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ORIGINAL ARTICLE Eur J Anat, 25 (5): 523-531 (2021)

Effect of naproxen on testicular 
morphometry and serum gonadotropin level 

of cadmium intoxication in rats
Oluwatomilayo P. Odum1, Oluwaseun A. Adeyanju2, Toluwase S. Olawuyi3, Ayodele O. Soladoye4, 
Oluwole B. Akinola1

1 Department of Anatomy, Faculty of Basic Medical Science, University of Ilorin, Nigeria
2 Department of Physiology, college of Health Science, Afe Babalola University Ado-Ekiti, Nigeria
3 Department of Anatomy, Faculty of Basic Medical Science, Federal University of Technology, Akure, Nigeria
4 Physiology Department, College of Health Science, Bowen University Iwo, Nigeria

SUMMARY
Nonsteroidal anti-inflammatory drugs that 

are cyclooxygenase (COX) enzyme inhibitors like 
naproxen (NAP) and prostaglandins play important 
roles in the regulation of reproductive functions 
in females. Cadmium (CAD) is a toxicant that 
poses effects on various organs in humans and 
experimental animals. The aim of this study is to 
investigate the ameliorating effect of naproxen 
(NAP) against cadmium-induced testicular 
toxicity on adult Wistar rats with the objectives on 
histology, hormonal and biochemical parameters. 
The total number of animals used were fifteen 
(15) and were grouped into three (3) (n=5 per 
group): control (CON); Cadmium (CAD; 5 mg/kg) 
and Cadmium + Naproxen (NAP; 20 mg/kg) for 
the period of thirty days. Twenty-four hours after 
the last administration, the animals were weighed 
and sacrificed using chloroform as a sedative. The 
organs were located, removed and weighed using an 
electronic sensitive analytical balance (Sartorius). 
Results: There are significant differences in the 
lumen of the control and the group exposed to CAD, 

which shows that CAD has the ability to disrupt the 
seminiferous tubules. Significant differences were 
also found in the epithelium thickness of the CAD-
treated groups—with or without NAP.

Morphological alterations were not reversed 
in the rats exposed to CAD treatment with NAP. 
Hormonal findings shows that Luteinizing 
hormone (LH), Follicle stimulating hormone 
(FSH) were markedly significant (p<0.05), but 
biochemical findings were not significant. In 
conclusion, CAD induced testicular damage as seen 
by the histological and morphological observation 
of the testes, and naproxen ameliorated cadmium-
induced testicular damage.

Key words: Cadmium – Naproxen – Testis – 
Morphology – Gonadotropin – Testicular damage 
– Heavy metals – Non-steroidal anti-inflammatory 
drug (NSAID)

INTRODUCTION
Cadmium (CAD) is a toxic heavy metal extremely 

harmful to humans and other mammalian species. 
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It is present in air, soil, sediments, water and smoke. 
After intake, CAD accumulates in multiple organs 
and tissues (Järup and Akesson, 2009). Exposure 
to CAD leads to a wide range of health defects 
(Nemmiche et al., 2007; Donpunha et al., 2011). For 
this reason, the International Agency for Research 
on Cancer has categorized CAD as carcinogenic to 
humans and animals (IARC, 1993). Unfortunately, 
human exposure to cadmium is on the increase, 
particularly in developing countries, due to rapidly 
growing industries with increasing consumption and 
subsequent release into the environment. Humans 
are exposed to CAD, mainly through occupational 
and environmental contamination (Satarug and 
Moore, 2004). Non-occupational exposure to CAD 
predominantly results from smoking, air pollution 
and consumption of CAD-contaminated seafood 
and water (Järup et al., 2000; Waisberg et al., 2003). 
Cadmium has an extremely long biological half-life 
of 15 years that essentially makes it a cumulative 
toxin in the liver and kidney (Ercal et al., 2001). 
However, the dose above which CAD causes early 
health effects is largely unknown (Thijssen et al., 
2007). Several underlying mechanisms at cellular or 
even molecular levels have been proposed for CAD 
toxicity. There is a growing interest in the plausible 
manners of protection from adverse effects induced 
by CAD exposure. Hence, it seems reasonable that 
special attention should be directed to agents that 
can prevent or reduce this metal-induced toxicity 
(Brzoska et al., 2015; de Moura and Ribeiro, 2015).

