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Abstract

Urothelial carcinomas are the most common type of bladder tumors. They are the subject of a number of 
invasive and surgical interventions with a diagnostic and / or therapeutic purpose. In most cases their di-
agnosis is not a problem for the pathologist but there are also those when histological judgment is difficult 
and an immunohistochemical investigation is required. It may be useful in determining tumors with low 
differentiation, in situ carcinomas, in differential diagnosis, and assessment of invasion in order to correct 
staging and grading of the neoplasm.

Key words: urothelial carcinoma, urinary bladder, immunohistochemical investigation.

Introduction 

Urothelial tumors represent 80% of bladder tumors. The most common malignances 
among them are carcinomas [2]. Diagnosis of urothelial carcinomas (UC) does not 
require immunohistochemical (IHC) investigation. But in everyday practice there are 
cases that demand such investigation and pathologist needs to be able to interpret the 
result accurately in order to make the correct diagnosis. 

In the past years IHC become a routine method in the pathology units. It is used 
in differential diagnosis of many tumours. In other cases histopathological diagnoses 
are considered as incomplete if there is no phenotypic assessment of the morphologi-
cal type of the neoplasm. This is important for lung and breast cancers in relation with 
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their subsequent therapy. Such investigations also take place in the diagnosis of UC.  
For these reasons, as well as the lack of sufficient information in the literature, the aim 
of this article is to highlight the possibilities of IHC in diagnosis of urothelial cancer of 
bladder.

Materials and Methods 

Biopsy cases were selected from the daily practice associated with the routine diag-
nostics of bladder materials obtained from the urology units of University Hospital 
“St. George”, Plovdiv and Grand Hospital de l’Est Francilien Jossigny, France.

Immunohistоchemistry for cytokeratin (CK) 7, CK 20, Prostate Specific Antigen 
(PSA), p504S (Alpha-methylacyl-CoA racemase – AMACR), CDX2, p53 and Ki-67 
was performed on 4–5μm formalin-fixed, paraffin-embedded tissue sections that were 
cut from the TMAs. The immunostainings are made in DAKO “AutostainerLink 48” 
under routine procedure.

Results and Discussion

Modern European criteria and protocols [1, 2, 5], as well as our own experience, take 
place in the development of the current study which is dedicated to the use of IHC in 
the diagnostics of the UC.

The use of IHC for diagnosis, of urothelial bladder carcinomas is required in the 
following cases [2, 6]:

І. For diagnosis and differential diagnosis (DD) of UC.
ІІ. For grading and staging of invasive UC.
ІІІ. For diagnosis and DD of noninvasive urothelial tumors with flat  appearance.

І. The use of IHC in diagnosis and DD of UC of the bladder.
The normal immune phenotype of the urothelium as well as the tumor cells of the UC 
is GATA3 (+), р63 (+ ), СК 7 (+), (Fig. 1), СК АЕ1/АЕ3 (+), СК 20 (+/-)р (Fig. 2) 
independently of the stage and grading of carcinoma. 

Fig. 1. CK 7, normal mucose. × 50 Fig. 2. CK 20, normal mucose. × 50

Commonly use of IHC may be necessary in:
1. DD of urothelial bladder carcinoma with prostate carcinoma: 
а) in the cases of endovesical papillary type tumor located near the bladder neck in 

a patient treated from prostate adenocarcinoma;
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b) in poorly differentiated adenocarcinoma of the prostate gland, spreading into 
the bladder neck. In these cases it should be considered that prostate adenocarcinoma is 
PSA (+), p504S (AMACR) (+) (Figs. 3–5), GATA3 (-), СК 7 (-).

Fig. 5. Prostate adenocarcino-
ma, PSA. × 100

Fig. 3. Prostate adenocarcino-
ma, Hematoxylin-Еosin. × 50

Fig. 4. Prostate adenocarcino-
ma, p504 S (AMACR). × 50

2. In bladder tumor presented by spindle cells, where the diagnostic problem is 
whether it is a sarcomatoid carcinoma, leiomyosarcoma or myofibroblast proliferation. 
Sarcomatoid carcinoma expresses the epithelial markers CK AE1/AE3, CK7, EMA, 
while leiomyosarcoma and myofibroblast tumors are negative and have positive expres-
sion for muscle and connective tissue markers – actin, caldesmon, desmin.

3. Bladder tumor with glandular architecture; in these cases, the dilemma is whe-
ther it is a UC with glandular structure or an adenocarcinoma – a primary bladder ade-
nocarcinoma or secondary adenocarcinoma, originating from the adjacent organs (pros-
tate, colon, endometrium). Primary bladder adenocarcinoma is most often of intestinal 
type and is CK 20 (+), CEA (+) but is CDX2 (-) in contrast to colorectal carcinoma; the 
latter have positive expression of CK20 (+) and CDX2 (+) (Figs. 6–8); beta-catenin is 
also a useful marker in these cases, it shows a positive nuclear staining in the colorec-
tal adenocarcinoma and also a positive but membrane staining in the primary bladder 
adenocarcinoma;

Fig. 6. Colorectal adenocarci-
noma, Hematoxylin-Еosin. × 50,

Fig. 7. Colorectal adenocarci-
noma, СК 20. × 50

Fig. 8. Colorectal adenocarci-
noma, CDX-2. × 50

4. Undifferentiated bladder tumor; in these cases, a melanoma must be excluded 
because is S100 pr. (+), HMB 45 (+) and Melan-A (+) and secondly rhabdomyosarcoma 
that express myogenin (+) and desmin (+); UC is negative for the listed markers but 
have possitive expression for GATA3, СК 7 and р63.
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ІІ. The use of IHC in staging and grading of bladder invasive UC.
1. Staging.
The common between clinical and pathological assessment of bladder UC is that they 
are divided into non-invasive and invasive.

The difference is that for urologists, the invasiveness criteriа are determined 
by tumor muscle infiltration (from pT2 to pT4), while for the pathologist the in-
vasiveness of urothelial tumor begins when the basal membrane and mucosal cho-
rion is infiltrated (from pT1 to pT4) [6]. This difference has its therapeutic logic and 
explanation. The unfavorable prognosis of invasive UC requires to be treated with 
cysto-prostatectomy whenever it’s possible, with or without chemotherapy (adjuvant 
or non-adjuvant).

In other words, the visualization of a muscle layer in biopsy specimen or in tran-
surethral resection (TUR) of bladder cancer is a key moment responsible for taking a 
strategic therapeutic decision.

The presence of an initial tumor infiltration in lamina propria in a UC (pT1) can be 
visualized using cytokeratins (CK AE1/AE3 or CK7). Isolated single or small groups of 
cytokeratin-positive cells are observed in superficial lamina propria, which is particu-
larly important for TUR material [1].

In pathology practice, the visualization of a muscle layer is not always an easy 
task. Especially when there are artefacts caused by electrocoagulation or because the 
TUR material is cross-cut. In these cases the use of IHC is appropriate. Smooth-muscle 
actin (SMA) is a useful marker. It is positive in the bladder musculature (superficial 
and deep) and helps the assessment of the tumor infiltration in it. To proof the latter 
is possible if there are cytokeratin positive (CK AE1 / AE3) elements, indicating their 
epithelial origin. The ideal option is to use more specific muscle marker – smoothelin, 
which has positive expression in the muscular fibres of detrusor (muscularis propria) 
and is negative in the fine muscle bundles – muscularis mucosae of lamina propria 
[4]. Unfortunately this variant is expensive and difficult to apply.

Sometimes, when there is a suspicion for tumor vascular invasion, endothelium 
markers may also be used. The most commonly used markers are D2-40 (podoplanin) 
which have a positive expression of lymph capillary endothelium or CD 31, which is 
expressed in endothelial cells of blood vessels [2]; the latter are well-stained by CD 34, 
as our experience shows.

2. Grading.
In cases where the morphology of a UC is not typical and the pathologist hesitates 

whether the UC is of low or high malignancy, it is recommended to use Ki 67 – a pro-
liferative marker that is positive in over 20% and is positive in the upper cell lines in  a 
high grade lesions.

ІІІ. The use of IHC in diagnosis and DD of noninvasive bladder UC with flat 
appearance.
In these cases, it is mostly about urothelial carcinoma in situ (UCIS) (pTis), which 
is defined as a flat, non-papillary urothelial proliferation with different thickness, that 
is made up by cytologically malignant cells [2]. Histological criteria for diagnosis of 
UCIS (architectural disorganization of tumor urothelium, cellular atypism, mitosis) are 
sometimes insufficient, and diagnosis is not easy, especially when there is a differen-
tial diagnosis with a wide range of bladder mucosal lesions that are characterized by 
reactive urothelial atypia;  or in small-size materials; cross-cut materials or in electro-
coagulated tissues.
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DD of UCIS with other flat mucosal lesions [2, 3, 5] :
– urothelial proliferation with uncertain malignant potential; 
– urothelial dysplasia;
– reactive urothelial atypia (inflammatory, after treatment);
– urothelial hyperplasia without dysplasia.
In these cases the pathologist use IHC. It is recommended to be done a panel of 

several markers performed on consecutive serial histological sections [2]:
1. Ki 67 (proliferative marker) – two major differences in the proliferative index of 

the UC are observed, as opposed to benign flat lesions - there is nuclear staining in over 
20% of tumor cells throughout the whole thickness of the mucosal proliferation; in re-
active urothelial atypia IHC signal for Ki 67 is with basal localization (Fig. 9, Fig. 10).

2. СК 20 – in normal and non-tumor urothelial mucosa, the expression of this 
marker is restricted to the superficial layer of cells, whereas in the UCIS, the expression 
is of the so-called aberrant type, i.e. in the entire thickness of the epithelium (Fig. 11). 
In reactive urothelial atypia, the IHC signal is localized only in the superficial umbrella 
cells. 

3. р53 – it is observed a diffuse expression of the marker through the entire thick-
ness of proliferation and in all tumor cells (60% of the UCIS cases) (Fig. 12).

Fig. 12. Carcinoma in situ, p53. × 200

Fig. 9. Carcinoma in situ, Hematoxylin-Еosin. × 200 Fig.10. Carcinoma in situ, Ki 67. × 200

Fig. 11. Carcinoma in situ, CK 20. × 200
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Conclusion

IHC investigation is not used in UCs as often as in other tumors, but in some cases it 
finds its application. Such are those with problems with differential diagnosis or grading 
and staging of the tumor, as well as the assessment of the presence of UCIS. Knowing 
the possibilities of IHC is a prerequisite for an adequate diagnosis.
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The purpose of this study is to determine the influence of Aronia melanocarpa (AM) on macrophage 
and mast cell quantity and collagen fibres distribution in age-related tissue remodeling of rat thymus. 
Two control groups, young (CY) – 2 month-old and mature (CO) – 12 month-old, have been put on a 
standard diet. The rats in the experimental group (A) received 10 ml/kg AM juice daily. Histological, 
immunohistochemical, morphometric and statistical assays were performed. Supplementation with juice 
from AM resulted in a significant decrease in the amount of collagen fibres, the number of mast cells in 
interlobular connective tissue and the number of CD68 positive cells in the medulla of rat thymus. Our 
results show for the first time the effect of AM on the age remodelling of connective tissue in the thymus. 
These results support the beneficial potential of the nutrient treatment of age-related diseases.

Key words: Aging, thymus, stromal elements, Aronia melanocarpa, rats

Introduction

Aging is a continuous and slow process compromising the morphofunctional charac-
teristics of different organs and systems both in humans and in animals [14]. Chronic, 
low-grade, systemic inflammation is the primary risk factor for major human chronic 
diseases, including cardiovascular disorders, cancer, type 2 diabetes and neurodege-
nerative disease. Increased production of inflammatory mediators which accompanies 
this process is referred to as “inflammaging”[8].

Regression of the thymus leads to a decline in naive T cells output modifying the 
composition of the peripheral T cells pool and altering T cells’ phenotype and function. 
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These changes are believed to contribute significantly towards the clinical features of 
immunosenescence [14].

With age, the thymus suffers changes in its architecture, losing a clear demarcation 
between cortex and medullary regions, which is related to lymphocyte cell death. Other 
changes observed in the aging thymus include a decrease in the number and activity 
of thymic epithelial cells, reducing growth factors production. Moreover, there is a 
progressive increase of collagen and adipose tissue deposition in the capsule and septa 
regions. A large corpus of evidence supports the notion that the stromal population in 
the thymus is a primary target of age-associated thymic dysfunction [2].

Mast cells (MCs) are strategically located at host/environment interfaces and also 
populate connective tissue in association with blood and lymphatic vessels and nerves. 
In the last few years literature data has clearly shown that the function of MCs is not 
limited to acting as first line of defence against invading pathogens or as effector cells 
in allergy. MCs play a critical role in tissue remodelling, tissue matrix turnover and re-
newal [15]. In the thymus, MCs are localized in the connective tissue of the capsule and 
interlobular septa, and inside the thymic lobules. MCs synthesize and release a large 
panel of growth factors and cytokines, including interleukin (IL) IL-1, IL-2, IL-3, IL-4, 
IL-6, TNFα, granulocyte-monocyte colony stimulating factors (GM-CSF), and nerve 
growth factor (NGF), which stimulate thymocyte and thymic epithelial cell functions. 
In human and chicken thymus, MCs are restricted to the medulla and to connective 
tissue septa and their number increases in the adult thymus when compared to a foetal 
thymus [15]. 

Macrophages are a type of thymic stromal cell involved in phagocytosis, anti-
gen presentation and production of cytokines, which influence T cells proliferation and 
maturation [10].

Certain plants and spices containing flavonoids have been used for thousands of 
years in traditional Eastern medicine. Moreover, the inhibitory action on inflammatory 
cells, especially mast cells, appears to surpass any other clinically available compound. 
Evidence suggests that only activated cells are susceptible to the modulating effects of 
flavonoids. The stimulated activities of numerous cell types, including mast cells, baso-
phils, neutrophils, eosinophils, T and B lymphocytes, macrophages, platelets and oth-
ers, can be influenced by particular flavonoids [9]. Flavonoids are powerful antioxidants 
and anti-allergic nutrients which inhibit the release of chemical mediators, synthesis of 
Th2 type cytokines, such as IL-4, and CD40 ligand expression by high-affinity immu-
noglobulin E (IgE) receptor-expressing cells, such as mast cells and basophils [17]. The 
anthocyanin fruit AM is ranked first in its antioxidant potential as confirmed by several 
different methods. A number of in vitro and in vivo studies have demonstrated the wide 
range of applications of the juice extracts or the dry substance of the fruits of AM, as 
anti-inflammatory, anti-mutagenic, anti-cancerogenic, lipidlowering, antidiabetic, anti-
hypertensive, hepatoprotective, immunomodulatory effects, etc.[4].  

Scientific literature provides only limited data on the effect of its application on 
aging and in particular on the age-related thymus changes.

Aim

The purpose of this study is to determine the influence of AM on macrophages and MCs 
quantity and collagen fibres distribution in relation with the age-related tissue remodel-
ling of rat thymus. 
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Material and Methods

The study included 18 male Wistar rats, 12 of them – 9 months of age with initial 
body weight 350g ± 50; and 6 animals aged 2 months with body weight 100g ± 10. The 
animals were provided by and bred in the vivarium of the Medical University-Plovdiv 
under standard laboratory conditions. The rats were divided into 3 groups. Two con-
trol groups, defined as young (CY) – 2 month-old and mature (CO) – 12 month-old, 
have been put on a standard diet and tap water ad libitum. The rats in the experimental 
group (A) were age matched to the mature controls and received AM juice diluted 1:1 
in drinking water in dose 10ml/kg. The experiment lasted for 90 days. The functional 
beverage from AM fruits was supplied by „Vitanea“ Ltd and ITC – Innovative-Techno-
logical Centre Ltd., Plovdiv, Bulgaria. 

Тable 1. Anthocyanin and polyphenol content and antioxidant activity of Aronia melanocarpa juice. 
Data from the Innovative-Technological Centre Ltd.

Antocyanins (mg/l) Polyphenols (mg/l) ORAC (µmol TE/l)
Aronia 100% 57 4772 55307

The experimental protocol was approved by the Committee on Ethical Treatment 
of Animals from the Bulgarian Agency for Food Safety (№102/10.07.2014). All ani-
mals received humane care in compliance with the “Principles of laboratory animal 
care” formulated by the National Society for Medical Research and the “Guide for the 
care and use of laboratory animals” prepared by the National Institute of Health (NIH 
publication No. 86-23, revised 1996). At the end of the experimental period the ani-
mals were euthanized with i.m. Кetamin (90 mg/kg) + Xilazine (10mg/kg). The whole 
thymus was dissected and was fixed in 10% neutral formalin for further histological 
examination. Thymus samples were subjected to routine paraffin embedding, cutting 
and staining with Toluidine blue and Azan (Heidenchain). 

Immunoreaction for CD68 was performed using an automated Leica BOND-
MAX system. Tissue sections of 4 μm thickness were incubated with mouse anti 
CD68 (ready to usе) monoclonal antibodу (Leica Biosystems Newcastle Ltd, United 
Kingdom).

The areas for morphometric analysis were the interlobular septa of the thymus 
on tissue sections of 4 μm thickness. On the Azan stained slices a measurement of 
the relative distribution of the collagen fibers in the interlobular thymic septa per 
unit area was performed. Slices with Toluidine bluestaining were used to determine 
the mean distribution of mast cells per unit area, by counting only the mast cells, 
located in the territory of the interlobular septa. Slices with CD68 immunoreaction 
were used to determine the mean distribution of CD68 positive cells per unit area, by 
separately counting the CD68 positive cells in medulla and cortex of the thymus. In 
all three studies five slices per animal were examined. The measurements were done 
with the help of software “DP – Soft” 3.2, Olympus, Japan. Microphotographs were 
performed with Nikon Microphot SA microscope (Japan), combined with Camedia-
5050Z digital camera (Olympus, Japan).

Statistical analysis was performed using SPSS software (version 18.0). All data 
were presented as means ± standard error of mean (SEM) and analysed by one-way 
ANOVA, followed by Tukey’s post hoc test. P < 0.05 was considered as statistically 
significant.
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Results

The Azan-stained collagen fibres of the interlobular septa were blue in contrast to the 
red colour of the thymus parenchyma. In the young control group (CY), the amount of 
connective tissue in the septa was scarce in contrast to the adult controls (CO) in which 
septal and perivascular enlargement and the presence of adipose tissue were observed in 
addition to its increased amount. In the Aronia group (A), the septa were narrower and 
adipose tissue was almost absent (Fig. 1).

Fig. 1. Histological assay of thymus. Azan (Heidenhain) staining (x 200). Young controls (CY), ma-
ture controls (CO), AM supplemented group (A) 

Fig. 2. Histological assay of thymus. Toluidine bluestaining (×100).Young controls (CY), mature con- assay of thymus. Toluidine bluestaining (×100).Young controls (CY), mature con-
trols (CO), AM supplemented group (A) 

Toluidine blue-stained deep purple metachromatic granules were used as a hall-
mark of mast cells (Fig. 2).
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The morphometric evaluation demonstrated that the MCs number increased sig-
nificantly in adult thymus compared with young thymus (Fig. 3 B). As a result of the 
supplementation, the number of mast cells has decreased significantly in the experimen-
tal group (A) compared to the mature controls (CO). Decrease of the amount of collagen 
connective tissue in the interlobular thymus septa corresponds with the lower number 
of MCs (Fig. 3 A). 

Fig. 4 demonstrates CD68 positive cells with the cytoplasm of a dark-brown color. 
The immunohistochemical reaction represents macrophages on the background of the 
hematoxilin countrastained thymocyte nuclei.

Fig. 3. Results from morphometric analysis: A: Relative distribution of connective tissue in thymus 
septa, * CY v/s CO, (p<0.05), # CO v/s A, (p<0.05).B: Mean distribution of mast cells in thymic septa. 
* CY v/s CO, (p<0.05), #CO v/s A, (p<0.05).

Fig. 4. CD68 immunoreaction in rat thymus (x 400).Young controls (CY), mature controls (CO), AM 
supplemented group (A) 
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The morphometric evaluation demonstrated that the number of CD68 immunopos-
itive cells in thymic medulla increased significantly in adult thymus compared with 
young thymus (Fig. 5A). As a result of the supplementation, the number of CD68 im-
munopositive cells has decreased significantly in the experimental group (A) compared 
to the mature controls (CO), (p<0.05).

In adult controls thymic cortex (CO), (Fig. 5 B) the number of CD68 immunoposi-
tive cells has increased significantly compared to young controls (CY), (p<0.05).The 
group of AM supplemented animals (A) showed a decreased number of CD68 immu-
nopositive cells in thymic cortex, but differences with adult controls (CO) didn’t reach 
significance.

Discussion

Our results showed that the MCs number has increased significantly in an adult thymus 
compared to a young thymus and coincide with the studies of other authors [13]. The 
decrease in the amount of collagen connective tissue in the interlobular thymus septa 
of the supplemented group (A) corresponds with the lower number of MCs in the same 
group. According to Langhi et al. [11] the mast cells have the ability to secrete pro-
inflammatory cytokines and affect the activity of macrophages even without signs of 
degranulation, thus sustaining minimal levels of inflammation that lead to fibrosis. Pal 
et al. [12] in their study discovered that in the mesenteric lymph nodes the number of 
mast cells increased significantly with age while their function worsened which resulted 
in an increase in the oxidative stress in aged mesenteric tissue. In his study Gruber [7] 
demonstrated that mast cells interact with fibroblasts which changes their activity thus 
affecting extracellular fibrosis. Mechanistic links between aging, thymic adiposity, and 
thymic atrophy have been revealed by recent works showing that lipotoxic “danger-as-
sociated molecular patterns” (DAMPs), such as ceramide and free cholesterol, increase 
with aging [3, 19], and can initiate NLRP3 inflammasome signaling and IL-1β produc-
tion in thymic myeloid cells [19]. These studies suggest that lipotoxic DAMPs inhibit 
thymus function via IL-1β signaling in thymic epithelial cells [19]. In experimental 
models of inflammation Borissova [1] and Valcheva-Kuzmanova [18] demonstrated the 
anti-inflammatory effect of flavonoids present in the juice from AM. Ghante et al. [5] 
in an experiment with plant extracts from Randia dumetorum (RD) fruits rich in al-
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Fig. 5. Mean distribution of CD68 immunopositive cells in thymus. А: CD68 in thymic medulla *CY v/s 
CO, (p<0.05)#CO v/s A, (p<0.05) B: CD68 in thymic cortex  *CO v/s CY, (p<0.05)
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kaloids, flavonoids, polyphenols etc. proved that the bronchorelaxant potential of RD 
fruit extracts is well supported by an anti-inflammatory effect, stabilization of mast cell 
membranes and scavenging of different free radicals. In his study Shirley [16] showed 
that resveratrol at low concentrations exerts its anti-inflammatory properties by prefer-
entially targeting the arachidonic acid pathway. 

Our results showed for the first time that supplementation with AM juice leads 
to a significant decrease in the amount of collagen fibres, the number of mast cells in 
interlobular connective tissue and the number of CD68 positive cells in thymic medulla 
in rat thymus. 

Conclusion

The decrease in the amount of collagen fibres, the number of mast cells in interlobular 
connective tissue and the number of CD68 positive cells in thymic medulla demonstrate 
that a functional drink of AM may counteract age-matched thymic connective tissue 
remodelling. These results support the beneficial potential of the nutrient treatment of 
age-related diseases.

Acknowledgements: This work was funded by Grant No DN 09/20/21.12.2016 
from the Bulgarian National Science Fund.
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Abstract

RNA helicase DDX4 (Vasa) is a marker of germ cells. There is controversy about its intracellular distri-
bution in early oocytes, reported by different authors to be uniform throughout the cytoplasm in mice or 
transiently associated with the oocyte-specific complex of organelles known as Balbiani body in humans. 
We performed immunohistochemical localization of DDX4 in sections from neonatal mouse ovaria. Pro-
phase I oocytes from 1-day old mice showed reaction in a perinuclear aggregate, while in dictyate oocytes 
from 2-day old mice the reaction had diffuse staining throughout the cytoplasm. These results indicate that 
DDX4 is associated with the Balbiani body in early oogenesis of both mice and humans, and suggest that 
the Balbiani body in mammals may be a site of storage and regulation of mRNA as in other vertebrates.

Key words: DDX4, Vasa, oocytes, Balbiani body, meiosis

Introduction

RNA helicases are enzymes participating in splicing of primary transcripts, biogenesis of 
ribosomes, initiation of translation and other processes requiring changes in RNA second-
ary structure. The cytoplasm of mammalian germ cells at all stages of differentiation con-
tains an RNA helicase known as DDX4 (Dead-box helicase 4) or Vasa after its homolog in 
Drosophila. It is not present in somatic cells and is regarded as a germ cell marker [7, 8]. 
There are reports that DDX4 keeps the germ cell genome stable by inhibiting the expres-
sion and propagation of retrotransposons [5]. Despite the appare nt functional importance 
of this protein for germ cells, there is still controversy about its intracellular localization 
in immature oocytes. Uniform distribution of DDX4 has been described in early mouse 
oocytes [6], while in human oocytes, it has been found concentrated in the Balbiani body 
in primordial follicles and spread over wider areas of cytoplasm in primary follicles [1]. 
The Balbiani body is a perinuclear aggregate of membrane organelles (endoplasmic re-
ticulum, Golgi cisternae and mitochondria) observed in early oocytes and in non-mam-
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malian vertebrates related to polarity determination during oogenesis [3]. To examine the 
intracellular distribution of DDX4 protein in early mammalian oocytes, we localized it 
immunohistochemically in ovarian sections from newborn mice.

Materials and Methods

Experiments were performed in compliance with the European Union and Bulgarian 
legislature concerning use of animals as research objects. Tissue processing and im-
munocytochemistry was carried out as described before [4]. Briefly, ovaria of newborn 
female BALB/c mice were isolated, fixed and paraffin embedded at the first and second 
day after birth. Sections were prepared, mounted on slides, deparaffinized and rehydrat-
ed. Then immunofluorescent detection of DDX4 was performed on them using rabbit 
DDX4-specific primary antibody diluted 1:40 (Quartett, Germany) and FITC-labeled 
secondary antibody diluted 1:80 (Sigma – Aldrich, Germany). Chromatin was counter-
stained by Hoechst 33258. The result was observed and documented using Leica TSC 
SPE laser scanning confocal microscope.

Results
In ovaria of one-day old mice, oocytes were surrounded by few, irregularly positioned 
somatic cells. Oocyte nuclei were characterized by presence of condensed meiotic chro-
mosomes. Antibodies against DDX4 produced a bright localized reaction in oocytes, 
staining a perinuclear aggregation (Fig. 1).

Fig. 1. Staining of a section from 1-day old mouse ovary for chromatin (A) and DDX4 (B). N, oocyte 
nuclei. Bar = 5 μm.

In ovaria of two-day old mice, well-formed primordial follicles were observed, 
with elongated somatic cells surrounding the oocytes. Oocyte nuclei had homogeneous 
appearance of chromatin corresponding to the first meiotic arrest in dictyate. The posi-
tive reaction for DDX4 protein was finely distributed in the oocyte cytoplasm (Fig. 2).

