antibodies 
against the GM3 gangliosides only in sera from salinomycin-treated mice. It could be concluded that the 
high titer of anti-GM3 antibodies is associated with signs of oncogenity. 
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Introduction 

Lead (Pb) is a heavy toxic metal and a major environmental pollutant. Pb-poisoning in 
humans is possible by the consumption of contaminated food and water, inhalation or 
absorption through the skin [1]. Entering in the body, lead induces damages in the brain 
and kidneys, in the cardiovascular, nervous and reproductive system [2, 7, 15, 16, 17]. 

Chelation therapy is used to treat metal ion poisoning. Among the polyether iono-
phorous antibiotics, salinomycin is the representative with the lowest in vivo toxicity 
[12] and it has a potential application as antitumor agent for treatment of cancer stem 
cells [13]. In our previous study we demonstrated that the polyether ionophorous 
antibiotic salinomycin reduced significantly the concentration of Pb in the organs of 
Pb-exposed mice [14]. 

Numerous studies have recognized gangliosides as promising biomarkers for dif-
ferent disorders. Gangliosides are acidic glycosphingolipids. They occur not only in cells 
and tissues but also in tissue fluids. Over the last decades many studies have shown that 
gangliosides are im munogenic [9, 10] and their potential for cancer immunotherapies 
has been discussed. 

The aim of the present work is to explore the effect of salinomycin on the presence 
of anti-ganglioside GM3 antibodies in a mouse model of lead intoxication.
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Materials and Methods 

Experimental design. Mature 60-days old male ICR mice weighting 25-30 g were 
obtained from Experimental and Breeding Base for Laboratory Animals (EBBLA) – Sli-
v nitza, Bulgaria. The animals were housed at the Institute of Experimental Morphology, 
Pathology and Anthropology with Museum, Bulgarian Academy of Sciences at standard 
conditions: 12:12 h light/dark cycle, 25°C temperature and constant humidity. Each ani-
mal was accommodated in a single cage with polypropylene bottom. The animals were 
divided into four experimental groups as follow:

– Control group (untreated control animals; n =10) – the mice from this group 
obtained distilled water – А group. 

– Toxic control group (n = 10) – the mice from this group were exposed to Pb(NO3)2 
treatment for 14 days. The compound was dissolved in distilled water and administrated 
per os in an average daily dose of 80 mg/kg body weight (b.w.). From the 15th to 28th day 
the mice obtained distilled water – B group.

– Lead and Salinomycin treated group (n = 10) – animals from this group were 
intoxicated with Pb(NO3)2 in an average daily dose of 80 mg/kg b.w. Next two weeks 
animals obtained tetraethylammonium salt of salinomycinic acid dissolved in drinking 
water in an average daily dose of 20 mg/kg b.w. – C group.

– Salinomycin-treated group (n =10) – the mice from this group obtained tetra-
ethylammonium salt of salinomycinic acid dissolved in drinking water in an average 
daily dose of 20 mg/kg b.w. for 14 days – D group. 

On the 29th day of the experimentаl protocol the animals were anesthetized and sa c-
rificed. The samples were collected for analysis. Blood was collected and centrifuged (for 
10 min at 1500 rpm). Pool samples were prepared from the separated sera and stored at 
-20 °C prior to analysis. The protocol was approved by Ethics committee of the Institute 
of Experimental Morphology, Pathology and Anthropology with Museum of Bulgarian 
Academy of Sciences. 

Titers of antibodies to GM3 gangliosides served as biomarkers. Immunoglobulin 
G (IgG) is used for chronic disorders. The serum anti-GM3 antibodies were estimated 
by the enzyme-linked immunosorbent assay (ELISA) with slight modifications of the 
method [10]. 

Results

Our observations in salinomycin-treated animals show strongly elevated titer of anti-
GM3 antibodies (Table 1). More than a 4-fold increase in the antibody titer was measured 
in the pool sample of animals treated only with salinomycin, compared to the untreated 
control mice. In the Pb-intoxicated group elevated titer was not observed. Subsequent 
treatment with salinomycin though, induced a 4-fold and a 6-fold increase in the anti-
GM3 titer compared to the untreated control and the intoxicated group, respectively. 
The highest antibody titer was measured in the pool sera sample of Pb-intoxicated 
mice with subsequent administration of the ionophorous antibiotic. The results found 
confirmation in 5 of 6 repeats, although the capriciousity of the method (relative to pH, 
temperature and other parameters). High titer of antibodies was not measured in only 
one of the pools which could be explained by the possibility gangliosides to be linked 
to each other in micelles. 

There are many literature data on the increased levels of GM3 molecules in different 
pathological conditions with various interpretations of these findings. The high titer of 
anti-GM3 antibodies may be a marker for common metabolic disorders and/or diabetes. 
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According to literature data, elevated anti-GM3 antibody levels are also reported 
in malignant cells as a neoplastic marker, including their protective functions. Similarly, 
our results could be indicative for the relevance of salinomycin to cancer therapy.

Discussion 

Gangliosides perform different biological functions. They are involved as membrane 
regulatory molecules in the cell growth, differentiation and axon-oligodendrocyte 
interaction formation in myelinogenesis. Ganglioside composition in the serum is 
very constant and shows no significant variations in healthy individuals associated 
with age and gender. However, in pathological conditions, the serum ganglioside 
spectrum undergoes significant alterations. Our long-term research has shown that it 
is of critical importance to establish the clinical significance of serum IgG anti-GD1a 
and anti-GM1 ganglioside antibodies as potential biomarkers for neuronal damage in 
neurodegenerative diseases, immuno-mediated neuropathies and demyelination [9, 10]. 

The antibiotic salinomycin (E716) is a carboxylic polyether ionophore, produced 
by Streptomyces albus. Salinomycin, due to its lipophilic properties, easily penetrates 
through the plasma membrane into the cell and through intracellular membranes into 
various cellular organelles. In 2009 Gupta et al. discovered that salinomycin is able to kill 
cancer stem cells, as well as to inhibit breast cancer growth and metastasis in mice [4]. 
Cancer stem-like cells (CSCs) in different types of cancers may account for the failure 
of treatments because they are resistant to many current anticancer therapies. Therefore 
Gupta’s discovery could be very important for cancer therapy in the future [4, 6]. 
Salinomycin induces apoptosis of human prostate cancer cells owing to accumulation 
of reactive oxygen species, DNA damage and mitochondrial membrane depolarization. 
This drug also inhibits chemoresistant cancer cells and sensitizes DOX- or ETO-treated 
or irradiated cancer cells by increasing apoptosis causing DNA damage and reducing p21 
protein levels. Salinomycin inhibits Wnt-signalling and selectively induces apoptosis in 

Table 1. Numeric values of the anti-ganglioside GM3 antibodies titers in sera in lead intoxication model 
mice treated with the polyether ionophorous antibiotic salinomycin 

Probe
(n =10)

Numerical value of the IgG 
titre of anti-GM3 antibodies Symbol

A group, Control 0.0175 ± 0.01 -

B group, Pb 0.0244 ± 0.02 -

C group, Pb+Sal 0.1105 ± 0.03 ++

D group, Ctrl+Sal 0.0825 ± 0.02 +

Legend:
А group – Control group (untreated control animals; Ctrl, n =10); B group – Toxic control group (only Pb, 
n = 10); C group – Lead and salinomycin-treated group (Pb+Sal, n = 10); D group – Salinomycin-treated 
group (treated control animals; Ctrl+Sal, n =10) 
Numerical value of the titre:
- ≤ 0.047; Normal 0.047; ± 0.062; + 0.077; ++ 0.107
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tumor cells [13]. Therefore, at present salinomycin is considered to be a potential anti-
neoplastic drug for cancer therapy. It has been shown that T-lymphocytes with CD4+ 
phenotype, obtained from patients with leukemia (malignant cells), are significantly more 
sensitive to the action of this drug than CD4+ T-lymphocytes of healthy people [13]. 

The ionophore antibiotics can disrupt the intracellular balance of cations and ultima-
tely can lead to cell death. The neurotoxicity of salinomycin appears to be primarily due 
to disturbances in the cell ionic balance [13, 14]. It has been shown that salinomycin 
can inhibit mitochondrial respiration and disrupt the transmembrane potential. This can 
cause the release of cytochrome C from the intermembrane space of the mitochondria, 
activation of caspase-9 and the development of apoptosis. 

There are evidences that a synthetic derivative of salinomycin exhibits a more 
potent and selective activity against breast CSCs in vitro and in vivo, by accumulating 
and sequestering iron in lysosomes. In response to the ensuing cytoplasmic depletion 
of iron, cells triggered the degradation of ferritin in lysosomes, leading to further iron 
loading in these organelles. Iron-mediated production of reactive oxygen species (ROS) 
promoted lysosomal membrane permeabilization, activating a cell death pathway 
consistent with ferroptosis. These findings reveal the prevalence of iron homeostasis 
in breast CSCs, pointing towards iron and iron-mediated processes as potential targets 
against these cells [11]. Salinomycin is able to kill different types of non-stem tumor 
cells that usually are resistant to common therapeutic approaches, but the mechanism 
of action of this molecule remains largely unknown [12]. Since salinomycin has been 
suggested to act as a K(+) ionophore, Managò et al. explored its impact on mitochondrial 
bioenergetic performance at an early time point following drug application [12]. In 
addition, mitochondrial matrix acidification and significant decrease of respiration were 
observed in intact mouse embryonic fibroblasts (MEFs) and in cancer stem cell-like 
HMLE cells within ten minutes, while increased production of ROS was not detected 
[12]. Compatible with its direct modulation of mitochondrial function, salinomycin was 
able to induce cell death also in Bax/Bak-less double-knockout MEF cells [12]. Since at 
the concentration range used in most studies (around 10 μM) salinomycin exerts its effect 
at the level of mitochondria and alters bioenergetic performance [12]. The specificity of 
its action on pathologic B cells isolated from patients with chronic lymphocytic leukemia 
versus B cells from healthy subjects was investigated [12]. The results indicate that 
salinomycin, when used above μM concentrations, exerts direct mitochondrial effects, thus 
compromising cell survival [12]. Jiang et al. present evidence that a dual role of salinomycin 
involving in autophagy may account for its unique anticancer effects with preference for 
cancer cells [8]. GM3 regulates cell adhesion, growth and motility by changing molecular 
organization in glycosynaptic microdomains. GM3 may change the activation levels of 
co-localized signaling molecules, which are involved in cancer pathogenesis [5]. B16 
melanoma cells showed GM3 on the cell surface and GM3-dependent in vitro growth. 
Depletion of sialic acid residues from the cell surface completely abolished antibody 
response against melanoma cells [3]. These data indicate that the antitumor activity of 
GM3 is associated with GM3 expression on tumor cell surface and demonstrate a major 
role of sialic acid in the humoral response [3]. 

In conclusion, the results of the present study show that salinomycin treatment 
following lead intoxication increases the titer of anti-GM3 antibodies. Our findings 
suggest that GM3 gangliosides can serve as cancer biomarker and provide evidence for 
the potential application of salinomycin in oncotherapy. 
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We previously showed that the de-differentiation of the occupied portion of muscle fibers toward 
Nurse cell after invasion by Trichinella spiralis is associated with increased intracellular accumulation 
of α-2,6-sialylated glycoproteins and novel gene activation of ST6GalNAc1. With this work we 
demonstrate ST6GalNAc1 expression in mouse skeletal muscles invaded by T. spiralis. Muscle samples 
were collected at certain time points after invasion. Immunochistochemistry was performed using 
rabbit polyclonal antibody against ST6GalNAc1 sialyltransferase. We found short up-regulation of the 
enzyme ST6GalNac1 that faded within the transformation of the occupied area into a Nurse cell. The 
enzyme ST6GalNAc1 is not synthesized in healthy mouse muscle tissue and is rarely expressed in 
normal tissues. It is responsible for the formation of the cancer-associated sialyl-Tn antigen in variety of 
carcinomas, blocking regular carbohydrate chain elongation. The functional role of this enzyme for the 
Nurse cell formation of T. spiralis in muscles has to be elucidated.

Key words: sialic acids, skeletal muscle Trichinella

Introduction

Sialic acids are called over than 40 modifications of the Neuraminic acid that occupy ter-
minal position on the oligosaccharide chains of glycoproteins and glycolipids, and are thus 
involved in almost all types of recognition phenomena and adhesion mechanisms [10].

In skeletal muscles the sialic acids are important for the functional maintenance 
of glycoproteins involved in fiber structure and neuromuscular junctions [3, 7], for the 
development and regeneration [1], muscle excitability [6] and exercise performance 
[5]. However, even if sialylation in skeletal muscles is not as abundant as in other 
tissues, the muscles are very sensitive to losses of sialic acid due to mutations, which 
result in severe and progressive loss of motility [2, 11].

Among all known myopathies, the establishment of a Nurse cell-parasite complex 
resulting from infestation by the parasitic nematode Trichinella is a unique event. 



77

This structure derives from a portion of the striated skeletal muscle fiber and develops 
within 15 to 20 days after a larva of Trichinella invades the fiber. After penetrating 
the skeletal muscle fiber, the larva induces morphological, functional and enzymatic 
changes. The occupied portion of the muscle fiber transforms into a structure called 
Nurse cell, capable of supporting the parasite for years [4]. During this process of de-
differentiation, at least 53 genes associated with apoptosis, satellite cell activation and 
proliferation, cell differentiation, cell proliferation and cycle regulation, myogenesis and 
muscle development change in expression [13]. The affected areas lose their contractile 
properties but the membranes of the newly developing Nurse cells remain adherent 
within the construction of the contractile fiber. Considering the role of the sialic acids in 
cell adhesion we assumed that this process of transformation is associated with changes 
in sialylation of the occupied skeletal muscle fiber.

Our previous studies showed that the occupation of skeletal muscle fibers by Trichinella 
spiralis is associated with intracellular accumulation of α-2,3- and α-2,6-sialylated 
glycoconjugates, as well as elevated levels of free sialic acid, sialy lated glycoproteins and 
total sialyltransfrase activity [8]. Further, up-regulation of sialyltransferase ST6GalNAc2 
and a novel gene activation of sialyltransferase ST6GalNAc1 were found, too [9]. 

With this short report, by means of immunohistochemistry, we demonstrate a transient 
protein expression of the enzyme ST6GalNAc1 (ST6 [alpha-N-acetyl-neuraminyl-2,3-
beta-galactosyl-1,3]-N-acetylgalactosaminide alpha-2,6-sialyltransfrase 1, Mouse Ge-
nome Informatics Database) in mouse skeletal muscles, invaded by infectious larvae of 
the parasitic nematode T. spiralis.

Material and Methods

Ethical procedures
All animal experiments were performed in compliance with the Institutional Guidelines 
for Animal Experiments of the Institute of Experimental Morphology, Pathology and 
Anthropology with Museum, Bulgarian Academy of Sciences, following the EU and 
locally established norms and procedures.

Parasites, invasion, sample collection and tissue preparation for basic 
pathomorphology

Infective T. spiralis larvae were isolated from previously invaded mice, between 
days 30 and 40 day post infection (d.p.i.) according to a routine protocol. ICR mice, 6-8 
weeks old, were inoculated with 500 infective T. spiralis larvae per os. The animals (five 
per group) were sacrificed at day 0, 10, 14, 18, 24 and 35 post invasion (d.p.i.). Tissue 
specimens were excised from the femoral, pectoral and gluteal muscles and fixed with 
10% neutral buffered formaldehyde. After processing, the specimens were embedded 
in paraffin. Tissue sections, 5 µm thick, from all experimental groups were submitted 
for staining with hematoxylin and eosin (H&E) for basic morphological evaluation and 
immunohistochemistry. 

Immunohistochemistry
Selected tissue sections from all experimental groups were heated for 5 min in 

10 mM Tris-1.25mM EDTA revitalizing buffer at pH 9.2. The endogenous peroxidase 
activity was blocked by 0.3% solution of H2O2, then 2.5% normal goat serum (Vector 
Laboratories Ltd, Burlingame, CA, USA) was used to prevent non-specific antigen 
activity. Polyclonal antibody against ST6GalNAc1 (Aviva Systems Biology Cor., San 
Diego, CA, USA) was applied overnight at 4°C in dilution 1:50. The sections were then 
treated with a secondary antibody (ImmPress HRP anti-rabbit IgG polymer detection kit, 
Vector Laboratories) for 30 min, a color reaction was developed with DAB Peroxidase 
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(HRP) Substrate Kit (Vector Laboratories) and the sections were counterstained with 
hematoxylin. The immunohistochemical staining was evaluated as negative (-) and 
positive (+).

Results and Discussion

The results are shown in Figure 1. 

The occupied sites in skeletal muscle specimens from day 10 p.i. were distinguished 
by the enlargement and centralisation of the fiber nuclei. Following the time course of 
muscle invasion, the affected area of the sarcoplasm disintegrated progressively and by the 
day 35 p.i. the de-differentiation of the occupied fiber resulted in a Nurse cell completion. 
During this period the affected sarcoplasm changed from eosinophilic to basophilic and 
then back to light eosinophilic. The enlarged nuclei persisted also in the mature Nurse cell 
containing coiled larvae. Between days 18 and 24 p.i. the developing Nurse cells were 
surrounded by cells of inflammatory response. Protein expression of the sialyltransferase 
ST6GalNAc1 was observed within the invaded sarcoplasm only at day 14 p.i. 

The enzyme ST6GalNAc1 
catalyzes the transfer of a sialic acid 
in an alpha-2,6 linkage to O-linked 
N-acetylgalactosamine (GalNAc) 
residues and is responsible for 
the formation of the cancer-
associated sialyl-Tn antigen (SiA-
α-2,6-GalNAc-α-1-Ser/Thr) [12]. 
According to the Mouse Genome 
Informatics database and our 
molecular studies [9] expression 
of this enzyme is absent in healthy 
skeletal muscles. It is typical 
however for the alimentary system 
and its expression is considered 
as a prognostic marker for many 
cancer diseases characterized 
by increased levels of the sialyl-
Tn antigen [12]. The biological 
function of the short expression 
of ST6GalNAc1in the developing 
Nurse cell of T. spiralis should be 
further elucidated.
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Fig. 1. Immunohistochemistry of 
mouse skeletal muscles with Trichinella 
spiralis at days 10, 14, 18, 24 and 35 
post invasion (d.p.i.) with polyclonal 
Ab against ST6GalNAc1. Star – non-
occupied skeletal muscle fibre, hashtag 
– occupied sarcoplasm, L – larva. Obj. 
magn. 40×.



79

Acknowledgments: This study was financially supported by grant DN01/16 funded 
by the National Science Fund of Republic of Bulgaria.

R e f e r e n c e s 

1. Broccolini, A., T. Gidaro, R. De Cristofaro, R. Morosetti, C. Gliubizzi, E. Ricci, P.A. Tonali, 
M. Mirabella. Hyposialylation of neprilysin possibly affects its expression and enzymatic activity 
in hereditary inclusion-body myopathy muscle. – J. Neurochem., 105, 2008, 971–981.

2. Broccolini, A., T. Gidaro, R. Morosetti, M. Mirabella. Hereditary inclusion-body myopathy: clues 
on pathogenesis and possible therapy. – Muscle Nerve, 40, 2009, 340-349.

3. Combs, A.C., J. M. Ervasti. Enhanced laminin binding by alpha-dystroglycan after enzymatic 
deglycosylation. – Biochem. J., 390, 2005, 303-309. 

4. Despommier, D. D. How does Trichinella spiralis make itself at home? – Parasitol. Today, 14, 1998, 
318-323.

5. Hanisch, F., W. Weidemann, M. Großmann, P. R. Joshi, H. J. Holzhausen, G. Stoltenburg, 
J. Weis, S. Zierz, R. Horstkorte. Sialylation and muscle performance: Sialic acid is a marker of 
muscle ageing. – PLOS One., 8, 2013, e80520. Doi: 10.1371/journal.pone.0080520.

6. Johnson, D., M. L. Montpetit, P. J. Stocker, E. S. Bennett. The sialic acid component of the β1 subunit 
modulates voltage-gated sodium channel function. – J. Biol. Chem., 279, 2004, 44303-44310.

7. McDearmon, E. L., A. C. Combs, J. M. Ervasti. Core 1 glycans on α-dystroglycan mediate laminin-
induced acetylcholine receptor clustering but not laminin binding. – J. Biol. Chem., 278, 2003, 
44868-44873.

8. Milcheva, R., D. Ivanov, I. Iliev, R. Russev, S. Petkova, P. Babál. Increased sialylation as a 
phenomenon in the accommodation of the parasitic nematode Trichinella spiralis (Owen, 1835) 
in skeletal muscle fibres. – Folia parasitol., 2015, Doi: 10 14411/fp.2015.049.

9. Milcheva, R., P. Janega, P. Celec, R. Morphew, Z. Hurnikova, S. Petkova, B. Izrael-Vlkova, K. 
Todorova, P. Babál. An increased expression of cytosolic α-2,6-sialylated glycoproteins in the 
sarcoplasm is associated with the skeletal muscle fiber stage of Trichinella spiralis. (under review).

10. Schauer, R. Sialic acids as regulators of molecular and cellular interactions. – Curr. Opin. Struct. 
Biol., 19, 2009, 507-514.

11. Tajima, Y., E. Uyama, S. Go, C. Sato, N. Tao, M. Kotani, H. Hino, A. Suzuki, Y. Sanai, K. 
Kitajima, H. Sakuraba. Distal myopathy with rimmed vacuoles: Impaired O-glycan formation 
in muscular glycoproteins. – Am. J. Pathol., 166, 2005, 1121-1130.

12. Varki, A. Structure and biosynthesis. – In: Essentials of Glycobiology, 2nd edition (Eds. A. Varki, 
R. Cummings, J. Esko, H. Freeze, P. Stanley, C. Bertozzi, G. Hart, M. Etzler), Cold Spring Harbor 
(NY) Laboratory Press, 2009. Available at https://www.ncbi.nlm.nih.gov/books/NBK1908/.

13. Wu, Z., I. Nagano, Y. Takahashi. Candidate genes responsible for common and different pathology 
of infected muscle tissues between Trichinella spiralis and T. pseudospiralis infection. – Parasitol. 
Int., 57, 2008, 368-378.

Mouse Genome Informatics Database. Available at http://www.informatics.jax.org/. 