Naproxen (NAP) is a Nonsteroidal Anti-
inflammatory Drug (NSAID) of the propionic acid 
class and is commonly used for relief in a wide 
variety of conditions in which there is pain, fever, 
swelling and stiffness. It is the preferred NSAID 
for long-term use in people with a high risk of 
cardiovascular complications (Richy et al., 2004). 
Naproxen works by reversibly inhibiting both the 
Cyclooxygenase-1 (COX-1) and Cyclooxygenase -2 
(COX-2) enzymes (Duggan et al., 2010; Hinz et al., 
2008). Using agents that have not exhibited many 
side effects for both treatments and protective 
measures and that have strong anti-inflammatory 
effects is very important. Therefore, this study 
aims at investigating the acute effects of naproxen 
on cadmium-induced testicular damage.

MATERIALS AND METHODS

Breeding of the Animals

The study was conducted in accordance with 
the National Institute of Health Guide for the Care 
and Use of Laboratory Animals, approved by the 
Institutional Review Board of the University of 
Ilorin with code UERC/BMS/097, and every effort 
was made to minimize both the number of animals 
used and their suffering. Male Wistar rats (8-10 
weeks old) were obtained from the animal holding 
of the Department of Anatomy, Ladoke Akintola 
University of Technology, Ogbomoso (Oyo State, 
Nigeria). The rats were housed in cages (made 
from wood, wire gauze and net) under natural 
light and dark cycles at room temperature. The 
floor of the cages was made with wood to make it 
comfortable for the rats, and it was covered with 
sawdust to provide a soft floor for the rats and 
to make cleaning of the cage convenient when 
littered. They were fed with rat pellets purchased 
from approved stores, and water was given ad 
libitum. They were grouped and left to acclimatize 
for 2 weeks before the study commenced.

Experimental design

The total numbers of animals used were fifteen. 
They were grouped into three: one (1) control and 
two (2) experimental groups with consideration 
towards size variation. Cadmium was added to 
drinking water, while naproxen was administered 
using a feeding tube (orogastric cannula, size-6). 
The animals were treated for a period of thirty days.

Group 1: (control) (CON): (n = 5): Given rat pellets 
and distilled water. 

Group 2: (n = 5): Given cadmium-exposed (CAD) 
and pellets.

Group 3: (n = 5): Given cadmium + naproxen – 
treated rats (CAD+NAP) and pellets.

The CAD-treated rats received 5 mg/kg of 
cadmium as reported previously (Shagirtha et al., 
2011).

Cadmium-exposed rats were treated with 
Naproxen at 20 mg/kg body weight for 15 days. 
Naproxen was administered orally through 
orogastric cannula.
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Collection and processing of the samples

Twenty-four hours after the last administration, 
the animals were weighed and thereafter 
sacrificed by the use of chloroform as a sedative. 
Blood was collected by cardiac puncture into 
EDTA bottles for serum FSH, LH and C-reactive 
protein (CRP) analysis. The animals’ abdominal 
cavity was opened by a midline abdominal 
incision and the reproductive organs (Testes) 
were removed. Testes were fixed in Bouin’s fluid. 
Epididymis were placed in 0.9% normal saline 
and minced with 0.9% of normal saline for semen 
analysis. Sperm morphological characteristics 
were graded as normal or otherwise, according to 
Saalu et al. (2008).

Biochemical Studies

The level of LH, FSH and CRP were estimated 
using Accu Bind ELISA Microwell by Mono bind 
Inc. Lake Forest, CA 92630, USA. Malodialdehyde 
levels in serum were measured according to the 
method of Stock and Domandy (1971).

Luteinizing Assay Procedure

LH was quantitatively determined according 
to the manufacturer instruction based on the 
method of Wennink et al. (1990). Essentially, 
biotinylated monoclonal and enzyme-labeled 
antibodies are directed against LH epitope— the 
immunologically active site. The reaction between 
LH antibodies and native LH forms a sandwich 
complex that binds with the streptavidin coated to 
the well. Following the completion of the required 
incubation period, the enzyme-LH antibody bound 
conjugate is separated from unbound enzyme-LH 
conjugated by separation and decantation. The 
activity in the antibody-bound fraction is directly 
proportional to the native antigen concentration. 
The activity of the enzyme present on the surface 
of the well was quantified by reaction with suitable 
substrate to produce color.

Twenty-five microliters (25 μl) of the standard, 
the specimens and controls were dispensed into 
appropriate wells. Twenty-five microliters (25 μl) 
of enzyme conjugate reagent were pipetted into 
the wells and thoroughly mixed for 30 seconds, 
and incubated at a temperature of 36°C for 60 

min. The microtiter wells were rinsed and flicked 
5 times with 300 μl of washing solution. The wells 
were struck sharply with absorbent paper to 
remove all residual water. Hundred microliters 
(100 μl) of TMB substrate solution were added to 
each well, and mixed and then incubated at room 
temperature for 15 min. The reaction was stopped 
using 100 μl of stopping solution. The samples 
were gently mixed for 30 seconds until the blue 
color changed to yellow. Absorbance was read at 
450 nm with Rayto: RT-2100C, Microplate Reader 
within 15 min.