Somatic cells were negative for DDX4 in all ovarian samples.
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Discussion
This study was carried out on newborn mouse ovaria because in mice, prophase I 
of meiosis is still ongoing by the time of birth, and oocytes are arrested in dictyate 
only on the 2nd or 3rd day of postnatal life [2]. Comparing the reaction for DDX4 in 
ovaria of one-day versus two-day old newborn mice allowed us to trace the dynam-
ics of DDX4 during late meiotic prophase I and transition to dictyate. The different 
appearance of chromatin (condensed in meiotic chromosomes in one-day old ovaria 
vs. homogenous in two-day old ovaria) and the cellular organization of ovaria (rec-
ognizable primordial follicles only in the two-day old group) confirmed that oocyte 
differentiation stage differed between the two sets of samples: ongoing prophase I in 
1-day-old mice versus dictyate in 2-day-old ones.

There is controversy about the distribution of DDX4 in early mammalian oo-
genesis: uniform throughout the cytoplasm in fetal and neonatal mouse oocytes [6] 
or associated with the Balbiani body in human oocytes from primordial follicles and 
dispersing in oocytes from primary follicles [1]. More data are needed to clarify this 
discrepancy. Our finding of DDX4 in neonatal mouse oocytes concentrated in a large 
perinuclear cluster before dispersing in the cytoplasm suggests that in both mice and 
humans it is a component of the Balbiani body during prophase I. Messenger RNAs 
have been detected in the Balbiani body of fishes and amphibians but so far not in 
mammals [3]. The transient perinuclear concentration of the RNA-associated enzyme 
DDX4 revealed in this study makes it likely that the Balbiani body in mammals may 
be a site of storage and regulation of mRNA as in other vertebrates.

Conclusions
The germ-cell specific RNA helicase DDX4 colocalizes with Balbiani body in prophase 
I mouse oocytes before dispersing in the cytoplasm at dictyate. This result suggests that 
mammalian Balbiani body may have a function to accumulate and regulate mRNA.

Fig. 2. Staining of a section from 2-day old mouse ovary for chromatin (A) and DDX4 (B). N, oocyte 
nuclei. Bar = 5 μm.
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Abstract

Mycosis fungoides (MF) is the most common variant of primary cutaneous T-cell lymphoma (CTCL). 
CTCLs constitute 65% of all cutaneous lymphoid malignancies, of which 50% are patients with MF. The 
erythrodermic variant of MF, a malignancy of mature, skin homing, clonal T lymphocytes, is a very rare 
clinical sub type that usually presents in mid- to late adulthood. We report a case of a 70-year-old man with 
intractable progressive erythroderma of a 2 year-duration, accompanied by severe persistent pruritus. Upon 
histological and immunohistochemical diagnosis, the most provocative challenge was ruling out leukemi-
zation confirming Sezary syndrome. A short critical overview of literature sources disputing this rightful 
verification is herein highlighted.

Key words: mycosis fungoides, erythroderma, Sezary syndrome

Introduction

Mycosis fungoides is the most common type of cutaneous T-cell lymphoma. MF is 
a primary cutaneous mature T-cell epidermotropic non-Hodgkin lymphoma [4]. It is 
considered a low-grade malignancy initially presenting in the skin, however, it can be 
aggressive and spread to lymph nodes, blood, and other organs, such as the liver, spleen, 
and gastrointestinal tract. Clinical features of MF include presence of progressive skin 
lesions such as patches, plaques, papules, tumor, erythroderma. The prognosis worsens 
in late stages. 
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Case report
A 70-year-old man was afflicted with large confluent erythematous pruritic patches with 
scaling dated back from 15 years. They gradually increased in size and number, mostly 
in the last 2 years, involving over 90% of his body surface area. There was no lymph-
adenopathy or hepatosplenomegaly. The patient had received previous topical cortico-
steroid treatment for chronic atopic dermatitis with no beneficial effect. His medical 
history was notable for hypertension and hypothyroidism.

On dermatological examination, diffuse, erythematous and scaly lesions were pre-
sent on the trunk, arms, legs and face. A clinical diagnosis of MF was made, and mul-
tiple skin biopsies were taken from different sites. On histopathological examination the 
hematoxylin and eosin-stained section of the skin showed variable acanthos is, epider-
motropism of atypical lymphocytes (characteristic “haloed cells”) without spongiosis 
(Figs. 1, 2). On immunohistochemisty, lymphocytic infiltrate was positive for T-cell 
marker CD4 and to a much lesser extent for CD8 (Figs. 3, 4). Peripheral blood flow cy-
tometry analysis showed a normal CD4/CD8 ratio (<10) and the Sezary cells were less 
than 5%, with the absolute number being 183 cells/mm3 (<1000 cells/mm3). Bone mar-
row aspiration cytology, chest X-ray and abdominal ultrasound exam appeared normal. 

Fig. 1. Hyperkeratosis, acanthosis, epidermotro-
pic atypical lymphoid cells in the low portion of 
the epidermis. (Hematoxylin-Eosin, × 200)

Fig.2. Pautrier’s microabscesses. (Hematoxylin-
Eosin, × 400)

Fig. 4. CD8+ lymphoid cells. (× 400)Fig. 3. CD4+ lymphoid cells. (× 400)
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The patient’s findings were consistent with an erythrodermic variant of MF, 
stage IIIA (T4N0M0B0) according to the ISCL/EORTC revised classification system. 

Psoralen plus UVA therapy and IFN-alpha 2а (3 MIU SC 3 times weekly) re-
sulted in partial clearance of lesions.

Discussion

Mycosis fungoides and Syndroma Sezary are the most common types of cutaneous 
T-cell lymphomas. MF is a malignancy of mature, skin homing, clonal T lympho-
cytes [9]. Sezary syndrome (SS) is an erythrodermic and leukemic variant of CTCL. 
It is defined by the triad of erythroderma, generalized lymphadenopathy and the pres-
ence of neoplastic T cells (Sezary cells) in the skin, lymph nodes and peripheral 
blood [7]. According to EORTC/WHO classification, a case of SS must demonstrate 
one or more of the following criteria: an absolute Sezary count of > 1000 cells/mm3, 
a CD4/CD8 ratio of >10, T-cell clonality in the peripheral blood by flow cytometry, 
or a chromosomal abnormal T-cell clone [5]. The lack of monoclonal atypical lym-
phoid invasion in the peripheral blood ruled out SS and categorized our patient as an 
erythrodermic MF.  

The erythrodermic MF variant was originally described in 1892 [8]. MF usually 
affects mid-aged adults with a slight male preference (2:1) [6]. The etiology and the 
pathogenic mechanisms involved in the development and step-wise progression of 
MF are largely unknown. Genetic, environmental and immunologic factors have been 
considered [3]. The diagnosis is based on standard histopathological findings, show-
ing small cerebriform lymphoid cells that solitary or in groups (Pautrier’s microab-
scesses) invade the lower portion of the epidermis. Usually those cells express CD4+/ 
CD7- immunohistochemical profile. Interestingly, the invasive lymphoid population 
may transform into lower differentiated, more aggressive in biological behavior sub-
types (CD30+ anaplastic T cells). Therefore, regular clinical and histological moni-
toring is essential in all MF cases.

Skin-directed therapies are preferred in early MF stages [2]. Topical corticoste-
roids, retinoids (bexarotene) or chemotherapeutic agents (nitrogen mustard), psoralen 
plus UVA phototherapy, and total skin electron beam irradiation (TSEB) are among 
the most effective treatment options. Systemic therapy is strictly preserved for ad-
vanced disease. Conventional chemotherapy (methotrexate, doxorubicin, vincristine), 
oral retinoids, IFN-alpha, alemtuzumab (monoclonal antibody), and histone deacety-
lase inhibitors such as Vorinostat and Romidepsin are the most common treatment 
of choice [1]. Ruling out SS utilizes better prognosis and a less aggressive treatment 
approach. The combined interferon – systemic photochemotherapy regimen initiated 
in our case proved beneficial, leading to partial clearing of the skin lesions.

Conclusion

Physicians should have a high index of suspicion for primary cutaneous lymphoid 
proliferation in any patient with therapy-resistant persistent pruritus. MF should be 
ruled out in patients with long-standing erythematous papules and plaques, progress-
ing from confluent patches to generalized exfoliative dermatitis (erythroderma). 
Chronic erythroderma with atypical epidermotropic lymphoid cells, arranged in Pau-
trier’s microabscesses and obscuring the dermal-epidermal junction is compatible 
with mycosis fungoides. The lack of peripheral blood monoclonal lymphoid cell inva-
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sion ruled out SS, verifying erythrodermic MF. Regular follow-up visits and repeated 
skin biopsies are required to monitor the progression of MF to SS for better patient 
survival and outcome.
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In previous studies we have shown marked changes in the amyloid precursor protein (APP) expression 
during the period of synaptic contact formation, indicating an important role of APP in the synaptoge-
netic process. In the present study we investigated the changes in APP expression during ontogenesis at 
protein level in homogenate, membrane and soluble fractions from rat brain in order to obtain further 
data on the changes of APP processing/secretion. We also followed up the changes of the content of APP 
in skeletal muscle, kidney and liver.

The results show an increased expression of APP during synaptogenesis in brain. In the other 
organs a clear tendency of change in the content of APP is observed only in skeletal muscle. The lack of 
changes in postnatal development in kidney and liver confirms the hypothesis that the secretion of APP 
is a brain/nervous tissue-specific process.

Key words: amyloid precursor protein, ontogenetic changes, expression, peripheral organs 

Introduction

Alzheimer’s disease (AD) is the most common degenerative disease of the human brain 
and causes about 50% of dementias. It is generally accepted that APP is the center-
piece of the etiology of AD. APP is an integral membrane glycoprotein and contains 
the amino acid sequence of the amyloid beta peptide (Aβ). In the healthy brain APP is 
processed by an enzyme called alpha secretase, which cuts within the sequence of Aβ. 
As a result a large extracellular portion of APP is secreted into the intercellular space. 
There is also an alternative route of degradation via beta and gamma secretases that act 
at the ends of Aβ. In the diseased brain the balance between the secretases is disturbed 
and increased amounts of intact Aβ are formed, which is available for deposition in the 
senile plaques – the basic morphological hallmark of AD. Because senile plaques are 
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only observed in the brain, the interest in the metabolizing of APP and the role of its 
metabolites in the brain is enormous.

Despite the intensive research there is still no clarity about the physiological role 
of APP and its derivatives/metabolites. APP is believed to play the role of receptor 
as well as to participate in cell adhesion processes in embryonic tissue. Intact APP 
and its secreted forms can participate in cellular growth, cell-cell interactions, neurite 
outgrowth, synapse formation and maintenance, neuroprotection, homeostasis, blood 
coagulation and interact with receptors (e.g. p75 neurotrophin receptor [3]). APP can 
act in gene regulation through the cleaved C-terminal domain which translocates to the 
nucleus and activates gene transcription. On the other hand, Aβ has a neurotoxic ef-
fect [9] and leads to the loss of synapses [for reviews see 2, 4, 12, 13]. 

APP is expressed to a considerable extent in peripheral tissues and organs, how-
ever, the deposition of Aβ in senile plaques is specific to the brain alone. Very little is 
known about the role of APP and its derivatives in peripheral organs.

Interestingly, Maarouf et al. [11] observed that in AD patients there is an abnormal 
degradation of APP in the liver and hypothesize that this can contribute to the develop-
ment of the disease.

In this study we followed up the changes of APP at the protein level in the homog-
enates, the membrane and soluble fractions prepared from brain, skeletal muscle, liver 
and kidney of rats during ontogenesis, starting at embryonic day (ED) 16 through to 
postnatal day (PD) 90. A comparative analysis of the results would help to clarify the 
role of APP metabolism in the brain and other organs.

Materials and Methods

The monoclonal Anti-APP A4 Antibody, clone 22C11 was purchased from Sigma Al-
drich (Merck), Germany. All other reagents were commercial products of highest purity.

Pregnant Wistar rats were sacrificed on ED16. The fetuses were rapidly removed 
and brain, skeletal muscle and liver were dissected. For postnatal studies the brain, 
skeletal muscle, kidney and liver of Wistar rats at ages 1, 4, 7, 14, 20, 30, 60 and 90PD 
were rapidly removed.

The organs were carefully homogenized and the homogenates (H) were centri-
fuged at 100 000 × g for 1h at 4°C to yield the pelleted membrane fraction (P) and the 
soluble fraction (S).

Protein content was estimated by the method of Folin and Lowry as described 
earlier [6].

The proteins of the three fractions were separated by sodiumdodecylsulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) on 0.75 mm thick 12% slab gels. The 
protein load was 15 µg of protein per well. Western blotting and visualization of im-
munoreactive bands was performed as described [8]. The quantification of grey values 
of the immunoreactive bands was performed by densitometric scanning using a com-
puter assisted imaging device and the 1D Image AnalysisSoftware from KODAK – 
EDAS 290. We have previously shown that the grey values produced by the visualiza-
tion of immunoreactive bands are linearly dependent on the amount of protein loaded 
on the gel [7]. Electrophoretic separation of H, P and S fractions of the studied organs 
derived from different ages were blotted together to allow direct quantitative compari-
son of the age-related changes of APP levels.

The data represented on the figures are the means of two experiments, each per-
formed in duplicate. The standard deviations did not exceed 15%.
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Results and Discussion

The monoclonal antibody 22C11 employed in this study binds to an epitope in the 
N-terminal portion of the APP molecule, i.e. it recognizes both the intact APP mol-
ecules as well as the metabolites, obtained as a result of the activity of the proteases 
acting at the C-terminal. These comprise the secreted forms of APP which are found 
in the soluble fraction.

The changes in the levels of APP, assayed in the homogenates, membrane and 
soluble fractions from rat brain during the studied ontogenetic period are shown on 
Fig. 1. A clear-cut maximum in all fractions is evident during the period of vigor-
ous synaptogenesis between PD1 and PD14, suggesting an essential role of APP in 
the process of targeting and establishing the synaptic contacts. This is accentuated 
by an increased secretion of APP metabolites during and after the onset of synaptic 
activity.

A comparative analysis of the distribution of protein and APP between the 
membrane and soluble fractions is presented on Fig. 2. Following the period of ac-
tive synaptogenesis the amount of protein in the membrane fraction increases from 
some 53% to 72%, while the concentration of APP remains grossly unchanged, re-
flecting a decrease of APP content as a fraction of membrane protein. On the other 
hand the amount of protein in the soluble fraction decreases from some 47% to 38% 
and the amount of APP remains almost unchanged, suggesting that after synapto-
genesis there is an increase of APP as percentage of the soluble fraction protein con-
tent. This is a further indication that the secretion of APP is under neurotransmitter 
control, since synapses have now been established and fully functional, confirming 
the view that it’s processing is under neurotransmitter control [10].

Fig.1. Age-related changes in APP level in rat brain H, P and S fractions. The data are calculated as 
grey values/µg protein and the value at ED16 is taken as 100%. The data are the means of two experi-
ments, each performed in duplicate. The standard deviations did not exceed 15%.
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A well-defined change of APP expression during the studied period was observed 
in skeletal muscle. After an initial high level of APP in embryonic muscle there is a 
decrease towards PD1 (Fig. 3). This change is most probably due to the participation of 
APP in the process of formation and consolidation of the neuromuscular junctions [15]. 
This suggestion is supported by histochemical studies, revealing the abundance of APP 
in the cytoplasm of myotubes at 16ED and an ensuing progressive concentration at 
the neuromuscular junction at birth [1, 14]. The continuous decline after PD1 to PD14 
(Fig. 3) most probably reflects the process of elimination of synapses. At birth nearly 
all muscle fibers are polyneuronaly innervated. During the next two weeks the multiple 
innervation disappears until each muscle fiber is innervated by only one axon [5].

It has also been suggested that atypical processing of APP plays a role in the etio-
logy of amyotrophic lateral sclerosis, a neurodegenerative muscle disease [16].

Examining the course of APP change in homogenates from kidney and liver we 
did not find any pronounced changes during ontogenesis (Fig. 4). The changes of APP 
in the membrane and soluble fractions follow the same course as these in homogenate.  
From the results shown in this figure it is also evident that APP is expressed to a much 
higher extent in the brain as compared to the other organs studied.

Conclusions

On the basis of our findings we can conclude that: a) The expression and proces-
sion/secretion of APP in brain during ontogenesis has unique features; b) The secretion 
of APP is a brain/nervous tissue-specific process; c) APP is expressed predominantly in 
the brain where its concentration exceeds several fold this in the other organs. 

Fig. 2. Distribution (%) of protein and APP (grey values) between P and S fractions from rat brain 
during ontogenesis. The data are the means of two experiments, each performed in duplicate. The 
standard deviations did not exceed 15%.
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Fig. 4. Developmental changes of APP in H fractions from rat brain, kidney and liver. The data are 
expressed as arbitrary units, calculated on a grey values/µg protein basis.The data are the means of 
two experiments, each performed in duplicate. The standard deviations did not exceed 15%.

Fig. 3. Developmental changes of APP in H, P and S fractions from skeletal muscle. The data are 
calculated as grey values/µg protein and the value at ED16 is taken as 100%. The data are the means 
of two experiments, each performed in duplicate. The standard deviations did not exceed 15%. 
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The aim of our work was to investigate the expression of ghrelin receptor (GHS-R1) in the stomach of 
dietаry-manipulated rats by high-fat-high-carbohydrate-diet (HFHCD). Wistar rats (5 male, 5 female)  
were fed HFHCD for 16 weeks. Control rats (5 male, 5 female) were fed with standard rat chew for the 
same period of time. Metabolic control was determined by measuring body weight gain and BMI. Im-
munohistochemical study was performed on the stomach of both groups with primary ghrelin receptor 
GHS-R1 antibody. Results: We found positive expression of GHS-R1 in the stomach fundus and antral 
glandular cells of the experimental rats. The reaction had moderate and high intensity in single and clus-
ters of cells. HFHCD activates the expression of GHS-R1 in the gastric mucosa in both sexes.GHS-R1 
presence indicates the ability of ghrelin to affect the secretory activity of the ghrelin-producing cells in 
paracrine/autocrine way and allow for autonomous regulation of gastric secretion, different from other 
hormonal and nerve pathways.

Key words: ghrelin, GHS-R1, stomach,  high-fat-high-carbohydrate diet, rats

Introduction
The involvement of ghrelin in the pathogenetic mechanisms of obesity is intensively stud-
ied but still not evaluated in details [19]. The ghrelin secretion depends on humoral factors 
such as blood glucose levels or insulin secretion, respectively; as well as external factors – 
the composition of the ingested nutrients. The hormonal regulation of the ghrelin secre-
tion is affected by a number of circulating and gastrointestinal hormones [4,23,25]. Intra-
venous administration of glucagon caused transient increases of ghrelin levels and this 
effect was shown to be mediated by glucagon receptors on ghrelin cells [14]. De la Cour 
et al. found that epinephrine, norepinephrine, endothelin, and secretin stimulated ghrelin 
release [8]. GHS-R1А is a mature polypeptide expressed in brain and some peripheral 
tissues, GHS-R1B is an immature polypeptide [1,5,11,16]. Kitazawa et al. [15] reported 
of presence of GHS-R1 in gastrointestinal tract of rat and guinea pig.There is an evidence 
for an endocrine/paracrine role for ghrelin in the reproductive tissues [17]. Ghrelin and 
GHS-R1 have been found to regulate the proliferation of cancer cells in astrocytoma and 
glioblastoma by an autocrine/paracrine mechanism [9,18]. Some authors explore the po-
tential functional role of ghrelin and its receptor in hormone-dependent cancers, such as 
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prostate and breast cancer [12]. There are fine autoregulatory mechanisms, performed 
by the autocrine/paracrine effect of ghrelin on the ghrelin-producing cells themselves in 
the stomach [10,22]. It is concluded that ghrelin may affect gastrointestinal motility via 
specific ghrelin receptors [20]. Obesity and insulin resistance may play an important role 
in the release of ghrelin [24]. Obesity selectively impairs the stimulatory effect of a ca-
seinhydrolyaste on ghrelin release in the fundus [26].

The aim of our work is to investigate the immunohistochemical (IHC) expression of 
ghrelin receptor GHS-R1 in the stomach of dietetic manipulated male and female rats by 
high-fat-high-carbohydrate diet. 

Materials and Methods
Male and female Wistar rats (5 male, 5 female)were fed with high-fat-high-carbohydrate 
diet (HFHCD) for 16 weeks. Control male and female rats (5 male, 5 female) were fed a 
normal diet for the same period of time. Metabolic control was determined by measuring 
body weight and BMI. Two-way ANOVA statistic analysis was used.Immunohistochemi-
cal study was performed on the stomach of the both groups with primary ghrelin recep-
tor antibody (goat polyclonal antibody GHS-R1: sc-10351 – Santa Cruz Biotechnology 
USA). GHS-R1, was diluted in PBS in 1:100 ratio. We used a semi-quantitative evalu-
ation method for the obtained results. We accept the presence of expression of the pri-
mary antibody as a positive result, and as a negative – the lack of its expression. Positive 
reaction for GHS-R1 was reported in the presence of fine brown granulation in the cell 
cytoplasm. The specificity of immunohistochemical reactions was confirmed by negative 
controls in which the specific antibodies are substituted with a buffer (PBS). In them there 
was a complete lack of a product of the respective reaction. Observation and photo docu-
mentation of microscopic preparations were performed with digital photo microscopic 
camera of a light microscope “Olympus BX51”.

Results
Metabolic control. The obtained results showed that from the beginning of the study until 
the 11th week there were no significant differences in the body weight of the animals. 
From the 12th week until the end of the experiment the HFHCD had a significant main 
effect on the body weight (P<0.05). At the end of the experiment the dietary-manipulated 
(male and female) rats had higher body weight in comparison with the controls (357.33 
± 12.24 g vs 320.42 ± 12.24 g, P<0.05) (Fig. 1.). At the end of the experiment dietary-
manipulated rats had a higher BMI as compared to the control rats (0.69 ± 0.02 g·cm-² vs 
0.63 ± 0.02 g·cm-², P < 0.01). 

Immunohistochemical expression of GHS-R1 in the stomach.The immunohis-
tochemical response for GHS-R1in the stomach of the rat control group was nega-
tive (Fig.2.A.). The glands in the stomach mucosa showed typical characteristics. There 
was no expression of GHS-R1 in the different types of cells - parietal, chief, foveolar, as 
well as in the enteroendocrine cells (Fig. 2.B.). In the experimental groups of animals, we 
detected a positive immunohistochemical reaction for ghrelin receptor GHS-R1. We ob-
served fine brown granules in the cytoplasm of some cells from gastric glands (Fig. 3A). 
Some of the GHS-R1-positive cells were located in groups along the tubular glands of the 
stomach body (Fig. 3.B). In the transverse sections of the gastric glands the expression 
engaged the basal parts of the cells (Fig. 4.A). The larger number of GHS-R1-positive 
cells had a moderate intensity of the immunohistochemical reaction. Some cells with high 
intensity of the immunohistochemical reaction were also observed (Fig. 4.B).
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Discussion
We report for the first time of influence of HFHCD on the expression of ghrelin receptor 
in the stomach of rats of both sexes. In our study the rats from the experimental groups 
subjected to a long-term HFHC diet demonstrated obesity with significant differences in 
body weight and BMI compared to the animals of the  control groups.We detected pres-
ence of expression of GHS-R1 in the stomach body and antrum of the experimental rats, 
while the reaction for the receptor in the control groups was negative. Some authors report 
for GHS-R1 expression in the gastrointestinal tract of rat but this expression is located in 
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Fig. 1. Weight (g) of dietary-manipulated and control groups from the 12th week until the end of the 
experiment. *P<0.05, dietary-manipulated vs controls.

Fig. 2. Control group. IHC reaction for GHS-R1. A. Female rats. Stomach – body. Negative IHC 
reaction for GHS-R1 in fundic glands. Magn. × 200. B. Male rats. Stomach – body. Cross-section of 
fundic glands without expression of GHS-R1 in the different cell types. Magn. × 400.

2. A. 2. B.



34

the smooth muscle cells of the wall [15]. The GHS-R1 positive expression in the gastric 
mucosa showed that ghrelin could have an endocrine and paracrine effect on the cellsin 
the gastric glands. Ghrelin could affect in an autocrine/paracrine way the ghrelin-produc-
ing cells themselves. Changes in expression level and/or cell density are supposed to be 
accompanied with a consumption of high HFHCD. Feeding a HFHCD might affect the 
expression of fatty acid receptors or the number of lipid sensing cells as well as ghrelin-
producing cell populations.

The long-term intake of dietary fat is supposed to be associated with adaptive reac-
tions of the organism and it is assumptive that this is particularly true for fat responsive 
epithelial cells in the mucosa of the gastrointestinal tract [27]. May be HFHCD is also 
associated with similar adaptive reactions through the ghrelin-producing cells in the gas-

Fig. 3. Experimental group. IHC reaction for GHS-R1. A. Female rats. Stomach – body. GHS-R1-po-
sitive cells cells in the fundic glands with moderate intensity of the reaction. Magn. × 200. B. Female 
rats. Stomach – body. A group of GHS-R1-positive cells in the fundic glands. Magn. × 400.

Fig. 4. Experimental group. IHC reaction for GHS-R1. A. Male rats. Stomach - body. Single GHS-R1-po-
sitive cells in the fundic glands. Expression of GHS-R1 in the basal part of the cells. Magn. × 400. B. Male 
rats. Stomach – anthrum. GHS-R1-positive cells in the pyloric glands with moderate to high intensity of 
the reaction. Magn. × 400.

3. A. 3. B.

4. A. 4. B.
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tric glands via the activation of the ghrelin receptors. Whether these changes are a conse-
quence of the direct exposure to high fats and carbohydrates in the luminal content or a 
physiological response to them in the body remains elusive. Ghrelin shows orexigenic ef-
fect through its action on the hypothalamic appetite-regulating pathways, while in the pe-
riphery it increases adipose tissue accumulation [2]. In contrast to other forms of obesity, 
patients with Prader-Willi syndrome display reduced visceral adiposity and  high levels of 
ghrelin [21]. Peripheral ghrelin induces a depot-specific increase in white adipose tissue 
mass by GHS-R1A-mediated lipolysis [7]. Although the precise mechanisms governing 
the export of free fatty acids from adipocytes remain to be elucidated [3,13]. Some authors 
concluded that exposure to ghrelin appears to induce adipocyte hypertrophy by enhancing 
lipid retention in responsive adipocytes [7]. Ghrelin can exert its effects in the regulation 
of feeding behavior and energy homeostasis and through systemic or autocrine/paracrine 
actions [6,22].