80

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 25 (3-4)
Sofia • 2018

Biological Activity of a Newly Synthesized Specific
Inhibitor of Aminopeptidase A: A Preliminary Study
Vessela Petrova1, Donka Tasheva2, Ivan Iliev1, Mashenka Dimitrova1*, 
Ivaylo Ivanov3

1 Institute of Experimental Morphology, Pathology and Anthropology with Museum –
Bulgarian Academy of Sciences, Sofia, Bulgaria
2 Faculty of Chemistry and Pharmacy, Sofia University “St. Kl. Ohridski”, Sofia, Bulgaria
3 Department of Medical Chemistry and Biochemistry, Medical University, Sofia, Bulgaria

*Corresponding author e-mail: mashadim@abv.bg

According to the recent studies, aminopeptidase A (APA) activity is very low in the tumor tissue of 
human mammary gland carcinoma, whereas the enzyme is well expressed in the normal breast tissue. 
In order to elucidate if this is a secondary phenomenon or part of the tumor phenotype of the cells, 
we determined (MTT test) the effect of the newly synthesized APA inhibitor α-glutamylhydroxamate 
(GH) on the proliferative activity and survival rate of three types of human cells: MCF-10А (epithelial 
cells of mammary gland), MCF-7 (luminal adenocarcinoma type A) and MDA-MB-231 (triple negative 
carcinoma). The results show that the inhibitor is not toxic to all three cell lines, but its application 
enhances the proliferation of normal MCF-10А cells. According to these results, the decrease of APA 
activity may increase the survival and division of normal cells (tumor phenotype). 

Key words: aminopeptidase A, enzyme inhibitor, cultured cells, MTT test, mammary gland 
carcinoma

Introduction

Aminopeptidase A (APA, EC 3.4.11.7) is a plasma membrane-associated enzyme, 
catalyzing the hydrolysis of glutamic (Glu) or aspartic (Asp) acidfrom the N-terminal 
of natural peptides and synthetic substrates (pHopt ≈ 7.6) [7]. The enzyme is a part of the 
systemic and local renin-angiotensin systems (RAS), where it hydrolyzes angiotensin II 
to angiotensin III (AngII to AngIII) thus participating in the regulation of blood pressure 
[3]. APA has been also found in the invasive front of different types of tumors [e.g. 2, 
8] where it participates in the opening of free spaces for tumor growth, together with 
matrix metallopeptidases. On the other hand, in AngII-mediated cancers (like breast 
cancer) the enzyme may act as a tumor-suppressor by minimizing the cell migration and 
angiogenesis, induced by AngII [1]. Biochemical studies of biopsies from patients with 
mammary gland carcinoma have shown a lower activity of APA in the tumor tissue in 
comparison to the adjacent normal tissue [4, 5]. We obtained similar results in Erlich’s 
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model of breast carcinoma of mice and in a model system of three types of human 
mammary gland cells [unpublished results]. Since APA is a tumor suppressor in breast 
carcinoma, it would be valuable to test whether the inhibition of the enzyme may result 
in a promotion of tumor phenotype in normal breast epithelial cells, which is the aim of 
the present study.

Materials and Methods

Three types of human cells were used in the study: MCF-10А (immortalized epithelial 
cells of mammary gland), MCF-7 (luminal adenocarcinoma type A) and MDA-MB-231 
(triple negative carcinoma). The tumor cells were cultured in DMEM high glucose 
medium with 10% FBS and 100 µg/ml penicillin/streptomycin in a humidified atmo-
sphere with 5% CO2 at 37ºC. The normal cells were grown in the same conditions but 
with the addition of 20 µg/ml hEGF, 0.5µg/ml hydrocortisone, 0.1µg/ml cholera toxin 
and 10 µg/ml insulin. Cell viability and proliferative activity were measured (MTT-test 
[6]) after the incubation of the cells with the APA inhibitor GH in the concentrations 
range from 0.001 to 10 mg/ml for 72 hours. Cells were also cultivated with the inhibitor 
on cover slips for 72 hours, stained with acridine orange /propidium iodide and studied 
under a fluorescent microscope.

Results and Discussion

AngII is well known to act not only as a vasoconstrictor but also as a stimulator of cell 
migration, invasiveness and angiogenesis in AngII-mediated carcinomas [1]. On the 
other hand, AngII is the main natural substrate of APA. Thus, the lower APA activity in 
AngII-mediated tumors is expected to favor the tumor growth. In the present study, we 
test the effect of a recently synthesized specific APA inhibitor GH on cell viability and 
proliferation potential in a model system of three types of human mammary gland cells: 
normal (MCF-10A), luminal breast cancer of low invasiveness (MCF-7) and triple ne-
gative (highly invasive) cancer of the mammary gland. According to our results, GH 
affects the cells growth in a concentration-dependent manner with IC50 in all the three 
cell lines being above 6 mg/ml (Fig. 1 and 2). Since these IC50 are high, we concluded 

Fig. 1. Effect of the inhibitor GH on the tumor cell lines. Left – MCF-7 (IC50 = 9.0 mg/ml); Right – 
MDA-MB-231 (IC50 = 6.5 mg/ml).
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that GH is not toxic to the three types of cells. Additionally, the inhibition of APA in the 
normal mammary gland epithelial cells (MCF-10A) led to an increase of cells viability 
by 30% (effective concentration EC50 = 0.150 mg/ml) in comparison to the non-treated 
control (Fig. 2). Furthermore, the number of mitotic figures under the fluorescent micro-
scope was substantially higher than the control cells (Fig. 3). 

Thus, it can be concluded that the suppression of APA activity leads to a considerable 
increase of the survival rate and proliferative capacity of the normal mammary gland 
epithelial cells, which corresponds to the tumor phenotype. According to our results, the 
inhibition of APA is part of the tumor phenotype of the cells.

Fig. 3. Increased number of mitotic figures (arrows) in the cells, treated with GH (B) in comparison
to the non-treated cells (A). 200X

Fig. 2. Effect of GH on the normal cell line MCF-10A (IC50 = 6.0 mg/ml; 
EC50 = 0.15 mg/ml).
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The aim of the present study is to determine the quantity, distribution and age differences of the mast 
cells in rat tongue (in lamina propria and muscle layer). The experiments were carried out on rats of 
different ages - 20 days, 3 months and 1 year. We used toluidine blue and Bismarck brown staining for 
visualization of mast cells. We observed more mast cells around nerve bundles and blood vessels. In 
20 days and 3 months old rats we observed more mast cells in the deep muscular layer of the tongue 
compared to lamina propria. The density of mast cells in 1 year old rats was equal in lamina propria and 
muscle layers. Distribution of mast cells in rat tongue was different in rats of different ages. The total 
number of mast cells was constant during lifetime; only the distribution changed. Furthermore, we show 
that staining with Bismarck brown demonstrates more reliable results.

Key words: rat, tongue, mast cells

Introduction
The tongue is an interesting structure in many ways. Substances are commonly admi-
nistered sublingually, its observation has an important diagnostic value, it is a frequent 
trauma spot, as well as a target of reflexology manipulation. Mast cells distribution and 
involvement in processes involving the tongue are therefore interesting to study. The 
data regarding their normal distribution in the tongue are scarce. Even though rat mast 
cells differ from human ones, they are still suitable for preliminary testing and control 
group for experiments with other animals. 

It has been previously established, that in the tongue, the mast cell concentration was 
the same both along its length and in the symmetrical parts of the organ. The concentration 
of mast cells diminished considerably from the tongue, the duodenum and down to 
the stomach [14]. Researchers have observed that numerous mast cells were scattered 
throughout the submucosal region, adjacent to nerve bundles, blood vessels, and skeletal 
muscle. Mast cells occurred within bundles containing both myelinated and unmyelinated 
nerves in the rat tongue. Despite this data, no clear evidence for the existence of any 
specific mast cell distribution in other parts of the animal body has been provided [2]. 

In mice, mast cells were present in abundance in the tongue, and there was no clear 
evidence of a difference between numbers of mast cells in animals of different age or 
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sex [6]. Considerable mast cell heterogeneity exists within the gastrointestinal mucosa 
of the mouse and indicates that there are both similarities and differences between 
mouse and rat in the distribution of mast cells and of their granule proteinases [10]. 

In healthy rats, mast cells were present in abundance in mesenteric lymph nodes 
and tongue. There was no clear evidence of a difference between numbers of mast cells 
in young and older animals. There were more mast cells in rats than in mice. Mast cells 
appear to be more abundant in Wistar rats than in Sprague Dawley rats. Mast cells were 
hardly seen in dogs and primates except for a few in tongue and sciatic nerve [7]. 

Mast cell populations in mammals have been recognized as morphologically and 
functionally heterogeneous. It is currently accepted that mast cell heterogeneity occurs 
not only in different species but also within the same organ in the same species. Mast 
cells in the nasal mucosa are essentially unaffected by the polyamine compound 48/80, 
indicating that they are functionally dissimilar to the connective tissue type mast cells 
exemplified by those present in the rat tongue [3]. In the rat, the individual mast cell 
secretory granules may be divided into three subpopulations based on the presence of the 
specific proteases RMCP-1, RMCP-2, or a variable combination of these two proteases. 
Mast cells in the tongue only express RMCP-1, both in normal and infected animals [5]. 

The aim of the present study is to determine the quantity, distribution and age 
differences of the mast cells in rat tongue, comparing lamina propria and muscle layer.

Materials and Methods

The experiments were carried out on six male and female Wistar rats from each age 
– 20 days (65-80 g body weight), 3 months (220-350 g) and 1 year (400-450 g). The 
experimental design was approved by the Research Ethics Committee at the Faculty of 
Medicine of Trakia University (TrU project number: 1317/2017 MF). All efforts were 
made to minimize the number of animals used and their suffering. For the histological 
preparations, the rats were deeply anaesthetized with Ketamine-Xylazine with the usual 
dosage, and perfused first with 0.05 M PBS followed by 4% PFA in 0.1 M phosphate 
buffer, pH 7.36. Tongues were dissected, and postfixed in the same fixative overnight 
at 4 °C. Tissue was paraffin-embedded and sectioned on a conventional microtome in 5 
µm sections. We used classical histological staining techniques: H&E, Toluidine Blue 
and Bismarck Brown [13]. Cells were counted per viewfield at x200 (0,163 m2) using 
LAS v.4.12 (Leica, Germany). Mast cell density was expressed as mean number of cells 
per viewfield. For the statistic evaluation, we counted the cells on 5 different sections 
per animal, 5 viewfields per slice, for each staining. Raw data were analyzed using 
GraphPad Prism 6 (GraphPad Inc, USA) with one-way analysis of variance (ANOVA) 
followed by Tukey’s post-hoc test for multiple comparisons. P values < 0.05 were consi-
dered statistically significant.

Results

The results show interesting trends in the mean count of mast cells in different ages, 
layers, and stains. We observed that numerous mast cells in rats were scattered throughout 
the lamina propria (Fig.1) and in the deep muscular layer (Fig. 2). We observed more 
mast cells in the loose connective tissue around nerve bundles and blood vessels. Mast 
cells were observed as solitary cells or in groups of several cells. 

Distribution of mast cells was different between 20 days, 3 months and 1 year old 
rats. In 20 days and 3 months old rats we observed more mast cells in the deep muscular 



86

layer of the tongue compared to lamina propria. The density of the mast cells in 1 year 
old rats was equal in lamina propria and muscle layers. At the age of 1 year the quantity 
of the mast cells in both layers was without statistical difference (Fig. 3). The mean 
number of mast cells per viewfield was around 8 (8,45-8,77) in all ages (Table 1). 
The total number of mast cells does not change during lifetime, it remains the same, 
however the distribution changes. 

Fig. 2. Mast cells in muscle layer of rat tongues 
stained with Toluidine Blue (A, C, E) and Bis-
marck Brown (B, D, F) form 20d, 3m, 1y rats. 
MC – mast cells, M - muscle layer. Scale bar = 
100 µm.

Fig. 1. Mast cells in lamina propria of rat tongu-
es stained with Toluidine Blue (B, D, F) and 
Bismarck Brown (A, C, E) form 20d, 3m, 1y rats. 
MC - mast cells, Ep- epithelium, LP- lamina pro-
pria. Scale bar = 100 µm.

Fig. 3. One-way analysis of variance (ANO-
VA) with Tukey’s post-hoc test for multiple 
comparisons of mast cell counts of different 
ages (data from analysis of Bismarck brown 
staining only). *p<0.01 (3 months lamina pro-
pria vs. 1 year submucosa); &p<0.01 (20 days 
muscle vs. 1 year muscle)
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The different stains used showed some difference in the demonstrated numbers of 
mast cells. Toluidine blue staining produced a great variability of the numbers of mast 
cells in lamina propria and muscle layer (Table 1). Bismarck Brown staining, on the 
other hand, demonstrated more reliable results compared to Toluidine blue staining, 
mainly because of the more consistent results obtained.

Table 1. Mean count of mast cells in different ages (20d, 3m, 1y rats) and layers (lamina propria
and muscle layer) and stains (Toluidine Blue and Bismarck Brown).

Discussion

It has been previously described, that the total number of mast cells was similar in the 
superficial layers of all oral tissues studied. There were more mast cells in the deeper 
than in the superficial portions of the tongue. Mast cells with staining characteristics 
and size similar to those observed in the intestinal mucosa (MMCs) were found together 
with ‘classical’ connective tissue mast cells (CTMCs). The results suggest that the mast 
cell population of oral mucosal tissues of the rat contains both CTMC- and MMC-like 
cells [8]. The mast cell population is very dynamic and can respond to different stimuli 
– a considerable increase of density of mast cells in rat mucosae was reported after 
photodynamic therapy [11]. 

The close anatomical associations suggest communication between nerve fibers 
and immune cells, which can be crucial for maintaining mucosal homeostasis and for 
ensuring an appropriate response to injury [4]. That could be part of the morphological 
substrate of the reflexogenic response after tongue manipulations (like acupuncture). 
Also the involvement of mast cells with branches of the trigeminal nerve is not to be 
ignored. TN stimulation has been shown to result in MC activation and oral vascular 
permeability, suggesting that MC inhibitors may be used for the treatment of oral 
inflammatory diseases [1]. 

Some age differences in the distribution of oral mast cells have been previously 
reported. It has been demonstrated that the total number of mast cells in the tongue, 
buccal mucosa, and gingival mucosa was significantly higher in the juvenile than in the 
adult rats. In the buccal and gingival mucosa, more than twice as many mast cells were 
found in the young animals [9]. 
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The results obtained in our study indicate that both staining used by us (Toluidine 
blue and Bismarck brown) were suitable for visualizing the mast cells, however the 
Bismarck brown showed better grouping of the results, which could be due to lower 
specificity of the Toluidine Blue for mast cells and the staining of eosinophil and 
plasmatic cells alongside mast cells. The quantity of mast cells per visual area was 
constant in all samples but the distribution changed with age. Young animals have lower 
number of mast cells in lamina propria than in the muscle layer. This distribution could 
be a normal feature for the growing organism. The older animals have equal distribution 
as their structural development is completed. 

A comparative characterization of the oral mucosa in various animals is needed to 
identify the best animal model(s) for nonclinical evaluation of sublingual immunotherapy 
products. The oral mucosae of minipigs and monkeys are closest to that of humans, and 
the immune networks are quite similar between all rodents and non-rodents. That data 
also support the use of rats and minipigs to perform biodistribution and safety studies 
of sublingual products [12]. Interesting area for our future work could be studying the 
effects of the acupuncture on the rat tongue. 

Conclusions

Distribution of mast cells in rat tongue was different in rats of different ages. The total 
number of mast cells does not change during lifetime; however, the distribution in 
lamina propria and the muscle layer changes significantly. The staining with Bismarck 
brown demonstrated more reliable results.
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The conventional method of cell cultivation in plasticware leads to the formation of a monolayer of cells 
with changed morphology and intercellular communications. Here, the method of the hanging drop is 
used as a technique for 3D cultivation of adipose tissue-derived mesenchymal stem cells to study the 
morphological changes of cells, which compose the spheroids. Three cell lines were investigated and 
were shown to form spheroids in hanging drops after 24 hours. A time-dependent decrease of x and y 
dimensions of the spheroids and a simultaneous increase of z dimension were observed. Changes in 
morphology and the nuclei volume of the cells at day 3 and day 5 in 3D culture compared to monolayer 
cell culture were observed indicating the importance of the type of culture conditions (2D and 3D) for 
the communications and physiology of the cells.

Key words: Mesenchymal stem cells, 3D, Spheroids, Spheroid size, Nuclei size

Introduction

Mesenchymal stem cells (MSC) are multipotent stem cells which exist in different tissues 
of adult organisms. They are self-renewable, and can easily be isolated and expanded 
for long periods in vitro, without losing their major biological characteristics. Initially, 
MSC have been isolated from bone marrow, but later on techniques have been elaborated 
for isolation of MSCs from almost all other tissues. To date, there are no MSC-specific 
markers known; therefore, the International Society for Cellular Therapy has defined 
three criteria, which should be fulfilled in order to assign a cells to MSC type. These 
criteria are: (a) ability of adherence to lab plasticware; (b) expression of specific surface 
antigens (CD73+, CD90+ and CD105+) and lack of expression of hematopoietic antigens, 
such as (CD45-, CD34-, CD11b- and HLA class II); and (c) potential for differentiation 
in different cell types, such as osteoblasts, adipocytes and chondrocytes [5]. Due to 
their multipotency, MSC are a promising candidate for vast applications in regenerative 
medicine. Moreover, this type of stem cells has the ability to migrate to the sites of injured 
tissues in the organism where they help tissue recovery by secreting various growth 
factors and cytokines. Other significant biological property of MSC is their participation 
as immunomodulators in the places of inflammation [summarized in 8].
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In vitro, MSC are usually maintained in long-term 2D condition without 
undergoing any significant abnormalities. MSC adhere to plastic labware, proliferate 
and form monolayer during cultivation. This artificial condition of maintenance of MSC 
is different from the natural microenvironment in the organism and leads to atypical 
morphology of some cell types, when they are cultured in a monolayer. Furthermore, 
this way of cell culturing limits cell-to-cell contacts and the opportunities of the cells 
to form natural structures specific for organisms. The three-dimensional (3D) cell 
culture creates an environment in which the cells grow and interact among them in 
the space [4]. There are different techniques for 3D culturing but the hanging drop 
method is the easiest and the most commonly used. A cell suspension with a defined 
concentration is placed on the lid of a Petri dish. This prevents the cells from adherence 
to the lab plasticware and leads to the formation of three-dimensional structure called 
spheroid. These 3D cell structures provide closer to the natural environment for the 
cell maintenance compared to the 2D monolayer culturing, and are a better model for 
studies in regenerative medicine, cell therapies, drug testing, tumor biology and stem 
cell research [3].

The purpose of this work is to investigate the process of formation of 3D cell 
structures (spheroids) by adipose tissue-derived mesenchymal stem cells (ASC) as well 
as to study the occurring morphological changes of the cells when they are cultured in 
3D condition. 

Material and Methods

Cell Cultures. Human mesenchymal stem cells from adipose tissue (ASC) have been 
isolated, characterized and cultured in DMEM supplemented with 10% fetal calf serum 
and 1% Penicillin, Streptomycin, Amphotericin B (Sigma) in 2D culture condition to 
achieve a confluent monolayer. The method of the hanging drop was used for spheroid 
formation. Thirty-five µl cell suspension drops (25 000 cells/drop) were placed and 
cultured on the lid of Petri dishes at 37°C, 5%CO2. 

Light microscopy. The spheroids were taken on pictures every 24 hours from day 
1 to day 6 of cultivation via LeicaDMI 3000B. The spheroids’ dimensions (x; y) have 
been measured [µm] by LAS version 3.4.0 software. The data was analysed by Excel. 

Confocal microscopy. Spheroids in hanging drops have been prepared for confocal 
microscopy on day 3 and day 5. Nuclei staining was performed by 20 µg/ml Hoechst 
33258 (Sigma) in 1xPBS for 1h at room temperature. The spheroids were washed three 
times in 1xPBS and mounted on slides with Eukitt® quick hardening mounting medium 
(Sigma). 3D structures have been scanned: 1) whole spheroids and 2) the periphery and 
the center area of the spheroids. The size (x; y; z) of the nucleus of each cell was mea-
sured by ImageJ in different parts of the spheroids. The data was analyzed in Excel.

Statistical analysis. Standard data deviations were calculated in Excel and are 
shown on figures. 

Results

Spheroids in hanging drops in 35 µl culture medium and concentration 25 000 cells/drop 
were prepared from three primary cell cultures of adipose tissue-derived mesenchymal stem 
cells (ASC07, ASC08 and ASC10). The formation of spheroid-like structures from each 
cell line was detected after 24 hours via light microscopy. One spheroid was formed in each 
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drop and its morphology and structure were observed till day 6 (Fig. 1A). All spheroids 
were organized in compact, round structure with smooth edges. The size of the spheroids 
(x; y) was measured every 24 hours from day 1 to day 6 (Fig. 1B, C and D). All spheroids 
decreased in size (x; y) during the 6 day period of culturing showing changes in the range 
from 450-500 µm/diameter at day 1 to 290-350 µm at day 6. The change of the size was 
different for the spheroids formed by different cell lines. ASC07 spheroids decreased the 
most showing a reduction of 30%: from ~450µm/diameter at day 2 to ~290µm/diameter at 
day 6, while the spheroids from the other two ASC primary cultures shrank to lesser extent. 
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Fig. 1. Morphology of ASC spheroids. (A) Light microscopy of ASC08 spheroids from day 3 
to day 6; Charts of average diameter (µm) of ASC07 spheroids, n = 20 (B); ASC08 spheroids, 
n = 58, at day 2 and day 3; n = 18, at day 5 and day 6 (C); and ASC10 spheroids, n = 22 (D) 
measured every 24 hours from day 1 to day 6. Scale bar = 200 µm
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Furthermore, a comparison of 
cell morphology between 2D and 3D 
culture condi tions was performed. The 
dimensions of nuclei and cytoplasm 
(Fig. 2) were studied. First, ASC10 cell 
line was used to compare the size of 
nuclei and cytoplasm of non-confluent to 
confluent ASC grown in 2D conditions. 
The results showed no significant dif-
ference of nuclei and cytoplasm in both 
culture conditions. In average the si-
ze of nuclei was ~12-13 µm/diameter 
and cell area ~36-38µm in diameter 
independent of the confluence of ASC. 
Nevertheless, a distinctive difference 
in the morphology of ASC nuclei was 
observed. In the non-confluent cultures 
the nuclei had more rounded shape 
unlike the elongated nuclei of ASC in 
confluent state of culture. Moreover, we 
measured the size of ASC nuclei in the 
3D spheroids and compared the results 
with 2D culture. At day 3 and day 5 the 
size of ASC nuclei in the periphery and 
the center of spheroids were compared. 
The results showed a significant decre a-
se of the nuclei dimensions (x; y), which 
changed from ~12-13 µm in 2D to ~6-
8µm in 3D. Also taking into account 
the z dimention, the volumes of nuclei 
showed even more significant decrease: 
from 310-360 µm3 in 2D to 134 µm3 in 
the center and 109 µm3 in the periphery 

of 3D spheroids on day 3. On day 5, the nuclei doubled their volumes in 3D cultures 
becoming 273 µm3 in the center and 197 µm3 in the periphery of the spheroids. Similar 
results were also observed for the cells size (Fig. 2). 

The morphology of the spheroids is presented by confocal microscopy on Fig. 3. 
While the light microscopy revealed decrease in x and y dimensions of 3D spheroids 
during the culturing, the measurement of z dimention by confocal microscopy showed an 
increase of the spheroids from 40-50 µm at day 2 and day 3 to 150 µm at day 6. In addition 
the confocal imaging revealed the formation of cavities in the center of some spheroids.