Follicle Stimulating Hormone Assay Procedure

Follicle stimulating hormone was assayed 
according to Simoni et al. (1997). 25 μl of the 
standard, the specimens and controls was 
dispensed into appropriate wells. 50 μl of enzyme 
conjugate reagent was pipetted into the wells and 
thoroughly mixed for 30 seconds and incubated at 
a temperature of 36°C for 60min. The microtiter 
wells were rinsed and flicked 5 times with 300μl 
of washing solution. The wells were struck sharply 
with absorbent paper to remove all residual water. 
100μl of TMB substrate solution were added to 
each well and mixed and then incubated at room 
temperature for 15 min. The reaction was stopped 
using 100μl of stopping solution. The samples 
were gently mixed for 30 seconds until the blue 
color changed to yellow. Absorbance was read at 
450 nm with a microtiter well reader within 15 
min C-reactive protein (CRP).

The level of plasma CRP was estimated by 
using commercially available enzyme-linked 
immunosorbent assay (ELISA) kit (Accu Bind 
ELISA Microwell by Monobind Inc. Lake Forest, 
CA 92630, USA). The test was performed using the 
previously described method of López-Alcaraz 
(2014). Briefly, 0.050ml (50 μl) of the appropriate 
serum reference, control or specimen was 
pipetted into assigned well. 100 μl of CRP-Enzyme 
Reagent was added to all wells. The microplate 
was swirled gently for 20-30 seconds for proper 
mixing.

The plate was incubated at room temperature 
for 15 min. The content of the microplate was 
discarded by decantation (using absorbent paper 
to blot the plate dry). 350 μl of buffer were added 
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and decanted (the procedure was done thrice for 
proper washing of microplate). 100μl of working 
substrate were added to all wells. The reagents 
were added in the same order to minimize 
reaction time differences between wells. The plate 
was incubated at room temperature for 15 min. 
50 μl of stop solution were added to each well and 
was mixed for 15-20 sec. Finally, each absorbent 
was read at 450 nm in a microplate reader (using 
a well referenced wavelength of 620-630 nm to 
minimize well imperfection).

Determination of Plasma Malondialdehyde

Malondialdehyde levels in plasma were 
measured according to the protocol outlined 
by Stocks and Domandy (1971). The reaction 
mixture contained 100 μl of plasma and 20% 
trichloroacetic acid (1 ml). The above were 
mixed and centrifuged at 2000 rpm for 5 min to 
obtain the supernatant. 0.5 ml of supernatant 
is mixed with 0.7% thiobarbituric acid (1 ml); 
the tubes were heated in a water bath at 100oC 
for 20 min and all tubes were cooled in water. 
The spectrophotometer was blanked using the 
reagent blank at 532 nm. Absorbance of tests and 
standards were read. Malondialdehyde level was 
calculated in plasma.

Semen Analysis

After sacrifice, the caudal epididymis of rats 
in each of the experimental group was removed 
and minced thoroughly in a specimen bottle 
containing 0.9% normal saline for a few min to 
allow the sperms to become motile and swim out 
from the caudal epididymis (Saalu et al., 2008).

Sperm count and motility

After 5 min incubation at 37ºC (with 5% CO2), the 
semen was then taken with a 1 ml pipette, dropped 
on a clean slide, and covered with cover slips. The 
slides were examined under light microscope for 
sperm motility (Saalu et al., 2008) and with the 
aid of the improved Neubauer hemocytometer 
(Deep1/10mm LABART, Germany) counting 
chamber, as described by Pant and Srivastava 
(2003); the spermatozoa were counted under the 
light microscope. The counting was carried out in 
five thoma chambers.

Sperm morphology

This was done as described by Saalu et al. (2013). 
The sperm morphology was evaluated with the aid 
of a light microscope at x400 magnification. The 
caudal sperm was taken from the original dilution 
for motility, and diluted 1:20 with 10% neutral 
buffered formalin (Sigma- Aldrich, Canada). In 
wet preparations using phase contrast optics, 
the spermatozoa were categorized. In this study 
a spermatozoon was considered morphologically 
normal and abnormal based on:

Well-defined acrosomal region comprising 40-
70% of the head area.