Conclusion

The HFHCD applied to male and female rats activates the expression of ghrelin recep-
tor GHS-R1 in the gastric mucosa. These results imply that the diet leads to significant 
changes in the cellular repertoire of the stomach mucosa. GHS-R1 presence in the gastric 
mucosa cells indicates the ability of ghrelin to affect the secretory activity of the ghrelin-
producing cells in both paracrine and autocrine way. Auto/paracrine action of ghrelin al-
lows autonomous regulation of gastric secretion, different from other hormonal and nerve 
pathways. This possibility makes the stomach adaptive to the excessive conditions such 
as HFHCD.
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Abstract
Over the last years, human activities have considerably increased the levels of cobalt (Co) in the environ-
ment. Cobalt overexposure is associated with serious health risks, especially in children. The aim of the 
present study was to examine the effects of perinatal Co treatment on the brain morphology in immature 
mice. Eighteen-day-old mice were subjected to cobalt chloride (CoCl2) exposure 2-3 days prior to birth 
and during the postnatal period. The histopathological studies revealed substantial cerebral and cerebellar 
damage with features of neuronal necrosis compared to the age-matched healthy controls. In the cerebrum, 
the neurons, glial cells and the neuropil were affected, as well the Purkinje cells in the cerebellum.
The results are indicative of the enhanced susceptibility of the immature brain to the exposure of cobalt. 
They contribute to the elucidation of the neurotoxic potential of the metal and the related health risks in 
newborns and infants, especially in regions with cobalt pollution.

Key words: cobalt chloride, immature mouse brain, morphological changes

Introduction

Cobalt is a naturally-occurring trace element with a wide range of industrial and medi-
cal applications. It is essential to mammals and, being a key component of vitamin B12, 
cobalt is necessary for a variety of biological processes. Nevertheless, the inorganic 
form of the metal is toxic and excessive levels can induce various adverse health ef-
fects. The intense anthropogenic activities utilizing cobalt and its compounds result in 
extensive environmental pollution and human exposure. In daily life, humans are ex-
posed to Co through inhalation, drinking water and food. Occupational exposure is also 
considered as an important route of uptake, as well as internal exposure through cobalt 
containing implants [11].

Cobalt toxicity has been documented in animal and human studies. The available 
literature data indicate that cobalt has also a neurotoxic potential. It has been shown 
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that Co can induce neural cell death, neurotransmitter deficits and inhibition of the 
synaptic transmission, reactive oxygen species generation and behavioural alterations 
[2]. Though, there are scanty data for the effects of perinatal Co exposure during late 
prenatal and early postnatal period on brain morphology of the offspring. According 
to Garoui et al. [4], their study has evaluated for the first time cerebral and cerebellar 
damages induced by Co treatment during late pregnancy and early postnatal periods in 
rats. The present study was undertaken to investigate the brain morphological changes 
in suckling mice after perinatal cobalt chloride exposure.

Material and Methods
Animal model
Mature ICR mice were purchased from the Experimental and breeding base for labora-
tory animals (EBBLA) - Slivnitza, Bulgaria, and left to acclimatize for a week prior to 
the initiation of experiment. Animals were maintained in the Institute’s animal breed-
ing facility at 23±2°C and 12:12 h light/dark cycle in individual standard hard-bottom 
polypropylene cages. The mice were fed a standard diet and had access to food ad 
libitum with strong control of the feeding regime. Pregnant mice were subjected to a 
daily dose of 75 mg/kg body weight cobalt chloride (CoCl2×6H2O) 2-3 days before they 
gave birth and treatment continued until day 18 after delivery. The compound was dis-
solved and administrated with drinking tap water. The suckling pups were sacrificed by 
decapitation after etherization on day 18. Brains were excised, weighed and processed 
for histological studies. Age-matched mice obtaining regular tap water were used as a 
control group.

The experimental design was carried out in accordance with guidelines EU Direc-
tive 2010/63/EU for animal experiments.

Histological analysis
Brains from control and Co-exposed mice were fixed in Bouin fixative for 24 h and 
paraffin-embedded. Briefly, after fixation, the samples were dehydrated in a graded se-
ries of ethanol, cleared with xylene, impregnated in molten paraffin, embedded in fresh 
molten paraffin and sectioned into 5-μm thickness sections using a microtome. Subse-
quently, the sections were stained with hematoxylin and eosin (HE) and observed on a 
light microscope Leica DM 5000B (Leica Microsystems, USA).

Results 
Our observations in controls showed normal architecture of the cerebral and cerebel-
lar cortex. Studies on cerebral samples demonstrated intact neurons with round nuclei, 
centrally located within the perikaryon, and prominent nucleoli (Fig. 1 a, b). Morpho-
logically normal glial cells and brain capillaries were also observed. 

The cerebellar cortex was composed of three layers: the deep granular layer, the 
Purkinje cell layer and the superficial molecular layer (Fig. 2 a, b). The Purkinje cells 
(PC) were well differentiated and arranged in a single row of large neurons with pear-
shaped perikaryon and large nucleus. A single binucleate PC in the granular layer was 
also observed, as well a few mononucleate PC with the same heterotopic location.

Perinatal exposure of suckling mice to cobalt chloride resulted in substantial 
brain morphological changes compared to the untreated control animals. The changes 
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were accompanied by a significant decrease in the body weight of Co-exposed mice 
(p<0.0002). In contrast, brain weight index, calculated as organ-to-body weight ratio, 
was significantly increased by ~32.8% (p<0.0001) compared to the untreated age-
matched control animals. 

Histopathological studies in Co-treated mice demonstrated damaged cerebral and 
cerebellar cortices with features of neuronal necrosis compared to the untreated con-
trols. In the cerebrum, abnormal basophilic neurons with atrophic shrunken perikarya 
and darkly stained pyknotic nuclei were present (Fig. 1 c, d). Prominent perineuronal 
and periglial spaces, as well as enlarged perivascular spaces and blood vessels with re-
active endothelial cells were also observed. The neuropil appeared vacuolated. 

In the cerebellum, along with the intact PC with distinctly stained nucleus, 
shrunken and darkly stained necrotic PC with enlarged pericellular spaces were found 

 a          b

Fig. 1. Light microphotograph of the cerebral cortex of 18-day-old mice, hematoxylin-eosin staining. 
Untreated control, 200× (a), 400× (b): neurons (arrow) with normal nuclei, normal glial cells (dash 
arrow) and blood vessels (arrowhead).

 a          b

Fig. 2. Light microphotograph of the cerebellar cortex of 18-day-old mice, hematoxylin-eosin stain-
ing. Untreated control, 200× (a), 400× (b): different layers of the cerebellar cortex: molecular lay-
er (M), Purkinje cell layer (arrow) and granular layer (G).
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(Fig. 2 c, d). Some autolytic PC lacking nuclear staining and fading out of cytoplasm 
were observed. Our findings also demonstrated PC with irregular shape, loss of PC, a 
few binucleate PC, as well as PC in the granular layer. 

Discussion
The results of the present study reveal that perinatal exposure of mice to CoCl2 during late 
prenatal and early postnatal period affects the weight and the architecture of their brains. 
It is known that the developing central nervous system (CNS) is most sensitive to the 
influence of environmental factors namely throughout gestation and during the neonatal 
period. Moreover, the cerebellum is considered more vulnerable to neurotoxic agents than 
other brain regions [4, 5] and this is well demonstrated by our histopathological findings. 

 c          d

Fig. 1. Light microphotograph of the cerebral cortex of 18-day-old mice, hematoxylin-eosin staining. 
CoCl2-exposed mice, 200× (c), 400× (d): neuronal necrosis characterized by many shrunken, darkly 
stained pyknotic neurons (arrow) with prominent perineuronal spaces; enlarged periglial spaces (dash 
arrow); dilated perivascular spaces and reactive endothelial cells (arrowhead) and vacuolation (asterisk).

 c          d

Fig. 2. Light microphotograph of the cerebellar cortex of 18-day-old mice, hematoxylin-eosin stain-
ing. CoCl2-exposed mice, 200× (c), 400× (d): pyknotic PC (thick arrow), autolytic PC (dash arrow), 
PC with irregular shape (dash-dot arrow), loss of PC (arrowhead), binucleate PC (thin arrow), hetero-
topic PC in the granular layer (asterisk).
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Besides neurotoxic, CoCl2 is known as a hypoxia-mimicking agent which activates 
hypoxia-mediated signaling pathways. It is the most frequently used agent in both in 
vivo and in vitro experimental models for inducing chemical hypoxia [16]. Cobalt ions 
can substitute the iron ions in prolyl hydroxylases, the key enzymes in the regulation of 
oxygen homeostasis and the response to hypoxia. Thus, the enzyme activity is inhibited, 
leading to the accumulation of hypoxia-inducible factor-1α. 

Our findings for significantly lower body weight of mice born to mothers exposed 
to CoCl2 are in agreement with the results obtained in hypoxia models. For example, 
Minior et al. [14] and Tong et al. [19] demonstrate that chronic hypoxia during late 
pregnancy caused a significant reduction in the body weight of rat pups. The authors 
also report reduced brain size, indicating a developmental retardation via the activation 
of cell death pathways. In fact, fetal and postnatal brain damage due to hypoxia is well 
documented and is reported to depend on the duration, intensity of oxygen deprivation 
and age of the fetus and the pup [12]. In contrast, we estimated increased brain weight 
and brain weight index in Co-exposed suckling mice. A similar tendency of brain weight 
increase is associated with cerebral edema in many neurological conditions (hemor-
rhagic stroke, ischemic stroke, traumatic brain injury, brain tumors, etc.) [7].

Cobalt is among the elements actively transported across the placenta and the 
breast milk, causing temporary or permanent brain injury in the offspring [4, 9]. In the 
present study, the histopathological manifestation of Co-induced brain damage in the 
suckling mice is well demonstrated. The changes include vacuolation in the neuropil 
and different neural cell types affected by the exposure. Some cortical neurons appeared 
shrunken with pyknotic nuclei and enlarged perineuronal spaces. Increased periglial 
and perivascular spaces were also observed, as well reactive capillary endothelial cells. 
Our findings are in agreement with the results of Mohamed et al. [15], obtained for the 
adult CoCl2-exposed rat cerebrum. In contrast, the study of Garoui et al. [4] in CoCl2-
exposed suckling rats indicated a normal structure of the treated cerebrums. 

The Purkinje cells in our study showed a heterogeneous pattern of changes. They 
appeared shrunken with pyknotic nucleus, autolytic with no nucleus and no distinct cel-
lular morphology, irregular in shape. Areas with loss of PC were also observed. Similar 
findings in the cerebellum were reported by Garoui et al. [4]. Their study was performed 
on 14-day-old rats, and at this postnatal age, the cerebellar cortex is still consisted of 
four layers. The authors observe markedly developed external granular layer which is 
suggested to be an indication of a delayed migration of granular cells towards the mo-
lecular layer and the internal granular layer. 

Our histological examination in CoCl2-exposed suckling mice showed some PC 
present in the granular layer. Since we have found a single PC with this heterotopic 
location in the untreated mice, it may be due to defective migration that causes the 
Purkinje cells to end-up trapped in the white matter tracts or granular layer [10]. In the 
mice born to CoCl2-treated mothers, Purkinje cells in the granular layer could be a result 
of the exposure, as the same heterotopic location has been reported following prenatal 
exposure to X-radiation [3]. 

Moreover, binucleate PC were observed both in control and Co-exposed suckling 
mice. It has been shown that under normal physiological conditions, although extreme-
ly rarely, migration and fusion of bone marrow-derived stem cells with neuronal cells, 
predominantly Purkinje cells, occurs [20]. Paltsyn and Komissarova [18] suggest that 
the appearance of the second nucleus is a form of physiological and reparative regen-
eration of Purkinje cells. Because of the low frequency of Purkinje cell fusion under 
normal physiological conditions, some authors hypothesize that its role is negligible 
and fusion is a transient event [8, 17]. Magrassi et al. [13] suggest that this cell fusion 
represents a physiological phenomenon to introduce young nuclei or functional genes in 
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aged or degenerating cells. In fact, binucleate PC are more frequently demonstrated in 
old and sick mammals, therefore their occurrence is considered a compensatory mecha-
nism for the age-related or pathogenic loss of Purkinje cells. Inflammation and other 
pathological conditions in rodents and humans have been shown to promote migration 
and infiltration of bone marrow-derived stem cells to the site of brain injury [8]. Based 
on the above, the observed binucleate PC in CoCl2-treated suckling mice in our study 
may be suggested as a sequel of the exposure to the toxic metal. 

One of the major mechanisms of heavy metal toxicity is the generation of oxida-
tive stress [6]. Garoui et al. [4] have demonstrated development of oxidative stress and 
impairment of defense systems even in the cerebrum and cerebellum of suckling pups 
born to Co-exposed pregnant and lactating rats. 

The brain histopathological findings in the present investigation are not surprising 
since the developing CNS is extremely sensitive to disruption. The vulnerable period 
extends from the beginning of organogenesis to the postnatal period. Unlike humans, 
the cerebellum in rodents is relatively immature at birth and the postnatal period is char-
acterized by intense neuronal proliferation, migration and differentiation [1]. Therefore, 
Co exposure during this critical period may have a deleterious impact on the structure 
and maturation of the brain. 

Conclusions
Exposure of mice to CoCl2 during late prenatal and early postnatal period affects body 
and brain weight and provokes cerebral and cerebellar histopathological changes. Our 
data are indicative of the enhanced susceptibility of the immature brain to the exposure 
of cobalt. The results contribute to the elucidation of the neurotoxic potential of the 
metal and the related health risks in newborns and infants, especially in highly indus-
trialized areas. 
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Abstract
The development of biocompatible zwitterionicpolymers and polymer-reinforced calcium phosphate pastes 
and cements in combination with specific drugs, has been considered as a promising strategy in bone tissue 
engineering and dental medicine. The main purpose of this work was to evaluate the relationship between 
physicochemical and mechanical properties of newly synthesized polymer hydrogels and hydroxyapatite 
nanoparticles (nHAP) and their biocompatibility in vivo. Standard hematological, biochemical and histo-
logical laboratory tests with Wistar rats and statistical analysis of the data obtained were performed. The 
results from the histological, hematological and biochemical analyses revealed that all tested materials are 
characterized by good biocompatibility and biodegradation. No hard inflammatory effects were noticed, 
only slight foreign body reaction responses were observed. The histological findings made by us confirmed 
the acceptance of the implanted materials and the good tolerance to their componential compounds.

Key words: zwitterionic polymers, histological, hematological and biochemical tests

Introduction

Application and development of biocompatible zwitterionic polymers and composite 
polymer-reinforced calcium phosphate pastes and cements in combination with specific 
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drugs, have been considered as a promising strategy in biomedicine. In bone tissue engi-
neering and dental medicine with beneficial effects are used calcium-phosphate (Ca-P) ce-
ments and pastes (hydroxyapatite (HA) (self-setting HA or brushite (dicalcium phosphate 
dihydrate (DCPD)) and collagen [2, 6]. Due to their good biocompatibility and extensive 
bone conductivity they are applied as substitutes in orthopedic and reconstructive surgery. 
These products possess certain limitations and studies investigate the development and 
the incorporation mainly in composed of polymer reinforced synthetic materials as an 
alternative strategy for biomaterials which mimic the extracellular matrix of bone tissue. 
Compounds with promising usage in surgery especially as an effective wound regenera-
tion system are zwitterionic polymers due to their chemical structure resemble many natu-
rally occurring substances. Polycarboxybetaines (PCB) are analogues to the betaine form 
of α-amino acids and have the lowest protein absorption found. Polysulfobetaines (PSB) 
have also a zwitterionic moiety but they do not have a naturally existing analogue. Zwit-
terionic polymers are able to absorb the excess of exudate and prevent bacteria adhesion 
and the formation of biofilms [3], useful in biomedical application.

The main purpose of this work was to study and evaluate the relationship between 
synthesis, boundary phase and mechanical properties of newly synthesized polymer 
hydrogels and hydroxyapatite nanoparticles (nHAP) on one hand and the biological 
response on the other hand, by applying modern methodologies, the results of which to 
serve as a scientific base for the design of a broad range of biomaterials. We focused in 
our survey on composite polymer-reinforced calcium phosphate pastes and poly (sul-
fobetaine and carboxybetainemethacrylate) (PSB, PCB) networks with promising ad-
dendum in wound dressing procedures,surgery and dental medicine.

Materials and Methods

Study on synthesis and properties
Synthesis of polymer-reinforced nanometric calcium phosphates /hydroxyapatite nano-
particles/ was performed for molar pulp coverage. For the synthesis of poly (sulfobeta-
ine methacrylate) (PSB) and poly(carboxybetaine methacrylate) (PCB) networks sub-
stances (PSB in aqueous solution; PCB dissolved in ethylene glycol / ethanol / distilled 
water in a 3:1:1 ratio) were mixed with initiators K2S2O8 or Na2S2O5, (NH4) S2O8 and the 
cross-linking agent PEGDA or N,N’-Methylenebisacrylamide with varying concentra-
tions. The compound was homogenized and then allowed to cross-linking polymeriza-
tion carried out at 60° for 6 – 15 hours. The resulting hydrogels were purified from the 
unreacted reagents by dipping them into a large amount of distilled water. The water 
was changed every day within 2 weeks as the waters were monitored with UV every 
day. Some of the prepared networks after drying, in order to obtain PSB + CaP, were 
immersed in a 0.6M CaCl2 solution, where they stayed for 48 hours. The samples were 
washed with water and immersed in a 0.3M solution of K2HPO4. There the samples 
sank for a week, removing the crust from the precipitated calcium phosphates. 

Physical, chemical and biochemical characterization of biomaterials was per-
formed, mainly the prepared polymer networkswere studied, due to their specificity as 
swelling kinetics; rheological behavior; salt effect on the swelling behavior; their tem-
perature sensitivity; swelling capacity in simulated body fluid and enzyme absorption 
concerning their in vitro collagenase and myeloperoxidase inhibitory activity and ex 
vivo inhibitory activity of hydrogels against collagenase in wound exudates. Standard 
investigation on calcium and zinc binding ability, bacterial growth inhibition and cyto-
toxicity were also evaluated, before applying in live organisms, in order to validate the 
stability and safety.
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In vivo biocompatibility testing

Animal design and implantation of biomaterials 
In vivo studies were performed in order to test the biological response of the polymer 
hydrogels and bruschite cements (HA). The tests were performed on experimental rats 
and the defects were introduced on soft tissues (subcutaneous, near the muscles applica-
tion) and hard tissues (teeth).

All procedures were consistent with the definitions and recommendations for in 
vivo animal studies, designed to provide initial evidence of medical device safety, po-
tential performance when used in a living system, and/or the biologic response to the 
device, in accordance with International Standard ISO 10993 -1:2009 for biological 
evaluation of medical devices and criteria for evaluation set out in ISO 7405:1997 con-
serving tissue and inflammatory reactions, and ISO 10003-6, 2007 Part 6- Tests for local 
effects after implantation. The animal usage was in accordance with the requirements 
and Regulation № 15/ 03.02.2006 regarding laboratory animals and animal welfare.
I A and I B in vivo experiments: 48 Wistar male rats were used in both experiments 
(24 animals in I A experiment and 24 – in I B experiment). The animals were divided 
into 6 groups (4 animals in each group in IA and the same scheme in IB experiment):

I A experiment – the 1st group consisted of animals without implantation, from the 
2nd tothe 6th group – implantation of PSB networks with cross-linking agent PEGDA 
mol. % from 0,1 to 3 was performed.

I B experiment – animals from the 1st to the 3th group were implantated with PSB 
CaP networks, additionally immersed with CaCl2 and K2HPO4.(PSP CaP), those from 
the 4th to the 6th –implantation with PCB networks was done. 

An aseptic surgical procedure was used after standard ketamine &xylazine anes-
thesia in appropriate doses. Sterilized implants were inserted in the fossa poplitea near 
to the fascial superficies of biceps femoral muscle and m. semitendinosus. After 12 
weeks of evaluation period all animals were humanely euthanized. To enable access 
to the subcutaneous space and implants were made incisions full thickness through the 
skin and surrounding muscle tissues.
In the II in vivo experiment: 4 Wistar male rats were used with molar implantation of 
hydroxyapatite nanoparticles according to standard dentistry procedures.

A new procedure was developed for creating initial artificial caries of intact teeth 
(incisors and molars) in a gel medium with lactic acid and in a collagen gel with acrylic 
and metacrylic acids, resulting in enamel defects. The created initial artificial caries 
is subjected to subsequent remineralization with the hybrid hydroxyapatite materials 
obtained. A model for direct pulp coverage on test animals was created by inducing 
tertiary dentinogenesis. An aseptically procedure was used after standard ketamine and 
xylazine anesthesia of rats in appropriate doses. Sterilized implants were inserted in the 
pulp cavity. After 8 weeks of evaluation period all animals were humanely euthanized. 
Materials from teeth were processed for histology.
Standard hematological and biochemical laboratory tests were performed on blood 
and serum parameters. The markers of bone metabolism (total alkaline phosphatase 
(TAP) activity and bone alkaline phosphatase (BAP), calcium (Ca), phosphorus (P), 
as well as markers of potential hepatotoxicity (aspartate aminotransferase and alanine 
aminotransferase activity (ASAT, ALАT) etc. were measured on semi-automated bio-
chemical analyser BC-88A (MINDRAY, China), hematological indicators were deter-
mined on hematological analyzer BC 2800 (MINDRAY, China).
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Ca and P content in soft tissues was determined by a standard atomic absorption 
method.
The element content changes in soft tissues around the implants are an important early 
indicator of biochemical homeostasis and some parameters of the body’s reactivity to 
the implants.
Statistical analysis of the results
The statistical analysis of the data were be made by GraphPADInStat, Software, USA 
and using one-way ANOVA, followed by Bonferroni’s post hoc test. The results were 
presented as x~ ± S.E.M. Statistical significance was marked as follows: *** P<0.001.
Histological procedures for light microscopy.
After surgical excision tissue samples (10/10/10mm in size) with introduced implants 
were routinely fixed in 10% buffered formalin, rinsed in water and placed in 8% for-
mic acid for demineralization. After dehydration in graded ethanol and xylene clearing, 
materials were embedded in paraffin. Tissue sections (3-5 µm thick) were stained in 
hematoxylin and eosin (H&E) and examined by a light microscope (Leica DM 5000B, 
Wetzlar, Germany).

The sections were examined standardly for the presence of a fibrous capsule and 
its thickness, newly formed vessels, foreign body reaction and occurrence of various 
types of inflammatory cells. Evaluation system of three categories was used to measure 
the microscopic observations. The inflammatory reactions were scored according to the 
following criteria (ISO_7405):

No reaction or slight reaction: Fibrous capsule formation and absence of inflam-
matory cells or presence of a fibrous capsule formation with few lymphocytes and plas-
mocytes.

Moderate reaction: Fibrous capsule formation with the presence of macrophages 
(MA), polymorphonuclear leukocytes (PMNL), lymphocytes, and plasmocytes.

Severe reaction: Presence of large accumulations of PMNL, lymphocytes, plasmo-
cytes, macrophages, foreign-body giant cells, and congested capillaries.

Results and Discussion

The results from the histological, hematological and biochemical analyses revealed that 
all tested materials are characterized by good biocompatibility andgood biodegradation; 
they do not cause hard inflammatory effects, and induce only slight foreign body reac-
tion responses. 

Ca and ALP levels (Figs. 1, 2) were slightly elevated in PSB CaP group (Fig. 3) 
compared to the controls and the other experimental groups, while that of P (Figs. 1, 3) 
remained similar to that of other groups. It can be assumed that the increased activity 
of ALP was associated with upcoming processes of demineralization of the implant, 
containing Ca and the ability these networks to serve as donation capacity to the sur-
rounding tissues, if used in bone defects implementation surgery. The values of the pa-
rameters in the other groups were similar and there was no evidence of deviations from 
the norm. Biochemical parameters suggest good biocompatibility of the new materials 
with the experimental model tissues.

The local mini-environment in soft tissues reflects and responds to implants. Im-
mune environmental reactivity studies are the initial step to investigate the biocompa-
tibility of materials as tissue substitutes.
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Fig. 1. Serum content of calcium 
(Ca) and phosphorus (P).

Fig.2. Serum content of alkaline 
phosphatase (ALP).

Fig. 3 Content of calcium (Ca) and phosphorus (P) in muscles
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The histological aspects revealed regeneration- reparation processes around the in-
troduced implants in soft tissues and in teeth. After the application in the muscle fascial 
space, a recovery of the surroundings was observed (Fig.4 a,b). Signs of a slight non-
cellular edema were presented between loose fascial strands and hyalinization of some 
collagenous fibers was noticed. Newly formed capillaries perforating the nearby tissues 
and closely attached to the neoformative peripheral fibrous capsule were also found. 
Progressive fibroblast population and endothelial cells forming the intracapsularneo-
vasculature were presented. As dominant early responders to biomaterial implantation 
tissue macrophages composing foreign body reactions were noticed. The lymphoplas-
mocytic reaction was negligible.

Fig.4 a, b. Formation of a thin fibrous capsule (arrow) and newly formed capillaries (5-point star) 
peripherally to the neoformative fibrous tissues. H&E.

  a          b

In terms of dental implants, a good general feeling was observed, and after feeding 
with soft food at the beginning, the animals moved seamlessly to solid, regular granular 
food. Histologically, filling of the pulp cavity with nanometric hydroxyapatite material, 
reflected in proliferation reaction of cementoblasts and cementocytes and production of 
non-cellular cement. This finding is connected with the response of the organism and is 
a healing reaction to the trauma processes during dental procedures. The main affirma-
tive finding for positive tissue acceptance of the materials implanted was the intended 
proliferation of dentin producing odontoblasts, due to the hydroxyapatite stimulation, 
under the artificial defects created (Fig. 5). No signs of inflammatory dental granuloma 
were observed.

This biomedical evaluation assessed the used materials as not producing any ad-
verse local or systemic effects. Histopathological signs of necrosis, calcification or re-
sidual effect or material intolerance were not evidential in selected areas of implanta-
tion. No signs of acute inflammation were noticed, only occasional lymphocytes and 
MA in some specimens. All materials had shown good biocompatibility and were as-
sessed in first and second criteria of ISO_7405. The objective to validate the organism 
tolerance towards the used biomaterials as substitutional therapeutic agents was clearly 
resumed via histological and biochemical aspects of this study.

The histological findings made by us validated the acceptance of the polymer ma-
terials and the good tolerance to their componential compounds. Observation of bio-
material-tissue interfaces are important markers for the lifetime of the medical devices 
tested. Biomaterial surface properties play a crucial role in modulating the foreign body 
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Fig. 5a, b, c. Intact tooth: odontoblasts (4-point star), layer of cellular and cell-free cement) (arrow 
head); d,e,f -Treated tooth, deposited material in the pulp, a small number of visible odontoblasts 
(4-point star), a proliferative reaction of the top layer of cellular and cell-free cement, protective 
response of root to trauma (arrow head). H&E.

reaction in the first several weeks following implantation of medical devices. Macro-
phage function in the body is to mediate degradation and phagocytosis of bioresorbable 
materials including foreign body reaction. These chronic inflammatory processes are 
essential in wound healing responses and may impact biocompatibility of implanted 
materials, their short- and long-term success in tissue engineering and regenerative 
medicine. Implantation in vivo always provokes cellular and tissue responses as stages 
in inflammatory and wound healing process, following application of biomaterials.  
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Moreover the formation of fibrous connective tissue around the implants is indicative 
of good tolerance by the surrounding tissues, according to [5] and [4] as well as the 
well-developed new vascularization.

Conclusions

 ● The biochemical and histological findings made by us confirm the acceptance of the 
implanted materials and the good tolerance to their component compounds.

 ● The observed processes of inflammation, proliferation and remodeling in the heal-
ing of wounds after implantation have their significance in studding biocompatibil-
ity and have a specific place in implantology.