Discussion

Hanging drop method for spheroid formation eliminates surface attachment by placing 
the cell suspension in a drop, allowing gravity to facilitate cellular aggregation at the 
bottom of the drop [6]. Here, our results showed that ASC aggregated at the bottom of 
the drop in the first day of spheroids formation. Confocal imaging revealed a sheet-like 
aggregation of ASC in the spheroids when investigated in z dimention at day 3. At day 6 
the structures significantly increased in z axis. Corresponding to this result, the nuclear 

Fig.2. Comparison between dimensions of ASC10 cell 
nuclei in 2D and 3D culture conditions. Left pa nel: con-
focal microscopy of cells in 2D conditions com pared to 
cells in 3D spheroids (nuclei staining – Hoechst 33258). 
Right panel: Table of average diameter (µm) of nuclei 
and cell area in 2D and 3D conditions. Scale bar = 
50 µm
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volumes initially decreased by 72% till day 3, and thereafter doubled their volume 
by day 5, when compared to 2D culturing. A significant 75% reduction of the size of 
MSCs in spheroids compared to cells in 2D monolayer was reported by others [1, 2, 
10, 11]. Our observation that nuclei volume reduces to the same extend confirms the 
data from the literature. We have not observed more elongated cells in the periphery of 
the spheroids, reported by Zhang Q [11], but the nuclei dimensions in the center and in 
the periphery of the spheroids are slightly different. The nuclei of the cells in the center 
are larger than those in the edges of the spheroids. Additionally, the shape of the nuclei 
changed and the cells in the spheroids showed sphere-like shape of nuclei, while the 
cells in the monolayer had ellipsoid-like nuclei. In MSC biology cellular morphology 
is a key characteristic used to determine cellular phenotypes, ability for differentiation 
and fates of MSC. Cytoskeletal reorganization and drastic changes in cell morphology 
in MSC spheroids indicate a major difference in mechanophysical properties compared 
with 2D culture [3].

Now it is well known that conventional methods of cell cultivation provide conditions 
which are very different from the natural environment of the cells. The necessity of 
adding a third dimention to the cell culture system, more closely resembles the natural 
environment and might generate significant differences in MSCs phenotype, behavior and 
therapeutic potential, which is increasingly recognized in the literature [7, 9]. 

Conclusion 

The main observations in this work are the reduction of x and y dimensions of ASC 
spheroids during the culturing and simultaneous enlargement in z direction; nuclei 
volumes in 3D on day 3 lessening to 38%, compared to 2D, but doubled between day 
3 and 5. 

Acknowledgement: This research was supported by grant DCOST01/18, NSF, 
Bulgaria.

Fig. 3. Confocal microscopy of ASC07 spheroids (nuclei staining – Hoechst 33258): Changes of 
structure and thickness (on z axis) of spheroids on day 2, day 3 and day 6. Scale bar = 100 µm
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In 2016 were carried out excavations of archaeological site “Trayanovi vrata”, located in the Kapiyata 
locality, Kostenets municipality (Sofia Province). In one of the trenches was excavated a Christian 
necropolis with 15 graves (15th-17th c.) of civilian population. The burial ritual was inhumation. The aim 
of the present study is to provide generalized anthropological information about the skeletons in this 
necropolis: age-at-death and sex distribution, stature, body mass and paleopathological changes. During 
the anthropological investigation have been identified remains from 19 individuals. In this skeletal series 
predominate the subadults in a ratio of 1:0.73, as the most numerous group is this of the infants up to 
the age of 7 (47.37%). The identification of porous skull lesions in subadult and adult individuals is 
indicative of anaemic conditions in the population. 

Key words: Christian necropolis, Ottoman period, paleoanthropological analysis, paleopathology

Introduction

The excavations of archaeological site “Trayanovi vrata”, located in the Kapiyata 
locality, Kostenets municipality (Sofia Province), were carried out in 2016 under the 
leadership of Gergana Kabakchieva and Vladislav Todorov. The main purpose of this 
research was to reveal the remains of the famous “Trayan’s gate” in the ancient pass 
“Suki”. In one of the trenches was excavated a Christian necropolis with 15 graves of 
civilian population. The burials were marked with stones and orientated West-East. In 
three of the burial structures have been found jewellery, by which the archaeologists 
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dated the necropolis in the 15th-17th c. [9]. The burial ritual was inhumation. During 
the field anthropological investigation have been identified bone remains from 19 
individuals. The aim of the present study is to provide generalized anthropological 
information about the skeletons in this necropolis: age-at-death and sex distribution, 
stature, body mass and paleopathological bone changes. 

Material and Methods

This paper includes results of detailed anthropological investigation of 19 inhumated 
skeletons from Christian necropolis at archaeological site “Trayanovi vrata”, Kapiyata 
locality, Kostenets municipality (Sofia Province). The human bone material is in poor 
condition. The skeletons are fragmented and incompletely represented. A fully preserved 
skull was found only in one case (grave No. 9).

Using well established anthropological methods [1, 3, 4, 5, 6, 7, 8, 10, 11, 16, 
18], metric and scopical analyzes of the osteological materials were made in order to 
determine the age-at-death and sex of the investigated individuals. The reconstruction 
of the height (by Pearson-Lee [14] and Trotter-Gleser [17]) and the evaluation of the 
body mass (by Ruff et al. [15]) of adults were carried out depending on the condition 
of the presented bones. The health status of the studied population was assessed by 
age and sex distribution of the identified morphological bone changes by Aufderheide, 
Rodriguez-Martin [2], Ortner, Putschar [13] and Ortner [12]. 

Results and Discussion

Age-at-death and sex distribution (Table 1)
The age and sex distribution of the investigated buried individuals is as follows: one 
fetus (38-40 gestational week) and eight children in Infans I; two female juveniles; only 
one male in the age group Adultus (20-40 years); four men in Maturus (40-60 years); 
two males and one female in the group Adultus+ (>18/20 years). In this skeletal series 
predominate the subadults in a ratio of 1:0.73, as the most numerous group is this of the 
infants up to the age of 7 years (47.37%). Concerning adults, males from the age group 
Maturus prevail and only one female was defined at the age over 18/20 years. None 
individual from both sexes was identified in the elderly (>60 years).

Table 1. Age-at-death and sex distribution of the investigated individuals from the necropolis at 
archaeological site “Trayanovi vrata” (Sofia Province).

Age group

Fetus Inf I Inf II Juvenis Adultus Maturus Senilis Adultus+
Total

♂ ♀ ♂
♀ ♂ ♂? ♀ ♀? ♂

♀ ♂ ♀ ♂
♀ ♂ ♀ ♂ ♂? ♀ ♀? ♂

♀

1 8 0 0 2 0 1 0 0 0 0 4 0 0 0 0 2 0 1 0 0 19
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Stature and body mass estimation (Fig. 1)
The height and body mass have been reconstructed in only one adult female 

individual (grave No. 1) who was with “middle” stature and 63.39 kg body weight. 
Concerning the male sex, the height varies from 161.69 cm to 168.31 cm by the formula 
of Pearson-Lee [14] and from 166.59 cm to 173.33±3.71 cm by the formula of Trotter-
Gleser [17]. It is established that most of the male individuals were with “above middle” 
and “high” stature. The body mass is estimated in three males and the values are as 
follows: 62.83 kg (grave No. 5); 66.53 kg (grave No. 7) and 78.87 kg (grave No. 12).

Fig. 1. Reconstruction of stature and body mass of the investigated individuals from
the necropolis at archaeological site “Trayanovi vrata” (Sofia Province).

Paleopathological analysis 
In the series have not been identified jaw and tooth pathology in children, except 

for one child in Infans I (grave No. 4) with localized hypoplastic pit (BP) on the buccal 
enamel surface of the lower second deciduous molars. Despite the small number (6) 
of studied individuals with permanent dentition, in five of them (only males) a large 
number (57) of intravital teeth loss is observed. 

Traumatic cranial traces are registered only in a mature man (Grave No. 9) – 
on nasal bones (Fig. 2) and right parietal bone. The largest number of cases have 
been identified with secondary skull morphological changes resulting from slightly 
expressed form of cribra orbitalia (two children in Infans I and one male individual 
in age group Adultus) and porotic hyperostosis (a male in Maturus). The identification 
of these porous skull lesions in subadult and adult individuals is indicative of anaemic 
conditions in the population. 

Morphological changes of the postcranial skeleton were not identified in subadults 
from the series. Pathology of the postcranial bones is observed in seven (87.5%) of 
the adults buried in the necropolis. In the series mainly males in age group Maturus 
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(40-60 years) are affected. It is established only one case with spina bifida occulta in an 
adult female (grave No. 1). Another type of malformation of os sacrum (sacralization 
of the fifth lumbar vertebra), was found in the skeleton (grave No. 11) of a male indivi-
dual in Adultus. Most common in the series are degenerative joint diseases (DJD) of 
the spine moreover in their severe forms. Ankylosing spondylitis is diagnosed in the 
lumbar region of a male individual in age group Adultus (grave No. 11) and in the 
thoracic vertebrae of a male in Maturus (grave No. 9). A mild form of spondylosis and 
spondyloarthrosis in all sections of the spine is found in one of the buried men in group 
Maturus (grave No. 12). Slightly pronounced DJD of the upper and lower limbs are 
recorded in two males (graves No. 2 and 5) – on both shoulder and knee joints. In one of 
these individuals (grave No. 5) is identified and myositis ossificans on the left humerus 
and tibia, with a probable etiology of chronic trauma, resulting from intense physical 
activity. Bilateral epicondylitis of the shoulder bones and a trace of healed fracture on a 
fragment of left rib were diagnosed in a male from age group Maturus (grave No. 12). 
In one of the buried male individuals is registered also benign bone tumor formation 
(osteoma) on the right tibia (grave No. 7).

Fig. 2. Grave No 9. Male (50-55 years). Traumatic traces on nasal bone.

Conclusions

Most of the pathological bone changes (mainly degenerative joint diseases) of the 
postcranial skeleton are registered in male individuals, even in the age group Maturus, 
which suggests a premature and rapid aging of bone-joint apparatus, probably due to 
intensive and heavy physical works.
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We offer an improved method for forced lung impregnation. In this case, the organ is not placed under 
low pressure, but the silicone is injected retrograde by means of pressurized air that is fed into the 
bronchial tree. The results are good and the method is economical compared to the classic impregnation 
techniques.

Key words: plastination, Biodur S10, impregnation, lung, bronchial tree

Introduction

There are many modifications in the classical S10 technique, but the next four processing 
phases are always used:

	Fixing and preparation;
	Dehydration;
	Forsed impregnation;
	Gas curing. 

Material and methods

Fixing is done with traditional fixing fluids: formaldehyde or alcohol. 
We use the perfusion method and inject the fixator into the femoral vein. Routine 

preparatory techniques are the basis for the preliminary preparation of the biological 
material.

For dehydration, acetone is used as the most effective means [3]. It provides 
complete removal of water from tissues and is safe for fire or explosion. The water 
content of acetone is measured periodically, and when it is below the critical minimum, 
we replace it with a new one. Usually this happens once a week. Dehydration occurs at 
a temperature minus 27 degrees celsius [1].
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The water content of acetone is measured 
periodically, and when it is below the critical mi-
nimum, we replace it with a new one. Usually this 
happens once a week [6].

The classical impregnation is carried out at 
a gradual decreasing pressure, as the organ is im-
mersed in Biodur S10 [6]. Experiments were made 
to impregnate at room temperature as well as to 
combine platelets with blood vessels [2, 4].

We put the lung in chilled Biodur medium for 
24 hours, filling the bronchial tree with silicone.

According to our modification, we put the lungs 
in chilled Biodur S10 for 24 hours, filling the bronchial 
tree with silicone and connect it to a compressor 
that supplies atmospheric air at a pre ss ure of 98.00-
100.00 kPa. (Fig. 1).

The air pushes Biodur S10 through the bron-
chial and alveolar walls together with dust particles, 
impregnating the lung tissue.

Results and Discussion
Lung treatment is not one of the difficult procedures 
in the plastination. It is also applied when this uni que 
conservation method is put into practice [5]. Ap pli-
cation of classical techniques gives good results but 
it is not economical if applied to a small number of 
organs.

After processing, a high-quality preparation of lung is obtained which can be used 
in student training in the internal organ education cycle. The lung tissue is white or light 
pink, the consistency is soft, and the organ is life like. These results are corresponding 
to the publications of other authors [4, 7].

Conclusions

Retrograde forced impregnation is a very economical method – suitable for our condi-
tions.

The most valuable quality of the lung preparation is that it is completely safe for 
human health. 
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Traumatic axonal injury (TAI) is a distinct clinico-pathological entity that can cause serious impairment 
of the brain function and can sometimes be found as a concrete cause of death. It has been discussed 
from the perspective of its biomechanical importance, and also from the standpoint of certain criteria 
for the pathological diagnosis of TAI.  However, since the time when DAI (diffuse axonal injury) was 
initially described, there have been few, if any, discussions about the clinical-pathological correlation in 
TAI. This paper is an attempt to address this issue.  
For the purpose of certain pathological diagnoses of TAI, 63 cases with closed head injuries have been 
subjected to the complete forensic-neuropathological examination, involving immunohistochemistry 
with antibody against β-APP. In the diagnosis of TAI strict criteria have been followed. Then, retrograde 
analysis of the clinical parameters has been performed in order to determine some clinical-pathological 
correlation. The following two most reliable parameters of the impairment of the brain function have 
been analyzed: the impairment of the consciousness and the time of survival. Comparing the two groups, 
the one with TAI and the other without TAI, and using appropriate statistical evaluation, our results 
show that TAI is not a significant contributing factor to the lethal outcome in the early post injury period 
(24 hours), but it is undoubtedly a contributing factor for the severe impairment of the brain function 
indicated through the status of the consciousness. 

Key words: traumatic axonal injury, diffuse axonal injury, closed head injury, β-amyloid precursor 
protein

Introduction

Diffuse axonal injury (DAI), as classically named, is a distinct clinico-pathological 
entity that is found in closed head injuries can cause a serious impairment of the brain 
function. Much of the attention so far has been paid to the definition of DAI and the 
criteria for its pathological diagnosis. 

In the initial and very profound descriptions of Adams, DAI has been understood 
as a clinico-pathological entity of traumatic origin, clinically [1,3,10] defined with im-



106

mediate and prolonged unconsciousness leading to death or severe disability, typically 
in the absence of any mass lesion, and pathologically by the widespread and diffuse 
damage of the axonal fibers. Later, with the introduction of the immunohistohemistry 
in the process of diagnosing of DAI, there were found series of other conditions but 
trauma that can cause axonal damage. Soon thereafter prominent authors reported 
certain differences in the findings (appearance, pattern and distribution of damaged 
axons) that are indicative of the origin of the axonal damage, traumatic or ischemic. 
The term traumatic axonal injury (TAI) was preferred instead of DAI to describe 
axonal damage of traumatic origin and by analogy, the term ischemic axonal injury was 
introduced. Certain criteria for the pathological diagnosis of TAI have been specified, 
paying particular attention to distinguishing traumatic axonal damage from secondarily 
occurring ischemic axonal damage [6, 11, 12, 16, 19]. 

The medico-legal importance of TAI lies in the fact that sometimes it is the sole 
reason for the impairment of the brain function and in a forensic medicine setting it 
can be found as a concrete cause of death [6]. With the purpose of establishing the 
diagnosis of TAI, a complete forensic neuropathological examination of the brain must 
be undertaken [6, 8, 11, 12], so it certain criteria have to be met before it is interpreted 
as a cause of death [6, 11, 12]. Another significant aspect of TAI in forensic medicine 
is its biomechanical importance. TAI occurs as a result of acceleration forces of longer 
duration [13-15, 23], and is mostly found in road traffic accidents (RTA), but can be 
found in other events associated with acceleration, such as in cases of falling from a 
considerable height. DAI is very rare in cases of a simple fall, and in cases of a blow to 
the head [3, 7, 9]. 

Since the time when Adams made the initial descriptions of DAI [1, 2], there have 
been few, if any, discussion about its clinico-pathological correlation. Previously, most 
of the efforts were focused on a certain post-mortem diagnosis of TAI, and nowadays 
efforts are also being made for its clinical and radiological diagnosis***. In order to 
identify some clinico-pathological correlation of TAI and its diagnosis on a pathological 
level, a retrograde analysis of the clinical parameters should be performed. This paper 
is an attempt to address this issue. The impairment of consciousness and the time of 
survival have been analyzed as the two most reliable indicators of the impairment of the 
brain function. The hypothesis under consideration is that TAI is constantly accompanied 
with the state of coma and can be found as a significant contributing factor to death in 
the first 24 hours after the closed head injury. 

Two crucial questions to be answered are: 
1. Is the impairment of consciousness (state of coma) a constant accompanying 

element of TAI, as classically defined? 
2. Is TAI a significant contributing factor to the fatal outcome in the early post 

injury period (24 hours post injury).

Materials and Methods

A total of 63 cases with fatal closed head injuries have been investigated by performing 
a forensic-medicine autopsy and a forensic-neuropathological examination (age ranged 
from 5 to 94 years, 48 males and 15 females). In all 63 cases, a fatal closed head injury 
was found to be the cause of death. All open head injury and polytrauma cases have 
been excluded, to avoid the possibility of any other cause of death. The post-mortal 
interval had to be up to 24 hours and the time of survival between two hours (long 
enough to be admitted to hospital and also for pathological evidence of axonal damage) 
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and 1.5 month. The clinical information, as well as the information about the traumatic 
event, had to be available for all the cases included. Table 1 displays the information 
about the type of traumatic event where the closed head injury occurred. 

The injury mechanism was analyzed, based on the injuries of the scalp, skull, 
intracranial structures (epidural, subdural and subarachnoidal hemorrhage) and the brain 
tissue (focal and diffuse brain injuries). Then a complete forensic-neuropathological 
examination of the fixed brain was performed (fixed in a 10% buffered formalin solu-
tion). Macroscopic examination of 1cm thick coronal sections has been documented 
in photographs. Samples for microscopic examination were taken from brain areas al-
ready known as predilection for the occurrence of TAI: the body and the splenium of 
corpus callosum including parasagittal white brain matter; posterior limb of the internal 
capsule; pons and cerebellar peduncles. 

For the purpose of visualization of damaged axons, additionally to the conventional 
haematoxylin and eosin staining, immunohistochemical staining was performed with 
the application of antibodies to β–APP, by the method of Sheriff et al. [20]: antigen 
retrieval in citrate buffer (pH 5.0), incubation with antibody against β–APP (Mouse anti-
Alzheimer precursor protein A4 monoclonal antibody, clone 22°C 11, diluted 1:200, 
Chemicon International, Temecula, CA) overnight at 4°C. The enzyme complex used 
was ABC (Universal VECTASTAIN ABC-Peroxidase kit, Vector Labs, Burlingame, 
CA) with a secondary antibody - biotinylated anti-mouse IgG (Biotinylated Anti-mouse 
IgG, produced in horse, Vector Labs). Diaminobenzidine (Peroxidase Substrate Kit 
(DAB) Vector Labs) was used for visualization.

In the process of TAI diagnosing, the pathological criterion was based on the 
grading system of Adams et al. [1] according to which the presence of a focal lesion in 
the corpus callosum was regarded as DAI 2, while a focal lesion in the rostral brainstem 
was regarded as DAI 3. The diagnosis of DAI 1 had to be established by a microscopic 
finding of widespread axonal damage with traumatic pattern in the absence of any 
macroscopic feature [18]. 

In the histological determination of TAI, damaged axons with a typical traumatic 
appearance and distribution had to be seen in at least three different brain regions, of 
which at least one located above and one below the tentorium [11, 12]. We regarded the 
“typical traumatic appearance and distribution of damaged axons” as the occurrence 
of single or small groups of swollen “varicosity”-like β-APP-positive axons or torn 
axons seen as “retraction balls” diffusely distributed throughout the white matter and 
particularly present in the white matter bundles [6, 11, 12, 16, 19] (Fig. 1). 

The feature of circumscribed foci or a linear pattern of β-APP positive axons, 
frequently described as a “zig-zag” or “Z-shaped” pattern, which are densely distributed 
in one or two brain regions (most often in the pons) was considered a predominantly 
hypoxic-ischemic finding and was not taken into consideration in the diagnosing of TAI 
[6, 11, 12, 16, 19] (Fig. 2). 

The degrees of the Glasgow Coma Scale (GCS, 3-15) have been taken as the 
indicator of the impairment of consciousness. In accordance with this scale, the head 
injury has been classified as severe with GCS ≤ 8 manifested clinically with coma or 
stupor; moderate with GCS = 9-12, manifested as somnolence; and minor GCS ≥ 13 [22]. 

In order to analyzee the clinical-pathological correlation of TAI, comparative 
statistics has been performed between these three groups:  

1. Cases with diagnosed TAI – TAI cases;
2. Cases without TAI – no TAI cases;
3. Cases with Axonal Injury (AI), where the appearance, pattern and distribution of 

the β-APP immunoreactivity suggested its ischemic origin. 
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Fig.1. Typically traumatic pattern and distribution of β-APP-positive axons are seen in 
Corpus calosum, in a case with a time of survival of 8 days. Single or small groups of 
swollen “varicosity”-like or torn axons seen as “retraction balls” are diffusely distributed 
throughout the white matter and particularly present in the white matter bundles.

Fig.2. Axonal injury of hypoxic-ischemic origin, in a case who survived 3 days after in-
jury. There is a feature of linear and geographical pattern of β-APP positive axons, which 
are densely distributed on wide planes. The positive axons are rather with a granular 
appearance than neatly shaped axons which can be seen in traumatically damaged tissue. 
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Statistical evaluation was performed using the Pearson Chi-Square test of 
independence with the significance level used is a = 0.05. 

Results

TAI has been diagnosed in 47,6% of the examined cases as shown in Table 1 [9]. 
Table 1 also shows the correlation between the occurrence of TAI and the type of the 
traumatic event that caused the head trauma.

Type of traumatic event Total TAI % no TAI AI-ish

Traffic accident 49 26 53 17 6

Pedestrian 26 13 50 12 1

Cyclist 10 3 30 3 4

Motorist 4 3 75 1 0

Driver 5 5 100 0 0

Passenger 2 1 50 0 1

Railroad accident 2 1 50 1 0

Fall 11 4 36 4 3

Simple fall (<2m) 6 0 0 4 2

Fall of a height (>2m) 5 4 80 0 1

Blow-assault 3 0 0 2 1

Total 63 30 48 23 10

* TAI – cases diagnosed with diffuse axonal injury; no TAI – cases without diffuse axonal injury;
AI ish – axonal injury of ischemic origin.

Table 1. Cases with diagnosed TAI

The frequencies of the major autopsy findings, such as skull fractures, intracranial 
hemorrhages, contusions and the frequency of TAI are presented on Table 2. 