 ● Surface properties of biomaterials play a crucial role in modulating the foreign reac-
tion during the first few weeks after the implantation of medical devices, and are 
often an integral part of these processes [1, 7].

 ● The formation of a fibrous capsule and well-developed neoangiogenesis around the 
implants is indicative of good tolerance from the surrounding tissues [4, 5].
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Abstract

The distribution of mast cells (MCs) in the terminal (intramural, intravesical) part of porcine ureter using 
toluidine blue staining was performed. It was established that in the lamina propria mucosae MCs were 
localized predominantly in the vicinity of blood vessels of the microcirculatory bed and rarely near the 
basal membrane of lamina epithelialis mucosae. In tunica muscularis, MCs were located mainly in the 
loose connective tissue around the blood vessels of the microcirculatory bed, as well as near the smooth 
muscle bundles. No statistical difference was estimated between number of Mcs/mm2 in males and 
females in the lamina propria mucosae, while significant difference (P˂0.05) was established between 
values in tunica muscularis comparing males and females. Statistical significant difference (P˂0.0001) 
between values in tunica muscularis and lamina propria in each group of animals (in males and in fe-
males, respectively), was also found.

Key words: Mast cells, ureter-vesical junction, pig

Introdiction

The intramural part of ureter located within the dorsal urinary bladder wall, remains 
as independent organ among the bladder structures. It represents special anatomical, 
physiological and clinical interest, because that part like in man shows an anatomi-
cal narrowing in which urinary stones (ureteral calculi) could be retained. The latter 
sometimes provokes inflammation, spasm of musculature, particular or full obstruction, 
resulting in hydronephrosis or hydroureteronephrosis [1, 7].

That part of the ureter is responsible for protection of urine reflux from the bladder. 
The vesicoureteral reflux in combination with infection of the upper urinary tract and/or 
hydronephrosis bring often to kidney injuries [3].

Previous study convincingly demonstrated MCs localization in all layers of the 
extravesical parts of porcine ureter [10]. The evidence of some ligands as histamine 
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and vasoactive intestinal polypeptide (VIP) gave a reason to suggest that MCs take 
part not only in the maintenance of local homeostasis (microenvironment), but in the 
influence of smooth muscle motility as well. Recently, Lim et al. [2] confirmed that 
opinion, based on their results on isolated porcine distal ureter to 5-HT in young and 
old animals.

There is enough data that the swine is the most convenient animal model for perfor-
mance of biomedical studies, results of which could be successfully interpreted and taken 
in mind for the human, including for the aims of xenotransplantation [4, 5, 6, 8, 9].

Materials and Methods

The intramural part of ureters from 6 males and 6 females 6-month-old pigs, 
90 – 100 kg b. w. slaughtered for meat consumption according to Bulgarian laws 
were collected. Tissue pieces were immediately fixed in Carnoy’s liquid for 24 h at 
room temperature, dehydrated in ascending ethanol lines, cleared in xylene and em-
bedded in paraffin. After toluidine blue staining of 5 μm sections, only nucleated MCs 
expressing metachromasia were calculated on five serial sections of each organ (two 
fields with area of 1 mm2 each per section). Data for density (number/mm2) of MCs 
were estimated by Leica DM 1000 light microscope, digital camera Leica DFC 290 
and software LAS V4.10.0 2016. The significance of difference (when P < 0.05) was 
assessed using one-way ANOVA. 

Results

MCs localization and density in both 
subepithelial connective tissue and 
muscle layer of intramural part of 
ureter were estimated. In the lami-
na propria mucosae MCs were ob-
served predominantly in the vicinity 
of blood vessels of the microcircu-
latory bed and rarely near the basal 
membrane of lamina epithelialis 
mucosae. In tunica muscularis, MCs 
were located mainly in the loose 
connective tissue around the blood 
vessels of the microcirculatory bed, 
as well as near the smooth muscle 
bundles (Figs.1, 2). It should be 
noted that all of the observed mast 
cells showed well expressed γ-ma 
metachromasia.

It was detected a higher number 
of MCs in the muscle layer (86.60± 
5.01 in males and 91.10±4.07 

in females) compared to the mucosal propria in both males and females individuals 
(30.60±2.27 and 32.50±2.59, respectively) with P ˂ 0.0001, (Table 1).The average 
number of mast cells in tunica muscularis was significantly higher in females than in 
males.

Fig. 1. Section through the terminal part of ureters (ur) 
into the urinary bladder wall of female pig mc – mast 
cells, sm – smooth muscle bundles, a – arteriola, v – 
venula and cap – capillaries of the microcirculatory bed. 
Toluidine blue staining. Bar = 500 μm.
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Discussion

The current study presents original data about the distribution of mast cells in the wall 
of intramural part of the porcine ureter. The results allowed us to suggest that mast cells 
contribute not only in maintaining local microenvironment, but they are also important 
for the smooth muscle motility which is related to the regulation of urine flow via this 
part of the ureter.

Our previously study of MCs distribution in porcine abdominal part of the ureter 
showed that they are are located in all layers of this particular part of the ureter, but 
the highest number of them was estimated in the muscular sheet. Based on the results 

Fig. 2. Mast cells (mc) with expressed γ-ma metachromasia. ur –terminal part 
of male ureter, ubl – urinary bladder, sm – smoot muscle bundles. Toluidine 
blue staining. Bar = 10 μm.

Table 1. Distribution of mast cells (mm2) in the terminal part of ureter’s wall 

Parameters males females

MCs number in:
Lamina propria
Min-max

Tunica muscularis
Min-max

30.60±2.27
27-34

86.60±5.01**** A
78-93

32.50±2.59
30-38

91.10±4.07****
86-99

**** (P˂0.0001) Statistical significant difference between values in tunica muscularis and lamina pro-
pria in each group of animals (in males and in females, respectively)
A (P˂0.05) - Statistical significant difference between values in tunica muscularis comparing males and 
females 
Min-max: minimal and maximal number of mast cells per mm2 in each layer
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of histo- and immunocytochemical investigation it was suggested that mast cells take 
important part not only in maintaining local homeostasis, but also in the motility of 
ureteral smooth muscle cells [10]. In addition, according to Lim et al. [2] mast cells pre-
sence in the ureter also play an important role in the regulation of ureteral motility via 
the release of mediators including histamine and 5-HT in inflammatory circumstances 
– it is possible that mast cell regulatory mechanisms occur via 5-HT receptor.

In general, the average number of mast cells found on mm2 was a little higher in 
females than in males – 1.9-fold (lamina propria mucosae) and much more - 4.5-fold 
(tunica muscularis), respectively. The latter values also showed statistically significant 
difference. This fact is difficult to explain, but it could be presumed that the higher 
number of mast cells in the female ureteral muscle layer is related with more active par-
ticipation in motility of smooth muscle cells and in keeping of local microenvironment 
in the intravesical part of the ureter.

Conclusion

This study presents original data about distribution of mast cells in the wall of the 
intramural part of the porcine ureter. The results allow us to suggest that mast cells 
contribute not only in maintaining local microenvironment but they are also important 
for the smooth muscle motility which is related to the regulation of urine flow via this 
part of the ureter.
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Effects of crude extracts from three herbs: Rhaponticum carthamoides (maral root), Tanacetum vulgare 
L. (tansy) and Tribulus terrestris L. (small caltrops) on the postproline-specific enzyme activity in the 
human triple negative breast carcinoma cell line MDA-MB-231were investigated. In all cases, a con-
centration-dependent inhibition was observed, with the degree of inhibition from T. vulgare L. being the 
highest. Different tansy extracts, also had a pronounced inhibitory dose-dependent effect on the enzyme 
activity in this cell line. The highest effect was observed using the ethyl acetate/aqueous extract from 
Flores Tanaceti. Since the proline specific enzymes are known to participate in different tumors growth, 
it could be concluded that the natural inhibitors from tansy have a potential to be used as therapeutic 
anti-cancer agents.

Key words: postproline-specific enzymes, Tanacetum vulgare L., Tribulus terrestris L., Rhaponti-
cum carthamoides, MDA-MB-231cells

Introduction

Studies on the identification of proteolytic enzymes - markers of pathological process-
es, could lead to the development of innovative therapeutic strategies and agents. Those 
enzymes are known to be involved in the genesis and development of many types of 
tumors and are considered as potentially attractive therapeutic targets. Proline is an 
important amino acid in many biologically relevant polypeptide sequences. Its presence 
affects the peptide’s interactions with other proteins and prevents their degradation by 
the most common proteases. Postproline proteases constitute a subset of serine prote-
ases involved in the regulation of many signaling events and are emerging as promising 
therapeutic targets for prevalent diseases such as diabetes and cancer [14]. This protease 
subset belongs to the S9 family of serine peptidases and includes such diverse and im-
portant enzymes as prolyl oligopeptidase (POP; EC 3.4.21.26) [7], dipeptidyl peptidase 
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IV (DPP-IV, EC 3.4.14.5) [12] and fibroblast activation protein alpha (FAP, EC 3.4.21.
B28) [6]. Increased activity levels of these enzymes are observed in various pathologi-
cal conditions, including malignancies [2, 17]. Their inhibitors are potential therapeutic 
agents [13].

Plants produce a broad range of bioactive compounds via their secondary me-
tabolism. These compounds elicit different effects on humans’ and animals’ organs and 
tissues. Recently, there is increasing interest towards substances of natural origin that 
are selective inhibitors of proline-specific enzymes. For example, it has been found 
that certain flavonoids and caffeoylquinic acids, as well as derivatives thereof, are POP 
inhibitors with good selectivity to DPP-IV [1, 5, 10, 11]. Some of the chemical con-
stituents of Rhaponticum carthamoides (Leuzea carthamoides; maral root), Tanacetum 
vulgare L. (tansy) and Tribulus terrestris L. (small caltrops) are phenolic acids, flavo-
noids and their derivatives [3, 9, 18], which are potential inhibitors of these peptidases.

In the present study, the effect of the extracts from three herbs on the postproline-
specific enzyme activity in the human tumor mammary gland cell line MDA-MB-231 
was investigated. The IC50 values of inhibition from fractions were determined.

Materials and Methods

Chemicals and reagents. Ethyl acetate, diethyl ether, diisopropyl ether and hexane were 
from Fisher Chemical (UK). All reagents were of the highest purity available. The sub-
strate Z-Gly-Pro-methyl coumaryl amide (Z-Gly-Pro-AMC) was from Bachem (Swit-
zerland).

Plant extracts. The crude extracts of T. terrestris L. and T. vulgare L. and flowers 
of tansy were kindly provided by Vemo 99 Ltd (Sofia, Bulgaria). In the present study, 
we used a commercial extract from the roots of R. carthamoides.

Preparation of the ethyl acetate fraction from the crude extract (EACE). Twenty 
mL of water were added to 5 g of the powdered crude tansy extract while stirring. 6N 
HCl was then added in a dropwise manner until pH 3.0. Ethyl acetate (15 mL) was 
applied to the aqueous phase while stirring. The organic phase was separated and the 
aqueous phase was extracted with 10 mL ethyl acetate. The combined organic phases 
were filtered, washed with brine and dried by Na2SO4. Ethyl acetate was removed under 
vacuum and a small amount of diisopropyl ether was added. The formed dark yellow 
solid was filtered and dried out.

Preparation of dicyclohexylammonium salts fraction (DCHAS). Solid dicyclohex-
ylammonium salts were obtained from the ethyl acetate extract, as follows: Тhe volume 
of the ethyl acetate extract was reduced to 1/4 and dicyclohexylamine was added drop-
wise. The obtained precipitate was filtered, washed with diisopropyl ether and dried.

Isolation of solid substance from diethyl ether/hexane (DEHS).The filtrate ob-
tained after the removal of dicyclohexylammonium salts was concentrated in vacuo to 
give a thick oily residue. Diethyl ether was added to this residue, followed by hexane, 
thus obtaining a dark yellow precipitate.

Preparation of ethyl acetate extract from Flores Tanaceti (EAFT). Sixteen mL of 
water and 48 mL ethyl acetate were added to 4 g of Flores Tanaceti while stirring. Then, 
6N HCl was added dropwise until the aqueous phase reached a pH 3.0 and the mixture 
was stirred for an additional hour. Following filtration, the organic phase was separated 
and processed as above. Finally, diisopropyl ether was added and the obtained precipi-
tate was filtered and dried.

Cell culturing. A permanent cell line was used – MDA-MB-231 (human tumor 
cells from triple negative mammary gland carcinoma). The cancer cells were cultured 
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in 75 cm2 tissue culture flasks in Dulbecco’s Modified Eagle’s Medium – high glucose 
4.5‰ (DMEM), supplemented with 10% fetal calf serum and antibiotics in usual con-
centrations. Cell culture was maintained at 37.5°C in a humidified atmosphere and 5% 
CO2 until 95% confluence was achieved. The cells were harvested by a rubber police-
man and homogenized using homogenizer MSE (England) in 5 mL 0.1 М phosphate 
buffer (рН 7.4) with 0.1 М NaCl and 1 mM EDTA.

Enzyme activity measurement. Enzyme activity in the cell homogenate was mea-
sured in the presence of 0.1 or 0.2 mg/mL extracts or fractions in 0.1 М phosphate buf-
fer (рН 7.4), containing 0.1 М NaCl and 1 mM EDTA at 37°C using 80 μM fluorogenic 
substrate Z-Gly-Pro-AMC. Enzyme assays were carried out in 96-well plates, in a mul-
tifunctional spectrofluorimeter Varioscan Fluorescence at 360 nm excitation and 460 
nm emission every 3 minutes. The software program EnzFitter V2 was used for data 
processing. The enzyme activity was determined from the initial rate of the reaction.

IC50 determination. Enzyme activity in homogenate of cell line MDA-MB-231 was 
measured in the presence of different concentrations (5, 10, 15, 20, 25, 37.5 и 50 μg/mL) 
from highest activity fraction in 0.1 М phosphate buffer (рН 7.4), containing 0.1 М NaCl 
and 1 mM EDTA using 80 μM fluorogenic substrate Z-Gly-Pro-AMC at 37°C.

Column chromatography. The crude extract of T. vulgare was fractionated with 
chromatography system Grace Davison Purification (USA) Reveleris® Flash System. 
Chromatographic separation was performed on a Claricep C18 column (Bonna-Angela), 
80 g, particle size 20-45 μm and pore size 100Å, ELSD detector: isopropanol, UV 
wavelength irradiation (UV1: 254 nm and UV2: 325 nm) using the following mobile 
phases: A: water and B: acetonitrile, at a flow rate of 40 mL/min and gradient (62 min): 
0% B for 2 min, 23% B for 50 min, 90% B for 3 min, hold 90% B for 4 min and 0% B 
for 3 min.

Results and Discussion

The effect of the crude extracts from R. carthamoides, T. terrestris L. and T. vulgare 
L. on postproline-specific enzyme activity on the human cell line MDA-MB-231 was 
studied using the nonspecific fluorogenic substrate Z-Gly-Pro-AMC for post-proline 
cleaving enzymes. The tested extracts were with concentrations 0.1 mg/mL and 0.2 mg/
mL respectively. In all three extracts, concentration-dependent inhibition was observed 
(Fig. 1). Degree of inhibition at concentration 0.1 mg/mL in the cell homogenates were 
0.26 (R. carthamoides), 0.32 (T. terrestrisL.) and 0.40 (T. vulgare L.). The lowest de-
gree of inhibition at concentration 0.2 mg/mL was observed for R. carthamoides (0.37) 
and the highest for T. vulgare L. (0.61). In view of the obtained results it can be conclud-
ed that crude extract of T. vulgare L. has the highest inhibitory effect on the enzymes’ 
activity in breast cancer cells homogenates. 

Cell line MDA-MB-231 (triple negative human mammary gland carcinoma) is 
usually used as a negative control for FAP, since it is known to lack this enzyme activity 
[4, 8]. The tansy extract inhibited mildly recombinant DPP-IV, specifying a high selec-
tivity of the natural tansy inhibitors to the postproline endopeptidase activity. On the 
other hand, the MDA-MB-231 cell line is POP-positive [16], indicating that an inhibi-
tion of POP-activity was observed in our study.

Using the LC-HRMS method, we determined the major nonvolatile compounds 
in the extract of tansy. In the crude extract of tansy we detected the presence of 3-caf-
feoylquinic acid, 5-caffeoylquinic (chlorogenic) acid, 3,4-, 3,5- and 4,5-dicaffeoylqui-
nic acids, O-glucuronides of apigenin, luteolin and quercetin and O-hexosides of luteo-
lin and quercetin [15].
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Further on, the crude extract was partitioned between water and ethyl acetate and 
the effect of the aqueous and organic fractions on postproline-specific enzyme activity 
in the homogenates of MDA-MB-231 cell line were investigated. Ethyl acetate fraction 
exhibited a higher activity (0.68 degree of inhibition at concentration 0.1 mg/mL and 
0.83 at 0.2 mg/mL respectively) (Fig. 2) as compared to the crude extract (Fig. 1). On 
the other hand, aqueous fraction showed a very low activity.

From these data, we can assume that some of the above compounds are effective 
inhibitors of postproline endopeptidase activity, i.e. POPs activity. Dicyclohexylamine 
was added to the ethyl acetate fraction, whereby a precipitate of the dicyclohexylammo-
nium salts of 3-caffeoylquinic acid, chlorogenic acid, isomeric dicaffeoylquinic acids 
and O-glucuronides of apigenin, luteolin and quercetin were formed. The inhibitory 
activity (Fig. 2) of these dicyclohexylammonium salts (degree of inhibition at concen-
trations 0.1 mg/mL and 0.2 mg/mL were 0.67 and 0.80 respectively) proved to be es-
sentially the same as the activity of ethyl acetate fraction (0.68 and 0.83 respectively). 
After separating the precipitate from dicyclohexylammonium salts, the filtrate was con-
centrated and treated with diethyl ether and hexane, whereby a precipitate formed. The 
degree of inhibition by these substances is twice lower relative to of the ethyl acetate 
fraction (Fig. 2). These results confirm our hypothesis that some of the major compo-
nents in the extract are potential selective inhibitors of the POP. The powder from the 
flower of the herb was extracted with two phase system water/ethyl acetate. The ethyl 
acetate extract from Flores Tanaceti (EAFT) obtained by using a two-phase water/ethyl 
acetate system showed the highest effect (0.85 and 0.97 degree of inhibition) on the 
postproline-specific enzyme activity (Fig. 2).

The crude extract from T. Vulgare L. was fractionated by flash chromatography. 
Some of the fractions showed inhibitory effect of 75-95% on the enzyme activity in 
the homogenate of MDA-MB-231 cell line.The dependence of the postproline-specific 
enzyme activity in the cell homogenate on the fraction concentration showing an inhibi-
tion rate of 0.95 was investigated. Results were presented in Fig. 3.

Fig. 1. The degree of inhibition of the postproline-specific enzymes’ activity from the crude plant 
extracts in homogenates ofMDA-MB-231 human cells.
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Fig. 2. The inhibition effect of the fractions of T. vulgare on postproline-specific 
enzyme activity in cell homogenates. EACE – ethyl acetate fraction of the crude 
extract of tansy; DCHAS – dicyclohexylammonium salts fraction; DEHS – solid 
substance from diethyl ether/hexane separation; EAFT – ethyl acetate extract from 
Flores Tanaceti.

Fig. 3. Relative rate of hydrolysis of Z-Gly-Pro-AMC by homogenate of 
MDA-MB-231 cells in the presence of different concentrations of the frac-
tion of the highest inhibition activity.
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In Fig. 3, the dependency of the relative initial rate from the logarithm from con-
centration of fraction is shown. From the typical sigmoidal dependence obtained, cal-
culated IC50 is 10 μg/mL.

Conclusions

The components of the ethyl acetate extracts from the flowers of T. vulgare L. 
demonstrate a high selectivity with respect to the inhibition of proline-specific endopep-
tidases – enzymes which are known to take part in the genesis and progression of many 
types of tumors. So, these natural inhibitors could be considered as potential therapeutic 
agents for the treatment at least of mammary gland carcinoma.
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Abstract

Aim: to compare the distribution of adipose connective tissue between 40-60 year old Bulgarian male and 
female patients with T2DM. Subjects: 217 patients, divided into two groups by sex. Control group: 80 
healthy men and women divided into the same groups. Anthropometric parameters: weight, 9 skinfolds, 
Bioelectrical Impedance Analysis. Calculated indices: BMI, sfTrunk/sfLimbs ratio, skinfolds upper half 
of body/skinfolds lower half of body ratio, fat mass and subcutaneous fat mass.
Results: The mean values of BMI, % body fat tissue, fat mass and subcutaneous fat mass in female 
patients were significantly higher than in male patients, but the mean value of visceral fat tissue was 
significantly higher in male patients. The value of sfTrunk/sfLimbs ratio was greater in male patients 
than in female patients. These results are a reason for assessing the anthropological status of male 
patients as worse than that of female patients for the prognostic of disease.

Key words: type 2 Diabetes Mellitus, connective fat tissue, sex related comparison

Introduction

Type 2 Diabetes Mellitus (T2DM) is a long-term metabolic disorder that is characte-
rized by high blood sugar, insulin resistance, and relative lack of insulin. It is really a 
social problem due to the rapidly growing number of people affected by the disease 
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worldwide. As of 2015, the estimated 415 million people had diabetes worldwide,  with 
type 2 DM it makes about 90% of the cases. This represents 8.3% of the adult popula-
tion, with equal rates in both women and men. According to the International Diabetes 
Federation, the number of diabetes mellitus patients in Europe is expected to increase 
from 52 millions in 2014 to 68.9 millions by 2035, mostly due to increases in overweight 
and obesity, unhealthy diet and physical inactivity [7]. Eastern Europe is significantly 
affected by the disease: Serbia – 13,4%, Bosnia and Herzegovina – 12,6%, Turkey and 
Romania – 12,5%, Northern Macedonia – 12,1%, Albania – 11,9%. Around 8-9% of the 
Bulgarian population suffers from this disease. 

Conducted surveys were focused exclusively on clarifying the etiology, patho-
genesis, clinical course and treatment of the disease. Limited number of studies aimed 
to clarify the relationship between anthropological parameters determining humans’ 
body constitution, and the differences between both sexes. The fat accumulation in the 
body of patients with type 2 Diabetes Mellitus occurs primarily in two locations: in 
the abdomen (central, abdominal, visceral) and subcutaneously (peripheral). Fat accu-
mulation in the abdominal area is commonly associated with increased risk for T2DM 

[8, 12, 13, 18]. Not many studies have been performed for the sex related distribution 
of adipose connective tissue. The aim of this study was to compare the distribution of 
adipose connective tissue between 40-60 year old Bulgarian male and female patients 
with T2DM.

Materials and Methods

Subjects. Totally of 165 patients aged 40-60 years suffering from type 2 Diabetes Mel-
litus were involved in the study. They were divided into two groups by sex: 1st group: 
40-60 years of age – 92 female patients (mean 52.87±0.56 yrs), 2nd group: 73 male 
patients (mean 52.29±0.79 yrs). They were diagnosed by a diabetes specialist and re-
cruited from the Clinic of Endocrinology of St. George University Hospital at the Medi-
cal University of Plovdiv, Bulgaria. The study period was 2009-2015.

The inclusion criteria were: Bulgarian ethnicity, duration of the disease of not less 
five years, clinically compensated diabetes at the time of the study. The exclusion cri-
teria were: previous or existing metabolic, oncological and other disorder that could 
compromise the anthropological study: thyroid related diseases, adrenal glands related 
diseases, carcinoma, etc. 

In the study were involved 80 healthy Bulgarian subjects. The control groups in-
cluded 40 men at the same age range (51.33±0.93 yrs) and 40 women at the same age 
range (50.80±1.08 yrs).

An ethical approval was taken for this study. Informed consents were taken from 
all patients involved in the study.

Methods
Directly measured parameters: body weight, skinfold (sf) thicknesses were measured 
at 9 locations – sfTriceps, sfBiceps (brachii), sfForearm, sfSubscapular, sfXrib, sfAb-
domen, sfSuprailiaca, sfThigh, and sfCalf, using Harpenden Skinfold Calipers (British 
Indicators Ltd) at standard sites on the right side of the body.

Bioelectrical Impedance analysis (BIA): % body fat tissue and visceral fat tissue 
were measured with a Body Composition Monitor Tanita BC-532. 

Calculated indices: Body mass index (BMI), sfTrunk/sfLimbs ratio, skinfolds up-
per half of body/skinfolds lower half of body ratio, fat mass and subcutaneous fat mass.
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Statistical analysis. Data were analyzed using statistical software SPSS ver-
sion 15 (SPSS Inc., Chicago, IL). Independent Samples t-Test was used to compare 
the means of two independent anthropologic parameters in order to determine whether 
there was statistical evidence that the means were significantly different. The one-way 
analysis of variance (ANOVA) was used to determine whether there were any signifi-
cant differences between the means of three or more independent parameters. P<0.05 
(two tailed) was considered statistically significant.  

Results

I. Distribution of adipose connective tissue between female patients and healthy 
controls.
Significant difference was found between the means of weight in the present study. The 
mean value of female patients was higher than the controls (p<0.001). The thicknesses 
of sfTriceps, sfThigh and sfCalf were significantly greater in the healthy controls than 
in female patients suffering from type 2 Diabetes Mellitus (p<0.05), but sfXrib was 
significantly greater in the patients (p<0.01), demonstrated in Table 1. 

Table 1. Anthropological parameters of Bulgarian patients aged 40-60 years with type 2 Diabetes 
Mellitus compared to healthy controls at the same age.

Female Male

Parameters T2DM
mean±sem

Controls
mean±sem     P T2DM

mean±sem
Controls

mean±sem P

Weight (kg) 79.65±1.25 69.95±1.83 <0.001* 84.47±1.38 78.47±1.78 <0.001*

sf Triceps(mm) 21.94±1.59 28.46±1.85 <0.05* 10.91±0.60 11.20±0.96 >0.05  

sfSubscapular(mm) 28.98±1.42 26.35±1.74 >0.05  23.85±1.42 20.24±1.51 >0.05  

sf X rib(mm) 28.68±1.35 22.51±1.50 <0.01*  22.92±1.26 16.98±1.34 <0.05*

sfSuprailiaca(mm) 21.68±1.14 23.17±1.62 >0.05  17.83±1.37 20.86±1.60 >0.05  

sfAbdomen(mm) 32.06±1.40 34.60±2.03 >0.05  28.68±1.70 33.21±2.10 >0.05  

sfBiceps(mm) 12.85±0.76 15.61±1.22 >0.05  7.71±0.47 6.57±0.53 >0.05  

sfForearm (mm) 11.59±0.66 12.00±1.19 >0.05  8.20±0.51 7.48±0.60 >0.05  

sfThigh(mm) 24.49±1.96 42.47±2.01 <0.001* 15.08±1.04 20.21±1.89 <0.05*

sfCalf(mm) 20.21±1.33 27.32±1.59 <0.01* 10.51±0.86 11.39±0.91 >0.05  

sf = skinfold, * statistical significance

Body composition parameters’ results, investigated by Bioelectrical Impedance 
analysis 

The values of three parameters: % body fat tissue, visceral fat tissue and fat 
mass were significantly higher in female patients than the healthy controls (p<0.05), 
demonstrated in Table 2. 
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II. Distribution of adipose connective tissue between male patients and healthy 
controls.
A significant difference was found between the means of weight, too. The mean value 
of male patients with diabetes was significantly higher than the controls (p<0.001). The 
thickness of sfXrib in diabetic male patients was significantly higher than the healthy 
controls (p<0.05). The thickness of sfThigh in male patients was significantly lower 
than the controls (p<0.05). These results are demonstrated in Table 1.