Table 2. Frequencies of the major autopsy findings

Fractures 37 59%

ICH, SDH, EDH, SAH 46 73%

FBI-contusions 23 36,50%

TAI 30 47,60%

* Fractures - fractures of the skull; ICH – intracranial haemorrhage (SAH – subarachnoidal haemorrhage, 
EDH – epidural haematoma, SDH – subdural haematoma); FBI – focal brain injury – contusion; 
TAI – diffuse axonal injury.
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The pathological findings of 30 cases with diagnosed TAI, along with the clinical 
information about their state of consciousness and the time of survival were presented 
on Table 3. Results show that 80% of them have been in primary coma, and in the rest 
of the cases, 6 of them, moderate disturbances of consciousness have been observed. 

Table 3. Presentation of the cases diagnosed with TAI.

F 13 TA-ped 9 d Coma, GCS=7 Fr,EDH, SDH Cont TAI 2, Swell, ISH
M 17 TA-motor 3 w Coma, GCS=6 SDH, SAH TAI2, Swell, ISH
M 33 TA-driver 3 d Coma Fr, EDH, SAH Cont TAI3
F 73 TA-ped 24 h Coma SDH, SAH, TAI2, Swell, ISH
M 39 TA-driver 4-5 h Coma, GCS=3 Fr, SAH, IVH Cont DVI, TAI 1
M 75 TA-ped 5d Stupor, Coma SDH, SAH, ICH Cont c-c TAI2,
M 89 TA-ped 3 h Coma SAH TAI 1
M 23 TA-driver 2 d Coma, GCS=3 SAH, SDH TAI 3, 
M 40 TA-ped 11 d Coma Fr, SAH TAI 1, Swell
M 33 TA-driver 3 d Coma, GCS=3 Fr, SAH TAI3,Swell,ISH
M 26 F-hight 12 d Coma, GCS=3 Fr, EDH, SDH, SAH Cont c-c TAI3,Swell,ISH
M 30 TA-motor 10 d Coma, GCS=5 Fr, SAH, SDH Cont c-c TAI1, Swell, ISH
M 55 F-hight 1,5 m Coma, GCS=3 EDH, SAH Cont TAI1,Swell, ISH
F~70 TA-ped 3 d Stupor Fr,SDH, SAH,IVH ICH TAI2/3,Swell, ISH
M 10 TA-ped 8 d Coma, GCS=4 TAI1,Swell, ISH
M 81 TA-cyc 15 d Coma Fr, SDH, SAH Cont c-c TAI1, Swell, 
F 64 TA-ped 4 d Coma, GCS=3 Fr, SDH, SAH Cont TAI2/3,Swell, ISH
M 61 TA-cyc 5 d Coma Fr, SAH, IVH Cont, ICH TAI 2, Swell, ISH
M~30 TA-pass 4 h Coma TAI2, Swell, ISH
M 60 TA-ped 1 m Coma, GCS=8 SDH, SAH, IVH TAI 2, Swell, ISH
M 30 TA-driver 2-3h Coma Fr, SAH TAI3, Swell, ISH
F 46 TA-ped 24 h Coma SAH TAI 1, Swell, ISH
M 25 TA-motor 4 d Stupor TAI 1, ISH
M 67 TA-ped 2,5 d Stupor Fr, SDH, SAH Cont c-c TAI1, Swell, ISH
F 72 TA-ped 6d Coma, GCS=6 Fr, SDH, SAH Cont TAI2/3, Swell,ISH 
M 58 F-hight 6 d Coma Fr, SDH, SAH Cont c-c TAI1, Swell, ISH
F 20 TA-ped 7 d Coma Fr, EDH, SDH, SAH Cont TAI 2, Swell, ISH 
M 50 RA 2 d Stupor Fr, SAH TAI1, Swell
F 24 F-hight 3 d Stupor SAH TAI1, Swell
M 78 TA-cyc 8 d Coma, GCS=3 Fr, EDH, SDH, SAH Cont TAI 2, ISH, edem

* A-G – age and gender; Trauma – type of traumatic event where closed head injury occurred: TA – 
traffic accident (ped-pedestrian, cyc-cyclist, mcyc-motorcyclist; pass-passenger; RA-railway accident), 
F – fall (F-simple – fall from one’s own height, F-height – fall from a height of more than 2 metres), 
B-F – blow and fall; TS – time of survival (imm-immediate death; h -hour; d -day, w -week, m -month); 
Consciousness – state of consciousness immediately after the impact (GCS – Glasgow Coma Score); 
Fr – fractures of the skull, ICH – intracranial haemorrhage (SAH – subarachnoidal haemorrhage, EDH 
– epidural haematoma, SDH – subdural haematoma, IVH – intraventricular haemorrhage); FBI – focal 
brain injury (cont-contusion, cont c-c – contusion coup-contra-coup, ICH – intracerebral haemorrhage); 
DBI – diffuse brain injury (TAI 1, 2, 3 – diffuse axonal injury - Adams grading system (Adams 1989); 
DVI – diffuse vascular injury; ISH – ischemia; Swell – brain swelling.
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Analyzing the group of cases without TAI, shown on Table 4, a primary coma was 
present in 7 cases (30% of the total of 23 cases). In the rest of the cases, moderate or 
mild disturbances of consciousness occurred. 

Table 4. Cases without TAI 

A-G Trauma TS Consiousness Fr and ICH FBI DBI

M 48 TA-ped 3-4h Concussion SAH Swell

F 23 TA-cyc 10 d GCS=8 SDH Cont Swell, ISH

M 61 TA-cyc 14 d Concussion Fr, SDH, SAH Cont Swell

M 70 TA-ped 1 d Concussion Fr, SAH  Swell

M 52 TA-ped 2-4 h Concussion Swell

M 41 TA-ped 6 h Coma, GCS=3 Fr, SAH Swell, ISH

M 60 TA-motor 5 d Somnolency SDH, SAH Cont Swell

M~60 F-hight 3,5 w Stupor Fr, SDH, SAH Cont Swell

M 15 TA-ped 10 d Somnolency GCS=14 Fr, EDH Cont c-c Swell, ISH

M~50 RA 10 d Coma Fr Swell

F 80 TA-ped 8 d Consciousness Swell, ISH

M 57 TA-ped 2d Consciousness Swell

F 40-50 TA-ped 1,5 m Concussion Swell

M 37 F-simple 5 d Stupor Cont Swell

F 74 TA-ped 3-4h Stupor SAH Swell, ISH

M 70 TA-ped 4 h Coma Fr, SAH Swell, ISH

M 33 TA-cyc 2-4 h Coma Fr, SDH, SAH Cont Swell, ISH

M 88 TA-ped 8 h Concussion Swell, ISH

M 74 TA-ped 2 h Stupor Swell

F 94 Blow 1-2h Stupor Fr, SAH, IVH

M 55 B-F 5d Coma Fr, SDH, SAH Cont Swell

F 66 F-simple 3-5h Stupor SAH

*A-G – age and gender; Trauma – type of traumatic event where closed head injury occurred: TA – traffic 
accident (ped-pedestrian, cyc-cyclist, mcyc-motorcyclist; pass-passenger; RA – railway accident), F – fall 
(F-simple – fall from one’s own height, F-height – fall from a height of more than 2 metres), B-F – blow and 
fall; TS – time of survival (imm-immediate death; h -hour; d -day, w -week, m -month); Consciousness – 
state of consciousness immediately after the impact (GCS – Glasgow Coma Score); Fr – fractures of the 
skull, ICH – intracranial haemorrhage (SAH – subarachnoidal haemorrhage, EDH – epidural haematoma, 
SDH – subdural haematoma, IVH – intraventricular haemorrhage); FBI – focal brain injury (cont-contusion); 
DBI – diffuse brain injury; ISH – ischemia; Swell – brain swelling.
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Cases diagnosed with ischemic axonal injury were presented on Table 5. All these 
cases died in a state of coma. 

Table 5. Group of cases diagnosed with ischemic axonal injury.

A-G Trauma TS Consiousness Fr and ICH FBI DBI

M 59 TA-cyc 2 d Coma Fr, EDH, SDH, 
SAH,  Cont c-c AI-ish, Swell, ISH

M 5 TA-ped 15 d Coma, GCS=3 Fr AI-ish, Swell, ISH

M~35 F-hight 2 d Coma, GCS=4 Fr, EDH, SDH, 
SAH, IVH Cont c-c AI-ish, Swell, ISH

M 69 TA-cyc 3 w Coma Fr, SDH, SAH Cont c-c AI-ish, Swell, ISH
M 60 F-simple 7 d Coma SDH, SAH Cont c-c AI-ish, Swell, ISH

M~50 Blow 3-5h Coma, GCS=3 Fr, SDH, SAH, 
IVH Cont AI-ish, Swell, ISH

F 20 TA-pass 10 d Coma Fr, SAH Cont AI-ish, Swell, ISH
M~50 TA-cyc 7 h Coma, GCS=4 Fr, SAH Cont c-c AI-ish, Swell, ISH
M 63 F-simple 10 d Coma, GCS=7 Fr, EDH, SAH Cont c-c AI-ish, Swell, ISH

M43 TA-cyc 2d Coma, GCS=3 Fr, EDH, SDH, 
SAH,  AI-ish, Swell, ISH

* A-G – age and gender; Trauma – type of traumatic event where closed head injury occurred: TA – 
traffic accident (ped-pedestrian, cyc-cyclist, mcyc-motorcyclist; pass-passenger; RA – railway accident), 
F – fall (F-simple – fall from one’s own height, F-height – fall from a height of more than 2 metres), 
B-F – blow and fall; TS – time of survival (imm – immediate death; h -hour; d -day, w -week, m -month); 
Consciousness – state of consciousness immediately after the impact (GCS – Glasgow Coma Score);  
Fr – fractures of the skull; ICH – intracranial haemorrhage (SAH – subarachnoidal haemorrhage, EDH – 
epidural haematoma, SDH – subdural haematoma, IVH – intraventricular haemorrhage); FBI – focal 
brain injury (cont - contusion, cont c-c – contusion coup-contra-coup); DBI– diffuse brain injury; Ai-
ish – axonal injury of ischemic origin; ISH – ischemia; Swell – brain swelling.

Statistical evaluation explored the interdependence between the occurrence of 
TAI and the state of consciousness. Three groups of cases have been investigated 
comparatively (Table 6). Statistically, a significant interdependence was shown between 
the occurrence of TAI and the occurrence of primary coma (Chi square = 29, 99; df=2, 
p<0, 00001). Also, as perceived before, the analysis shows the presence of coma in all 
AI cases.  

Table 6. Association between the occurrence of TAI and the occurrence of the primary coma.

 Coma, Stupor Concussson, Somnolency Total
TAI cases 28 (44,43%) 2 (3,17%) 30 (47,61%)
No TAI cases 7 (11,10%) 16 (25,39%) 23 (36,50%)
AI cases 10 (15,87%) 0 10 (15,87%)
Total 45 (71,42%) 18 (28,57%) 63 (100%)

* TAI – cases diagnosed with diffuse axonal injury; no TAI – cases without diffuse axonal injury; AI 
ish – axonal injury of ischemic origin.  
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As a next step, an additional investigation was conducted into the correlation 
between the state of coma and the post-mortem β-APP positive immunoreactivity found 
on pathological substrate, as a specific and direct indicator of the damage of the axonal 
fibers (Table 7). Statistically significant association has been shown (Chi – square = 29, 
83; df=2, p<0, 00001). 

Table 8. Association between occurrence of the TAI and time of survival.

TAI*Time of survival 24 h 1 week 1,5 months Total

TAI cases 6 14 10 30

No TAI cases 14 8 11 33

Total 20 22 21 63

* TAI – cases diagnosed with diffuse axonal injury; no TAI – cases without diffuse axonal injury.

Table 7. Association between the state of the coma and the post-mortem β-APP positive immunoreactivity

 Coma, Stupor Concuss, Somnolency Total

 ß -APP + 38 (60,31%) 2 (3,17%) 40 (63,49%)

 ß -APP - 7 (11,10%) 16 (25,39%) 23 (36,50%)

Total 45 (71,42%) 18 (28,57%) 63 (100%)

* ß -APP + – cases who show ß -APP positivity on pathological substrate; ß -APP - – cases who don’t 
show ß -APP positivity on pathological substrate.

As another indicator of the severe impairment of brain function, the two groups 
of cases, the one with diagnosed TAI and the other without TAI, have been analyzed 
comparatively in terms of the time of survival. The time of survival ranged: until 24 
hours, until 1 week, and until 1.5 months, as shown on Table 8. The statistical evaluation 
did not show any significant association between the occurrence of TAI and the time of 
survival (Chi square = 4, 75; df = 2; p = 0, 0929>0.01). 

Discussion

The results of the present study demonstrate that the impairment of consciousness (state 
of coma) is a constant accompanying element of TAI, as classically defined [1, 3, 14, 15]. 
80% of the cases with TAI were in primary coma, and the remainder showed a moderate 
disturbance of consciousness. In comparison, primary or immediate coma was observed 
in 30% of the cases that did not show TAI in the neuropathological examination. 

The results in the third group of cases diagnosed with axonal injury of ischemic 
origin were particularly revealing, as all of them were in coma. Since the differences 
in the appearance, pattern and distribution of the damaged axons have been widely 
discussed before [6, 11, 12, 16, 19], it should be pointed out that the occurrence of 
β-APP immunoreactivity to one or two samples, of which at least one is from a brain 
stem and with a predominantly granular deposition on wide “geographic” planes, is 
a characteristic ischemic feature. If the ischemic feature is found next to a traumatic 
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axonal damage, then it can be interpreted as a case of TAI with secondarily occurring 
ischemia. 

Hence, the analysis indicated significant statistical interdependence between 
the axonal damage (regardless of whether they showed a traumatic pattern, as in the 
TAI cases, or an ischemic feature as in AI cases) and the occurrence of primary coma. 
This association triggered another statistical evaluation which revealed the strong 
interdependence between β-APP immunoreactivity found on a pathological substrate 
and the state of coma. One of the advantages of this study is that, all cases in coma 
demonstrated clear β-APP immunoreactivity on a pathological substrate, implying that 
axonal damage indicated by β-APP disposition, from traumatic or ischemic origin, is 
in clear correlation with the state of coma. This correlation has been noted by other 
authors as well [4,5] but more profound studies are needed in order to establish more 
definite observations that can shed a new light to the neurophysiology of coma. In a 
previous study [8] we investigated the correlation between different pathological grades 
of TAI and the depth of the coma. The majority of the cases in deep coma (GCS=3-
5), demonstrated pathological grade 3 of TAI, and two cases that clinically showed 
somnolence (GCS 11-14) had grade 1 of TAI. Also, in other study has been shown that 
the prognosis worsens in direct relationship to the extent of injury, especially to the 
injury of the brainstem [17].

The time of survival has been analyzed here as another indicator of the severity 
of the brain impairment as a result of the head injury. It has been shown that only 
6 subjects (20% of all the cases with diagnosed TAI) died within the first 24 hours, in 
comparison with 14 subjects (42% of the cases where TAI was not diagnosed) who died 
in the first 24 hours. Furthermore, from the total of 20 cases that died in the first 24 hours, 
only 6 (30% of them) were diagnosed with TAI. Comparatively, in the group of cases 
that had survived for one week, there were 14 (64% of 22) with a TAI diagnosis. These 
considerations demonstrate that the presence of TAI is not the factor which contributes 
to the fatal outcome in the first 24 hours.  Finally, this correlation of TAI with the time of 
survival has been explored statistically and no significant association has been found. In 
one of the aforementioned studies [7] the survival time in a correlation with the grade of 
TAI has also been explored and no significance has been found, but it has been observed 
that the lower survival time values are more typical of cases with grade 3 of TAI.

Conclusion

In this study TAI has not been found to be a significant contributing factor to the 
lethal outcome from closed head injuries in the early post injury period (24 hours), but 
undoubtedly is a contributing factor for the severe impairment of the brain function 
indicated through the status of the consciousness. 

Presumably, the most contributing factors for lethal outcome in the early post 
injury period in closed head injuries should be found among the sequels of the raised 
intracranial pressure which develops as a result of the edema or intracranial hemorrhage. 
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The lunate bone is a carpal bone which can be easily distinguished by its crescent outline. The bone has 
its role in orthopedics and the related pathologies are difficult for diagnostics. The aim of our work was 
to overview the morphological characteristics of the bone which have significant role in pathological 
conditions of the wrist, like Kienbock’s disease and carpal coalition. In our research we included 40 
lunate bones of unknown sex and age. As a result, we specified 4 types of lunate bone based on its 
relation to the surrounding bones. Type II+ was the most commonly observed type. People with this type 
of bone suffer from different pathological conditions significantly less often as opposed to people with 
the other types of lunate (type I+, I- and II-). Knowledge of the morphology of the bone plays a crucial 
role in the treatment of the discussed pathological conditions.

Key words: os lunatum, morphology, types, Kienbock’s disease

Introduction

The wrist represents one of the most complex joints in the human organism that performs 
numerous movements and plays an important role in the everyday activities of every 
individual [3, 5, 6, 8]. The etymology of the word comes from the Greek word “luna” 
meaning moon, because of the crescent shape of the bone [8]. It can be easily distinguished 
from the other carpal bones by its deep concavity on the distal surface. Os lunatum is 
located in the proximal row of the carpal joint complex between os scaphoideum and 
os triquetrum. The bone has both intrinsic and extrinsic ligaments for attachment with 
the surrounding bones, such as the scapholunate ligament, lunotriquetral ligament, 
radiolunotriquetral, radioscapholunate and ulnolunate ligaments. The arterial blood supply 
comes from the branches of the dorsal radiocarpal arch and the intercarpal arch [3, 5, 6, 8].

There are 4 types of os lunatum based on its communication with the surrounding 
bones [1, 4]. Type I+ has two proximal facets for connection with the radius and discus 
articularis and one distally located facet for connection with the capitate bone. Type 
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I- has one proximal facet and one distal. Type II+ has two proximally located and two 
distally located facets for connection with os hamatum and os capitatum. Finally, type 
II- has one proximal and two distal facets [4]. The possible variations of the bone could 
cause different pathologies which very often create difficulties for diagnostics. The 
most common disorder of the lunate bone is its avascular necrosis, termed Kienbock’s 
disease, characterized by death and fracture of bone due to interruption of blood supply 
with fragmentation and collapse of the lunate [9].

The aim of our study was to overview the possible variations of os lunatum and its 
role in the pathological conditions of the hand.

Materials and Methods

In the present study we examined 40 unselected human lunate bones collected at the 
Department of Anatomy, Histology and Embryology of the Medical University of Sofia. 
These bones came exclusively from Bulgarian individuals and their sex was unknown. 
The study was approved by the Medical Legal Office and Local Ethics Committee. 
The specimens were distributed in groups based on the number of facets on each 
surface of the bone and its communication with the surrounding bones. Ten different 
measurements of each type of the bone were established. Measurements were made 
using a digital ruler micrometer caliper 0.01 mm. The mean values and the SD for 
all parameters were calculated. The obtained quantitative data were demonstrated with 
tables. Microsoft Office Excel 2010 was used to process the data and to demonstrate the 
obtained results in an adequate way.

Results

From the examined specimens, 5% were type I - (Fig. 1a, 1b) with one facet proximally 
and distally and 25% were type I+ (Fig. 1c, 1d) with two facets proximally and one 

distally. The majority of the bones 
(53%) were type II+ (Fig. 2a, 2b) 
with two proximally and two distally 
located facets. Type II- (Fig. 2 c, 2d) 
with one proximal and two dis-
tal located facets was detected in 
17% of cases. From the conducted 
measurements, we noted that only 
the length, the greatest width and the 
greatest height differed, while the 
other measurements remained cons-
tant (Tables 1-4). Furthermore, we 
observed that the average height of 
type I- was bigger than type I+ by 
approximately 3 mm. The average 
length of both types differed by 
approximately 1 mm and the width 
– by 1.25 mm. We also observed that 
the average length of type II+ was 
approximately 3 mm longer than ty-
pe II-. The greatest width of type II+ 

Fig. 1. Photographs of the types of os lunatum, as
fol lows: type I- (a, b); type I+ (c, d)
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was approximately 2 mm wider than 
that of type II-, while its greatest 
height was 3 mm longer than that of 
type II-.

Discussion

Our observations of the lunate bones 
revealed similar results compared to 
Dyankova [4], although there were 
some differences in the measurements. 
The greatest width of our specimens 
from each type of the bone; the 
greatest height of type I+ and II+; the 
greatest width of the proximal surface 
of types II+ and II- and the greatest 
height of the distal surface in types 
I+ and II- were less, compared to the 
measurement of those types of bones 
by Dyankova [4]. 

It appears that the number of 
facets on each surface has its role in the pathology. Type II+ has two facets on each side 
so the pressure is distributed better between them. In type I- there is one facet proximally 
and one distally. This type is most rarely seen and the risk of а pathological condition is 
bigger than the other types. In addition, the gender has its role in os lunatum’s pathology 
as well. It is well known that men usually apply more stress on their hands than women. 
Thus, after years of constant pressure on the wrist, it may get damaged, which in turn 
may lead to development of Kienbock’s disease – death and fracture of bone tissue due 
to interruption of blood supply with fragmentation and collapse of the lunate [3, 5, 6, 8].

Kienbock’s disease was first described by Austrian radiologist Robert Kienbock in 
1910 and is also called osteonecrosis, lunatomalacia, and aseptic or ischemic necrosis 
of the lunate [10]. The disease is more often seen in people at age 20-40 years. The 
symptoms include severe wrist pain, inability of wrist movement and often edema [9]. 

Fig. 2. Photographs of the types of os lunatum, as 
follows: type II+ (a, b); type II- (c, d)

Table 1. Basic metrical characteristics and indices of os lunatum type I+

Indicators and indices Mean value (mm)

Length of os lunatum 16.07
Greatest width of os lunatum 9.00
Greatest height of os lunatum 13.64
Greatest height of the proximal surface 13.28
Greatest width of the proximal surface 11.17
Greatest height of the distal surface 10.52
Width of the distal surface in the middle 5.47
Width of the joint facet for os capitatum 5.88
Width of the joint facet for os hamatum 0
Greatest depth of distal surface 1.88
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Table 3. Basic metrical characteristics and indices of os lunatum type II+

Indicators and indices Mean value (mm)

Length of os lunatum 16.72
Greatest width of os lunatum 12.18
Greatest height of os lunatum 15.90
Greatest height of the proximal surface 14.36
Greatest width of the proximal surface 11.00
Greatest height of the distal surface 11.21
Width of the distal surface in the middle 9.71
Width of the joint facet for os capitatum 6.11
Width of the joint facet for os hamatum 2.44
Greatest depth of distal surface 2.10

Table 4. Basic metrical characteristics and indices of os lunatum type II-

Indicators and indices Mean value (mm)

Length of os lunatum 14.00
Greatest width of os lunatum 10.00
Greatest height of os lunatum 13.00
Greatest height of the proximal surface 14.23
Greatest width of the proximal surface 11.88
Greatest height of the distal surface 10.00
Width of the distal surface in the middle 6.75
Width of the joint facet for os capitatum 4.57
Width of the joint facet for os hamatum 1.93
Greatest depth of distal surface 2.30

Table 2. Basic metrical characteristics and indices of os lunatum type I-

Indicators and indices Mean value (mm)

Length of os lunatum 15.25
Greatest width of os lunatum 10.50
Greatest height of os lunatum 16.75
Greatest height of the proximal surface 14.53
Greatest width of the proximal surface 10.36
Greatest height of the distal surface 13.58
Width of the distal surface in the middle 6.00
Width of the joint facet for os capitatum 6.00
Width of the joint facet for os hamatum 0
Greatest depth of distal surface 2.00
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The disease is a big challenge for diagnostics not only because it is rarely observed, 
but also because of its unclear etymology [11]. Early diagnostics is very important for 
the proper treatment of the condition and may prevent progression of the necrosis and 
bone collapse [9]. Another condition associated with the lunate bone is the so called 
carpal coalition – abnormal fusion of two or more carpal bones during the embryonal 
development. This is a congenital disease seen in otherwise healthy people and may 
occur as part of a syndrome, such as Turner’s and Holt-Oram syndromes [2]. This 
disease is often found after radiographic evaluation following trauma [7].

Conclusion

Pathological conditions of the lunate bone are commonly seen in the dominant wrist. 
People with type II+ suffer significantly less often, because of the two proximally 
and two distally located facets between which the pressure is distributed better. The 
anatomical features, the age relation and gender are all associated with os lunatum 
pathology. 
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The study aimed to examine the morphology of the plantar arterial archand determine the dominant variants 
of the plantar arch. On twenty-two dissected lower limbs the origin, course, and branches of the arteries 
in the plantar part of foot were examined. The plantar arterial arch was observed to be fully developed in 
all specimens with variations found in 5 (22.7%) of the limbs. The plantar arterial arch was mostly located 
in the anterior middle in 18 (81.8%) cases, in the junction between the anterior middle and intermediate 
middle in four (18.2%) cases. Normal course of lateral and medial plantar arteries was found in 17 cases 
(77.3%). In one case (4.5%) the deep plantar arch originated from dorsalis pedis artery and partly lateral 
plantar artery. In one case (4.5%) the lateral plantar artery gave origin to the third and fourth metatarsal 
arteries andin three cases (13,6%) the lateral planar artery gave off the second, third and fourth metatarsal 
arteries. The data from the study indicate that the plantar arch is a regular finding, but variants in terms of 
origin, formation and branching are not an unusual finding.Thorough knowledge of the blood supply to the 
foot is essential for surgeons in the mobilization and application of plantar flaps.

Key words: plantar arterial arch, morphology, variations, plastic surgery

Introduction

Reconstruction of the arteries of the foot in patients with severe chronic arterial 
occlusive disease has become a routine and valuable procedure. However, it is frequently 
difficult to select the optimal site for the distal arterial anastomosis [7]. Hence, accurate 
knowledge of the arterial patterns and variations becomes necessary in reconstructive 
surgery. The origin, course and branching of the plantar arch is essential as it forms the 
stem of one of the major musculo-cutaneous flaps used in reconstructive foot surgery.

Although the arterial anatomy of the foot has been addressed in literature, more 
comprehensive studies of the plantar arch and its branches in terms of morphological 
and morphometric variations, are still insufficient [2, 4, 5, 6]. More recently Ozer et al. 
and Gabrielli et al. [2, 6], have shown the contributing arteries and the positioning of the 
plantar arch within the foot, documenting a few anatomical variations in this region. In 
2008, Anupama investigated the plantar arterial arch in 50 formalin fixed cadavers, and 
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confirmed the findings of the above mentioned authors [5] and had not noted any further 
differences. Farlex (2014) confirmed the position of the plantar arterial arch within the 
foot as described by Ozer et al. and Gabrielli et al. [2, 6], but further refined it by stating 
that it lies on the transverse arch of the foot.

In order to determine the most important anatomic variations of the plantar arteries 
providing greater anatomical detail to vascular surgery, the anatomy and constitution of 
the deep plantar arch was studied.

Therefore, the aims of the study were to: a) re-examine and describe the morphology 
of the plantar arterial arch, and b) determine the dominant contributors to the plantar arch.

Material and Methods

On twenty-two dissected lower limbs the origin, course, and branches of the arteries in 
the plantar part of foot were examined.

The anatomy of the plantar arteries, their variations,origins, courses, and distri-
buting branches were examined. The relations of the plantar arch were noted, and the 
entire plantar arterial arch was clearly defined. The plantar arch and its branches were 
exposed and photographed (iPhone6).

To determine the location of the plantar the 
sole of the foot was divided into three regions: 
anterior; middle; and posterior [3]. The middle 
was further divided in to three parts: middle 
anterior; intermediate middle; and middle pos-
terior (Fig. 1). The predominant blood supply to 
the plantar arch was determined by measuring 
each com missure along the plantar archcourse 
[1]. The diameter measurement as compared to 
the previous one determined the artery con tri-
buting to the dominating arterial supply.

Results
Posterior tibial artery
The posterior tibial artery runs between the 
superficial and deep muscles in the rear section 
of the lower leg. In downward direction it moves 
medially and can be palpable behind the medial 
malleolus. (Fig. 2)

The anatomy of the plantar arteries, their vari-
ations, origins, courses, and distri buting branches 
were examined. The relations of the plantar arch 
were noted, and the entire plantar arterial arch 
was clearly defined. Once the entire course of the 
plantar arch was visible in situ, it was recorded 
and photographed (Samsung Galaxy Note 10.1 5 
megapixel).

Fig. 1. Schematic representation of the different 
quadrants the plantar side of the right foot. (Adapted 
from Ozer et al., 2005).
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The location of the plantar arterial arch was determined by dividing the foot into 
three compartments: anterior; middle and posterior. The middle was further divided 
into three parts: middle anterior; intermediate middle; and middle posterior (Fig. 1). 
The length of the plantar arterial arch was measured from the point of anastomoses 
between the lateral plantar artery and the deep branch of the dorsalis pedis artery 
(Fig. 2). Predominant blood supply to the plantar arch was determined by measuring 
each commissure of the entire course of the plantar arch. A larger or smaller diameter 
as compared to the previous measurement determined which of the closest contributing 
artery, i.e the deep branch of dorsalis pedis artery, lateral plantar artery, or both, was 
responsible for the dominating arterial supply.

Branches in the ankle area
• Posterior medial malleolar artery- forms arterial network around the medial ankle
• Calcaneal rami – arterial network of the heel area
• Artery of tarsal canal - blood supply to the body of the talus
Branches in the foot
Below the sustentaculumtali posterior tibial artery divides intolateral and medial 

plantar arteries (Fig. 3)
On its course the lateral plantar artery gives of  
• medial calcaneal branch (first clone) for the heel pad. Avulsio on the heel is a 

severe injury associated with high energy trauma and often with poor prognosis because 
of the possibility of heel pad necrosis

• branch to adductor digitiminimimuscles (second branch)
• digitiminimiartery (third branch)
• plantar arch (terminal branch). Plantar metatarsal arteries arise from the arch 

(Fig. 4)

Fig. 2. Normal course of a. tibialis posterior behind the medial malleolus.
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Medial plantar artery runs along the medial edge of the foot and at the scaphoid / 
medial cuneiform bone divides into superficial and deep branch. The deep branch 
anastomoses with the first plantar metatarsal artery.

Fig. 3. Tibialis posterior artery branching into lateral plantar and medial plantar arteries.

Fig. 4. Deep plantar arch – a terminal branch of lateral plantar artery.
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The Plantar Arterial Arch and Variations. The plantar arterial arch was observed 
in all of the specimens. It was found to be fully developed in all of the specimens as well 
(Fig. 3) with variations in 5 (22.7%) of the specimens.

Shape. In 3 (13.6%) of the specimens, a variation with the shape of the plantar 
arterial arch was observed. These variations were grouped as follows: a) Type A - Sharp 
irregular curve: observed on the left foot in one (4.5%) of the sample of variations (Fig. 
4); b) Type B - Obtuse shaped curve: observed in six (4.5%) of the specimens, four 
right feet and two left feet (Fig. 5); and c) Type C - Spiral shaped arch: observed in one 
(4.5%) of the specimens (Fig. 6). 

Location. The location of the plantar arterial arch was in the anterior middle in 18 
(81.8%) cases, in the junction between the anterior middle and intermediate middle in 
four (18.2%) cases [3].

Formation. The results of this study are grouped as follows: Normal course of 
lateral and medial plantar arteries was found in 17 cases (77.3%) (Fig. 3). In one case 
(4.5%) the deep plantar arch originated from dorsalis pedis artery and partly lateral 
plantar artery (Fig. 5). In one case (4.5%) the lateral plantar artery gave off the third and 
fourth metatarsal arteries (Fig. 6). In three cases (13,6%) the lateral planar artery gave 
off the second, third and fourth metatarsal arteries. (Fig. 7).

By changing lifestyle and increasing stress, people suffer more often from diseases 
such as diabetes and hypertension. Diabetic neuropathy leads to foot infections and 
ischemia, resulting in the risk of large amputations. In the effort to rescue the ischemic 
limb, the arterial bypass plays a major role. A. dorsalis pedis with the main and clones 
is preferentially used as a receptacle. A lumbar arthritis arterialized by a. dorsalis pedis 
can safely be used as an island flap to cover ankle or heel defects and as a free flap for 
palm defects. Therefore, a. A. dorsalis pedis.

Because variations in the plantar arch are not unusual, it is important to have in-
depth anatomical knowledge of the arteries. Preoperative angiography for each anomaly 
is recommended to prevent risks during surgical intervention.

Fig. 5. Deep plantar arch formed by dorsalispedis artery and partly from lateral plantar 
artery.



126

Fig. 6. Division of a. tibialis posterior artery – plantar arch, medial plantar; plantar 
metatarsal arteries, lateral plantar arteries.

Fig. 7. Deep plantar arch giving off the second, third and fourth metatarsal arteries.
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Conclusion
This study was designed to improve the understanding of the plantar arterial arch and its 
variations. Thorough knowledge of the blood supply to the foot is essential for surgeons 
in the mobilization and application of plantar flaps. The study findings complement the 
existing descriptions of the plantar arch with regard to morphology and variations in 
the formation.

The data from the study indicate that there is asymmetry in the plantar arch, which 
is largely related to its formation. On the other hand, the distances between plantar 
metatarsal arteries arising from arcus plantaris are variable. Some are close and others 
are at a greater distance; some arteries may arise even from the same point of the arch. 
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The acromion is one of the two processes of the scapula. It plays a role in the field of orthopedics by 
having a correlation with some diseases. The morphology of this process has a significant role in upper 
limb pathology. The aim of the present study was to describe the different types of acromion process 
based on its morphology and to discuss its relation to some orthopedics diseases. We carried out a 
research which included 30 scapulae of unknown sex and age, provided by the Medical University of 
Sofia. Digital Vernier caliper and goniometer were used to calibrate the parameters (length, width etc.) 
of the process. We established three types of acromion process: type 1 – flat, type 2 – curved and type 
3 – hooked. Our study showed that type 2 (curved) was the most commonly observed – around 80 % 
of the fixed materials; type 1 (flat) was seen in 11% and type 3 (hooked) – in 9%. People with type 3 
(hooked) acromion process tend to suffer more often from the subacromial impingement syndrome. 
Knowledge of the morphology of the acromion process may help with the diagnosis and treatment of 
various diseases discussed in the present study and may supplement the work of shoulder surgeons and 
people occupied with this field of work.
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Introduction

The scapula is a large flat bone with triangular shape that has three processes – spine, 
acromion and coracoid process [9]. The anatomy term “process” itself means a 
prominence on a bone. The acromion process projects forward from the lateral end 
of the spine of scapula at an approximately right angle [9]. It is larger than the other 
processes and articulates with the lateral end of the clavicle. The tendon of supraspinatus 
muscle passes under the process; furthermore, these two structures are separated by the 
subacromial bursa [8].

There are three main structures that create the so-called coraco-acromial arch - 
the anterior part of acromion process, the coraco-acromial ligament and the coracoid 
process [8]. The morphometry of the acromion and the measurements of the arch 
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have a significant role in the field of orthopedics, by having a correlation with some 
diseases [7]. In addition, it contributes to the medical treatment of the upper limb. The 
morphology of the acromion is mostly associated with the subacromial impingement 
syndrome which causes inflammation of the bursa situated under the acromion, thus 
leading to pain while abducting the upper limb in the shoulder joint [2, 5, 8].

The aim of the present study was to describe the different types of acromion process 
based on its morphology and to discuss its relation to some orthopedics diseases. 

Materials and Methods

The present study was conducted on 30 adult human scapulae of unknown age and 
sex in the Department of Anatomy, Histology and Embryology, Medical University of 
Sofia, Bulgaria. The study was approved by the Medical Legal Office and Local Ethics 
Committee. The materials had been fixed and had undergone chemical processing for 
this study. Only bones with clear features that were intact were used while the unfit 
excluded. One structure that we didn’t take under consideration was the glenoid notch 
located in the anterior margin of the glenoid cavity.

The measurements were taken with the help of a caliper and recorded in millimeters 
(mm). The following parameters were measured: length; width; thickness; acromio-
coracoid (A-C) distance, which was the distance between the tip of the coracoid 
process and the acromion process; acromio-glenoidal (A-G) distance, representing the 
distance between the supraglenoid tubercle and the tip of the acromion process. The 
measurements were analysed by means of descriptive statistics including percentage, 
mean and standard deviation and were statistically evaluated through a T-test. 

Results
In the present study, we reported the presence of three types of acromion process – type 
1 – flat (Fig. 1a), type 2 – curved (Fig. 1b) and type 3 – hooked (Fig. 1c). These types 
were distinguished based on the extent of its arch. The obtained data showed that the 
maximum length of the acromion was 51 mm, the maximum width – 29 mm and the 
maximum thickness – 11 mm. The A-C distance and the A-G distance were 39 and 
30 mm, respectively. We also calculated the mean values: length – 44 mm, width – 
24.3 mm, thickness – 7.7 mm, A-C distance – 26.6 mm and A-G distance – 22.9 mm 
(Table 1). As a result, we concluded that type 2 (curved) was most commonly observed 
– around 80% of the fixed materials, followed by type 1 (flat) which was seen in 11%. 
Type 3 (hooked) represented only 9% of the scapulae.

Table 1. Numerical representation of the measurements of acromion 

Measurements Mean values SD Min values Max values t-test
Length (mm) 44.0 4.15 35 51 0.40
Width (mm) 24.3 2.33 19 29 0.46

Thickness (mm) 7.7 1.37 6 11 0.17
Аcromio-coracoid distance (mm) 26.6 4.81 20 39 0.21
Аcromio-glenoidal distance (mm) 22.9 3.41 16 30 0.02
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Fig. 1. Photograph of different types of acromion: a) type 1 – flat; b) type 2 – curved; c) type 
3 – hooked.

Discussion 

Many studies have explored the morphometry of the acromion process, the different types 
of acromion and its correlation with the impingement syndrome [1, 3, 6]. It appears that 
most data reported in previous studies are comparable to our measurements and evaluations. 
Anetzberger and Putz observed that the mean acromial length was 47.00 mm [1]. In the 
present study, this parameter was calculated as 44 mm. Rarely, a fourth type is observed, in 
which case the acromion is concave in cranio-caudal direction [4]. This classification was 
proposed by Farley et al. [4] but has not been taken into consideration because of the rare 
occurrence of type 4 acromion and absence of correlation with rotator cuff pathology.

According to Epstein et al. [3], the acromion morphology appears to affect the 
success of conservative medical treatment in some cases and surgical procedures 
to people with orthopedic diseases. It appears that patients with the hooked type of 
acromion tend to suffer more often from the impingement syndrome [9]. This means 
that the anatomical features of the process have an effect on the pathology of the rotator 
in the arm joint. This hooked shape particularly tends to create pressure on the bursa 
which is situated under the process. This leads to pain while rotating the shoulder joint. 
Furthermore, the presence of enthesophytes is associated with acromion type III, and 
together they are mainly associated with subacromial impingement syndrome and injury 
of the rotator cuff [6]. Some of the parameters we examined vary with sex and age, 
which also has a clinical significance. Information about sex and age of the examined 
material, however, was unavailable and could not be assessed in the present study.

Conclusion
In the present study, we described the presence of 3 types of acromion process: flat 
(type 1), curved (type 2) and hooked (type 3), based on the extent of its arc. We found 
that the dominant type was type 2 (curved). People with type 3 (hooked) acromion 
process tend to suffer more from the subacromial impingement syndrome, because this 
shape tends to create pressure on the bursa which is situated under the process. The 
morphometric data on the acromion process and types of acromion may be helpful for 
the field of orthopedics during surgical repair around the shoulder joint. 
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Jugulocephalic vein is atavistic structure which is very rare. The low incidence of the variations of the 
cephalic vein in deltopectoral triangle and its position on the anterior surface of the clavicle and the neck 
doesn’t make it less important for the clinical practice. Phylo- and ontogenesis explain the formation of 
the above mentioned variations. We followed the pattern of the cephalic vein in its proximal part and 
termination to describe possible variations. In this long term study on 140 upper limbs of 70 cadavers, 4 
or 2,9% of the cephalic veins were variable. The direct empting of the cephalic vein into internal jugular 
is an exception with few descriptions at the moment. The rareness of this anatomical variation doesn’t 
make it less important for clinical practice. It is described as a possible obstacle in catheter implantation, 
clavicle fractures and creation of arteriovenous fistula in patients on hemodialysis.  

Key words:cadavers, human anatomy variation, cephalic vein, external jugular vein, jugulocephalic 
vein

Introduction

Cephalic vein (CV) belongs to the group of superficial veins of the upper limb. It usually 
forms over the anatomical snuff-box on the radial side of the wrist from the radial end of the 
dorsal venous plexus. Proximally it curves around the lateral side of the forearm collecting 
tributaries from both radial and ulnar aspects in that area. The CV ascends anterior to the 
elbow, superficial to a groove between brachioradialis and biceps brachii, crosses superficial 
to the lateral cutaneous nerve of the forearm, and ascends lateral to biceps and between 
pectoralis major and deltoid, where it adjoins the deltoid branch of the thoracoacromial 
artery [15]. At the lateral aspect of the deltopectoral groove, the CV is located superficially 
in a fat pad lying horizontally and separating the two muscles [7]. In the infraclavicular fossa 
it passes posterior to pectoralis major and piercing the clavipectoral fascia it crosses the 
axillary artery and opens in the axillary vein at the level of the lower border of the clavicle 
[15].

Variations of cephalic vein are rare. They include its total absence and termination 
into subclavian vein [14].The cephalic vein may end in the internal jugular vein (IJV), the 
external jugular vein (EJV), or the basilic vein [6, 12]. A more infrequent anastomosis named 
“jugulocephalic anastomosis”, which usually connects the terminal part of the cephalic and 
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the EJV, appears where cephalic vein goes deep behind the clavicular head of pectoralis 
major and travels up anterior to the clavicle [12, 17].

The very first thorough description in anatomy by Galen defines cephalic vein (Galen’s 
humeral vein) as arising from the external jugular vein and encircling the clavicle ‘ran 
towards the periphery’ [19]. That postulate like all other Galen’s anatomy beliefs rules for 
centuries. The explanation for this misleading information is in the material of his dissection 
which is animals and non-human primates [16]. So we can define the jugulocephalic vein 
like an atavistic feature in humans. Phylogenetic and ontogenetic features of the superficial 
veins of the neck and upper limbs are clarifying the possible anatomical variants found 
rarely but not meaninglessly.

Study of variations in the superficial veins is important for the anatomists, inter ventional 
radiologists, surgeons, and clinical practitioners who carry out procedures like canulations, 
venegraft harvesting in endarterectomy, implantation and selective ve nous samplings, as 
well as traumatologists, plastic surgeons and specialists in centers for hemodialysis [2,9, 14].

The aim of this study was to follow up the incidence of CV variations in its termi nation 
and discuss the embryological basis and clinical implications.

Material and methods 

During a routine gross anatomy dissection in the Department of Anatomy, Histo logy and 
Embryology at the Medical Faculty, Medical University of Plovdiv we made observation 
for the termination of CV on 140 upper limbs of 70 (52 men and 18 women) embalmed 
cadavers for a period of 18 years.

Results

Four out of 140 upper limbs showed significant differences from the usual pattern of the CV 
in its most proximal part. 

Case No 1. – An adult male cadaver aged approximately 75 years dissected for 
educational purposes showed two concomitant variations in the left axilla and on the same 
side of the neck. The axillary arch of Langer was more common one but the CV draining in 
EJV was really a rare variety. The vein travelled in the deltopectoral groove and remained 
superficial after reaching the clavicle where it passed anterior to it. Arching the clavicle the 
CV after a short course entered the EJV at its terminal part. Its supraclavicular part was 12 
mm long. No anastomoses or extra tributaries were found coming out from the CV in the 
observed area (Fig.1).

Case No 2. – During the dissection of an adult male cadaver over age of 70 another 
variation in the course and position of the terminal part of the left CV was found. At the 
level of the coracoid process CV divides into a main tributary which arches deep under the 
pectoralis major muscle to join axillary vein and so called ‘jugulocephalic anastomosis’ 
climbing on the anterior surface of the clavicle to the adjacent EJV (Fig.2).

Case No 3. – The last case was male cadaver aged 62 years. He was the most recently 
dissected and with multiple variations. The followed cephalic vein pattern was different on 
both sides from the standard described in the books.

On the right side CV was positioned lateral out of the deltopectoral groove following 
the fibers of the deltoid muscle. In the distal portion of the deltoid the CV was 1 cm lateral of 
its border. It travelled up and medial and crossed the clavicle at the attachment of the medial 
edge of deltoid muscle. In fossa supraclavicularis major CV received a tributary coming 
from the fossa supraclavicularis minor which is following the upper border of the clavicle. 
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Fig. 1. Left arm, shoulder and neck with cephalic and external jugular veins.
EJV – external jugular vein, CV – cephalic vein, C - clavicle

Fig. 2. Left arm, shoulder and neck with cephalic and external jugular veins.
EJV – external jugular vein, CV – cephalic vein, C – clavicle, * - jugulocephalic anastomosis
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The main vein continued deep under the sternocleidomastoid to enter the lateral side of the 
internal jugular vein. The length of the CV from the distal end of deltopectoral groove to 
IJV was 183 mm. The length from the point of entry to the right venous angle was 59 mm 
and to the upper end of the superior vena cava it was 95 mm. The diameter of the CV at its 
end was 5 mm (Fig. 3).

Fig. 3. Left deltopectoral groove and neck.
EJV – external jugular vein, CV – cephalic vein, C – clavicle

The left CV was lying in the deltopectoral groove. Its length from the distal beginning 
of the groove to the entry into EJV was 149 mm. There were no tributaries to CV in this 
region. It was crossing anterior the clavicle and medial to the attachment of deltoid. Finally 
CV entered the EJV (Fig. 4).

A concomitant variation related to the thyroid gland was found on the neck of the 
last case. 