Body composition parameters’ results, investigated by Bioelectrical Impedance 
analysis.  

The values of the % body fat tissue, visceral fat tissue, fat mass and subcutane-
ous fat mass in male patients with diabetes were significantly higher than the controls 
(p<0.05), demonstrated in Table 2. 
III. Comparison of some anthropological parameters between female and male 
Bulgarian patients.
Many statistically significant differences were detected between the measured anthro-
pological parameters in both sexes, demonstrated in Table 3.  

Table 2. Body composition of Bulgarian patients aged 40-60 years with type 2 Diabetes Mellitus.

Parameters T2DM-female
mean±sem

Controls-
female

mean±sem
P T2DM-male

mean±sem

Controls-
male

mean±sem
P

BMI 29.04±0.49 26.34±0.51 <0.001* 31.77±0.51 27.31±0.70 <0.001*
% body fat tissue 28.71±1.11 24.75±0.86 <0.05* 42.07±0.99 37.66±0.99 <0.01*
Visceral fat
tissue (kg) 13.79±0.72 11.00±0.55 <0.05* 11.26±0.40   7.80±0.45 <0.001*

Fat mass (kg) 24.02±1.30 19.83±1.07 <0.05* 37.97±1.73 27.48±1.40 <0.001*
Subcutaneous
fat mass (kg) 15.75±0.26 15.65±0.45 >0.05 17.18±0.27 18.68±0.40 <0.05  *

* statistical significance

Table 3. Comparison of some anthropological parameters between female and male Bulgarian patents 
aged 40-60 years with type 2 Diabetes Mellitus. 

females males

Parameters N Mean SEM SD N Mean SEM SD P    

Weight (kg) 92 79.65 1.25 11.99 73 84.47 1.38 9.49 <0.01*
sfTriceps(mm) 92 21.94 1.59 15.25 73 10.91 0.60 4.04 <0.001*
sfSubscapular(mm) 92 28.98 1.42 13.62 73 23.85 1.42 9.62 <0.01* 
sf X rib(mm) 92 28.68 1.35 12.95 73 22.92 1.26 8.52  <0.01*
sfSuprailiaca (mm) 92 21.68 1.14 10.93 73 17.83 1.37 9.32  <0.05*
sfAbdomen(mm) 92 32.06 1.40 13.43 73 28.68 1.70 11.51  >0.05  
sfBiceps(mm) 92 12.85 0.76   7.29 73 7.71 0.47 3.21  <0.001* 
sfForearm (mm) 92 11.59 0.66   6.33 73 8.20 0.51 3.47  <0.001*
sfThigh(mm) 92 24.49 1.96 18.80 73 15.08 1.04 7.07  <0.001*
sfCalf(mm) 92 20.21 1.33 12.76 73 10.51 0.86 5.87  <0.001*

sf = skinfold, * statistical significance
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The mean value of weight in male patients was significantly higher than in female 
patients (p<0.01). The mean values of measured skinfolds were significantly greater 
in female patients than in male patients, except sf Abdomen. There wasn’t detected a 
significant difference between the compared values (p>0.05).  

The mean values of % body fat tissue, fat mass and subcutaneous fat mass in 
female patients were significantly higher than in male patients, but the mean value of 
visceral fat tissue was significantly higher in male patients (p<0.001), demonstrated in 
Table 4.

IV. Comparison of some indices between female and male patients with type 2 DM.  
The BMI of male and female patients suffering from diabetes were significantly higher 
than that of the healthy controls (p<0.001), demonstrated in Table 2. The mean value of 
BMI in female patients was significantly higher than in male patients (p<0.001), dem-
onstrated in Table 4. The values of the sfTrunk/sfLimbs ratio and skinfolds upper 
half of body/skinfolds lower half of body ratio were greater in the patients of both 
sexes compared to healthy controls. The value of sfTrunk/sfLimbs ratio was higher 
in male patients in comparison to female patients. The value of skinfolds upper half 
of body/skinfolds lower half of body ratio in female patients was higher than in male 
patients, demonstrated in Table 5.

Table 4. Comparison of some body composition’s parameters between female and male Bulgarian pa-
tients aged 40-60 years with type 2 Diabetes Mellitus.

female male

Parameters N Mean SEM SD N Mean SEM SD P

BMI 92 31.77 0.51 4.89 73 29.04 0.49 3.34 <0.001*

% body fat tissue 92 42.07 0.99 9.50 73 28.71 1.11 5.97 <0.001*

Visceral fat
tissue (kg) 92 11.26 0.40 3.84 73 13.79 0.72 3.87 <0.001 *

Fat mass (kg) 92 37.97 1.73 16.59 73 24.02 1.30 6.88 <0.001 *

Subcutaneous
fat mass(kg) 92 17,18 0.27  2.59 73 15.75 0.26 2.85 <0.001*

* statistical significance

Table 5. Comparison of some indices between female and male patients aged 40-60 years with type 2 
Diabetes mellitus.

 females males

T2DM controls T2DM controls

sf trunk/sf limbs 1.34 0.85 1.79 1.67

sf upper half of the body/
sf lower half of the body 1.09 0.83 1.07 0.75
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Discussion

Analysis of distribution of subcutaneous adipose connective tissue 
The mean value of weight was significantly higher in the patients of both sexes than in 
healthy controls. The differences were very well expressed (p<0.001).  

Attention should be paid to the distribution of subcutaneous adipose tissue in fe-
male patients with T2DM. It was found that in the female patients with T2DM the ac-
cumulation of subcutaneous adipose tissue was mostly in torso and less in the limbs. 
Moreover, the accumulation of adipose tissue consisted predominantly in the upper part 
of the body compared to the lower, the so-called “apple shaped” body. The thicknesses 
of sf Triceps, sfThigh and sfCalf were significantly greater in the controls than in female 
patients [21], but the thickness of sfXrib was significantly greater in female patients. 
These patients have a worse anthropological status, which would lead to a more severe 
clinical course of the disease.

Similar tendencies were found by the assessment of distribution of subcutaneous 
adipose connective tissue in male patients. The thickness of sfXrib was significantly 
greater in male patients than in controls, but sfThigh was significantly thicker in the 
controls than in male patients. Attention should be paid that there were found two sig-
nificant differences only. The body shape constitution “apple” is closely associated with 
a poor prognostic of the disease [4]. The deposition of adipose connective tissue in the 
controls of both sexes was predominantly in the limbs and mainly in the lower part of 
the body, the so-called “pear shaped” body (table 1 and table 5). 

The mean value of body weight in male patients was significantly greater than in 
female patients. It can be explained with the sexual dimorphism. Attention should be 
paid by the comparison of skinfolds between both sexes. The mean values of all 8 mea-
sured skinfolds were significantly higher in female patients than in male patients. The 
exception was sf Abdomen. There wasn’t found a significant difference between the 
mean values of male and female patients (p>0.05). Only a tendency was registered, that 
the value of sfAbdomen in female patients was higher in comparison to male patients 
(table 3). These results defined an unfavourable distribution of subcutaneous adipose 
connective tissue in female patients compared to the male patients.

Analysis of Body composition parameters’ results, investigated by BIA.
It has been found that abdominal obesity, also known as central or visceral obesity, was 
more closely related to T2DM than the general obesity. The visceral fat was more meta-
bolically active and produced more insulin resistance [5, 16, 19].

Many significant differences were found in the parameters: BMI, % body fat tis-
sue, visceral fat tissue and fat mass. They were significantly greater in female patients 
with T2DM than in healthy controls. The exception was the accumulation of subcu-
taneous fat mass. There wasn’t detected a significant difference (p>0.05). The mean 
values of above described parameters were significantly greater in male patients than 
in the healthy controls at the same age, including the parameter subcutaneous fat mass. 
We have found that the values of following parameters: BMI, %body fat, fat mass and 
subcutaneous fat mass were significantly higher in female patients than in male patients 
to comparison between both sexes. Opposite, the mean value of visceral fat tissue was 
significantly greater in male patients than in female patients at the same age. This pa-
rameter is more important than the others, because it is closely related to the insulin 
resistance [11]. The greater values of visceral fat tissue in male patients determine a 
worse anthropological status in comparison to female patients. 
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Analysis of the calculated indices in both sexes patients suffering from type 2 DM.
The mean value of BMI in male and female patients was significantly higher than in 
healthy controls at the same age and sex (p<0.05). The levels of BMI in female patients 
were significantly higher compared to the male patients (p<0.001), (table 2 and table 4). 
This index demonstrates a total deposition of adipose connective tissue into the human 
body, but these values had less importance for the prognosis of disease compared to 
above described parameters [2, 9].

The accumulation of subcutaneous adipose tissue in the patients of both sexes 
suffering from type 2 Diabetes Mellitus was higher in the torso, than in the limbs. In 
contrast, the controls exhibited the opposite distribution. The accumulation of subcu-
taneous adipose tissue was larger in the upper half of the body, than in the lower half. 
It defined the model of patients’ body shape as so-called “apple shaped”. The controls 
exhibited the opposite distribution (table 5). The value of the ratio sf trunk/sf limbs 
was greater in male patients than in female patients. The value of the ratio sf upper 
half of the body/sf lower half of the body was greater in the female patients than in 
male patients, but the difference is too thin. These results demonstrated more uneven 
distribution of adipose connective tissue in male patients than in female patients. The 
accumulation of fat mass more in the trunk and less in the limbs is significantly and 
positively associated with a worse glucose metabolism [1, 3, 14, 17]. According to these 
facts the anthropological status of male patients is defined as worse than that of the fe-
male patients. Some researchers confirmed our results and described the importance of 
intramuscular adipose tissue [15] in patients suffering from T2DM. It is very important 
to investigate the relationship between the body fat distribution and the complications 
of the disease too [6, 10, 20].

Conclusion

The values of BMI, % body fat tissue, fat mass and subcutaneous fat mass were signifi-
cantly greater in female patients than in male patients, but the value of visceral fat tissue 
was significantly greater in male patients. These data demonstrated the accumulation of 
connective adipose tissue more subcutaneously, but less viscerally in female patients. 
It is opposite in the male patients: the accumulation of connective fat tissue is more 
viscerally, but less subcutaneously. The subcutaneous adipose connective tissue was 
accumulated predominantly in the torso than in the peripheral part of the body (arms, 
thighs and lower legs) in the male patients compared to the female. 

These results are a reason to assess the anthropological status of male patients as 
worse than that of female patients for the prognostic of disease. The complex study 
including anthropometry of adipose connective tissue in patients suffering from T2DM 
would support the evaluation of the prognosis of the disease.  
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The aim of the present study is to make a comparative dermatoglyphic characteristic of eight local popula-
tions of Central Western Bulgaria based on five dermatoglyphic traits - Delta index, Index of Cummins, 
carpal axial triradii (t), images of the hypotenar (Hy), and accessory interdigital triradii (AIT). In the pro-
cessing and analysis of dermatoglyphic traits, the Cummins and Midlo’s method and the Heet’s method 
were used. Based on the analysis of these key traits, the South European and Eastern complexes, the gener-
alized dermatoglyphic distances and the combining polygons were calculated and presented. Results show 
that in the studied population of Central Western Bulgaria: 1) an increased incidence of t; 2) decreased 
occurrence of images of Hy and a frequency of AIT and 3) the mean values for some of the dermatoglyphic 
traits analyzed are in the upper limits of the Eurasian scale, characteristic of the European population with 
Eastern characteristics. 

Key words: South European and Eastern complex, generalized dermatoglyphic distances, combination 
polygons

Introduction

Dermatoglyphic studies are done in various aspects. The study of the skin relief has its 
application in both biological and non-biological scientific fields (history, archeology, 
etc.) [1, 17, 18, 19]. Anthropological studies in dermatoglyphic aspect are successfully 
applied in the study of individual ethnic, ethnographic and territorial groups of the 
population [4, 5, 7, 8, 10–14].

The development of the present work was provoked by various historical, archaeologi-
cal and ethnographic sources that describe the settlement and the subsequent development 
of the Bulgarian population from the region of Central Western Bulgaria [1, 9, 11, 16]. 

In addition to the Thracians, Slavs and Proto-Bulgarians, the formation of the Bul-
garian nationality also includes smaller ethnic groups such as Pechenegs, Kumans and 



72

others [1]. In the later stages of Bulgarian history, other factors such as the integration, 
assimilation and amalgamation of separate ethnic groups, mixed marriages in some 
settlements, as well as the occurrence of settlements, mostly in mountainous areas, with 
nomadic population, contribute to the development of the Bulgarian nation [1, 3]. 

The area studied by us is predominantly populated by ethnic Bulgarians. In it, 
however, many settlements with names of Turkic origin have been described, which 
gives the researchers the reason to assume that these were settlements of Pechenegs and 
Yuruks and other nomadic and semi-nomadic communities [1, 6]. 

With this study of the Bulgarian population of Central Western Bulgaria, we would 
like to supplement the so-called historical facts about its formation. From an ethnographic 
point of view, contemporary Bulgarian population is divided into several ethnographic 
areas. The territory of our research, namely Central Western Bulgaria, is known as the 
“Shopi” ethnographic area. Anthropological literature reveals dermatoglyphic researches 
of Bulgarians – Shopi [11], a sample of the Pernik region [16], as well as of Bulgar-
ians from some settlements with Shopish population in the Sofia region [10]. However, 
the population surveyed in these surveys is concentrated in areas close to Sofia. For this 
reason, our survey included Bulgarian population from the more extreme regions of the 
so-called „Big Shopluk“, within the territory of Bulgaria.

The aim of the present study is to make a comparative dermatoglyphic characteristic 
of a local population from different regions of Central Western Bulgaria by analyzing 
five key ethnic dermatoglyphic traits, whose morphological independence and geographic 
gradient [4] show territorial differences in the dermatoglyphic picture of different ethnic 
population groups.

Material and Methods
A Bulgarian population from eight regions of Central Western Bulgaria has been stud-
ied (Trudovets, Slivnitsa, Sapareva Banya, Svoge/Iskrets, Kyustendil, Alino, Batanovt-
si, Elin Pelin/Buhovo). A total of 1600 individuals of both sexes (800 men and 800 
women) – 100 men and 100 women from each area. Dermatoglyphic fingerprints were 
processed according to the method of Cummins, Midlo [2], modified by Heet, et al 
widely used in ethnic dermatoglyphics [4]. Five basic dermatoglyphic traits are ana-
lyzed – Delta index (DL10), Index of Cummins (Ic), proximal triradii (t), images of the 
hypotenar (Hy), and accessory interdigital triradii (AIT). The method of Sharma [15] is 
used to determine proximal triradii. On the basis of the results obtained a comparative-
typological analysis was made by Heet‘s method, with the Eastern (EC) and Southern 
European complexes (SC) in both sexes [4]. 

The generalized dermatoglyphical distances (GDD) are calculated and are con-
structed combining polygons showing the variations of dermatoglyphic traits to the 
Eurasian scale [4]. Limits of summarized dermatoglyphic distances at territorial level 
are present in Table 1. 

Table 1. Limits of generalized dermatoglyphical distances at territorial level (by Hееt, 1983).

Category distance Category limits/men Category limits/women
very little 0 – 6.4 0 – 5.9

little 6.5 – 10.3 6.0 – 10.1
middle 10.4 – 14.8 10.2 – 15.0
large 14.9 – 18.8 15.1 – 19.4

very large 18.9 – 25.5 19.5 – 26.7
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Results and Discussion

Basic dermatoglyphic traits, Eastern and Southern European complexes
In men (Tabl.2) from five groups – Trudovets (51,3), Slivnitsa (47,7), Sapareva Banya 
(52,7) Svoge/Iskrets (52,2) and Batanovtsi (55,2) prevail, although insignificant, East-
ern dermatoglyphic features. In the other three groups - Kyustendil (55.5), Alino (52.7) 
and Elin Pelin/Buhovo (53.7), the Southern dermatoglyphic characteristics are more 
common.

Table 2. Basic dermatoglyphic traits, Eastern (EC) and Southern European complexes (SC) in men from 
different regions of Central Western Bulgaria.

Region/sign DL10 Ic t Hy AIT EC SC

Trudovets 13,80 8,40 62,00 32,50 17,50 51,3 46,2

Slivnitsa 13,00 8,52 64,50 34,00 18,50 47,7 47,4

Sapareva banya 13,96 8,45 60,00 31,00 14,50 52,7 46,7

Svoge/Iskrets 13,60 8,22 58,00 35,00 11,50 52,2 48,4

Kyustendil 12,30 8,61 71,50 30,50 12,50 51,7 55,5

Alino 12,50 8,28 58,00 27,00 16,00 50,1 52,7

Batanovtsi 13,30 8,74 61,40 23,00 9,00 55,2 53,1

Elin Pelin /Buhovo 12,90 8,38 62,20 34,00 6,00 53,4 53,7

In women (Table 3) there are more pronounced Eastern dermatoglyphic elements in 
groups of Trudovets (50.6), Sapareva Banya (52.9), Svoge / Iskrets (51.4), Alino (50.4) 
and Batanovtsi (55.7). The women from Slivnitsa (45.4), Kyustendil (56.0) and Elin 
Pelin / Buhovo (53.6) have more pronounced Southern elements. 

Table 3. Basic dermatoglyphic signs, Eastern (EC) and Southern European complexes (SC) in women 
from different regions of Central Western Bulgaria.

Region / Traits Dl10 Ic t Hy AIT EC SC

Trudovets 13,40 8,60 64,00 28,50 18,50 50,6 47,9

Slivnica 12,36 8,74 63,00 36,00 20,50 41,9 45,4

Sapareva banya 13,96 8,36 58,50 32,00 13,50 52,9 46,9

Svoge/Iskrets 13,80 8,82 57,00 26,00 13,00 51,4 46,4

Kyustendil 12,80 8,10 69,00 31,00 14,00 55,2 56,0

Alino 13,20 8,38 56,50 28,00 16,00 50,4 48,9

Batanovtsi 13,40 8,62 62,00 26,00 8,00 55,7 53,0

Elin Pelin/Buhovo 12,60 8,40 60,00 34,00 6,00 51,6 53,6
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From the tables showing the distri-
bution of Southern European and East-
ern traits in men and women from Cen-
tral West Bulgaria, we can conclude that 
groups are grouped among the surveyed 
population as a whole, based on the pre-
vailing dermatoglyphic characteristics. 
The first group includes the popula-
tion (men and women) from Trudovets, 
Sapareva Banya, Svoge/Iskrets and 
Batanovtsi. This is the group in which 
for both sexes there is typically a higher 
frequency of Eastern characteristics. The 
second group unites the men and women 
from Kyustendil and Elin Pelin/Buhovo, 
where the Southern features prevail. 
However, for Slivnitsa and Alino, there 
were differences between the two sexes 
(men and women) regardin g the mani-
festation of the Eastern and Southern 
dermatoglyphic complexes. The South-
ern elements (47.7) are characteristic 
of the Slivnitsa men, while the Eastern 
ones (45.4) predominate among women. 
In the Alino population there is a reverse 
trend – in men have developed Eastern 
components (52.7), while in women 
dominate the Southern (50.4). The dif-
ferences between men and women in 
these two areas, though insignificant, 
could be seen as a result of migratory 
processes.

In order to illustrate the results ob-
tained, combination polygons were con-

structed, graphically representing the ratios between the five basic dermatoglyphic traits 
(Figs 1 and 2).

From the figures, we see that the men and women examined by us show a tendency 
for variability in some of the traits, namely axial triradii, hypothenar images, and ad-
ditional interdigital triradii, which leads to some relatively high South European cha-
racteristics in these groups.

When compared to the groups studied by us, with others from Central West Bul-
garia, but studied by other authors [10], some regularities were established according to 
the same methodology (Fig. 3).

Among the Bulgarian population, subject of our study, there is a relatively high 
frequency in proximal triradii and a low frequency incidence of hypotensive imaging. 
At the same time, in the population surveyed by other authors, there is a reverse trend – 
low frequency the proximal triradii and high frequency of the images on the hypotenar. 

Considering the fact that the survey areas have a different location within the 
boundaries of an ethnographic area (settlements, around the central city of Sofia and 
settlements along the periphery), we can conclude that in the outskirts the population is 
more affected by a number of migration processes, which undoubtedly affect the inheri-

Fig. 1. Combination polygons showing variations in 
dermatoglyphic signs in males. The radii correspond 
to the Eurasian scale, assumed to be 100 percent, and 
their centers show the final Europoide values.
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Fig. 2. Combination polygons showing the variations in dermatoglyphic signs in women. The radii cor-
respond to the Eurasian scale, assumed to be 100 percent, and their centers show the final Europoide 
values.
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Fig. 3. Combination polygons showing the variations in dermatoglyphic signs in men and women by 
[10]. The radii correspond to the Eurasian scale, assumed to be 100 percent, and their centers show the 
final Europoide values. 
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tance of dermatoglyphic traits. We could say that this combination of dermatoglyphic 
traits is distinguished as characteristic of the local population.

Generalized dermatoglyphical distances (Tables 4 and 5)
For the studied population of Central West Bulgaria, the generalized dermatoglyphical 
distances were calculated, showing the mean differences between the five basic derma-
toglyphic traits between two groups (limits present in Table 1). 

It can be seen that in both genders prevail the average GDD. In male males the ag-
gregate mean GDD ranged from 9.3 to 12.9 (Table 4), and in females from 9.0 to 13.6 
(Table 5). 

Table 4. Generalized dermatoglyphical distances (GDD) in the population of Central Western Bulgar-
ia – men: 1 – Trudovets, 2 – Slivnica, 3 – Sapareva banya, 4 – Svoge/Iskrets, 5 – Kyustendil, 6 – Alino, 
7 – Batanovtsi, 8 – Elin Pelin/Buhovo.

Region 1 2 3 4 5 6 7 8 GDD

1 – 6,1 3,9 7,5 14,2 10,9 13,1 9,7 9,3
2 6,1 – 9,3 10,4 10,6 10,8 13,8 7,8 10,5
3 3,9 9,3 – 7,1 13,1 10,3 11,6 10,9 10,4
4 7,5 10,4 7,1 – 15,6 10,9 13,1 8,4 10,9
5 14,2 10,6 13,1 15,6 – 11,5 14,1 12,2 12,9
6 10,9 10,8 10,3 10,9 11,5 – 12,6 12 11,4
7 13,1 13,8 11,6 13,1 14,1 12,6 – 11,2 12,7
8 9,7 7,8 10,9 8,4 12,2 12 11,2 – 10,4

It can be seen also that the group of Trudovets presents the minimal GDD among 
all groups – with Slivnitsa (6.1) and with Sapareva Banya (3.9) (Table 4).

For the men from Kyustendil it was found that they have the maximal GDD from 
the men of the Svoge/Iskrets region (15.6). In women, however, unlike men, there were 
no small GDD between the groups (Table 5). Among the women from Kyustendil and 
those from Svoge/Iskrets, there were also large GDD. The same could be explained by 
the presence of more pronounced Southern features among the Kyustendil population 
as a whole.
Table 5. Generalized dermatoglyphical distances (GDD) in the population of Central Western Bulgaria 
– women: 1 – Trudovets, 2 – Slivnica, 3 – Sapareva bania, 4 – Svoge/Iskrets, 5 – Kyustendil, 6 – Alino, 
7 – Batanovtsi, 8 – Elin Pelin/Buhovo.

Region 1 2 3 4 5 6 7 8 GDD

1 – 8,7 9,2 8,8 10,3 6,2 6,7 13,4 9,0
2 8,7 – 14 14,8 13,3 13 14,5 11,8 13,6
3 9,2 14 – 7,3 9,6 6 10 9,1 9,3
4 8,8 14,8 7,3 – 15,1 7,4 6,7 14,4 11,0
5 10,3 13,3 9,6 15,1 – 9,8 13 10,9 12,0
6 6,2 13 6 7,4 9,8 – 8,8 10,4 9,2
7 6,7 14,5 10 6,7 13 8,8 – 9,2 10,4
8 13,4 11,8 9,1 14,4 10,9 10,4 9,2 – 11,0
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Conclusions

Based on the results obtained, the following conclusions were made:
– In the studied population of Central Western Bulgaria, a characteristic ratio of the 

traits was found – an increased incidence of carpal axial triradii, decreased occurrence 
of images of the hypotenar and a frequency of accessory interdigital triradii;

– In the Central Western Bulgaria population, the mean values for some of the der-
matoglyphic traits analyzed are in the upper limits of the Eurasian scale, characteristic 
of the European population with Eastern characteristics. 

These results confirm the historical data on population amalgamation and the trac-
es of migration processes in the region.
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Abstract.
The aim of this study is to make an anthropological characterization of an interesting small ethnic 
group in Bulgaria – the Gagauzes from Kavarna, based on the archives of the Section of Anthropology 
and Anatomy of IEMPAM-BAS. Data from individual anthropological blanks of 112 males have been 
processed statistically and analyzed. Based on this characterization the Gagauzes from Kavarna should 
have been formed as a population in the Balkans. This coincides with the results of the dermatoglyphic 
and genetic studies in Gagauzes outside Bulgaria.

Key words: Gagauzes, Anthropological characteristics, europoid elements, mongoloid elements, 
methodics of Michalski  

Introduction

The Gagauzes are an interesting ethnic group – Turkic-speaking Orthodox Christians, 
whose origin is still unclear. They appear on the world scene only in 19th century – be-
fore 1868 there is no mention of them. In the beginning of 19-th century they live in 
the lands of Eastern Bulgaria intermixed with Bulgarians, Greeks, Albanians, Turks, 
Tartars and Gypsies. After the Russo-Turkish wars of 1806-12 and 1828-29 a great part 
of them migrate to the Russian Empire (together with Bulgarians and Albanians from 
the region). These who rested on the Balkans gradually assymilated with Bulgarians 
and Greeks, but these in Moldova developed proper national identity and received an 
regional autonomy. Today in Northeastern Bulgaria there exist only a limited number 
nonassymilated Gagauzes in some localities as Kavarna.

The anthropological studies among them are few. Such ones are carried out first by 
Pittard [9] in the beginning of 20th century, than after comparable methods with modern 
ones by Dyachenko in Moldova in 1958, published 1965 [3] and by Pulianos in Bulga-
ria in 1963, published 1967 [10]. The dermatoglyphic of the Gagauzes in Moldova has 
been studied by Dolinova [2] and by Segeda [11]. In the last years there are also studies 
on Y-chromosomal DNA haplogroups, as also on autosomal DNA [12, 4].
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The purpose of this work is to make an anthropological characterization of the 
Gagauzes in Bulgaria based on materials from the scientific archive of IEMPAM-BAS 
collected in 1982 on an anthropological expedition in Kavarna, under the leadership of 
P. Boev.

Material and Methods 

Individual data on 112 Gagauz-men were analyzed. A standard statistical processing 
has been made. In some traits it was found significant methodological difference from 
the standard anthropological methods, which require certain adjustments or exclude 
these features of analysis. A standard statistical processing was made. An anthropo-
logical analysis after methodology of Michalski with some adjustments was made also 
[5,6,7,8]. These adjustments are an evaluation of the phenotypic presence of the anthro-
pological elements in the intermediary anthropological types, for example AE not to 
be calculated as 50% a and 50% e, but to pay attention on the anthropological fraction, 
i.e. Ae = 75% a, 25% e, ae = 50% a, 50% e, aE = 25% a, 75% e and so on. Typological 
analysis has been made of 109 men only because the lack of eye color in three indi-
vidual research blanks.

The primary analysis of some anthropologic traits showed a significant deviation in 
the methodic of their measuring or evaluating from the standard anthropological methods, 
which necessitated some adjustments or excluding of some traits from analysis.

1. Most cephalometric measurements are close and  intermediate to these found 
by Dyachenko [3] and Poulianos [10]. There is, however great difference in average bi-
zygomatical breadth (132,8 mm) and in its standard deviation (7,8 mm). In reality such 
values are out of the norms for europoid populations. That’s why for the typologic ana-
lysis a correction of the bizygomatical breadth has been made according to the formula

BBcor = (BB – 132,8) × 5,1/7,8 + 140,8, thus the average bizygomatical breadth 
and its standard deviation has been made equal to the mean of their values after 
Dyachenko and Poulianos.  

2. Doubtful are also the high recorded frequency of epicanthus, of strong protru-
sions of the cheekbones, of flat face prophile – all of them had to be excluded from 
further analysis. 

3. It seems that  dark hair color frequency is overstated  and eye color is evaluated 
by 12 grade scale and not by the standard scale of Martin (16 grades). Thus a connexion 
of these traits to the standard scales of Martin and Fischer-Saller has been made.    

4. The skin color compared with the data of other investigations is decidedly too 
bright. It apparently is evaluated thus: 3 – white skin, 7 – matte skin, 4-6 intermediate 
colors, over 8 – swarthy. 

Results 

The results of the analysis show that the Gagauzes are of average height – 167,3 cm,  
brachycephals – head index 82,9%, meso- and leptoprosops – morphological facial 
index 87,8%, leptorrhins – nasal index 66,6%, with straight and curved nose – mean 
mark after Michalski 67,5, which is higher than straight, hazel eyes, brown hair, well-
developed hair on the face and the chest, straight and slightly wavy hair, white and 
matte skin (Table 1). 
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According the typological analysis the population of Kavarna’s Gagauzes is het-
erogeneous. Among the individual anthropological types prevail Subnordic – 24%, Di-
naric –15%, Northwestern / Atlanto Pontic / – 11%, Finnish and Alpine – 7% each one 
(Table 2). 

Phenotypically prevail Europoid elements / 72.7 % against 27,3% /. The typical for 
Central end Eastern Asia archimorphic Mongoloid elements (m, z) are only 1.6%, the 
rest are the protomorphic, which are presented in Europe from antiquity (l, q). Among 
the Europoid elements Southeuropoid and Northeuropoid elements are almost equally / 
47,3% against  52.7% / (Table 3).

Such anthropological structure after Cheboksarov [1] means that the group under 
study (in this case the Gagauzes) belongs to the Middle European populations, for which 
is typical the combination of Northerneuropoid (a, y) with Balkanocaucasian (h) and 
Uralolaponoid (l, q) traits. At the same time, the Mediterranean and Oriental elements 
(e, k), which show a shift from Central Europe to southeast, are quite pronounced. This 
coincides with the results of the already mentioned genetic studies, according which 
Gagauzes belong to  the Balkan populations and are most close to Northern Macedo-
nians, to the native inhabitants of Greek Macedonia, to the Bulgarians and Romanians, 
but in the same time they with Hungarians and Romanians are classified together with 
West and South Slavs as an “inter-slavic group of populations” [4, 12].

Table 1. Basic anthropological characteristics of Gagauzes from Kavarna

Anthropological trait N M SD SE MIN MAX
Body height, cm 110 167,3 6,9 0,7 150,4 189,0
Head length, mm 112 185,0 5,8 0,5 170 199
Head breadth, mm 112 153,4 5,8 0,5 138 167
Head height, mm 110 127,1 10,8 1,0 100 165
Head index, % 112 82,9 3,4 0,3 72,6 92,2
Bizygomatic breadth,
mm 112 140,8 (132,8) 5,2 (7,8) 0,5 

(0,7) 129 (114) 152
(150)

Morphological face
height, mm 112 123,5 6,3 0,6 109 140

Morphological
facial index, % 112 87,8

(93,3)
5,2
(6,7) 

0,5
(0,6)

74,8
(77,5)

104,7
(116,4)

Nasal height, mm 112 55,2 4,5 0,4 44 67
Nasal breadth, mm 112 36,5 2,9 0,3 30 42
Nasal index, % 112 66,6 8,0 0,8 50,8 88,6
Nasal profile
after Michalski, 10-100 112 67,5 20,6 1,9 10 100

Eye color after Martin 109 7,3 4,1 0,4 2 16
Hair color after Michalski,
10-70, in parentnesses
after Fissher-Saller

112 51,3 /U/ 12,6 1,2 20 /М/ 65 /W-Y/

Skin color 111 4,0 1,7 0,2 2 7
Face hair 90 3,90 0,87 0,09 2 5
Chest hair 91 3,03 1,57 0,16 0 5
Hair form 111 2,57 1,01 0,10 1 5
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Table 2. Individual typological structure of Gagauzes from Kavarna (classification of Michalski-Henzel) 

Anthropological type Symbol N %
Nordic АА 1 0,9
Armenoid НН 3 2,8
Teutonish AY 1 0,9
Egean АВ 1 0,9
Northwestern (atlanto-pontic) АЕ 12 11,0
Amoritic АК 2 1,8
Dinaric АН 16 14,7
Subnordic AL 26 23,9
Eurasian AZ 1 0,9
Finnish AQ 8 7,3
Rifean YB 1 0,9
Atlantic YE 1 0,9
Pseudoalpean YH 2 1,8
Pseudocromagnoid YQ 1 0,9
Levantinian ВН 2 1,8
Suboriental ЕК 1 0,9
Litoral ЕН 3 2,8
Sublaponoid EL 4 3,7
Southeastern EQ 2 1,8
Subarmenoid КН 5 4,6
Western asian KL 3 2,8
Orientalo-Mongolian КМ 1 0,9
Alpean HL 8 7,3
Turanian НМ 1 0,9
Anatolian HZ 1 0,9
Pseudolitoral HQ 2 1,8

Total 109 100

In bold – anthropological types with significant (over 5%) presence)

Table 3. Phenotypic anthropological structure of Gagauzes from Kavarna (classification of Michalski-
Henzel) 

Anthropological
element а у b e k h l m z q Eastern

complex
South-europoid
complex

% 31,9 2,5 2,3 10,3 6,9 18,8 21,6 0,7 0,9 4,1 27,3 52,7
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Conclusion

Based on the analysis above the Gagauzes from Kavarna should have been formed as 
a population in the Balkans. This coincides with the results of the already mentioned 
dermatoglyphic and genetic studies in Gagauzes outside Bulgaria.

Acknowledgements: To my friend Lukasz Macuga for the help during the work 
on this paper. 
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Abstract

Dermatoglyphic fluctuating asymmetry patterns are occasionally studied in cancer patients. The present 
examination covers 82 women with breast cancer and 60 healthy women from the region of Varna, 
Bulgaria. The dermatoglyphic examinations were performed by the method of Cummins and Midlo and 
the degree of the fluctuating asymmetry was assessed according to 1-r2 formula and R-L/R+L formula. 
The comparison of the palmar ridge counts of a-b II, c-d IV and a-d revealed considerably higher 
fluctuating asymmetry values in breast cancer females than in healthy controls. There were greater 
correlation coefficient values of the fluctuating asymmetry (1-r2) in the ridge count of the homologous 
thumbs, forefingers and little fingers of both hands but smaller ones of the third and fourth fingers 
of both hands in breast cancer females than in healthy controls. These traits could be used within a 
diagnostic algorithm for breast cancer screening among genetically predisposed female population.

Key words: dermatoglyphics, fluctuating asymmetry, breast cancer, region of Varna

Introduction

Fluctuating asymmetry is defined as random deviations on both sides of the body (limb or 
organs), with the average values in the population equal on both sides of the body [12, 15]. 
Fluctuating asymmetry is regarded as a promising measure of the stress experienced by 
individuals during their development, as well as the interaction between genetic and en-
vironmental forces which affect that development [6]. Fluctuating asymmetry is the most 
sensitive indicator of the ability to cope with stresses during ontogeny [14].

The small, random deviations from perfect symmetry that result from such fac-
tors are termed fluctuating asymmetry [11]. ‘Fluctuating’ refers to a pattern of bilateral 
variation where variation on the right and left sides is both random and independent. It 
tends to be small (around 1% of trait size or less). These random departures from bila-
teral symmetry provide a surprisingly convenient measure of developmental precision: 
the more precisely each side develops the greater the symmetry. Fluctuating asymmetry 
is a measure of developmental stability. It is one of many issues at the interface between 
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biology and medicine that offer valuable information at the whole organism level [11]. 
Such comprehensive information is a concept familiar to, and frequently used by, biolo-
gists, but is often overlooked in medicine [6, 14].

Fluctuating asymmetry is common in morphometric traits and its intensity is de-
termined by the ability of the genotype to create a symmetrical phenotype, despite the 
intra- and extra-uterine environmental pressures exerted on the embryonal body during 
its development [5]. The level of fluctuating asymmetry reflects the relative success of 
developmental homeostasis to block developmental disturbances.

Assessing the developmental stability of individuals or populations by measuring 
fluctuating asymmetry is a well-established biological concept which has great poten-
tial for medical application [10]. The study of the correlations between anthropometric 
traits (height, palm length, etc.) and dermatoglyphic traits established a drop in the 
fluctuating asymmetry of finger ridge counts in individuals located in the centre of the 
distribution curve for morphological traits [4].

Recent biological theoretical treatments pertaining to developmental stability are 
applied to a range of human health issues such as cancer, genetic diseases, infectious 
diseases, etc. [14]. Dermatoglyphic fluctuating asymmetry patterns are occasionally 
studied in cancer patients. There is certain evidence that they could add some essential 
diagnostic and prognostic information in breast cancer patients, too, and thus contribute 
to more effective screening and prevention. 

The objective of the present study was to comparatively analyze some peculiari-
ties of some dermatoglyphic fluctuating asymmetry patterns in female breast cancer 
patients and healthy women in terms of the diagnostic significance of this method.

Material and Methods

The present investigation was performed during the period from January 1, 2014 till De-
cember 31, 2017. It covered 82 women with clinically, histologically and mammographi-
cally 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 fe-
males were aged between 31 and 79 years. All of them were of Bulgarian ethnical 
origin. 

The dermatoglyphic examinations were performed by the basic method of Cum-
mins and Midlo [2]. The degree of the fluctuating asymmetry was assessed by using 
the ridge count of homologous fingers, palmar ridge counts and three maximal angles 
according to 1-r2 formula [8, 9] and R-L/R+L formula after the method of univariate 
ANOVA. Correlation and regression analyses were also applied. Statistical data pro-
cessing was done by means of SPSS software package, version 19.  

Results

Our results were presented in three tables and three figures.
The values of the correlation coefficients of ridge count of homologous fingers and their 
differences in breast cancer females and healthy controls were compared in Table 1. 
The results from the regression analysis demonstrate statistically significantly higher 
correlation coefficient values of the fourth fingers of both hands in breast cancer fe-
males than in healthy controls only (p<0.05) (Table 1).

The values of the coefficients of the fluctuating asymmetry (l-r2) of ridge count of 
homologous fingers and their differences in breast cancer females and healthy controls 
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were compared in Table 2. Correlation coefficient values (r) of the fluctuating asym-
metry (l-r2) for the ridge count of the homologous thumbs, forefingers and little fingers 
are slightly greater while those of the homologous third and fourth fingers of both hands 
are insignificantly smaller in breast cancer females than in healthy controls (Table 2).

The results from univariate ANOVA of three ridge counts concerning the variation 
type were compared in Table 3. There is a statistically significant difference between 
the intergroup variation and residual (unexplained) variation concerning the b-c ridge 
count only (Table 3). 

The results from the comparative analysis of the fluctuating asymmetry patterns 
in breast cancer females and healthy controls are juxtaposed on Figure 1, Figure 2 
and Figure 3. There is a considerable difference in terms of fluctuating asymmetry of 
the fourth homologous fingers between breast cancer females and healthy controls in 
favour of the patients only (0,979 versus 0,709) (Table 2 and Fig. 1). There are con-
siderably greater values of a-b II, c-d IV, and a-d palmar ridge counts concerning the 
fluctuating asymmetry in breast cancer females than in healthy controls (Fig. 2). There 
are relatively small differences between the breast cancer females and healthy controls 
concerning the fluctuating asymmetry (l-r2) of atd, dat and adt maximal angles (Fig. 3).

Table 1. Correlation coefficients (r) of ridge count of homologous fingers in breast cancer females and 
healthy controls

Table 2. Fluctuating asymmetry (l-r2) of ridge count of homologous fingers in breast cancer females 
and healthy controls

Discussion

In the present study, there is a considerably higher fluctuating asymmetry value of the 
ridge count of the fourth homologous fingers of both hands in breast cancer females 
than in healthy controls only. The comparison of the palmar ridge counts of a-b II, c-d 
IV and a-d reveals considerably higher fluctuating asymmetry values in breast cancer 
females than in healthy controls. There are higher correlation coefficient values of the 
fluctuating asymmetry (1-r2) in the ridge count of the homologous thumbs, forefingers 



87

Table 3. Univariate ANOVA of a-b, b-c and c-d ridge counts in breast cancer females and healthy 
controls

Fig. 1. Fluctuating asymmetry (l-r2) of ridge count of homologous fingers of both hands in breast 
cancer females and healthy controls

Fig. 2. Fluctuating asymmetry (l-r2) of palmar ridge counts in breast cancer females and healthy 
controls
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and little fingers of both hands but smaller ones of the third and fourth fingers of both 
hands in breast cancer females than in healthy controls.

The fluctuating asymmetry of finger and palmar dermatoglyphics of both hands was 
compared between 112 breast cancers women and 112 healthy controls in Han ethnic from 
Ningxia, China [7]. There were statistically significant differences between both groups in 
terms of the right finger ridge count of the thumb and atd angle (p<0.05), the fluctuating 
asymmetry of the little finger and atd angle (p<0.01) as well as in terms of the fluctuating 
asymmetry of the little finger and the ridge count of the fourth finger (p<0.05). There was 
also a significant difference in radial and ulnar loops ≥7 on the distribution of atd angle 
between these groups. 

The fluctuating asymmetry of finger and palmar dermatoglyphic patterns of both hands 
was comparatively assessed between 100 breast cancer females and 100 healthy controls in 
India [8]. Fluctuation asymmetry values derived from quantitative parameters such as finger 
ridge counts, a-b ridge counts and palmar angles were statistically significantly higher in 
breast cancer females than in healthy controls for the thumb (by 2.01 times), subtotal ridge 
count (by 2.10 times) and palmar atd angle (by 2.01 times). The following different values 
of Person’s correlation coefficient between both groups for the fluctuating asymmetry were 
established: thumb – r=0.31 and r=0.79; forefinger – r=0.62 and r=0.77; fourth finger – 
r=0.71 and r=0.64; subtotal finger ridge count – r=0.66 and r=0.11, and atd angle – r=0.74 
and r=0.50. The values of correlation coefficients between both groups for the fluctuating 
asymmetry (l-r2) were the following: subtotal finger ridge count – 0.55 versus 0.98; thumb – 
0.90 versus 0.36; forefinger – 0.60 versus 0.39, and atd angle – 0.43 versus 0.74.

The relationship between genetic anomalies of different levels and deviations in der-
matoglyphic traits of 40 Israeli-Jewish females with cervical cancer and 54 ones with endo-
metrial cancer, on the one hand, and  of 874 healthy males and females was comprehensive-
ly analyzed [1, 13]. There were statistically significant differences for some dermatoglyphic 
patterns between cancer patients and the control groups. The indices of fluctuating asym-
metry proved more suitable for discrimination, yielding the highest discrimination level 
between women with cancer and control females. 

The environmental and hereditary influence on tumour development using digito-pal-
mar dermatoglyphic traits is assessed in 126 patients of both genders with pituitary tumors 

Fig. 3. Fluctuating asymmetry (l-r2) of atd, dat and adt maximal angles in breast cancer females and 
healthy controls
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(60 non-functional and 66 functional pituitary tumour patients) in comparison to a control 
group of 400 phenotypically healthy individuals [3].

Conclusion

Dermatoglyphic fluctuating asymmetry traits deserve further comprehensive and large-
scale research in human oncology as they could provide reliable information about the 
possible effective screening and prevention of the malignant diseases.
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Abstract

The frontal sinus (FS) is an air-filled space and usually appears as two irregularly-shaped cavities 
separated from each other by a septum. The persisting metopic suture (MS) is considered to be a factor 
influencing the FS development. In this study we aimed to compare the FS dimensions in metopic 
(n = 50) and control (n = 75) cranial series and thus to assess the relation between MS persistence and 
FS pneumatization. All skulls were scanned with industrial µCT system and volumetric images were 
generated. The total FS width and the height and depth of both FS lobes were measured.  
The persistent MS was frequently co-occurred with significantly small and underdeveloped FS. The 
significant and positive correlations between the FS measurements showed that the FS pneumatization 
is a spatially-coordinated process and its progress is proportionately expressed in both vertical and 
horizontal plates of the frontal bone.

Key words: frontal sinus, metopism, persistent metopic suture, volumetric imaging, µCT scanning

Introduction

The frontal sinus (FS) is an air-filled space and one of the four paranasal sinuses devel-
oped as an expansion of the nasal cavities into the adjacent facial and skull bones. Since 
both lobes of the FS develop independently, they display a high degree of asymmetry 
attributed to more rapid development on one side at the expense of the other [21, 22, 
23]. Commonly the FS appears as two irregularly-shaped cavities separated from each 
other by a thin bony septum, although many variations have been reported [28, 32, 34].
Furthermore, the FS has been considered to be unique in each person since its shape 
differs significantly even in monozygotic twins. Thus, due to its uniqueness, protected 
location, and frequent radiological documentation, the FS is particularly useful for iden-
tification of unknown human remains [22, 23].
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The metopic suture (MS) lies between the halves of the fetal frontal bone and 
usually closes at the first or second postnatal year [29]. Failed fusion of the MS leads 
to condition known as metopism, reported to ranges from 0.8% up to 15% in different 
population groups [3, 5, 6, 12, 26, 35]. The persisting MS is considered to be a factor 
influencing the FS development [33]. In this study we aimed to compare the FS dimen-
sions in metopic and control cranial series and thus to assess the relation between the 
MS persistence and FS pneumatization.

Materials and Methods

Material
The FS was investigated in a total of 125 dry adult male crania distributed into two 

series: a metopic series including skulls with entirely preserved MS (n = 50) and a con-
trol one (n = 75). The skulls belonged to soldiers who died in the Balkan Wars and the 
First World War, and whose bone remains were preserved in the Military Mausoleum 
with Ossuary at the National Museum of Military History of Bulgaria.

Methods
The scanning was performed using an industrial μCT system Nikon XT H 225 (Nikon 

Metrology). In order to compare the FS pneumatization when the MS persisted with nor-
mally developed FS, the cases of underpneumatized FS were excluded from the control 
series. Therefore, before scanning, the non-metopic skulls were inspected for FS develop-
ment using the real time X-ray visualization. The Inspect-X software was used to adjust the 
settings. The scanning protocol for all of the specimens was as follows: voltage of 100 kV, 
a power of 10 W, 100 μA tube current and exposure time of 500 ms. A series of 2000 se-
quential projections were captured while the object was rotated on 360°. The raw data were 
reconstructed using the software CT Pro 3D with the same parameters and filters and reso-
lution of 97.5 μm with isotropic voxels. The volumetric rendering, inspection in the three 
orthogonal plains, and FS measurements were accomplished using VG Studio Max 2.2. The 
total FS width and the height and depth on both FS lobes were measured on tomograms as 
linear distances between the outermost points (Fig. 1). The supraorbital line, tangential to 
the upper orbital rims, was used as a baseline for measurement of the FS height. 

Fig.1. Frontal sinus dimensions: a) Frontal sinus height of right and left lobes measured in the coronal 
section; b) total frontal sinus width measured in the transversal section; c) frontal sinus depth measured 
in the sagittal section. Abbreviations: SOL – supraorbital line.
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Statistical analyses
The mean, standard deviation (SD), minimum and maximum values were calcu-

lated for each measurement in the metopic and control series. The normal distribution 
of each variable was tested by the Kolmogorov-Smirnov normality test. The statistical 
significance of intergroup differences was assessed using the independent-samples t-
test for the normally distributed variables and the Mann-Whiney U-test for the non-nor-
mally distributed ones. Bilateral differences in the FS height and depth were estimated 
by the paired t-test for the normally distributed variables and the Wilcoxon signed rank 
test in cases of non-normally distributed ones.  

The Pearson bivariate correlation analysis was applied to evaluate the strength and 
direction of the relationships between the FS measurements. The strength of the correla-
tions was classified according to the absolute values of correlation coefficients as fol-
lows: “very weak” (0.00-0.19), “weak” (0.20-0.39), “moderate” (0.40-0.59), “strong” 
(0.60-0.79), and “very strong” (0.80-1.00). A positive value denoted a positive correla-
tion and a negative one indicated a negative correlation.

The intraobserver reliability was assessed by Intraclass correlation coefficient 
(ICC). For this purpose, the FSs of 20 randomly selected skulls were measured twice 
by one observer with a time interval of 4 months. The significance level of all statistical 
tests was set at p<0.05.

Results

The intraobserver reliability for all FS measurements was excellent (≥0.990).
All FS measurements were significantly larger in the control series, except for the 

depth of the left FS lobe (Table 1), which was insignificantly smaller in the metopic 
skulls. The control series did not show considerable bilateral differences in the FS mea-
surements, whereas in the metopic skulls the depth of the left FS lobe was significantly 

Table 1. Comparison between the frontal sinus dimensions in the metopic and control series

Measurements
Metopic series Control t-test / Mann-

Whitney U-testn mean SD min max n mean SD min max

Frontal sinus
width 50 46.57 14.27 19.26 74.50 75 54.19 14.01 30.78 85.67 U = 1394.50

(p = 0.016)*

Frontal sinus
height R 37 13.68 6.63 3.52 28.89 75 17.31 8.10 2.69 48.76 U = 1018.50

(p = 0.023)*

Frontal sinus
height L 46 14.42 6.23 1.74 27.80 75 17.06 6.50 4.11 36.88 t = -2.206

(p = 0.029)*

Frontal sinus
depth R 49 23.70 8.16 10.49 46.23 75 27.16 8.01 5.55 45.03 t = -2.332

(p = 0.021)*

Frontal sinus
depth L 50 26.08 7.89 10.08 44.08 75 26.94 8.99 7.40 52.67 t = -0.549

(p = 0.584)

* The significance level was set at p<0.05
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larger compared to the right one (Table 2). In the metopic series, the FS aplasia was 
observed in 26% (n = 13) as in 8% (n = 4) it was bilateral and in 18% (n = 9) it was 
unilateral and entirely right-sided. 

In both series, all correlations between FS measurements were positive and signifi-
cant. In the metopic series, the FS width correlated strongly with the height and depth of 
both FS lobes. Furthermore, strong correlations were observed between the height and 
depth of right FS lobe as well as between the depths of both FS lobes (Table 3). In the 
control series, the FS width correlated strongly with the heights of both FS lobes. The 
depths of both FS lobes correlated very strong with one another (Table 4).

Table 2. Bilateral differences in the frontal sinus dimensions in the metopic and control series

Measurements Series

Right Left paired t-test 
/ Wilcoxon
signed rank 
test

n mean SD min max n mean SD min max

Frontal
sinus height 

Metopic 37 13.68 6.63 3.52 28.89 37 14.98 6.46 1.74 27.80 t = -1.153
(p = 0.256)

Control 75 17.31 8.10 2.69 48.76 75 17.06 6.50 4.11 36.88 Z = -0.079
(p = 0.939)

Frontal
sinus depth 

Metopic 49 23.70 8.16 10.49 46.23 49 26.38 7.67 10.08 44.08
Z = 2.611
(p = 
0.009)*

Control 75 27.16 8.01 5.55 45.03 75 26.94 8.99 7.40 52.67 t = 0.354
(p = 0.724)

The significance level was set at p<0.05

Table 3. Correlations between the frontal sinus measurements in the metopic series

FS width FS height R FS height L FS depth R FS depth L
FS width 1 0.769* 0.660* 0.767* 0.671*
FS height R 1 0.448* 0.604* 0.385*
FS height L 1 0.452* 0.492*
FS depth R 1 0.686*
FS depth L 1

* The significance level was set at p<0.05

Table 4. Correlations between the frontal sinus measurements in the control series

FS width FS height R FS height L FS depth R FS depth L
FS width 1 0.730* 0.774* 0.596* 0.546*
FS height R 1 0.682* 0.391* 0.307*
FS height L 1 0.420* 0.391*
FS depth R 1 0.807*
FS depth L 1

* The significance level was set at p<0.05
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Discussion 

It has already been established that metopic skulls possess specific distinctive charac-
teristics in the configuration of the cranium [1, 7, 13, 15-21, 23, 31, 35]. The established 
greater widths of the forehead and the orbital region could be attributed to the MS per-
sistence, which allows excessive bone growth perpendicular to it [31].The significantly 
broad and high forehead in the MS series, however, is not related to a greater FS pneu-
matization. It is known that in metopic skulls both lobes of the FS develop separately on 
either side since the persistent MS precludes the likelihood of development of the sinus 
beyond the median plane [8, 28, 21, 23].This entity is useful in clinical practice for dif-
ferentiation of a persistent MS from a fracture of the frontal bone on a radiograph [4].

The supposed influence of metopism on the general FS pneumatization has not 
been synonymous. It has been suggested that the persistence of MS inhibits the FS 
pneumatization [10, 27] due to the simultaneous FS development and frontal bone 
growth. Hence, the bipartite frontal bone and persistent MS could retarded or entirely 
suppressed the FS pneumatization [30]. The considerably frequent FS underdevelop-
ment in metopic skulls has been established in some previous studies [2, 9, 18, 21, 25, 
32, 33], whereas in others such a correlation has not been found [4, 11, 14, 24]. 

Our previous morphometric investigation performed on digital radiographs re-
vealed a tendency for MS persistence to be frequently related to FS underdevelopment 
at least at the vertical portion of the frontal bone [21]. The present study is performed 
with advanced imaging modality allowing comprehensive survey of the FS shape and 
size. The results confirm previous findings and show that the metopism is frequently ac-
companied by an underdeveloped FS. Furthermore, the significant strong positive cor-
relations between the FH measurements in both series show that the FS pneumatization 
is a spatially-coordinated process since its progress is proportionately expressed in the 
vertical and horizontal plates of the frontal bone.