The incidence of the variations of the CV, crossing the anterior aspect of the clavicle, 
is 2,9% of the population in Bulgaria. The incidence of jugulocephalic anastomosis is 0,7%.

Discussion

The cephalic vein is one of the most used veins for a great number of activities, such 
as venipuctures, arteriovenous fistula creation and for right atrial and ventricular lead 
placement in patients receiving pacemakers and implantable cardioverter defibrillators 
[1, 18]. CV is usually anatomical landmark known for its consistent anatomy because 
of its rare variability. Despite that, its anatomical variations are clinically and surgically 
significant and healthcare professionals must be aware of the variations of this vessel [1].
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In this article we present some exceptional variations of CV which are considered 
atavistic and explained by the onto- and phylogenetic development. The superficial 
veins of the upper limb develop from a superficial plexus of capillaries, then, as they 
fuse and enlarge, the greater venous trunks are formed. The capillary plexus on the 
ulnar border develops the subclavian, axillary and basilic veins which emerge from the 
postaxial primitive vein. The radial border capillary plexus atrophies and CV at further 
stages of development comes from the preaxial vein [1, 16]. The preaxial vein primarily 
empties into the venous plexus located within the neck [19]. The CV is developed by 
a growth of an anastomotic channel of the EJV which initially empties into the IJV 
and later into the axillary vein [8, 13]. Thus, the CV acquires a new connection with 
the axillary vein only at a further stage of the ontogeny, while, usually, the part of the 
CV running over the clavicle (the jugolocephalic vein) gradually atrophies [19]. In our 
study three of the vessels are persistent jugulocephalic vein which in case No2 occurs 
as a connecting branch between EJV and CV that normally ends in the axilary vein or 
it is a typical jugulocephalic anastomosis, while in cases No1 and No3 (left side) the 
remnant jugulocephalic channel connects directly CV to EJV. 

The right CV of the case No 3 is a very rare variation which could be explained 
by the ontogeny of the superficial veins and a stage of existing connection between CV 
and IJV. We found just one more case in the available literature which described that 
unusual end of CV into IJV [8].

The cephalic vein has recently emerged as an alternative to the subclavian and 
EJVs for the implantation of catheters and artificial cardiac pacemakers [5]. CV cut-
down is considered a first choice for venous access [3]. Although variations of CV are 
rare they should be taken in mind during these manipulations as they can cause some 

Fig. 4. Right deltopectoral groove and neck.
CV – cephalic vein, C – clavicle, IJV – internal jugular vein
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difficulties [3]. In cases of central venous line insertion that requires critical central 
venous access from the subclavian vein, the CV cut-down method is employed at the 
deltopectoral to insert a catheter under visual inspection [10]. Clinically, the CV is 
preferred for hemodialysis to remove waste products from the blood [9]. The variant 
anatomy of the cephalic arch is important for arteriovenous fistula creation in patients 
on hemodialysis and the clinicians caring for vascular access patients may choose to 
consider alternative vascular access [4]. Orthopedicians treating fractures of the clavicle 
by either percutaneous intramedullary nailing or open exposure should be very careful 
to avoid potentially iatrogenic injuries for the patient from an unnoticed anatomic 
variant [11].

Human anatomy variations are abundantly described in the literature but are not 
yet well systematized and categorized. Kameda et al. are classifying the CV variations 
in the deltopectoral region into four types: 1A, 1B, 2A, and 2B [5]. Two of our CVs are 
Type 1A, one is 1B and the rare case of CV empting in IJV is not included in Kameda’s 
classification. We agree that more studies in the future are needed to evaluate both arms 
with a larger pool of cadavers and confirm the incidence of unusual jugulocephalic 
veins and CV termination [5].

Conclusion

Based on the result of 140 upper limbs of 70 embalmed cadavers, from our study 3 out 
of 70 (4,3%) cadavers are with CV variations, one bilateral and two unilateral on the 
left side. Four out of 140 (2,9%) cephalic veins pass anterior to the clavicle and follow 
a course beyond this bone. One CV or 0,7% is registered as jugulocephalic anastomosis 
and 1 (0,7%) CV terminates in IJV. Knowledge of these anatomical variants could 
avoid serious complications during catheter implantation, fractures of the clavicle or 
arteriovenous fistula creation in patients on hemodialysis. 
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Biodur P40 is a UV light cured polyester Co-polymer that is used for making of brain slices. Ultraviolet 
light is the usual factor for curing the polyester. We use a device constructed by us for hardening stage of 
procedure. There are many worldwide attempts to apply other sources of light. The purpose of this study 
is to test the effect of left-rotating circular polarized light on polymerization of Biodur P40.
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Introduction

Plastination is a new method for durable preservation of anatomical preparations. The 
plastinators use some basic methods in their work. S10, E12, P35 and P40 are modern 
plastination techniques for production of safety and life like anatomical preparations. 
Biodur P40 is a UV light cured polyester co-polymer that is used for making of brain 
slices [7]. Ultraviolet light is the usual factor for curing the polyester [1]. We use a 
device constructed by us for hardening stage of procedure (Fig. 1). It has four lower 

and two upper ultraviolet tube 
manufactured by Phillips.

There are many worldwide 
attempts to apply other sources 
of light [3]. They are described 
by Robert Henry [4]. In China, 
Thailand and Carolina (USA) 
the materials that are used work 
at room temperature after being 
mixed with chemical hardener 
[5, 6, 8]. 

Fig. 1. A UV light source used to 
solidify brain plates.



140

In our previous studies [9], we had been successful in applying sunlight as the 
hardener of the polymer. This is an economical method, but the procedure is slow and 
the process is more difficult to control.

The purpose of this study is to test the effect of left-rotating circular polarized 
light on polymerization of Biodur P40. The light is an electromagnetic wave, but the 
polarization light is a state in which the electric field has a constant magnitude [10]. 

To accomplish this goal, we set out the following main tasks:
	  Detecting the action of circularly polarized light with a yellow filter;
	  Detecting the action of circularly polarized light with a red filter;
	  Detecting the action of circularly polarized light with a green filter;
	  Detecting the action of circularly polarized light with a violet filter;
	  Detecting the action of circularly polarized light without a filter;
	  Control reaction with sunlight.

Material and Methods

We used standard resin Biodur P40, manufactured by BiodurTM, Heidelberg, Ger many. 
For better visualization of the polyester fluid, we added colorants in different versions 
as follows:

	  Hematoxylin;
	  Eosin;
	  Eosin in acetone;
	  Without coloring.
The source of left-turning circularly polarized light is our construction, made from 

an old dia-projector with an attachment for removable filters of different color (Fig. 2).
We used several filters with different color and different band width.

Fig 2. The light source.
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Results and Discussion

The first sign of the beginning of the reinforcement is the appearance of a “mesh” in 
the polyester fluid. The grid appeared first in the polymer without a colorant, and soon 
after – in this stained with eosin in acetone. The results are presented on Table 1.

The results of applying different filters to a colorless polymer are shown in Table 2.
We can’t compare our results with other authors because there are not similar 

investigations with circularly polarized light.
Final hardening occurred after 6-7 days. It turns out that the circularly polarized 

light causes a slow curing of the Biodur P40 but it is not enough for the needs of the 
practice. In the control reaction with sunlight, a network appears after 20 minutes.

Table 1. The grid appearance in the polyester co-polymer (in minutes).

No Polyester co-polymer BIODUR P40 minutes

1 Without a colorant 45

2 Tinted with eosin in acetone 60

3 Tinted with eosin 75

4 Tinted with hematoxylin 150

No Polyester co-polymer BIODUR P40 minutes

11 Without filter 30

22 Yellow filter 45

33 Violet filter 45

44 Green filter 135

55 Red filter 180

Table 2. The grid appearance in the polyester co-polymer (by filter color).

Conclusions

1. Left circular polarized light is not suitable for curing the Biodur P40 polyester 
co-polymer since the process is running too slowly.

2. The best and quickest cure is obtained by using ultraviolet rays of special lamps, 
which is suitable for practice (the process is described in another study).

3. The second most effective is the application of sunlight, but it is more suitable 
for initial polymerization of the material (the process is described in another study).
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Diseases of teeth and the surrounding periodontal ligament are important topics in paleopathological 
investigations because they provide useful information about living conditions and oral health of ancient 
populations. Since dental diseases can cause periodontal lesions (and vice versa), these two types of 
pathological conditions are often closely related. In early populations, the main causes of tooth loss were 
periodontal diseases (periodontitis) and pulpoalveolar diseases (periapical periodontitis), both of which 
are attributed to oral infections. However, a little is known about endo-perio pathology in ancient time 
and there is no relevant paleopathological and paleomicrobiological data in the literature. The paper 
describes two cases (one from Roman period and one from medieval period of Plovdiv) of endo-perio 
lesions emphasizing on paleopathological and microbiological evidences. The results revealed typical 
morphological presentation of endo-perio lesions in combination with mixed microbiota, relevant to 
this pathology.
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Introduction

The prevalence of periodontal diseases in archaeological populations has been a 
controversial topic in paleoepidemiology [9]. Early studies on periodontal disease supported 
the idea that ancient populations experienced little periodontal disease, with the prevalence 
of periodontal disease increasing in populations during recent centuries [2, 3]. More 
recent studies of periodontal disease have recognized that the prevalence of periodontal 
disease has been variable between archaeological populations and factors other than diet 
also influencing the development of periodontal disease [1, 6, 12]. However the tooth-
related factors predisposing initiation and further development of periodontal diseases in 
archaeological populations are poorly understood. The pulp-periodontal interrelationship 
is a unique one and can consider them as a single continuous system or as one biologic 
unit in which there are many paths of communication [14]. The interrelationship of these 
structures influences each other during health, function and disease [14]. They can get 
affected individually or combined; when both systems are involved they are called true 
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endo-perio lesions. The relationship between the periodontium and the pulp was first 
discovered by Simring and Goldberg in 1964 and now is considered as a diagnostic and 
treatment challenge both in endodontics and periodontology [14]. However, little is known 
about endo-perio pathology in ancient time and there is no relevant paleopathological and 
paleomicrobiological data in the literature.

This paper describes two cases (one from the Roman period and one from the 
medieval period) of endo-perio paleopathology emphasizing on anthropological and 
microbiological evidences.

Material and Methods 

The material used in this study belongs to the paleopathological collection of the Medical 
University of Plovdiv. The collection had been previously catalogued by the Plovdiv 
Archeological Museum, including burial details and estimates of age and gender. 

The data were collected by the authors. All teeth present in their sockets were 
recorded. Alveolar bone surrounding the teeth on all surfaces was studied carefully for 
signs of vertical bony lesions. The criteria for these lesions were a clear vertical loss or 
destruction of the alveolar bone adjacent to a tooth surface. Both sharp edged ragged 
lesions and more rounded defects with even and smoother bony surfaces were recorded. 
Periodontal probes UNC 15 with 1 mm gradations were used for the measurements. The 
measurement was carried out from the deepest part of the lesion within the alveolar bone 
up to the surrounding bone crest. Assessment for caries lesions was made by den tal probe. 
Furcation’s involvement (according to I. Glickman classification), as well as the presence 
of calculus, visible periapical lesions and other pathologies were also described.

The heavy deposits of dental calculus provided our study with material for pa le o-
microbiological analysis. Fragments of calculus around the affected teeth were gently 
detached and prepared for scanning electron microscopy (SEM) evaluation (JEOL 
6390, Institute of Physical Chemistry, Laboratory of Electron Microscopy, Bulgarian 
Academy of Sciences).

Results

Case #1
The first skeleton originates from archeological excavations dated from the Roman 

period of Plovdiv (1th-3th century AD) and belongs to a female individual approximately 
40-45 years of age. The remains were found in a family tomb (archeological site 
“Medical University”, Vasil Aprilov №3) that belongs to the Western necropolis of the 
ancient city of Philipopolis (Plovdiv). The anthropological examination revealed right 
mandibular posterior region exhibiting advanced bone loss, furcation involvement and 
root approximation of tooth 46. Deep mesial-occlusal caries lesion of 46 with pulp 
camera exposure was identified (Fig.1A) Grade III furcation involvement (3.5 mm) 
was established by measurement with periodontal probe. The bone loss and furcation 
involvement were confirmed by periapical radiographs. (Fig. 1B).

Case #2 
The second skeleton originates from archeological excavations dated from the 

medieval period of Plovdiv (11th-13th century AD) and belongs to a female individual 
approximately 35-40 years of age. The remains were found in a nomad necropolis 
(archeological site “Antique Forum - West”). The anthropological examination revealed 
asymmetrical deposition of calculus on left side (both upper and lower quadrants) –
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(Fig. 2A, B). The meticulous checkup revealed deep mesial-occlusal caries lesion of 
tooth 36 with pulp camera exposure. (Fig. 2C) Grade II furcation involvement (1.2 mm) 
was established by measurement with periodontal probe. The bone loss and furcation 
involvement were confirmed by periapical radiographs. (Fig. 2D).

The SEM observations of detached calculus at different magnifications revealed 
fossilized microorganisms – cocci in chain, cocci in clusters and bacilli (rods), 
respectively (Fig. 3A, B). The morphological identification was performed in the 
Department of microbiology using standard SEM pictures of oral pathogens [13]. 
The morphological analysis revealed Streptococcus mutans, Streptococcus gordonii, 
Actinomyces naeslundii, Porphyromonas gingivalis and Tannerella forsythia.

Fig. 1. 40-45 year-old female, buried around 250 AD. Pulpal exposure as a result of deep caries. Note 
resultant extensive bone loss and full exposure of both mesial and distal roots (A). Large apical bony 
defects on both mesial and distal roots and furcation involvement were verified on X-ray image (B).

Fig. 2. Right side (A) and the affected 
left side (B), showing asymmetrical 
deposit of calculus. Tooth 36 showed 
deep MO-carious defect (C) X-ray 
image confirmation of existing endo-
periodontal lesion of tooth 36 (D).
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Discussion

Our findings revealed the typical morphological presentation of the endo-perio lesions 
in combination with mixed microbiota, relevant to this pathology. Despite the accuracy 
of anthropological evaluation in cases when the lesions are connected to infection, the 
microbiological evidences are crucial for the final diagnosis. Nowadays there is a growing 
recognition of the importance of archaeological dental calculus as a source of oral health 
information. Early studies of archaeological dental calculus can be traced back nearly a 
century [7], but it was not until the 1960s and 1970s that dental calculus began to receive 
serious attention by archaeologists, dental anthropologists and dentists, who described 
its occurrence in human remains and determined its mineral composition [5, 11]. In 
addition to macroscopic analysis, scanning electron microscopy (SEM) investigation of 
dental calculus also greatly advanced during the late 1980s and 1990s. Pioneering work 
by K. Dobney and D. Brothwell proved a great diversity of well-preserved bacterial 
forms within dental calculus [4]. The first biomolecular investigation of dental calculus 
was conducted in 1996 and aimed to identify the oral pathogen Streptococcus mutans 
(a causative agent of dental caries!) through immunohistochemical analysis [8]. In 
2011, the preservation of bacterial DNA within dental calculus was confirmed by gold-
labelled antibody transmission electron microscopy [10], and this was followed in 2012 
by targeted PCR-based genetic approaches, which identified Streptococcus mutans 
and additional oral taxa, including Fusobacterium nucleatum, Actinomyces israeli, 
Porphyromonas gingivalis and others.

Microbiology of endo-perio lesions includes bacterial species like Aggregatibacter 
actinomycetemcomitans, Tannerella forsythia, Eikenella corrodens, Fusobacterium 
nucleatum, Porphyrominas gingivalis, Prevotella intermedia [14]. Considering the 
limitation of this study (morphological identification, without genetic confirmation) the 
microbiota found in the dental calculus (Streptococcus mutans, Streptococcus gordonii, 
Actinomyces naeslundii, Porphyromonas gingivalis and Tannerella forsythia) confirmed 
the mixed microbiota involved in endo-perio lesions. Our findings are relevant to data 
reported by other authors for present populations [14].

Fig. 3. Dental calculus observed by SEM at different magnification - 40x (A) and 200x (B) revealed 
fossilized microorganisms, morphologically identified as oral pathogens. 
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Conclusions

This is the first paleopathological report on endo-perio lesions supported by anthro-
pological and paleomicrobiological evidences. Despite the limitations of this study the 
results revealed typical morphological presentation of endo-perio lesions in com bi-
nation with mixed microbiota, relevant to this pathology. In ancient times when pulpitis 
rapidly progressed to periodontitis, and without adequate treatment, every necrotic 
tooth has been a potential source of oral infection and eventually endo-perio lesion. For 
this reason, the proper understanding of these coexisting pathologies and the related 
microbiological status as well as their identification is of primarily importance for 
human bioarcheology.
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Experiments with intracerebral grafting studying the processes along the graft-host interface sometimes 
face a technical difficulty – determining of the exact borders of the graft. Processes of cell migration, 
decay, and gliosis may obscure the outline of the transplanted tissue. The present report aims to describe 
a new, simple, yet reliable method for optical demonstration of the graft-host interface. We performed 
oblique light microscopy using a standard bright field microscope with a built-in the condenser lens 
diffuser. This method demonstrated good contrast between graft and host brain tissue, regardless of 
the staining of the otherwise standard specimen. This is the first use of oblique light microscopy in the 
context of intracerebral transplantation. This method is an easy, replicable, and reliable way to delineate 
intracerebral grafts without additional histological preparations.

Key words: intracerebral transplantation, grafts, oblique light microscopy

Introduction

In the context of intracerebral transplantation, the graft-host interface is known to be a site of 
crucial processes of integration between transplanted cells and the recipient’s brain [1, 7, 9]. 
Intensive cell contacts, migration, but also cellular decay and reactive gliosis are known 
to happen along the border between the graft and the host brain [2, 4, 11, 13]. Histological 
evaluation of the relationship between the transplanted cells and the nervous tissue of the 
host requires the exact determination of the graft-host interface. Sometimes, however, this 
poses a significant difficulty for the investigator, due to ac cumulation of reactive cells [3, 
11] and the resulting intensive staining. Therefore, a method for reliable visualization of this 
interface is needed, in order to facilitate the evaluation of the processes around grafts.

Dark field microscopy has been previously used with CNS histological preparations 
to demonstrate white and grey matter structures based on their different refractive 
properties [10]. It was also used with intracerebral grafts, but only to visualize the fluo-
rescent nerve fibres growing out from them, and not for the graft tissue itself [5].

The aim of the present report is to give an account of a method involving oblique 
light microscopy for visualization of intracerebral grafts.
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Materials and Methods

Intracerebral grafting was performed in the standard unilateral 6-hydroxydopamine 
model of Parkinson’s disease, using single cell suspension of E14 ventral mesencephalic 
tissue. Details regarding the experimental setting are given in detail elsewhere [12].

The resulting 40 µm sections were stained immunohistochemically for GFAP and 
processed according to a standard protocol. Transparency of the dehydrated sections 
was achieved with immersion in xylene, and they were subsequently coverslipped with 
Histofluid (Marienfeld, Germany). Slides were observed using a standard bright field 
microscope (Leica DX1000). A diffusing element built in the condenser lens was used 
to direct the light beam in an oblique direction through the slide. A low power objective 
lens was implemented to observe and photograph the specimen with a standard camera. 
Same sections were observed using a dark field microscope in order to visually compare 
the structures demonstrated using both methods. Furthermore, serial sections processed 
according a different staining protocol (immunohistochemistry for tyrosine hydroxylase, 
a marker for the grafted neurons) were also observed for confirmation of the exact site 
of the graft-host interface.

Results

Observation of the histological preparations confirmed the presence of intracerebral 
grafts in the expected coordinates. The grafts were ovoid in shape, however their exact 
outlines could not be always demonstrated easily, as seen on Fig. 1A. Especially when 

observing grafts in later time points of 
the experiment (as the case with the de-
picted on the figure graft) the astroglial 
envelope around the transplant was seen 
as a dense meshwork, which completely 
obscured the view of the graft-host in-
terface. In cases of TH staining, the graft 
cores themselves were not contrasted 
against the background of the host stri-
atum and their outlines could be only 
roughly traced thanks to the presence of 
stained cellular elements.

The observation using oblique 
light microscopy revealed that the graft 
cores possessed significantly different 
light scattering properties. The grafts 
appeared as uniformly darker objects, 
contrasted against the silvery, lighter but 
heterogeneous striatal tissue (Fig. 1B). 
The contrast between graft and host 
tissue was especially superb in sites of 

Fig. 1. Low-power microphotographs (4x) of 
the same GFAP-stained intracerebral graft, 
observed using bright field microscopy (A) and 
oblique light microscopy (B). gr – graft, str – 
striatum, lv – lateral ventricle. 
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contact between the transplants and the fibers of the internal capsule. In the same time, 
the DAB-stained (immunopositive) elements did not obscure the picture in any way, 
merely casting a shadow, as demonstrated on Fig. 1B.

Discussion and Conclusions

The present report is the first one to describe the use of oblique light microcopy for 
demonstration of intracerebral grafts. The differences of the light-scattering properties 
of gray and white matter of the CNS have been demonstrated before. The property of 
white matter tracts to appear differently in dark field microscopy depending on their 
direction relative to the plain of histological section is also known [10]. However, neither 
dark field microscopy, nor oblique light microscopy have been used to demonstrate the 
very outlines of intracerebral grafts.

We attribute our observations to the considerable differences of the extracellular 
matrix in the grafted tissue and in the native brain parenchyma [6]. The preparation of 
the cell suspension used for transplantation involves intensive washing, which causes 
considerable dissociation of the tissue and loss of extracellular matter [8]. It is possible 
that in a later time point following transplantation the consolidation of the graft might 
lead to a change in the appearance of the transplanted tissue. We, however, could not 
demonstrate this in the relatively early moment (28 days) following grafting

The proposed method for visualization of intracerebral grafts is fast, easy to apply 
and reproduce, and does not require any special equipment or histological preparations. 
This microscopy technique is particularly useful in studies focused on the graft-host 
interface, because its application allows for uncomplicated determining of its course. A 
limitation of the method might be the fact that only low-power objective lenses can be 
used with it; however, we did not find this to be of any practical disadvantage. Validation 
of the method is needed for studies involving longer follow-ups following grafting, as 
well as such with different transplantation sites.

R e f e r e n c e s

1. Barker, R., S. B. Dunnett. Ibotenic acid lesions of the striatum reduce drug-induced rotation in the 
6-hydroxydopamine-lesioned rat. – Exp. Brain Res., 101, 1994, 365-374.

2. Barker, R. A., S. B. Dunnett, A. Faissner, J. W. Fawcett. Time course of loss of dopaminergic 
neurons and the gliotic reaction surrounding grafts of embryonic mesencephalon to the striatum. – 
Exp. Neurol., 141, 1996, 79-93.

3. Barrett, C. P., L. Guth, E. J. Donati, J. R. Krikorian. Astroglial reaction in the graymatter of 
lumbar segments after midthoracic transection of the adult rat spinal cord. – Exp. Neurol., 73, 
1981, 365-377.