In the metopic series the bilateral FS aplasia is rarer than the unilateral one, which 
is entirely right-sided. Besides, when the MS persists the FS is considerably smaller. 
These findings imply that the MS preservation inhibits the FS development. If this is 
so, it would be expected that the suppressed pneumatization of the vertical portion 
would be compensated with a hyperpneumatization of the orbital one. Such a tendency, 
however, is not observed. It has been suggested that the MS probably does not suppress 
the FS pneumatization itself [18, 21]. Rather, their co-occurrence is an expression or 
aftereffect of a certain condition during the early developmentand this hypothesis is 
supported by the present results as well.

It has been supposed that the midface hypoplasia blocks one of the major stimu-
li for the FS pneumatization, exactly the need to provide a structural bridge between 
neurocranium and face [32]. Such disorders like Hajdu-Cheney syndrome, cleidocra-
nialdysostosis and pyknodysostosis exibit diminished FS pneumatization [32], as well 
as MS preservation [16]. The underlying factors causing the common occurrence of 
metopism and FS underdevelopment in non-syndromic individuals, however, are still 
unclear and are object of further investigations.   
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Conclusion

The persistent MS was frequently co-occurred with significantly small and underdevel-
oped FS. Furthermore, the right FS lobe in the metopic series was smaller with consid-
erably decreased horizontal pneumatization, whereas the control series did not show 
significant bilateral differences in the FS dimensions. The significant positive correla-
tions between the FS measurements showed that the FS pneumatization in both series 
is a spatially-coordinated process and its progress is proportionately expressed in the 
vertical and horizontal frontal bone plates.
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Abstract

The size and shape of jugular foramen (JF) vary widely in different populations. This study aimed to 
investigate the size of JF in relation to sex and laterality and to establish the incidence of a domed bony 
roof and complete osseous bridging of the JF in Bulgarian adults. Head computed tomography scans of 
148 individuals (66 males and 82 females) were used in the study. Three-dimensional surface models of 
the skulls were generated from the computed tomography images. The JF measurements were calculated 
based on the three-dimensional coordinates of definite landmarks located on the JF margin.
The JF differed significantly between males and females in its mediolateral diameter. Bilateral 
differences were found only in the anteroposterior diameter in males, which was greater on the right 
side. The domed bony roof was more common in males. The complete osseous bridging of the JF was 
equally frequent in both sexes.

Key words: jugular foramen, CT, 3D models, sex differences, laterality. 

Introduction 

The jugular foramen (JF) is a paired bony opening on the cranial base. It is located be-
tween the occipital bone and the petrous part of the temporal bone, behind the carotid 
canal and laterally and anterior to the foramen magnum. The JF is transmitted by the in-
ferior petrosal sinus, the glossopharyngeal (IX), vagus (X), and accessory (XI) nerves, 
the sigmoid sinus becoming the internal jugular vein and some meningeal branches of 
the occipital and ascending pharyngeal arteries. The JF is conditionally divided into 
three portions: a smaller anteromedial (petrosal) part, which receives the drainage of 
the inferior petrosal sinus; a larger posterolateral (sigmoid) portion, which receives the 
drainage of the sigmoid sinus; and an intermediate (intrajugular) part through which the 
nerves pass. The structures traversing the foramen are essential for its bony configura-
tion, since these structures develop first and the bone develops secondarily, encircling 
them [17]. 
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The JF is the most important venous foramen of the skull [32] and the most com-
plex of the foramina through which the cranial nerves pass [17]. It has irregular shape 
and curved course. In fact, although the JF is referred just as a foramen, it is a canal link-
ing its endocranial to the ectocranial opening [20]. The JF has been previously studied 
mainly because of its clinical significance. Various congenital, vascular, and tumor le-
sions can involve the foramen and structures passing through it [27]. The JF could be af-
fected by glomus jugulare tumor, paragangliomas, intracranial meningiomas, schwan-
nomas, metastatic lesions and infiltrative inflammatory processes from surrounding 
structures [15, 19, 27]. Difficulties in the surgical exposure of this foramen arose from 
its deep location and the surrounding vital structures, such as the carotid artery, the 
hypoglossal nerve, the facial nerve and the vertebral artery [15]. The morphology and 
morphometry of JF are important for neurosurgeons dealing with lesions occupying 
this region [22]. Besides, morphometric analysis of the JF is crucial for radiologists to 
predict the chances of preserving nervous and vascular structures intact during surgical 
interventions [27]. Knowledge of JF dimensions is also important in the diagnosis of JF 
stenosis or widening [2]. 

The JF size and shape vary among different skulls and within the same skull from 
side to side and from its intracranial to extracranial opening [17]. Variations in the JF 
size have been mainly studied on dry skulls [2, 5, 7, 13, 14, 15, 19, 20, 22, 23, 26, 27, 
28, 31, 32]. The JF has been also examined on CT images, but in search of an associa-
tion between JF side dominance and hand preference [1]. However, medical CT images 
allow more thorough examination of the JF morphology, providing the possibility for 
accurate measurements and observation of the foramen from different aspects. Besides, 
the medical CT is a superior technique to the microsurgical anatomy with dissecting 
microscope, which also has been used for examination of the JF morphology and espe-
cially of its contents [29]. 

The JF is one of the most variable anatomical structures at the skull base [29]. 
Its size and shape vary in different populations and sexes [15]. There have been few 
studies on the sexual dimorphism in the JF size, establishing the presence of sex differ-
ences in Brazilians [23] and Poles [32], but absence of such differences in Turks [5]. 
In addition, some morphological traits of the JF such as dome bony roof and complete 
osseous bridging could be found with varying frequency among different populations. 
Since the extreme variations in the JF size and shape could put at risk the neurovascular 
structures transmitted by the foramen, it is important to know the norm and extremes in 
the JF morphology in different populations. However, there are no such data reported 
for the Bulgarian population. Therefore, the present study aimed to investigate the size 
of jugular foramen (JF) in relation to sex and laterality and to establish the incidence of 
a domed bony roof and complete osseous bridging of the JF in Bulgarian adults. 

Material and Methods

A sample of 148 individuals (66 males and 82 females) was used in the study. The mean 
age of the males and females was 59.2±17.2 years and 59.3±18.1 years, respectively. 
All subjects were scanned using a Toshiba Aquilion 64 CT scanner. The scanning pro-
tocol was as follows: 32 × 0.5 mm detector configuration, tube voltage of 120 kV, tube 
current up to 500 mA, exposure time of 0.5 s, and total scan time of 6.5 – 7.0 s. Images 
were reconstructed with a 512 x 512 reconstruction matrix, 0.5 mm slice thickness and 
0.3 mm reconstruction interval using convolution kernel FC81. The study sample did 
not include individuals with pathological lesions on the skull base. The study was ap-
proved by the Ethics Committee at IEMPAM-BAS.
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The DICOM series of each individual was imported into the free software 3DSlicer 
[10], where the bone tissue was segmented using grayscale thresholding (226 – 3071 HU) 
and a bone mask was created for every image. Subsequently, the bone mask from the 
whole image stack was converted to a three-dimensional (3D) mask. Based on the outer 
contours of the mask, a surface 3D model was acquired and exported in PLY format. Af-
terwards, each 3D model was imported into software MeshLab [6], where the vertebrae 
were deleted and the skull base was exposed. The same software was used to pick land-
marks located on the JF margin. The landmarks were placed on both endo- and ectocra-
nial openings of the JF. Based on the 3D coordinates of these landmarks, the endo- and 
ectocranial JF measurements were calculated as Euclidean distances (Fig. 1a-b). The 
computation of these distances was performed in the software PAST [12]. The measure-
ments of JF were calculated for both right and left side. The mediolateral diameter of JF 

(MLD) was measured between the most 
lateral (JFlat) and the most medial (JFmed) 
point of the JF margin. The anteropos-
terior diameter (APD) was measured 
perpendicular to the mediolateral axis, 
in the widest part of the JF. An index 
of JF (IJF) was computed between the 
APD and MLD (IJF=APD/MLD*100) 
regarding the ecto- and endocranial 
measurements. Furthermore, ectocra-
nial distances between the most lateral 
as well as the most medial landmarks 
of the right and left JF were calculated 
(Fig. 1c). An angle of inclination of 
the mediolateral axis of the JF (AIJF) 
toward the line passing through both 
right and left most lateral JF points was 
calculated for each side (Fig. 1d). The 
angle was computed as follows: firstly, 
a triangle between the most lateral and 
the most medial points of the JF on the 
one side and the most lateral point of the 
JF on the opposite side was constructed; 
secondly, its sides were reckoned as Eu-
clidian distances; and thirdly, the angle 
was calculated using the Law of Co-
sines. In addition, the 3D coordinates 
of the midsagittal landmarks basion and 
opisthion were taken to assess the out-
lying of the most medial and most later-
al points of the JFs from them (Fig. 1e). 

The incidence of a domed bony 
roof (Fig. 2) and complete osseous 
bridging of the JF (Fig. 3) was estab-
lished. 

Statistical analsyses
The sex and bilateral differences were 
evaluated for statistical significance. 

Fig. 1. Measurements: a) ectocranial mediolateral and 
anteroposterior diameters of the jugular foramen; b) 
endocranial mediolateral and anteroposterior diam-
eters of the jugular foramen; c) interforaminal dis-
tances; d) angle of inclination of the mediolateral axis 
of the jugular foramen on the right and left side; e) 
distances from basion (ba) to the medial landmarks of 
the right and left jugular foramen and from opisthion 
(o) to the lateral landmarks of the right and left jugu-
lar foramen. CC – carotid canal; SP – styloid process, 
OC – occipital condyle, SSG – sigmoid sinus groove.



100

The sex differences were assessed using the independent samples t-test. The bilateral 
differences were estimated by the paired t-test. 

Univariate discriminant function analysis was applied to the measurements show-
ing significant sex differences. The sectioning point of the male and female centroids 
was used as a cut-off value. Applying the discriminant functions, if the resulting score 
was greater than the cut-off value, it was related to a male and if the score was smaller, 
it was considered to a female. The leave-one-out cross-validation approach was used 
to determine the classification accuracy of the discriminant functions. The acceptable 
level of accuracy was set at 70% [11].

Fig. 2. Domed bony roof of the jugular fossa: a) presence; b) absence. JF – jugular foramen, CC – ca-
rotid canal, SP – styloid process, MP – mastoid process, OC – occipital condyle, * – domed bony roof.

Fig. 3. Complete osseous bridging: a) of the right jugular foramen in a female; b) of the left jugular fora-
men in a male. CC – carotid canal, SP – styloid process, MP – mastoid process, OC – occipital condyle, 
↑ – complete bridging.
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To assess the intraobserver reliability, a sample of 15 skulls was measured twice by 
one observer. All metric parameters were recalculated and tested by Intraclass correla-
tion coefficient (ICC). According to the ICC values, the reliability was assessed as poor 
(<0.50), moderate (0.50-0.75), good (0.75-0.90), and excellent (>0.90) [18].

The sex differences in the distribution of domed bony roof and complete osseous 
bridging of the JF in regard to laterality were assessed using the chi-square test. 

For all statistical tests, a value of p < 0.05 was accepted as a statistically significant 
level. 

Results

The intraobserver reliability was assessed as excellent for most of the measurements, 
except for the ectocranial MLD on the left side, endocranial MLD and APD on the left 
side, and both AIJF, which indicated good reliabilty. 

Concerning the ectocranial JF measurements, significant sex differences were 
found in the MLD on both sides, but not in the APD (Table 1). Such differences were 
also established in the distances between the most lateral and the most medial points 
of the right and left JFs and in the distances of the JF points to basion and opisthion. 
The JFI also showed significant sex differences, but only on the left side, indicating 
considerably greater APD towards the MLD in females. The right and left AIJF did 
not show any significant differences between the two sexes. Regarding endocranial JF 
measurements, they were smaller than the ectocranial ones. Significant sex differences 
were established only in the MLD on the left side. 

In both sexes, the right JF had greater APD than the left one. However, significant 
bilateral differences were established for the APD only in the male skulls. Such dif-
ferences were found on both endo- and ectocranial surfaces (Table 1). Furthermore, 
bilateral difference were observed neither in the distances of both JFs to basion and 
opisthion, nor in the angle characterizing the inclination of the mediolateral axes of the 
JFs. Concerning the IJF values on both cranial surfaces, the right JFs were relatively 
wider than the left ones, especially in males, where bilateral differences were statisti-
cally significant.

The univariate discriminant functions including the endo- and ectocranial MLD 
and the distances between the right and left JFs produced relatively low accuracy rates 
(Table 2). Only the distance between the lateral points of the right and left JFs showed 
accuracy of nearly 71%. Most of the other studied measurements provided accuracy 
rates higher than 70%. The highest accuracy of 75.7% was obtained for the discriminant 
function including the distance from opisthion to the most lateral point of the left JF. 

A domed jugular fossa indicating the presence of a prominent superior jugular bulb 
was recorded bilaterally in 27.7% and unilaterally in 43.9% of the skulls. The domed 
roof was most commonly present bilaterally in males, while in females it was most 
frequently absent (Fig. 4). In unilateral cases, the domed bony roof was more common 
on the right side in both sexes. The sex differences in the distribution of the domed 
roof of the jugular fossa regarding the laterality did not achieve statistical significance 
(χ2(2, N = 148) = 3.26, p = .353). 

The presence of a complete osseous bridging of the JF was established in 31.7% 
(4.7% bilaterally and 27.0% unilaterally) of the skulls. The unilateral bridging in males 
was observed more frequently on the left side, while in females, it was more common 
on the ride side (Fig. 5). However, the sex differences in the distribution of this feature 
did not reach statistical significance (χ2(2, N = 47) = 2.02, p = .364). 
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Table 1. Descriptive statistics of the linear measurements /in mm/ and the angle of jugular foramen /in 
degrees/ by sex and laterality.

Measurements
Males Females

Sex differences Bilateral 
differencesMean SD Mean SD

MLDecto (R) 18.21 2.71 16.93 2.35 t = 3.087 (p = 0.002)* Males: t = 0.812 
(p = 0.420)

Females: t = 1.187 
(p = 0.239)MLDecto (L) 17.92 2.09 16.59 2.02 t = 3.899 (p = <0.001)*

APDecto (R) 9.70 2.22 9.13 2.03 t = 1.625 (p = 0.106) Males: t = 3.660 
(p = 0.001)*

Females: t = 1.878 
(p = 0.064) APDecto (L) 8.30 1.99 8.47 2.11 t = -0.494 (p = 0.622)

IJFecto (R) 54.00 11.55 54.72 12.62 t = -0.358 (p = 0.721) Males: t = 3.799 
(p = <0.001)*

Females: t = 1.885 
(p = 0.063)IJFecto (L) 46.63 12.16 51.04 11.76 t = -2.233 (p = 0.027)*

MLDendo (R) 14.67 2.10 14.25 2.11 t = 1.184 (p = 0.238) Males: t = 0.109 
(p = 0.913) 

Females: t = 0.993 
(p = 0.323)MLDendo (L) 14.63 1.70 14.01 1.79 t = 2.142 (p = 0.034)*

APDendo (R) 7.70 2.45 7.45 2.13 t = 0.657 (p = 0.512) Males: t = 2.478 
(p = 0.016)* 

Females: t = 1.934 
(p = 0.057)APDendo (L) 6.77 2.05 6.86 1.96 t = -0.267 (p = 0.790)

IJFendo (R) 52.77 15.99 52.93 15.16 t = -0.060 (p = 0.952) Males: t = 2.527 
(p = 0.014)* 

Females: t = 1.705 
(p = 0.092)IJFendo (L) 46.65 14.40 49.44 14.42 t = -1.171 (p = 0.244)

JFlat (R) – JFlat (L) 76.94 4.33 73.01 3.67 t = 5.989 (p = <0.001)* -

JFmed (R) – JFmed (L) 45.11 4.38 43.06 3.40 t = 3.208 (p = 0.002)* -

JFlat (R) – opisthion 52.35 3.43 49.39 2.76 t = 5.817 (p = <0.001)* Males: t = -1.580 
(p = 0.119)

Females: t = -1.281 
(p = 0.204) JFlat (L) – opisthion 52.90 2.83 49.72 2.60 t = 7.097 (p = <0.001)*

JFmed (R) – basion 26.70 2.44 24.82 2.01 t = 5.040 (p = <0.001)* Males: t = 1.251 
(p = 0.215)

Females: t = 1.102 
(p = 0.274)JFmed (L) – basion 26.43 1.98 24.59 2.02 t = 5.570 (p = <0.001)*

AIJF (R) 27.45 7.10 25.62 6.48 t = 1.634 (p = 0.104) Males: t = -0.024 
(p = 0.981) 

Females: t = -0.785 
(p = 0.435)AIJF (L) 27.48 7.20 26.27 7.20 t = 1.017 (p = 0.311)

MLD – mediolateral diameter; APD – anteroposterior diameter; IJF – index of the jugular foramen; 
ecto – ectocranial; endo – endocranial; JFlat – the most lateral point of the jugular foramen on the 
ectocranial side; JFmed – the most medial point of the foramen on the ectocranial side; AIJF – the 
angle of inclination of the jugular foramen; R- right; L – left; * – significant at p<0.05.
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Fig. 5. Frequency of the complete osseous bridging of the jugular foramen in males and females. 

Fig. 4. Frequency of the domed bony roof of the jugular fossa in males and females.
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Discussion

The JF provides the main venous outflow from the skull [32]. It frequently demonstrates 
asymmetry [27], which is most prominent in the posterolateral sigmoid portion [17]. 
The JF size and shape have been related to the size of the internal jugular vein and the 
presence or absence of a prominent superior bulb [28]. The difference in size of the right 
and left internal jugular veins is visible in human embryo as early as at the 8th gestation 
week and probably caused by differences in the pattern of development of the right and 
left brachiocephalic veins [21]. The variability in JF size from side to side has been also 
attributed to the difference in size of the sigmoid sinus on the right and left side [17]. 
The right JF has been frequently found to have larger size [2, 13, 14, 15, 19, 31, 32] with 
significantly greater measurements of the right JF established in a number of previous 
studies [5, 7, 20, 22, 26, 28]. Pereira et al. [23] found bilateral differences only in the 
APD in males, which is observed in our study as well. Significant relationship has been 
found between sagittal sinus drainage laterality and larger JF size with a statistical as-
sociation found between the larger JF and the ipsilateral sagittal sinus groove [8]. The 
larger size of the right foramen have been described with the more common draining of 
the superior sagittal sinus into the right transverse sinus and the right sigmoid sinus re-
spectivly [4, 8, 16]. Unlike the ectocranial APD, the endocranial diameter has not been 
established to show such explicite predominance for the right side, which is probably 
due to the exocranial location of the superior jugular bulb [20]. However, our results 
show bilateral differences in the WJF in males not only on the ectocranial surface, but 
also on the endocranial one, which could be related to the size of the sigmoid sinus. 
The smaller size of the left JF has implied greater susceptibility to compression of the 
neurovascular structures passing through it [7]. However, the diameters of the JFs from 
the opposite skull sides have been established to correlate significantly [5, 15], while 
such correlations have not been found between the JF dimensions on each side [15], 
suggesting coordinated deveopment of the JFs on the opposite skull sides with regard 
to the optimal venous otflow. 

The sex differences in the JF size have been discussed in few previous studies. 
Çiçekcibaşi et al. [5] established no sex differences in both JF diameters, whereas 
Pereira et al. [23] reported significantly greater MLD in males, which is in line with 
our results. Significant sex differences have been also found in the JF area [32]. Ac-
cording to Das et al. [7], the smaller area of the JF in females might be a risk factor for 
compression of neurovascular structures passing through it in cases of tumors invading 
this region. In our study, the right JFs of females have smaller APD than males, while 
the left ones have slightly greater one, unlike the MLD, which is constatnly greater in 
males on either side. 

The sex differences in the ecto- and ednocranial measurements of the JF have been 
established to show population specificity. The ectocranial dimensions have demons-
trated significant differences between Caucasian males and females, while the endocra-
nial measurements have indicated significant differences between Negroid males and 
females [20]. In our study, the sex differences on the ectocranial surface are related to 
the MLD on the right and left sides, while on the endocranial surface, they concern the 
same measurement but only on the left side. 

As far as we know, the discriminating power of the JF measurements in the sex 
estimation has not been previously studied. The discriminant functions for the JF mea-
surements developed in the present study achive accuracy rates comparebale with those 
obtained for the foramen magnum in the same population [30], suggesting that the mea-
surements of the cranial base foramina are mediocre sex indicators. However, the func-
tions based on dimensions measured between the right and left JFs as well as between 
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the JF points and midsagittal landmarks, such as basion and opisthion, achieve higher 
accuracy results, most of them exeeding 70%, and thus, useful as supportive tools for 
sex estimation purposes. The sex differences observed in the last-mentioned distances 
could be explained with the generally larger male skull. The lack of bilateral diffe-
rences in the measurements between the JF points and midsagittal landmarks as well as 
between the right and left AIJF indicates the symmetric position of the right and left JFs 
in the skulls of both sexes.

The presence of a domed bony roof of the JF is related to the presence of a prominent 
superior jugular bulb [28], while its absence indicates that the bulb is absent or poorly 
developed [22]. When well-developed, the bulb has rounded upper part which lies in 
the dome of the jugular fossa [20]. The presence of a domed bony roof on both sides has 
been the most common reported combination [3, 7, 13, 19, 20, 23, 26, 28] reaching up to 
100% in the study of Hossain et al. [14]. However, in some studies, the bilateral absence 
of domed jugular fossa has been reported as a more common variant [2, 22]. In our study, 
the domed bony roof is most commonly present bilaterally in males, while it is more 
frequently absent in females. In cases of unilateral presence of the domed roof, it has 
been more common on the right side [2, 7, 13, 19, 20], which is confirmed by our results. 
Besides, no statistically significant sex differences have been reported in the presence of 
this feature [7], which is established by the present study as well.

Another main morphological trait of the JF is its division by complete osseous 
bridging. The sigmoid and petrosal parts of the JF are separated by the intrajugular 
processes of the occipital and temporal bones, which are usually connected by a fibrous 
bridge, which may occasionally ossify [17]. The bridging of the JF is usually estab-
lished by the end of fetal development suggesting the existence of genetic factors in 
the expression of this feature [9]. Some authors found neither sex [9] nor bilateral [9, 
28] differences in the incidence of complete JF bridging. However, Kumar et al. [19] 
observed that it is more frequent on the right side, while Aseta et al. [2] found it more 
common on the left one. Our observations show that the unilateral bridging in males is 
more frequent on the left side, while in females, it is more common on the rigth one, 
although significant sex differences are not established according to this trait. Skrzat et 
al. [27] noticed that the division of the JF by complete osseous bridging is a rare find-
ing. Notwithstanding, the incidence of complete septation varies in different population 
groups and has been found between 1% and 24% [7, 13, 15, 22, 23, 31]. In this regard, 
Hossain et al. [14] reported very high incidence of complete JF septation of 76% on the 
right and 91% on the left side in Bangladesh skulls. Thus, our results are most close 
to those of Serbians (24%), reported by Vlajković et al. [31]. In addition, Athavale [3] 
established that the JF bridging is more common on the endocranial side, which contra-
dicts to our observations. 

The variations in JF compartmentalization have been attributed to variability in 
bone formation around the primitive foramen lacerum posterior [24], which is observed 
in the early human fetal skull and persists as JF in adults [25]. In this regard, Athavale 
[3] suggested that JF compartmentalization could be a part of ongoing evolutionary pro-
cess. However, some compartmentalization patterns can compress the structures pass-
ing through the JF and thus could mimic the clinical manifestations of glomus jugulare 
tumor and cause multiple cranial nerve palsies, i.e. jugular foramen syndrome (Vernet’s 
syndrome). Das et al. [7] observed that the JF bridging is more common in males and 
put them at a higher risk of these manifestations than females. However, according 
to our results, this feature is equally frequent in both sexes (males: 31.8%; females: 
31.7%), so both Bulgarian males and females could be related to the same risk category.

Altogether, the extreme variations in the JF morphology might put the passing 
vessels and nerves at risk during surgical procedures in this region [26]. The high vari-
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ability in the size and shape of the JF enforces a compulsory preoperative imaging with 
thorough examination of the foramen morphology to avoid injuries to its content and 
surrounding structures during surgical operations.

Conclusions

The size of the JF differs significantly between males and females in its MLD. How-
ever, the JF dimensions are mediocre sex indicators for forensic purposes. Bilateral 
differences are found only in the APD in males, since the right JFs have greater size 
than the left ones. The domed bony roof is more frequently observed in males, while the 
complete osseous bridging is equally common in both sexes. 
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The variations of Brachial plexus (BP) occur due to several reasons; different interactions of the nerves 
that make up the BP, the possibility of a different origin from the trunk as well as different location 
to the brachial artery and other anatomical structures. The frequency of such variations makes this 
anatomical region quite complicated. Intervention to this region requires specific anaesthetic blockages 
and a different surgical approach. The current variant of the upper limb was observed during the period 
from the year 2008 to 2019 – 40 left and 40 right upper limbs in total. In the current case a thin branch 
coming from the medial cord and thick branch coming from the lateral cord is observed. The thick 
branch penetrates the facia of coracobrachial muscle, where it moves along with the musculocutaneous 
nerve. Certain compressions and consecutive pains and traumas in the region of the muscles or the 
sensitive innervation of the skin in the axillary region in the lateral zone, can also be consequences of 
traumas and variations in the region of the musculocutaneous nerve.

Key words: brachial plexus, median nerve variations, anaesthetic blockages

Introduction

The brachial plexus is a combination of nerves, which provide motor and sensitive 
nerves to the upper limb and a small part of the thorax. The brachial plexus also in-
cludes adrenergic post ganglionic fibres. In 1884 the first anaesthesia to the upper limb 
was accomplished by Halstead, using cocaine [2]. The blockage of the brachial plexus 
(BP) requires a good understanding of the peripheral nervous system as well as parts of 
the BP. This part of the nervous system is quite variable, taking this into consideration, 
every variation is worth describing. At the present time the clinical side as well as the so 
called applied anatomy are both taken into consideration. During anatomical practical 
exercises with medical students it is imperative to foresee demonstrations and know-
ledge aiming at the clinical anatomy, the variations of vessels and nerves in the region 
of the upper limband their practical purposes. Local anaesthetics of the upper limb is a 
typical example of the practical application of anatomy with available variations.
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According to B. Hansen’s large scale examination demonstrated that 65.3% of 
the people have variations in their BP. These variations occur due to several reasons; 
different interactions of the nerves that make up the BP, the possibility of a different 
origin from the trunk as well as different location to the brachial artery and other ana-
tomical structures. The frequency of such variations makes this anatomical region quite 
complicated. Intervention to this region requires specific anaesthetic blockages and a 
different surgical approach. Such approach requires a correct interpretation of the nerve 
compressions, whether caused by a tumour or a combination of traumatic events in ad-
dition to the variations mentioned above.

Materials and Methods
The cadaver in question describes an interesting version of BP during a routine dissec-
tion, with medical students from the Department of Anatomy, histology and pathology, 
from the Medical Faculty of the Sofia University. The variation has been discovered 
during practical exercises from regular activities of the Gross anatomy of the Upper 
limb. The Upper limb belongs to a 78-year old male individual. The Upper limb in 
question was dissected in advance from the thorax. Fixation is accomplished with for-
maldehyde.

Results
The current variant of the upper limb is 
observed during the period from the year 
2008 to 2019 – 40 left and 40 right upper 
limbs in total. In the current case a thin 
branch coming from the medial cord and 
thick branch coming from the lateral cord 
is observed. The thick branch penetrates 
the facia of coracobrachial muscle, where 
it moves along with the musculocutaneus 
nerve. The metric values for the thickness 
of the nerves are as follows: musculocu-
taneous nerve – 2 mm; ulnaris nerve – 4 
mm; medial part of median nerve – 1 mm, 
and the lateral part is 2,4 mm; median 
nerve – 3,4 mm. The length of medial 
part of median nerve which arises from 
the medial trunk is 4,5 cm, and those one 
which arise from the lateral trunk is 9,8 
cm. The location of the radial nerve and 
axillary nerve are in their norm, the same 
applies for the nerves of the brachial ar-
tery (Fig.1). The sensitive branch of the 
medial cutaneous nerve of the arm and 
the branch of the medial cutaneous nerve 
of the forearm have a common starting 
point, from the medial cord.

Fig.1 Brachial plexus with uncommon branch of 
median nerve; 1 – lateral part of median nerve, 
2 – medial part of median nerve, 3 – branch cum 
musculocutaneous nerve, 4 – ulnar nerve, 5 – me-
dian cutaneous nerve, 6 – radial nerve, 7 – axillary 
nerve, 8 – musculocutaneous nerve.
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Discussion

The embryonal development of the BP starts from the 4th week of the embryonic deve-
lopment. The first differentiation occurs from the mesenchymal cells. The primary dorsal 
nerves form at the level of the medial part towards the distal end of the shoulder bone in 
the cleft of the muscle forming the arm. During the 32nd day the size of the nerves extends 
from C5 to Th1 and the 33rd day marks the starting of their fusion and the primary forma-
tion of the BP. Between the 39th and 40th day the medial nerve, ulnar nerve and radial nerve 
reach the level of the arm. The final arrangement of the nerves against each other as well 
as their location against the blood occurs during 49th or 50th day. During the embryonic de-
velopment the somites migrate, so they can form the limbs. They carry their own nervous 
supply, in this way every dermatome and myotome preserve their primary innervation via 
segments. In this stage of migration of the somites occurs a complex from nearby nerves, 
which form complex contacts and develop entanglement or a complex model of corre-
spondence between nerves and vesselsin the early stage of fetus. During the growth of the 
fetus there are changes in the angle in which the future BP will locate, this allows for the 
development of variations in nerves or vessels in the region of axilarisetregio brachialis.

In normal development BP develops from the front branches of the last four neck 
nerves and the bigger part of the first pectoral nerve. The combination of the mentioned 
nerve according to the model is: C5 and C6 join in the superior trunk, C7 separates solely 
like the medial trunk, whereas C8 and Th1 like the inferior trunk. Each of the three trunks 
separates in front and rear branch. All posterior branches form the posterior cord. The front 
branches of the upper and medial trunkform the lateral cord, whereas the front branch of 
the bottom trunk continues like the medial cord. Consequently, from the proximal to the 
distal part of the upper limb, develops the radial and axillary nerve from the posterior 
cord [4]. The lateral cord forms the lateral part of the medial nerve and musculocutaneous 
nerve.The last cord (medial) forms the medial part of medial nerve, ulnar and cutaneous 
brachial et antebrachial nerves.

Most frequently the variations arise during the organisation of the lateral cord, this 
happens either during migration of the somites or during the growth of the fetus and 
the formation of the neural muscle split. Such observations are supported by various 
scientists by Miller in 1934 by Sargon in 1995 by Sharma in 2000 by Roy in 2002, and 
etc. [3]. The variation which is described in our case is the medial nerve to accompany 
the musculocutaneous nerve, during their transit movement through the coracobrachia-
lis muscle [5]. Rarely the lateral cord penetrates the coracobrachialis muscle and then 
separates to musculocutaneous and the lateral root of the median nerve. The variations 
of the lateral cord need to be taken into account during a surgical intervention in the 
region of axillar and the arm region, in order to avoid compression or trauma of the 
above described nerves [1].

In the described from us above variation, there can be observed an interesting 
outline (or location) of the lateral branch of the median nerve, which under normal cir-
cumstances originates from the lateral cord and is significantly thinner than the lateral 
branch of the median nerve. The musculocutaneous nerve penetrates the facia of the 
coracobrachialis muscle, after which anastomoses with a small branch coming from the 
median nerve, under the brachial artery (Fig.2). The branch of the medial nerve is thin 
and transit crosses with musculocutaneous nerve towards the distal part of the upper 
limb. There are no variations in the vessels and more specifically the pathway of poste-
rior humeral circumflex artery and the deep artery of the arm, these often variate when 
the axillary nerve and musculocutaneous nerve are out of position. 
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Conclusion

The described case in this paper is interesting from the perspective of surgery during 
reconstruction of the upper limb and the entry in the region of the neck and the shoul-
der bone or interventions with a shoulder joint. Interest arises also from ananaesthetic 
perspective, during the formation of a anaesthesia in the region of the BP. Certain com-
pressions and pain and traumas in the region of the muscles or the sensitive innervation 
of the skin in the armpit in the lateral zone. Certain compressions and consecutive pains 
and traumas in the region of the muscles or the sensitive innervation of the skin in the 
armpit in the lateral zone, can also be consequences of traumas and variations in the 
region of the musculocutaneous nerve. Every variation in the nerve-vessel bundle is 
of importance, as well as to teach and show to the students, same applies for practical 
operative work of surgeons in this field. 
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Herein we present a case of a traumatic injury to the right index finger by an electric screw gun. The 
screw entered the finger through the medial part of the proximal interphalangeal joint and ended in 
the middle phalanx, therefore we will discuss bone damage. We point out the approach for immediate 
treatment, including the use of a screwdriver in order to extract the screw.

Key words: traumatic injury, index finger, surgery 

Introduction

The hand is the most commonly injured part of the body. Primary care physicians must 
routinely manage patients with acute traumatic hand injuries involving retained foreign 
bodies and puncture wounds. During physical examination, a thorough inspection with 
comparison to the uninjured hand should be performed. Abnormal positioning, angula-
tion or rotational deformity should be noted and physicians have to document the mo-
tor function and to perform tests of tendons and ligaments [3]. If surgical removal of a 
foreign body or surgical exploration of a wound is decided upon, the procedure must be 
performed after detailed X-ray analysis, treated with an antibiotic and reviewed mul-
tiple times after the manipulation in order to prevent later complications. On the other 
hand, when foreign bodies have unusual form, like fishhooks, specific techniques are 
required. Careful evaluation of the surrounding tissue before attempting removal is of 
great importance and the method depends mainly on the type of foreign body embed-
ded, the location of the injury and the depth of tissue penetration [2]. 

Case report

A 39-year-old male attended the Emergency Room in the University Hospital “Queen 
Giovanna” in Sofia with a traumatic injury to his right index finger. The accident hap-
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pened when the patient attempted to assemble a wardrobe and instead of attaching a 
metal screw to a piece of wood, he managed to pierce his finger. The point of entry 
(Fig. 1) was the medial aspect of the proximal interphalangeal joint of the right index 
finger and the end was on the flexor aspect of the middle phalanx. During X-ray analy-
sis it was observed that the screw pierced through the bone. After local anesthesia was 
achieved the physician decided to use a screwdriver instead of surgical instruments. 
The idea was to minimize damage to the collateral tissue by unscrewing the screw and 
therefore follow the same path that it took during the injury. With minimum effort, the 
screw came out (Fig. 2). A standard procedure was followed afterwards: the wound was 
washed out, disinfected and bandaged. The patient was let go, treated with antibiotic 
and reviewed twice after the manipulation, with no more complications. 

Discussion

The characteristics of simple solutions include brilliance too. The aim of docu-
menting this clinical case was to emphasize on the importance of always seeking the 
simplest approach in the Emergency Room or any other department, and also in life, 
which sometimes requires more knowledge and experience than that confined to the 

Fig. 1. a) Photograph of the right hand after injury with the screw entering the finger through the medial 
part of the proximal interphalangeal joint; b) Anterior posterior view of the right hand; c) Oblique view 
of the right hand.

Fig. 2. a) Anterior posterior view of the right hand after screw removal; b) Oblique view of the right 
hand after screw removal; c) Photograph presenting the full-length of the screw with the glove patch 
remaining pierced.
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strict medical practice. In managing any injuries of the hand, the basic principles of 
fracture management are the same whether treatment is closed or open, but special 
situations require amendments to the well-known methods [1]. It is also of great sig-
nificance to turn the attention of the specialists to classifying each case as unique and 
to think of the best way to treat the specific injury, extend their boundaries and eventu-
ally use simple and everyday methods. For example, in some cases conservative surgi-
cal approach with a “pull and see” policy was adopted successfully. Extraction can be 
achieved using the mechanical advantage of the lever principle. With this method, while 
removing the object any movements of sharp edges which will cause secondary dam-
age can be reduced to a minimum [4]. However, trying new methods demands careful 
examination of the injury, consulting with other specialists and monitoring the patient’s 
condition to determine, whether it has improved or worsened. 
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The present work reviews the distribution of neuronal nitric oxide synthase in the kidney and its role in 
various renal functions. A review of the literature shows that most authors have focused on the endothe-
lial isoform as the primary source of nitric oxide production in kidneys. Nowadays, there is convincing 
evidence that renal neuronal nitric oxide synthase plays a role in the control of the regulatory mechanisms 
of the kidney such as tubuloglomerular feedback mechanism and pressure natriuresis. It seems that the 
increased immunoreactivity of neuronal nitric oxide synthase in both renal cortex and medulla has reno-
protective role under hypertension and weakens the development of target organ damage. 

Key words: neuronal nitric oxide synthase (nNOS), kidney, spontaneously hypertensive rats (SHR), 
Wistar rats

Nitric oxide (NO) is a signaling molecule, which takes part in the regulation of various 
renal functions – maintenance of glomerular and medullary hemodynamics, sodium 
homeostasis, renin production, influence on the renal sympathetic activity. It is synthe-
sized by the three isoforms of the enzyme nitric oxide synthase (NOS), which are all 
expressed in the kidney [7, 13]. Endothelial NOS (eNOS) is found mainly in the intra-
renal vascular endothelium, the cells of the collecting ducts and distal tubular segments 
[11], while inducible NOS (iNOS) is usually expressed under pathological conditions 
[5]. There is convincing evidence that neuronal nitric oxide synthase (nNOS) has a 
primary role for the maintenance of blood pressure and vascular tone. This isoform is 
mainly expressed in macula densa cells, cells of the thick ascending limb of the loop 
of Henle, Bowman’s capsule, cells of the collecting ducts and efferent arterioles [11]. 
Indeed, nNOS is responsible for various regulatory functions depending on its localiza-
tion in the renal structure. For example, in the inner medulla, nNOS participates in the 
longterm regulation of blood pressure – the selective inhibition of the isoform in rats 
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on high salt diet results in arterial hypertension [12]. On the other hand, macula densa-
derived NO is associated with regulation of the tubuloglomerular feedback (TGF) and 
renin production [11, 12]. Several hypotheses suggest the effects of macula densa-de-
rived NO – 1. it influences macula densa cells and acts as an autacoid; 2. NO affects 
the juxtaglomerular mesangial cells; 3. NO reaches the afferent arteriole via diffusion 
process and induces vasodilatation [17]. The final effect of macula densa-derived NO is 
to attenuate TGF. Many hormones and molecules such as prostaglandins and angioten-
sin II influence the TGF sensitivity. For example, angiotensin II enhances TGF, while 
the atrial natriuretic peptide attenuates this autoregulatory mechanism [17]. It seems 
that the salt intake, intracellular pH, angiotensin II and the protein inhibitor of nNOS 
are important regulatory factors for nNOS activity and renin production [18, 21]. The 
influence of salt intake on nNOS expression in macula densa cells shows contradictory 
results. Some studies have shown increased nNOS activity in rats on low salt diet [20]. 
On the other hand, an increased NO production has been described in macula densa 
cells on high salt intake [23]. The activity of nNOS depends on the intracellular pH and 
is most prominent at pH 8 [22]. The protein inhibitor of nNOS is mainly expressed in 
the endothelial cells of the glomerular capillary tufts, the cells of the collecting ducts, 
but it is not found in macula densa cells [18].  

The decrease of average blood pressure together with the increased renal blood flow 
and glomerular filtration rate during pregnancy are usually associated with higher levels 
of NO. The observed hemodynamic changes can be explained by increased activity of 
nNOS [2]. Undoubtedly, this isoform is important for normal pregnancy, but the mecha-
nisms that affect the renal hemodynamics are still misunderstood. The short-term use of 
a selective inhibitor of nNOS in non-pregnant rats doesn’t cause significant changes in 
the renal hemodynamics, while in pregnant rats it is accompanied by a 25% decrease in 
glomerular filtration rate and 60% increase in intrarenal vascular resistance [1]. In addi-
tion, the short-term selective inhibition of nNOS doesn’t lead to changes in average blood 
pressure, while chronic inhibition provokes arterial hypertension [4].

The altered NO production may have a crucial role in the development of renal 
morphological changes in various pathological conditions that lead to end stage kidney 
disease. Many studies have demonstrated reduced plasma NO levels in patients with 
chronic kidney disease compared to control groups. The mechanism for the decreased 
production of NO is still poorly understood, but factors such as decreased l-arginine 
levels and accumulation of NOS inhibitors have been discussed [16].  

Over the years, most researches have focused on the role of eNOS in the mainte-
nance of blood pressure and the regulation of various renal functions. In addition, the 
altered production of NO is usually associated with changes in systemic blood pressure 
and the deficiency of NO is a possible mechanism for the development of arterial hyper-
tension [8]. The application of NOS inhibitors in healthy rats causes hypertension and 
chronic kidney damage [3]. Some authors have studied the influence of the selective 
inhibition of nNOS by 7-nitroindazole (7-NI) on blood pressure, glomerular filtration 
rate and TGF. The results show that the acute application of 7-NI doesn’t affect blood 
pressure, but it increases TGF. An elevated blood pressure and intensive TGF are ob-
served in the treated rats after one week. The chronic inhibiton of nNOS for four weeks 
is associated with pronounced hypertension in the experimental group rats compared 
to control animals. This data indicates that the altered production of NO by nNOS may 
have a significant role in the development of arterial hypertension [15]. There is limited 
and contradictory information regarding the changes in the expression of renal nNOS 
under hypertensive conditions. The spontaneously hypertensive rat (SHR) is a good 
experimental model for demonstration of the consequences of prolonged untreated es-
sential hypertension [24]. In this strain, the primarily enhanced TGF has been discussed 
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in the pathogenesis of elevated blood pressure. The main function of the macula densa-
derived NO is to attenuate this autoregulatory mechanism and the changes in the ex-
pression of nNOS may play a crucial role in the progress of hypertension in SHR. Some 
authors have established a higher activity of the constitutive isoforms of renal NOS – 
eNOS and nNOS in SHR compared to Wistar rats [9, 14]. Some studies have described 
higher expression of nNOS in macula densa cells together with NADPH-oxidase. The 
increased activity of NADPH-oxidase is associated with production of superoxide ions, 
which further react with NO and decrease its bioavailability. The authors conclude that 
nNOS expression is closely associated with the balance between NO and superoxide 
ions [21]. In addition,the reduction of superoxide ions leads to vasodilatation of the af-
ferent arterioles in SHR, while such effect is not observed in Wistar rats [10].

Fernandez et al. [6] have studied the expression of nNOS in age-matched Wistar 
rats and SHR. It was found that the immunoreactivity of nNOS is high positive in the 
inner papillary region and lacking in the outer medulla in the normotensive group. In 
the renal cortex, the isoform was mainly found in macula densa cells, as well as the 
parietal and visceral layers of Bowman’s capsule. In SHR, the inner medulla showed a 
higher immunoreactivity and positive expression of the isoform was found in the outer 
medulla [6]. Our previous study also demonstrated a higher expression of nNOS in the 
renal medulla and the structural elements of the renal corpuscles in SHR compared to 
normotensive Wistar rats [19]. The increased expression of NOS in both renal cortex 
and medulla is associated with compensatory changes in TGF and pressure natriure-
sis [11]. These findings suggest that nNOS plays a renoprotective role in arterial hyper-
tension and influences the development of hypertensive structural alterations such as 
glomerulosclerosis, and tubulointerstitial fibrosis, described by the term hypertensive 
nephrosclerosis.
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Abstract

The anthropological characteristic of the population of each country is a biological reflection of the speci-
ficity of the living conditions during its historical development and at present days. The physical develop-
ment of newborns, children and adolescents is an important indicator for the influence of various biological 
and socio-economic factors on the growing child’s organism still in the mother’s womb. The aim of the 
current review is to summarize the available data for the impact of economic and social factors on the 
physical development of newborns.

Key words: newborns, socio-economic factors, secular trend, mothers, seasonal variations 

Introduction
The physical development of newborns, children and adolescents is a reflection of the 
influence of a variety of biological and socio-economic factors on the growing infant’s 
organism still in the mother’s womb. The low standard of life, hardships in war time, 
economic crises, disrupted ecological balance, as well as other natural and social disas-
ters render strong negative influence on the basic morphological parameters of new-
borns [7, 12, 53]. As an important indicator of their health status are widely accepted 
body weight and body length at birth. Because of their sensitivity to socio-economic 
influences these anthropometric characteristics often are used also as markers of living 
standards [6]. Other widely used indicators characterizing socio-economic status are 
also the percentage of newborns with low (under 2500 g) and very low (under 1500 g) 
birth weight, as well as the average number of liveborn children [54, 57, 60].

The influence of the environmental factors on the development of the newborn is 
not direct but mediated by the mother. This determines the fact, that newborn’s anthro-
pometric measurements (especially body weight) are indicators of economic wellbeing 
and quality of life of the mothers during the pregnancy [59]. The influence of unfavor-
able social factors on the pregnant woman leads to decrease of the mean body weight of 
the newborns with 150-200 g [39].

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 26 (1-2)
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In Bulgaria the greater part of the newborns’ studies are concerned mostly on their 
anthropometric characteristic and the influence of parental factor on the physical de-
velopment of children [13, 14, 19, 30, 40, 47, 61]. The tendencies of some anthropo-
metric parameters in newborns from Plovdiv for a period of 56 years are evaluated by 
Dimitrov [12]. Taking into account the socio-economic changes in Bulgaria he found 
an increase in the percentage of newborns with higher body weight with improvement 
of living conditions and the socio-economic situation in the country.  

Significant differences in newborns body dimensions are observed in children born 
to mothers living in different climate-geographic regions [23, 37]. Today it is known 
that the grade of intrauterine development of the child depends of the long-term (histori-
cal) adaptation of the mother to the temperature, humidity and the barometric charac-
teristics of the life place [16, 22, 52, 56]. On the territory of Bulgaria five climatic areas 
can be distinguished, which suggests that there could be differences in the anthropomet-
ric dimensions of children, born in different regions of the country. As far as we know, 
investigations on the dependency of basic anthropometric characteristics of newborns 
from the climate-geographic factors in our country have not been carried out. 

The variability of stature, body weight and other anthopometric characteristics 
of neonates are studied in interpopulation aspect. This variability is determined by 
many factors, which include genetic, racial and ecological specificity of the population 
[38, 56, 57]. The changes in the newborns’ sizes from different regions and countries 
are important indicator of living standard, health and socio-economic status of the par-
ticular population.  

The aim of the current review is to summarize available data for the impact of 
economic and social factors on the physical development of newborns.

Influence of economic and social factors on the body dimensions in newborns 
and secular trends

The anthropological characteristic of the population of each country is a specific biolo-
gical reflection of the specificity of socio-economic conditions of life during its histori-
cal development and at present days. By comparison of anthropological data of new-
borns, children and adolescents from different generations and regions, the specifics of 
their growth and maturation during the different periods of time and in different living 
conditions are revealed. 

A secular tendency (negative or positive) of human growth and development is 
indicator of the incessantly changing conditions of life. The secular changes are much 
more expressed in social groups and populations which suffer from delay in their so-
cio-economic progress. According to a number of authors the changes in birth weight 
are slight in developed countries, while in developing ones the newborns’ weight is 
strongly affected by maternal nutrition. Similarly in the countries, where the popula-
tion has low socio-economic status more children with low birth weight are born [5, 7, 
17, 21, 26]. As mentioned above the body dimensions of the newborns and especially 
the body weight are an indirect indicator of the quality of life and social status of the 
mother. The difficulty in its implementation lies in the fact that the quality of life, un-
like the income-based life standard, is determined by a whole complex of socio-cultural 
characteristics [27]. The reaction of representatives of different societies to the same 
event can be significantly different. This coincides with the opinion that birth weight 
reflects the interaction of many processes and phenomena, the contribution of which 
can be different [58]. The studies of long-term (intergenerational) changes in the me-
dico-anthropological status of newborns allow the assessment of the general biological 
processes in children growth and development on the one hand, and on the other - serve 
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to assess the influence of social and economic factors on the newborns’ sizes during 
different time periods.

Many studies on secular changes in the growth and development of newborns, 
children and adolescents exist in global plane for the last 10-15 years [7, 16, 23, 33, 
41, 45], but in Bulgaria they are relatively scarce [19, 30, 51, 61]. After the 1980s, 
until the beginning of the 21st century a retardation and even halt of the acceleration 
processes are established [5, 61]. This means that either living conditions have stopped 
their improvement or that they have already allowed the full expression of the genetic 
potential [5]. In recent years a new tendency of increase of the newborns’ body dimen-
sions is observed. In parallel with the increase in the percentage of the children born 
with weight over 3500 g increases also the part of the newborns with body weight under 
2500 g. This trend is also observed in countries as USA, England, Japan, Bosnia and 
Herzegovina [33, 41].

The physical development and the basic body dimensions of the newborns are 
closely related to the general health status of the children and affect the individual’s 
health throughout life. For this reason, knowing the peculiarities of the physical devel-
opment during the neonatal period and the factors which determine it are of great social 
and scientific importance.    

Anthropometric dimensions of newborns to single and to married mothers. 
Influence of the duration of pregnancy 

Children born to single mothers and women without registered marriage lag in body 
weight in comparison with newborns from families. This fact is valid for populations of 
developing (economically underdeveloped) countries but also for developed and well-
developed countries [2, 21, 24, 51]. According to the widespread point of view the 
cause of this dependence is the lower quality of life of women which bear children with-
out marriage. According to the conception of evolutional medicine [8], the absence of 
man’s support during the pregnancy leads to stress in the mother and as a consequence 
of this the duration of pregnancy is shortened and children with low birth weight are 
born (Krueger’s hypothesis). The shortened duration of the pregnancy is interpreted as 
one of the mechanisms which decrease the mother’s contribution to the child. Regard-
less of the evident interest of the scientific society, the researches in this field are still 
scarce.

The newborn body measures are an important indicator for the health status of 
the individual in the next ontogenetic stages [3, 44]. Therefore, the monitoring of the 
state of children, born to non-married mothers as a group with specific body weight at 
birth is important. In Bulgaria, the frequency of such births is near 60% for previous 
years according to National Statistical Institute’s (NSI) data. In 2016 this frequency is 
58,6% – second place in the European Union (average percentage in the EU – 42,6%, 
other Balkan countries – 27,8%, USA – 39,8% and Russia – 21,1%) [10]. 

Body dimensions of children, born to women of different age groups

During the ontogenetic stages, genetic and environmental factors cause different in 
force influence on the organism. Their effect is the strongest during the intrauterine pe-
riod when the embryo is especially sensitive to mutagen factors and to different external 
and internal influences. The basic factors influencing the growth and development of 
the child’s organism during this period are number of fetuses, genotype, age and basic 
body dimensions of the mother, birth order, season of birth, nutrition, education and 
profession of the parents, living conditions, urbanization, etc. [19, 25, 42, 43, 49]. 
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The existence of a relation between parental age (mostly mother’s age) and the in-
dicators of newborns’ physical development is treated by number of authors [9, 34, 35]. 
They established that in mothers under the age of 15 and those over 35 years there is a 
greater likelihood to give birth to children with lower body weight. In a number of stu-
dies a tendency of increasing the body length and weight of the newborns with advanc-
ing of maternal age is described [11, 13, 20, 47, 51]. 

In many Eastern European countries a relatively high proportion of women giving 
birth in a very young age is registered. In Bulgaria in 2016 there are 39,9 living births 
per 1000 women aged 15-19 years according to NSI. This is the highest value in EU 
(average 11,0 o/oo), in the Balkans (24,7 o/oo) and twice higher in comparison with 
USA (22,3 o/oo) or Russia (18,4 o/oo) [10].

The births in very young age have a negative effect on the body of the mother 
and the child. In teenage pregnancy direct biological competition between the two or-
ganisms – of the mother and the fetus is possible to appear [36]. This is the one of the 
reasons for the higher percent of births of infants with low birth weight (below 2500 g) 
by mothers under the age of 18 years [1, 2, 19, 31]. On the other hand, in Bulgaria, as 
well as in Europe and Russia, there is an increase of the average mother’s age at first 
birth. In Bulgaria it is 27 years (in Sofia it rises up to 29,8 years) according to NSI data 
in 2016. Only in 2015, it was 26,0 years, which was minimum for EU (average 28,9 
years), subminimum for the Balkans (including Moldova) and near the level in USA 
(26,4 years) and Russia (25,3 years). The mean age of mothers at birth also increases. 
In 2016 in Bulgaria it is 27,6 years – minimal in EU (average 30,6 years), subminimum 
in the Balkans (including Moldova) and about a year lower than the average age at birth 
in Russia (28,4 years) and USA (28,7 years) [10].

At the same time the medico-anthropological characteristics of children, born to 
mothers over the age of 30 years rest insufficiently studied. 

Seasonal variations in newborns’ dimensions from different socio-economic groups  

The rate of intrauterine development of the fetus depends on the long-term adaptation 
of the mother to the natural and environmental conditions in which she lives [22, 56]. 
The influence of the climatic factors on the body dimensions at birth in the Russian 
population is analyzed by Vershubskaya et al. [52], but a number of questions remain 
unclear. One of them is the influence of the birth season in the groups of contemporary 
population [4, 50]. These authors described differences in newborns body weight from 
Northern and Southern hemispheres, depending on seasonality. Miklashevskaya [29] 
found lower body weight in children, living in hot climate regions in comparison with 
those from the moderate climatic areas. Some authors consider that these differences 
are due to fluctuations of vitamin D production under the influence of changes in ultra-
violet radiation [28, 46, 55].

The relation between birth season and anthropometric characteristics (stature, 
body weight) and newborns health is a subject of many studies [15, 18]. Significant 
differences are established in children born in different climatic-geographic regions and 
altitudes [32, 48]. In Bulgaria studies on the impact of the climatic-geographic factors 
and seasonality on newborns growth and development are scarce [31]. 

Conclusions
Perinatal and environmental factors (socio-economic, climate-geographic and oth-

ers) have a great influence on the processes of growth, development and maturation of 
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the infant’s organism. From their complex influence the realization of individual genetic 
potential for growth and development is determined to a great extent.
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