4. Brundin, P., J. Karlsson, M. Emgård, G.S. Schierle, O. Hansson, A. Petersén, R. F. Castilho. 
Improving the survival of grafted dopaminergic neurons: a review over current approaches. – Cell. 
Transplant., 9, 2000, 179-195.

5. Denham, M., C. L. Parish, B. Leaw, J. Wright, C. A. Reid, S. Petrou, M. Dottori, L. H. Thompson. 
Neurons derived from human embryonic stem cells extend long-distance axonal projections 
through growth along host white matter tracts after intra-cerebral transplantation. – Front. Cell. 
Neurosci., 6, 2012, 11.http://doi.org/10.3389/fncel.2012.00011

6. Gates, M. A., E. D. Laywell, H. Fillmore, D. A. Steindler. Astro cytesandex trace llularma trixfollo 
wingintra cerebral transplantation of embryonic ventralmesence phalonorlateral ganglioni 
ceminence. – Neurosci., 74, 1996, 579-597.

7. Perlow, M. J., W. J. Freed, B. J. Hoffer, A. Seiger, L. Olson, R. J. Wyatt. Brain grafts reduce motor abno-
rmalities produced by destruction of nigrostriatal dopamine system. – Science, 204, 1979, 643-647.



151

8. Pruszak, J., L. Just, O. Isacson, G. Nikkhah. Isolation and culture of ventral mesencephalic 
precursor cells and dopaminergic neurons from rodent brains. – In: Current protocols in stem cell 
biology. New Jersey, Wiley, 2009, 2D.5.1-2D.5.21

9. Saltykow, S. Versuche über gehirnplantation, zugleich ein beitrag zur kenntniss der vorgänge an den 
zelligen gehimeelementen. – Arch. Psychiatr. Nervenkr., 40, 1905, 329-388.

10. Senatorov, V. V. Dark-field microscopy visualization of unstained axonal pathways using oil of 
wintergreen. – J. Neurosci. Methods, 113, 2002, 59-62.

11. Shinoda, M., J. L. Hudson, I. Strömberg, B. J. Hoffer, J. W. Moorhead, L. Olson. Microglial cell 
responses to fetal ventral mesencephalic tissue grafting and to active and adoptive immunizations. – 
Exp. Neurol., 141, 1999, 173-180.

12. Tomov, N., L. Surchev, C. Wiedenmann, M. D. Döbrössy, G. Nikkhah. Astrogliosis has different 
dynamics after cell transplantation and mechanical impact in the rodent model of Parkinson’s 
disease. – Balkan Med. J., 35, 2018, 141-147. https://dx.doi.org/10.4274%2Fbalkanmedj.2016.1911

13. Zawada, W. M., D. J. Zastrow, E. D. Clarkson, F. S. Adams, K. P. Bell, C. R. Freed. Growth 
factors improve immediate survival of embryonic dopamine neurons after transplantation into 
rats. – Brain Res., 786, 1998, 96-103.



152

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 25 (3-4)
Sofia • 2018

Anthropological Characteristics of Skeletal Remains 
from Medieval Vratsa Necropolis
Kaloyan Vassilev1, Maria Christova-Penkova

Institute of Experimental Morphology, Pathology and Anthropology with Museum,
Bulgarian Academy of Sciences, Sofia, Bulgaria

*Corresponding author e-mail: vasilev.kaloian@abv.bg

The article presents anthropological survey of the excavated skeletal remains from the medieval 
necropolis at T. Balabanov 1 str. in Vratsa. The physical characteristics of the population (height and 
body mass) were obtained for some of the individuals as well as variations and pathologies that provide 
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Introduction
Medieval Vratitsa* is well known in epigraphic and written sources. Since 2007 

regular archaeological excavation has been carried out in its fortified part, but the 
realization of investor intentions in the central part of the modern city has led to the 
partial study of one of the medieval necropolis, probably linked to the suburb.

Within the area planned for construction 39 graves were revealed, 38 of which can 
be assigned to the broad chronological terms from the end of the 12th–14th century [8]. 
A huge part of the necropolis was destroyed before the intervention of the archaeologists. 
The compromised layer has a thickness of more than 1.20 m and includes the tombs dating 
back to the second half of the 13th and the 14th centuries. Only half-broken grave 22, 
dated with John Alexander’s coin (1337-1371), was studied only in the western periphery.

The circumstances described above for the discovery and exploration of the 
necropolis have also precluded the inability of comprehensive anthropological analysis 
of the population. The good date of the graves based on the imitation of the Bulgarian 
and Latin coins from the first half of the 13th century allows us to present in this 
communication the data on the population inhabiting the suburb of Vratsa in that period.

* Vratitsa is the medieval name of present town of Vratsa
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Material and Methods

A bone material of 39 individuals was provided for an examination at the National 
Anthropological Museum. The anthropological analysis was carried out according to 
the classical methodology [5]. Its results are used to calculate the height of individuals 
by the formulas of Pirson and Lee, summarized in Alekseev [1]. For the determination 
of sex, the data obtained from the pelvic marks [3] and the skull [6] were used. In 
cases where they are too fragmented, the sex is determined using metric scars - lengths 
of long bones, head diameters and bicondial diameters of shoulder and hip bones [2, 
3]. Determining the age at the onset of death of the grown-up individuals is based 
on the degree of cranial sutures on the Olivier-Simpson scales and summarized by 
Alekseev-Debets. The age at onset of death in unrelated individuals is determined by 
the perforation and growth of permanent teeth [11]. The more detailed feature of the 
individuals buried in the medieval necropolis in Vratsa were supplemented by taking 
into account the body mass, taking into account the diameters of the femoral heads [9].

Results and Discussion
This paper about the necropolis at “T. Balabanov “1 str. in Vratsa gave for the first 
time an op portunity to illuminate (albeit partially) the anthropological characteristics 
of the medieval po pulation of the town. Archaeological excavations were carried out 
between August and Oc tober, 2016 by a team led by A. Petrova – archaeologist at the 
Regional History Museum – Vratsa, and the results were published in “Contributions to 
Bulgarian Archeology”, vol. VII [8].

Out of the 39 subjects, a detailed anthropological analysis of 38 of them was car-
ried out. The individual of the conditionally designated grave 16 falls chronologically 
outside the 12th-14th centuries, so the data obtained are not included in this study.

In the skeletal remains studied, the sex of 30 individuals was determined. The proportion 
of the buried men is equivalent to the proportion of buried women, their percentage being 
42% men and 43% women, respectively (Fig. 1). Those buried in childhood in which the 
sex markings did not appear on the bone remains were 7 (15%).

Fig. 1. Sexual distribution of buried individuals

Children
15%

Male
43%
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42%
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Inf. I Inf. II Juvenilis
Adult. Matur.

all
M F all M F all

N 3 3 3 1 2 3 3 5 8 20

% 15 15 15 5 10 15 15 25 40 100

In the age distribution of burials the highest proportion of mature individuals is 
found – maturus (35/40 to 60 years) (Table 1; Fig. 2). The mortality rate of infants I 
and infans II (7 to 14 years old) reached 30%, showing similar parameters with other 
necropolises. A similar distribution with a high proportion of the buried in these age 
groups is also observed in other medieval necropolises (12th–14thcenturies), which 
indirectly confirms its representativeness [4].

The characteristic peculiarity of the inter-industrial societies for increased mortality 
of young women is also observed among the buried in the Vratsa necropolis. In the 
adultus group (20-30/35), women’s mortality is twice as great as that of men. This is 
most often attributable to the risks of pregnancy and childbirth [10].

Table 1. Sex-age distribution of the buried

Fig. 2. Distribution of buried by sex and age 

Maturus (M)
15%

Adultus (F)
10% Adultus (M)

5%

Maturus (F)
25% Infans

30%

Juvenilis
15%

Physical development of the buried in the necropolis in Vratsa
The height was calculated for a total of 14 individuals (nine women and five men). 

The figures show that men’s height varies from 160.57 cm to 177.98 cm and for women 
– from 154.30 cm to 169.56 cm. The average height is respectively 168.61 cm for men 
and 161.84 cm for women. The average body mass for men is 67.16 kg and ranges from 
62.85 to 72.70 kg while the estimated body mass in females ranges from 55.75 kg to 
64.50 kg, averaging 61.02 kg (Fig. 3).
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Fig. 3. Correlation of height/body mass in the buried women and men in Vratsa necropolis
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Fig. 4. Ligamentum transversum superius scapulae. Grave 22, male.  

Interest is attributed to the ossification of the left blade observed in the buried man 
(50-60 years) in grave 22 – ligamentum transversumsuperius scapulae. This resulted in 
the closure of the incisura scapularis and turning it into an aperture (Fig. 4). The same 
is another variation fixed on the left shoulder bone – foramen supratrochlearishumeri. 
In the literature, such variations are considered in connection with heredity as well as a 
consequence of mechanical joint load [7]. The same variation is observed in the woman 
buried in grave 37, 30-40 years. In two individuals (female and male buried in grave 
10 and 31) there was fixed variation on the sternum – foramen corpus sterni (Fig. 5).

Fig. 5. Foramen corpus sterni: a. grave 
10, female; b.grave 31, male 
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In two individuals, buried in grave 31, 35-40 years, and in grave 32, 25-35 years - 
are found inner bones localized around the lambdoid suture (Fig. 6).

The odontological analysis was performed on 26 individuals, with eight of them 
carious processes was shown. According to the World Health Organization (WHO) main 
findings, it was found that 3% of the individuals surveyed had an ongoing carious process 
at the time of death. The relative share of diseased teeth of the studied individuals is 6.97%, 
with the most infected teeth belonging to the woman buried in grave 20. It has been found 
that out of the 30 tooth affected by the caries process are 12 of them or 40% of the available 
teeth. The smallest number of teeth affected by a carious process are observed in the grave 
37 (female, 30-40 years) - in the 30 available teeth, a carious process was found in only one.

The high relative frequency of caries and their lack of treatment found in the person 
buried in grave 20 may have led to worsening nutrition and the development of iron 
deficiency anemia. The impact of this disease is seen in the cripples in the eyebrows – 
cribraorbitalia (Fig. 7).

Fig. 6. Wormian bones: а. grave 31, male; b. grave 32, female

Fig. 7. Grave 20: a. abscess around the  tooth root; b. carious process;  c. cribra orbitalia
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In the 31-year-old man buried in grave 31 (35-40 years), fracture was found in the 
proximal third of the right radius diaphysis, healed without bone fragments. In the same 
individual, arthrosis changes occurred in the wrist joint (Fig. 8).

Osteophyte changes in the vertebrae are observed in most of the buried grown 
individuals (Fig.9).

Conclusion
The presented results of the anthropological survey of the buried in the necropolis on 
“T. Balabanov “1 in Vratsa are distinguished by a fragmentation that does not allow 
general conclusions for the population living in the medieval city in the 12th–14th 

Fig. 8. Grave 31, male: a. improperly healed fracture of right radius; b. artrosis changes in the wrist joint

Fig. 9. Grave 10, female, 35-40 years. Osteophite changes on the edges of the lumbar vertebrae
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century. However, given the scanty data for this period, the addition of new facts is 
necessary for the accumulation of an empiric material, allowed the presentation of a 
detailed anthropological feature of the population of medieval Bulgaria.
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Ansa cervicalis is a loop of nerve fibres, arising from the anterior branches of the cervical spinal 
nerves C1, C2 and C3, which provides innervation of the infrahyoid muscles. Usually, ansa cervicalis is 
formed by two roots: superior, originating from C1, and following the hypoglossal nerve; and inferior 
root, originating from C2 and C3. Different variations in the ansa formation were found during routine 
dissections on 15 cadavers: lack of inferior root; a loop formed by junction of fibres from C1, C2 and C3 
at one point; a nerve bundle, originating from C1 gave rise of two separated branches, which formed the 
superior root; the superior root aroused as a branch of the vagus nerve; and the inferior root composed 
by nerve fibres, coming from the vagus nerve. These variations are important for the invasive medical 
procedures on the neck.

Key words: ansa cervicalis, variations, infrahyoid muscles, nerve grafting, neck surgery

Introduction 

Ansa cervicalis is abundle of nerve fibers, arising from the anterior branches of the 
first, second and third cervical spinal nerves (C1,C2 and C3), which provides motor 
innervation of the infrahyoid muscles. In most of the cases, the ansa is formed by two 
roots: superior and inferior. Fibers of the superior root originate from C1, ascend to the 
level of external opening of hypoglossal canal and join the hypoglossal nerve (HN). At 
the level of the superior margin of the thyroid cartilage, they separate HN and descend 
as a superior root of ansa cervicalis. The fibers arising from C2 and C3 join together and 
form the inferior root. Usually, it runs antero-laterally to the internal jugular vein. In 
front of the common carotid artery the two roots join together and form the ansa [13]. 
However, sometimes the nerve fibers are situated medially to the internal jugular vein 
[2]. Ansa cervicalis provides motor innervation to the infrahyoid muscles, which depress 
the hyoid bone [6]. It also plays a role in the phonation and deglutition [11]. In addition, 
some authors describe ansa cervicalis superficialis, which is formed by anastomosis 
between r. colli of n. facialis and n. transversus cervicis. It innervates m. platysma and 
the skin of the neck [15]. Quite often there are variations of ansa cervicalis, which are 
of great importance for the invasive clinical practice: skull base surgery, thyreoplasty, 
oesophageal cancer surgery, etc. Therefore, herein we report some rare patterns of the 
ansa topographic anatomy.
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Material and Methods

Ansa cervicalis was studied on 15 cadavers (8 male and 7 female), used for the routine 
dissection course for medical students in our department, during the period 2014-
2017. There were no signs of any traumas in the head and neck area. The skin and the 
cervical fascia were removed systematically. The muscles, nerves and blood vessels 
were cleaned and exposed on both sides, with particular attention to the roots of ansa 
cervicalis.

Results

In most of the cases, in ten cadavers, bilaterally (66.7%) and in five cadavers 
unilaterally (16.7%), ansa cervicalis was formed in a classical way (Fig. 1). In one of 
the cadavers, unilaterally (3.3%), the superior root was formed as usually, however 

there was no inferior root: the 
loop was formed by junction of 
fibres from C1, C2 and C3 at one 
point (Fig. 2). Another variation 
was observed in one cadaver, also 
unilaterally (3.3 %): the nerve 
bundle, originating from C1 and 
following the HN, gave rise of two 
separated branches, which, after 
course of 1cm joined together and 
formed the superior root of the 
ansa. The inferior root was formed 
in a classical way (Fig. 3). In two 
cadavers, unilaterally (6.7%), the 
superior root aroused as a branch 
of the vagus nerve, while the fibres 
of the inferior root had a standard 
pattern of origin (Fig. 4).The op-
posite was also observed in one 

cadaver, unilaterally (3.3%): 
the superior root was formed 
in a classical way, whereas the 
inferior one was composed by 
nerve fibers, coming from the 
vagus nerve (Fig.5). Contralateral, 
the ansa was formed as usually. 
In ten cadavers (6 male and 4 
female) there was superficial ansa 
cervicalis: anastomosis between 
fibers of n. transversus colli and r. 
colli of n. facialis. In 8 cases it was 
bilaterally (53.3%) and in two of 
them (6.7%) – unilaterally.

Fig.1. A classical ansa cervicalis.

Fig. 2. Fibers, arising from C1, C2 and C3 join in one point.
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Fig. 5. The inferior root originates 
from the vagus nerve.

Fig. 3. Two bundles derived from C1 
and following the HN, gave rise of two 
separated branches, which, after course 
of 1cm joined together and formed the 
superior root of the ansa.

Fig. 4. The superior root aroused as a branch of 
the vagus nerve.
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Discussion

Variations of ansa cervicalis are not so rare. It could be even absent bilaterally, and 
replaced by vagocervical plexus, formed by fibres from the vagus nerve and branches, 
coming from C1 and C2 [1]. Absence of the inferior root of ansa cervicalis was reported 
by Challa and collaborators [3]. They found double looping of the ansa: fibres from 
C2 join the superior root, and below this primary loop, fibres from C3 form a second 
loop. One of our finding is similar; however, the three bundles joined at one point and 
formed a single trunk, providing nerve supply to the infrahyoid muscles. In addition, 
in one cadaver unilaterally we observed analogous double looping, though related to 
the superior root: two consecutive bundles branch from the C1 nerve along the HN at a 
distance of 1 cm from each other and form the superior root. It further merges with the 
inferior root to form the ansa.

The formation of the inferior loop varies considerably compared to the superior 
one, in respect to the source of its fibres. In a comparative study on 160 cadavers, the 
inferior root was found deriving from the fibres of C1 to C4 with a major contributor 
C3 [12]. Fibres of spinal accessory nerve also could form the inferior root [10]. As 
previously reported, the inferior root could arise from the trunk of the vagus nerve [9], 
and that is the case we observed unilaterally in one cadaver. 

The superior root could originate not only from C1 but also from the HN and the 
vagus nerve [7, 14]. Origin solely from the vagus nerve, as we report here, is a ra-
re variation of ansa cervicalis, but nevertheless, already described by D’Souza and 
Ray [5]. Thus, a better knowledge of the origin, formation, and variations of the ansa 
cervicalis may benefit the surgical practice: to use it as an autograft for reconstruction 
of the recurrent laryngeal nerve [8] or to prevent injuries of the ansa during different 
invasive procedures at that area.
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Some dermatoglyphic palmar traits such as hypotenar and thenar are relatively rarely investigated in cancer 
patients. During the period from January 1, 2014 till December 31, 2017, we examined 82 women with 
clinically, histologically and mammographically confirmed breast cancer as well as 60 healthy women 
from the region of Varna, Bulgaria. The palmoscopic examination of these palmar traits was accomplished 
by the basic method of Cummins and Midlo. There were statistically significant differences in terms of 
the frequencies of the arches and loops in hypothenar as well as concerning the sum frequencies of the 
arches, loops, whorls and image traces in right-hand hypothenar between breast cancer patients and healthy 
females. The number and relative share of palmar traits in II-IV interdigital fields in left- and right hand 
hypothenar differed statistically reliably between both groups. These palmar dermatoglyphic traits could be 
used within a diagnostic algorithm for breast cancer screening among genetically predisposed population.

Key words: dermatoglyphics, breast cancer, hypothenar, thenar, region of Varna

Introduction

Dermatoglyphic investigations of some palmar traits such as hypothenar and thenar are 
relatively less popular than those of digital traits. However, they represent an essential 
component in the diagnostic and prognostic armamentarium of disease-oriented 
dermatoglyphics, too. 

The true hypothenar patterns as a component of dermatoglyphic traits are analyzed 
in 386 individuals, 182 males and 204 females aged between 10 and 18 years from the 
central Rhodopes in South Bulgaria [10]. There is a hypothenar radial arch in 2,07% of 
the males and 2,82% of females in a sample of 2130 Bulgarians [9]. A well-expressed 
tendency of the hypothenar radial arch towards symmetrical occurrence is disclosed 
through the ratio between the actual and expected frequency of its bilateral occurrence. 

There are several papers dealing with analyses of a palmar dermatoglyphics in 
children with acute lymphoblastic leukemia (acute lymphoblastic leukemia [3], larynx 
cancer [12], gastric cancer [18], ovarian cancer [4], uterine cervix and endometrial 
cancers [1] and other neoplasms.
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The environmental and hereditary influence on tumour development using digito-
palmar dermatoglyphic traits is assessed in 126 patients of both genders with pituitary 
tumors (60 non-functional and 66 functional pituitary tumour patients) in comparison 
to a control group of 400 phenotypically healthy individuals [8]. The use of these traits 
as screening markers of predisposition to pituitary tumour development facilitates the 
earlier detection of patients in addition to standard methods, possibly earlier treatment 
and higher survival rate.

Some papers are devoted to the peculiarities of digital [2, 7] and palmar derma-
toglyphics [6, 13, 14] in breast cancer patients, too.

The purpose of this study was to comparatively analyze some peculiarities of 
hypothenar and thenar traits in female breast cancer patients and healthy women with a 
view of their possible diagnostic significance.

Material and Methods

The present investigation was performed during the period from January 1, 2014 till 
December 31, 2017. It covered 82 women with clinically, histologically and mam-
mographically confirmed breast cancer as well as 60 healthy women from the region 
of Varna, Bulgaria. Breast cancer patients were aged between 36 and 80 years while 
healthy females were aged between 31 and 79 years. All of them were of Bulgarian 
ethnical origin. 

The palmoscopic examination of palmar traits on hypothenar and thenar was ac-
complished by the basic method of Cummins and Midlo [5] as already described by us 
elsewhere [16]. Variation analysis and χ2 test were applied. Statistical data processing 
was done by means of SPSS software package, version 19.  

Results

Our results were presented on one table and four figures.
The number and relative share of palmar traits on hypothenar and thenar between 

breast cancer patients and healthy females were compared on Table 1.

Table 1. Number and relative share of palmar traits on hypothenar and thenar in breast cancer patients 
and healthy females
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The sum frequency of the palmar patterns including arches, loops, whorls and 
image traces on left- and right hand hypothenar was illustrated on Fig.1 and Fig. 2.

The sum frequency of the palmar patterns including arches, loops, whorls and 
image traces on left- and right hand thenar was illustrated on Fig. 3 and Fig. 4.
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Fig. 1. Relative share of left hand palmar traits on hypothenar in breast cancer patients
and healthy females
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Fig. 2. Relative share of right hand palmar traits on hypothenar in breast cancer patients 
and healthy females
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Fig. 4. Relative share of right hand palmar traits on thenar in breast cancer patients
and healthy females

Fig. 3. Relative share of left hand palmar traits on thenar in breast cancer patients
and healthy females

There was a statistically significant difference between breast cancer patients and 
healthy females in terms of the mean value of palmar thenar fields only (р=0,006).

There was a statistically significant difference in favour of breast cancer patients 
against healthy females in terms of the number and frequency of the palmar patterns in 
the interdigital fields of the hypothenar of the left hand (χ2=4,220; р=0,040) and right 
hand (χ2=5,691; р=0,017) only. 

The frequencies of the arches in left hand (t=2,025; p<0,05) and in right-hand 
hypothenar (t=2,700; р<0,01) were statistically significantly less in breast cancer 
patients than in healthy females. The frequency of the loops in left hand hypothenar 
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(t=2,028; p<0,05) was statistically significantly higher in breast cancer patients than in 
healthy females. 

The sum frequencies of the palmar patterns including arches, loops, whorls and 
image traces in right hand hypothenar differed statistically significantly between 
breast cancer patients and healthy females (χ2=3,228; p=0,006) while that in left-hand 
hypothenar did not at all (χ2=3,328; p=0,072). The corresponding frequencies in both 
right- and left hand thenar did not differ statistically significantly between breast cancer 
patients and healthy females (χ2=0,172; p=0,678 and χ2=0,327; p=0,568, respectively).

There was a statistically reliable difference concerning the number and relative 
share of palmar traits in II-IV interdigital fields in left- (χ2=4,220; р=0,040) and right 
hand (χ2=5,691; р=0,017) hypothenar between breast cancer patients and healthy 
females only. The corresponding difference in the thenar was, however, statistically 
insignificant (χ2=0,366; р=0,545).

Discussion

Our results clearly indicate some statistically significant differences concerning certain 
hypothenar traits between the breast cancer patients and healthy females. Obviously, 
further research of larger samples is needed to warrant the suggested diagnostic potential 
of this parameter for breast cancer risk assessment as an additional screening marker.  

The hypothenar patterns do not demonstrate any significant differences between 
breast cancer patients and healthy controls [17].

As a functional plug-in of the dermatoglyphic analysis and detection system, 
the template-based image preprocessing including histogram redistribution, ridge 
orientation, and skeletonization is effectively used for the automatic identification of 
palmar traits [11]. The method is feasible and can be applied as an auxiliary diagnostic 
tool for breast cancer and other diseases.

Palmar dermatoglyphics is simple, inexpensive, anatomical and non-invasive 
method [15, 16]. It may be used as a reliable indicator for screening of high-risk 
population in terms of breast cancer. 

Conclusion

We establish statistically significant differences concerning the frequencies of the arches 
and loops in hypothenar as well as concerning the sum frequencies of the palmar patterns 
including arches, loops, whorls and image traces in right hand hypothenar between 
breast cancer patients and healthy females. The number and relative share of palmar 
traits in II-IV interdigital fields in left- and right hand hypothenar differ statistically 
reliably between breast cancer patients and healthy females only. 

These palmar dermatoglyphic traits could be included in a diagnostic algorithm for 
breast cancer screening among genetically predisposed population, too.
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The aim of our review article is related to the sperm mitochondrial biology during living cycle – sper ma-
togenesis, when the sperm mitochondria are independent biomarkers of male germ cell dif fe rentiation, 
sperm capacitation and motility, as well as of spermatozoa health and fertility. An increased understanding 
of sperm mitochondrial structure, functions, bioenergetics, remodeling/plasticity and especially studies of 
the own mitochondrial genome (mtDNA), may be useful in the routine andrological clinical practice and 
assisted reproduction.

Key words: remodeling/plasticity, sperm mitochondrial genome, proteomics, fertilization, male 
pronucleus 

Introduction

The mitochondrial morphology, functions, biodynamics, remodeling and plasticity have 
been elucidated on cellular, biochemical and molecular levels in plants, animals and 
humans, and could be characterized as species-specific features [4, 6, 18, 39, 40, 43, 57, 72]. 
During the mitotic- and meiotic cell divisions, as well as in the process of fertilization, the 
mitochondria form complexes with other cellular organelles (cytoskeleton, endoplasmic 
reticulum, ribosomal components, etc.) [5, 41, 43, 56, 59, 74, 81].

The mitochondria contain their own genome with a modified genetic code [74]. 
The human mitochondrial DNA/mtDNA (double-stranded circular molecule in the 
mitochondrial matrix) encodes two rRNAs, 22 tRNAs and many specific polypeptides [4, 
74], related with normal cell development. In the last decades, new modern technologies 
give possibilities to be examined and evaluated the influence of mtDNA-mutations/
polymorphism on human diseases (genetic cases of “mitochondrial diseases”) [16, 79], 
as well as with ageing [19].  

Mitochondrial structure, functions and plasticity are closely related to the cellular 
oxidative metabolism and bio-energy production [46], but organelles also participate in 
the processes of apoptosis, reactive oxygen species ROS-generation, Ca2+ (calcium-) 
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homeostasis [2, 3, 21, 39, 40, 68, 72]. Having in view this specific mitochondrial 
functions the authors pointed out the significance of organelles as independent 
biomarkers of different health disorders (“mitochondrial diseases” including) [6, 18, 
26, 46, 47, 50, 59, 60, 73, 78]. 

Sperm mitochondria differ from the same organelles of somatic cells participating 
in important spermatozoon functions, such as sperm viability, motility, activation, 
acrosomal reaction and fertilization. Further studies could be performed to determine the 
role of mitochondrial functions in male fertility/infertility. Recent data [45] supported 
idea that mitochondria during spermatogenesis affect sperm survival and preservation 
for the purposes of assisted reproduction. The question arises whether or not there are 
implications of spermatozoa damage due to the increasing ROS - simultaneously with 
high mitochondrial activity [12, 17, 45, 77]. As additional criteria for stratification of 
human sperm quality and fertility were proposed mitochondrial DNA amplification, 
but also further studies are necessary to understand mtDNA- (mitochondrial genome-) 
potential as a new independent biomarker for sperm health [2, 33, 39, 49]. The biological 
reactions occurring inside mitochondria as changes in their proteome, metabolome, 
respiratory functions, redox signaling and bioenergetics metabolism, cover their 
principal role as biomarkers – in health and diseases [4, 5, 12, 41, 45, 52, 53, 74].

The aim of this review article is to present and compare data from various studies 
focusing on mitochondria as special sperm organelles and independent biomarkers of 
male germ sells/spermatozoa health during spermatogenesis and fertilization, as well 
as to be used as new diagnostic tools of male fertility/infertility in clinical andrology.

Male germ cells mitochondrial morphology, functions, biodynamic and plasticity 
during spermatogenesis

During spermatogenesis, the mitochondrial plasticity/dynamics is related to organelle 
capability to change size, shape and number [58, 73]. Three different morphological 
types of mitochondria have been described during spermatogenesis – “orthodox”, 
“condensed” and “intermediate”, according to the states of expansion and/or contraction 
of the mitochondrial matrix (according to earlier data of Hackenbrock, 1968) [22, 43].

The mitochondria of ”orthodox” type (characterized with a few cristae, contracted 
and dispersed in electron-translucent matrix) have been found in the various types of 
spermatogonia, in preleptotene and leptotene spermatocytes, as well as in the Sertoli 
cells [74]. In this male germ cells the number of mitochondria is small, the organelles 
are dispersed in the cytoplasm, and their shape is most often oval [13, 43, 53, 74].  

In the early stages of meiosis – zygotene and early pachytene, the mitochondria 
with “intermediate” configuration prevail in the spermatocytes [43, 53, 55]. 

The “condensed” mitochondrial configuration could serve as biomarker of or ganelles 
in active functional state. The round-shaped “condensed” mitochondria – with small size, 
compressed matrix and dilated christae [43, 53, 55, 74], are localized in the male germ 
cells (including middle- and late pachytene spermatocytes) during meiotic cell division, 
as well as in the secondary spermatocytes and the early round spermatids [13, 43, 74].

The biological characteristics of mitochondria in male germ cells in the early 
prophase-I of meiosis (increased number, round/elongated shape, aggregation of 
mitochondria in clusters, located near to the nuclear membrane) [13, 43, 74], support 
the idea for active participation of the organelles in the early spermatogenesis.

In male germ cells (zygotene and pachytene spermatocytes) mitochondria form clusters 
and are associated with an amorphous electron-dense structure in the cytoplasm – without 
limiting membrane, termed “nuage” or germinal granules [9, 16, 58, 79]. Germinal granules 
are aggregates characterized as ribinucleoproteins (RNPs) – associated with RNA- and 
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protein metabolism, and interplaying with mitochondria. Some germ cell-specific proteins, 
including GASZ-, PIWI-, MIWI-families are associated with “nuage” [8, 9, 16, 19, 39, 
58, 79]. Loss of function of these proteins usually leads to disrupted formation of “nuage”, 
defective piRNA biosynthesis and male infertility [8, 9, 16, 19]. The role of “nuage” (first 
described ultrastructurally by Eddy et al. [16] and called also inter-mitochondrial cement – 
IMC or pi-body) in the small RNAs (sRNAs) biosynthesis and in the maintenance of genome 
integrity, was largely examined during male germ cell differentiation [16, 58, 79]. IMC was 
found in the embryonic gonocytes, in the post-natal spermatogonia and in spermatocytes 
with clustered mitochondria [79].

In the secondary spermatocytes, no mitochondrial clusters have been established 
near the cell nucleus, and the translocation of the organelles to the plasma membrane 
has been observed [74]. During spermatids’ maturation (elongated spermatids) and 
their moving to the lumens of the seminiferous tubules of testes, the appearance of 
“intermediate” forms of mitochondria could be assessed [43, 74]. Some of the organelles 
are localized in the developing sperm flagellum, whereas others form the “residual 
bodies”, subsequently phagocyted by Sertoli cells [14, 23, 43].

At the end of spermiogenesis, the sperm mitochondrial are again transformed into 
“orthodox” type, as well as could be “elongating” or “fusing” into larger organelles. They 
are grouped and helically arranged in 
the region of the sperm neck, as well 
as “enveloped” into the mitochondrial 
sheath, localized around the outer de-
nse fibers (ODFs) and axoneme in 
the middle-piece (mid-piece) of fla-
gellum (sperm tail) (Fig.1) [24, 26, 
45, 53]. In the mitochondrial sheath 
the organelles are surrounded by 
spe cific selenoproteins and attached 
to the fibrose sheath. Additionally, 
the mitochondrial sheath provides 
structural support to the flagellum 
[53]. In the scientific literature a dis-
cussion existed if the sperm mid-
piece tail is discarded outside the 
ovum in fertilization or the paternal 
mitochondria are degra ded inside 
the zygote, following male gamete 
penetration [53]. The examination 
of this phenomenon needs of future 
investigations. (Fig. 1)

The male germ cells’ survival 
in the testis depends also of the car-
bohydrate meta bolism – anaero bic 
(glycolysis) and aerobic (OXPHOS) 
pathways [53]. In the inner mito-

Fig. 1. Electron image showing the immature 
human spermatozoa with mitochondrial 
sheath in mid-piece of the sperm tail: longi-
tudinal section. TEM, × 20000 [24]. 
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chondrial membrane (IMM) are arranged the respiratory enzyme complexes including 
NADH-dehydrogenase, succinate dehydrogenase, cytochrome oxidase, cytochrome C, 
etc. [45]. One of the respiratory complexes is responsible for ATP synthesis. The IMM 
and christae enclose a dense protein-rich mitochondrial matrix. Lactate dehydrogenase 
(LDH) activity within the mitochondrial matrix is unique to sperm cells and is related to 
the mitochondrial energy production too [70]. For energy production sperm mitochondrial 
matrix needs lactate/pyruvate, aspartate/malate and glycerol-3 phosphate: addition of 
lactate and pyruvate to the sperm media increases mitochondrial functions [12]. 

Dynamics and variations in mitochondrial morphology during spermatogenesis 
could be influenced by OXPHOS and respiration mitochondrial activity: in conditions 
of active respiration and functionality, most of the mitochondria rest in “condensed” 
state [41]. The changes in the mitochondrial dynamics are closely dependent to the 
metabolic and energetic status of cells and have shown a transition from slow to 
intensive male gamete metabolism [21, 43, 49]. The morphological mitochondrial 
transformations (orthodox configuration) in both spermatogonia and spermatocytes’ 
in prophase stages (preleptotene, leptotene) include predominantly the glycolysis as a 
main source of ATP [21, 43, 49]. Condensed and intermediate mitochondria in the male 
germ cells during spermatogenesis are preliminary involved in the production of ATP 
by OXPHOS mechanism [7, 44, 47, 54]. Enhanced OXPHOS leads also to increased 
number and size (hypertrophy) of organelles [1, 5, 13].

A hypothesis about changes in the mitochondria architecture as a result of osmotic 
changes in the local cell tissue environment, has been also proposed [40]. The localization 
of many mitochondria in the mid-piece of the flagellum at the end of spermiogenesis is 
related to diffusion of more oxygen and mitochondrial energy (ATP) to the flagellum - 
of importance for spermatozoa motility [23, 27, 74]. 

Additionally to energy production, the mitochondria are also engaged in the 
processes of calcium homeostasis and apoptosis or “apoptotic-like” events in male germ 
cells during spermatogenesis [45]. All biological reactions occurring inside mitochondria 
lead to changes in their proteome-, metabolome-redox signaling, respiratory functions 
and bioenergetics [5, 40, 74].

Mitochondrial genome (mtDNA, RNAs and proteins) during spermatogenesis and 
fertilization

In the scientific literature was indicated the significance of mitochondrial DNA (mtDNA) 
as a non-invasive biomarker of sperm quality and fertility, but it is not clear whether 
mtDNA has a functional role in sperm when in cases of completed spermatogenesis 
[42, 64, 67]. 

Mitochondrial DNA copy number of sperm has been examined in human and 
mammalian and data demonstrated an increase in mtDNA copy number simultaneously 
with reduced sperm motility and quality [42, 64, 68]. Fragmented sperm genomes were 
also described within mitochondria [1]. The cellular and molecular mechanisms of 
epiphenomenon has not been elucidated but authors hypothesized that the mitochondrial 
transcription factor A (TFAM) is a key regulator of the mtDNA copy number in 
mammalian and human: the down-regulation of TFAM correlated to the lower mtDNA 
copy number – examined at the level of the round and elongated spermatides during 
spermatogenesis [2, 33, 34, 54]. Recently, as additional criteria for sperm quality 
were proposed mtDNA amplification and mtDNA/beta-globin ratio, which could be 
biomarkers for male infertility [41, 47]. 

Some types of mtDNA damages as specific point mutations and deletions in the 
mitochondrial genome (containing in mammalian 37 genes, which encode 13 peptides, 
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22 tRNAs and 2 rRNAs [50]) could affect synthesis of RNAs, proteins and respiratory 
enzymes also participating in the regulation of spermatogenesis in mammalians and 
humans [11, 20, 44, 46, 48]. Microarray analysis suggested that sperm from astheno-
zoospermic patients has altered levels of specific mtRNAs, as well as of nuclear 
transcripts, encoding several sperm mitochondrial proteins [28, 62, 80]. 

Nakada et al. [48] evaluated induction of mitochondrial dysfunction in the human 
spermatogenic cells due to accumulation of the pathogenic mutant DNAs in the testes – 
leading to the “meiotic arrest” in male germ cells during spermatogenesis. Accumulated 
mtDNA mutations in the spermatocytes and early spermatids during spermatogenesis in 
mammalians and humans suppress the respiratory functions of the sperm mitochondria, 
increase the number of apoptotic spermatogenic cells, induce respiration deficiency 
and spermatocyte degeneration and thus, male infertility [26, 46, 48, 55, 58, 78]. The 
presence of mutant mtDNA has been also evaluated in animal models [15, 46]. During 
spermatogenesis the mutant mtDNA accumulate preliminary in the early spermatids with 
induced mitochondrial dysfunction [26, 46, 48]. Deletions and other types of mutations 
in the mtDNA occur at a frequency of less than 1% in men and increase with aging [44]. 
However, few studies on the special role of mtDNA mutations/polymorphism in male 
fertility/infertility (disorders as oligozoospermia and asthenozoospermia) have been 
performed [31, 42, 48, 73, 78]. mtDNA-amplification was proposed as an additional 
criterion for human sperm quality and male fertility by WHO (1999) [42, 48].    

Recent studies [1, 29, 46, 49, 50, 64, 66, 69] showed that pathological changes 
in the mtDNA during spermatogenesis affect male spermatogenic cell homeostasis 
and induce their degeneration and apoptosis. Degeneration of germ cells affects the 
quantitative and qualitative aspects of spermatogenesis [29, 30]. A significant male 
germ cells loss (36–45%) by degeneration occurs during the meiotic cell division [30]. 
The mitochondria thereby assuring that good quality meiotic products enter the process 
of spermatogenesis to yield good quality mature sperm [52]. MtDNA mutations in the 
etiopathogenesis of male infertility have been recently reviewed [1, 41, 59, 62, 73]. Data 
existed that remained in the egg cytoplasm paternal mitochondria after fertilization are 
eliminated, for example by ubiquitinization [68, 71]. 

The morphological and functional development of male germ cells is a reflection of 
the changes in the testicular microenvironment during spermatogenesis when expression 
of specific mitochondrial marker proteins was evaluated: with attention to hsp60, 
hsp70, protamin-1, Lon-protease, sulfhydryl-oxidase, cytochrome C, cytochrome Ct, 
endopeptidases, chaperonin 60, transition proteins 1, 2, etc. [32, 43]. The expression 
of several sperm mitochondrial proteins may be altered in asthenozoospermic patients 
[62]. The synthesis of the sperm mitochondrial fusion and fission factors – mitofusins 
1, 2 (Mfn1 and Mfn2) and dynamin-related protein 1 (Drp1) was examined at the levels 
of the round and elongated spermatids (steps 8 - 12) of spermatogenesis [24]. 

Mitochondrial functions are preliminary related to the oxidative metabolism of 
cells and free oxidative radicals (ROS-) generation. To meet their energy demands, 
sperm utilize both pathways – oxidative and/or glycolytic energy metabolism. For 
example, bull sperm utilizes both OXPHOS and glycolysis with high efficiency [38]. 
The question arises if the stimulated and increased sperm mitochondrial function prior 
to sperm use in assisted reproduction may improve male fertility [12]. In this sense, mild 
oxidative stress (produced by ROS) is considered necessary for some sperm functions 
as motility, acrosome reaction and fertility [1]. On the other hand, high ROS activity/
oxidative stress are related to the respiration defects in mitochondria – including to the 
mitochondrial genome (mtDNA-) mutations and low male fertility: ROS production is 
necessary for normal sperm function [45], but in excess it could damage spermatozoa – 
with negative influence on fertility.
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Evidence that human sperm mitochondria have the potential to generate ROS 
was obtained using a peroxide-based hemiluminescent system to detect the release of 
H2O2 into the extracellular space. Fluorescent probes (flow-cytometry) and ApoAllert 
mitochondrial membrane sensor kits – JC-1, TMRM and Mito Tracker Green (MT-
G), were employed to assess mitochondrial membrane potential [12, 25, 45, 65]. The 
authors showed that MT-G-positive sperm has better fertilization potential: green-
stained mid-pieces of spermatozoa could be biomarkers for the presence of high 
functional mitochondria, successfully participating in the processes of fertilization 
and early embryonic development. By this way MT-G test gives new possibilities to 
determine whether sperm would constitute a better - (MT-G-positive-) functional sperm 
subpopulation, or MT-G-negative non-functional male gametes - with low quality/
fertility parameters.

According to many studies, the changes in the mitochondrial morphology are 
dependent on the protein synthesis in the Sertoli cells (actively synthesizing paracrine 
mitochondrial maturation factors/PMMFs) [14, 43, 60]. These data have pointed out the 
protein activin A as a major paracrine modulator in the early male spermatogenesis. In 
addition, the Sertoli cells are the main lactate/pyruvate source required for OXPHOS 
and ATP-synthesis of mitochondria during meiosis and post-meiosis phases of 
spermatogenesis [13, 21, 43].  

Sperm mitochondria during fertilization (male pronucleus development)

In this review we try to summarize insufficient literature data on the role of sperm 
mitochondria in the biology of fertilization [37]. Having in view our own in vitro studies 
in this field, we pointed out especially on data for sperm mitochondria participation in 
the development of the male pronucleus (breakdown of the sperm nuclear envelope; 
dispersion of the condensed sperm nuclear chromatin preliminary at the perinuclear 
regions; development of the male pronuclear envelope (Fig. 2).

Following fusion of male and female gametes and subsequent breakdown of the 
sperm nuclear envelope, the male nuclear chromatin is associated directly – without 
membranous boundary, with components of the egg cytoplasm. The conical sperm 
nucleus changes into spherical MP with decondensed (dispersed) nuclear chromatin. 
In the literature exists a hypothesis [37] related to the probable “agents” responsible 
for sperm nuclear chromatin dispersion – a process starting at the periphery of the 
nucleus (Fig. 2D). The authors concluded that events related to the MP formation are 
similar to those occurring in prophase and telophase of mitotically-active cells. There 
are lack of accurate data on the fate of incorporated sperm mitochondria, flagellum and 
perinuclear structures – well visualized on Fig. 2. For example data existed that after 
sperm incorporation in the egg the mitochondria are displaced from the sperm mid-
piece and destruction of mitochondrial sheath occurs [71]. An aggregate of clustered 
unstained sperm mitochondria (as mitochondrial “crown”) could be visualized around 
the sperm nucleus in the early stages of sperm penetration (Fig. 2B). These mitochondria 
are of very small size – probably result of fission [24]. Organelles are probably in 
active functional state – fusing in the MP and thus, participating in the chromatin 
activation/decondensation. Similar results were obtained in highly proliferated somatic 
cells [82, 84]. According to data of other authors about the fate of organelles - the 
mitochondrial clusters of this type remain in the vicinity of the MP and can later be seen 
at one of the poles of the metaphase spindle, as well as in one blastomer of the four-
cell embryo, and are no longer detected in early embryogenesis [37]. Finally, a zygote 
nucleus formation is a result of fusion of the outer and inner membranes of the two 
pronuclear (MP-, FP-) envelopes. 
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Fig 2. In vitro fertilization in mice. Remodeling of sperm nucleus into a male pronucleus during 
fertilization. A, B – The spermatozoon enters the cytoplasm of oocyte through the cone of fertilization 
(B – empty arrow). Desoxyribonucleoproteins (DNP) are blue-violet stained (with methylene blue) in 
both pronuclei (female – FP and male – MP). Decondenzation of the sperm nuclear chromatin could be 
visualized. Basic proteins in sperm head, neck and tail (asterisks) are green-stained (with fast green). C, 
D – DNP in the FP, MP and mitochondrial genome (mitochondria localized in the mid-piece of sperm 
tail – arrows), are blue-violet stained and one could see condensed chromosomal chromatin in FP and 
perinuclear chromatin decondensation in MP. Staining with methylene blue – fast green, after cold acid 
hydrolysis with 5N HCL for RNP-extraction (Zvetkova and Zvetkov [83]); × 200, 450. 
Images have been originally made by assoc. prof. Elissaveta Zvetkova and prof. Pascale Debay – Institut 
de Biologie Physico-Chimique – INSERM, Paris – France, 1991.

One question remains - related to confusions still persisting in the literature: 
evaluation that the paternal sperm-born mitochondria of most mammalian species 
are targeted for lysosomal degradation by ubiquitin system (ubiquitination) during 
fertilization. Other authors supported the thesis that such widely disputed evidence 
warrants further investigations. The problem is also related to the major paradox in the 
developmental biology - for maternal inheritance of mtDNA and subsequent paternal 
genome elimination in the zygote, by unknown degradation mechanisms [71]. New 
methods for cytological/cytochemical in situ studies on sperm mitochondria could be 
recommended for better understanding of the sperm mitochondrial biology - in health 
and diseases.
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Conclusion

Nowadays it is possible to evaluate sperm mitochondrial biology (structure, functions, 
biochemistry, biodynamics, remodeling, plasticity, etc.) during spermatogenesis/sper-
miogenesis. Biological characteristics of sperm mitochondria could serve as biomarkers 
and diagnostic tools for spermatozoa health and fertility in the clinical practice. 

In conclusion, we could point out that morphological, biochemical, physiological 
and bioenergy parameters of sperm mitochondria correlate with sperm quality, health, 
functionality and fertilization properties. From epigenetic’s point of view, it is important 
that a cross-talk between mitochondrial metabolism, functionality and genome activities 
could also exist.
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