No neck, mid-piece or tail defects and no 
cytoplasm droplet more than one-third the size of 
normal sperm head.

Histological Procedures

The histology of the testes was done by 
modifying the method reported by Bancroft and 
Gamble (2008). The organs were harvested and 
fixed in Bouin‘s fluid for 24h, after which it was 
transferred to 70% alcohol for dehydration. The 
tissues were washed through 90% and absolute 
alcohol and xylene for different durations before 
they were transferred into two changes of molten 
paraffin wax for 1 hour each in an oven at 65ºC for 
infiltration. They were subsequently embedded, 
and serial sections were cut using rotary 
microtome at 5 micrometers.

The tissues were picked up with albumenized 
slides and left to dry on a hot plate for 2 min. The 
slides were dewaxed with xylene and washed with 
absolute alcohol (2 changes); 70% alcohol, 50% 
alcohol and then water for 5 min. The slides were 
then stained with Hematoxylin and Eosin. The 
slides were mounted in DPX. Photomicrographs 
were taken at x100 magnification.

Statistical analysis

Results obtained from the analysis of 
andrological parameters as well as testicular 
body weight ratio of the Wistar rats were analyzed 
statistically to see the correlation between the 
results using Sigma plot (SPW v. 12). The results 
were presented as mean ± SEM with significant 
level at P-value <0.05 while the histological 
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examination, Sperm analysis, FSH and LH were 
carefully studied and analyzed to establish any 
correlation between the groups.

RESULTS
Naproxen reversed spermatid defects in 

cadmium-induced testicular damage. Exposure 
of the rats to cadmium led to significant decrease in 
the normal concentration of spermatids, which was 
however reversed in the rats treated with naproxen 
(Fig. 1A). There was also increase in the percentage 
of head defects in the cadmium-exposed rats, 
which was reversed in the naproxen – treated rats 
(Fig. 1B). There was increased percentage of neck 
and tail defects respectively in the rats exposed to 
cadmium. Whereas there was no change in this in 
the rats treated with naproxen, the defects were 
not aggravated (Fig. 1 C, D).

Naproxen ameliorated sperm motility defect 
in cadmium-induced testicular damage. 
Cadmium exposure led to significant decrease 
in sperm concentration, motility and motility 
percentage, which were however reversed in the 
rats treated with naproxen (Fig. 2 A-C).

Naproxen exacerbated testicular damage 
in cadmium-exposed rat. Enlargement 
of interstitial space and disruption of 
seminiferous tubules were observable in the 
cadmium-exposed group in contrast to the 
control group. Treatment with naproxen did 
not reverse the morphological damage caused 
by cadmium; rather, more morphological 
damage was seen, as there was enlargement in 
space of the lumen of the tubule (Fig. 3). H&E 
(×100). The arrow shows point of degeneration 
of basement membrane. IS- Interstitial Space. 
LT- Lumen of the tubule.

Naproxen reversed reduction in luteinizing 
hormone caused by exposure of rats to Cadmi-
um. Although there was no significant change in 
the C-reactive protein (CRP), malondialdehyde 
(MDA) and follicular stimulating hormone (FSH) 
in the rats exposed to cadmium, the luteinizing 
hormone (LH) was significantly reduced. How-
ever, the reduction in LH in cadmium exposed 
rats was reversed with naproxen treatment (Ta-
ble 1).

Fig. 1.- Naproxen reversed spermatid defects in cadmium-induced testicular damage. % normal spermatid (A), % head defect (B), % neck defect (C), 
% tail defect (D). (*p<0.05 vs. control; #p<0.05 vs. CAD).
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Fig. 2.- Naproxen ameliorated sperm motility defect in cadmium-induced testicular damage. Sperm motility (A), Sperm concentration (B) and % 
sperm motility (C). (*p<0.05 vs. control; #p<0.05 vs. CAD).

Fig. 3- Naproxen exacerbated testicular damage in cadmium exposed rat. Photomicrographs of testis of the control, cadmium exposed and naproxen 
treated rat. H&E (100X, scale bar = 10 μm). Arrow shows point of degeneration of basement membrane. IS- Interstitial Space. LT- Lumen of the tubule.



 Oluwatomilayo P. Odum et al

529

DISCUSSION
In the last decades, discussion regarding the 

relationship or development of diseases induced 
by environmental pollutants is increasing in the 
scientific literature. Among the numerous toxic 
substances to which human and other mammalian 
species are exposed to is cadmium, a heavy metal 
whose half-life ranges between 10 and 30 years. 
It promotes extensive damage to several tissues 
such as liver, kidney, lungs and blood (Nair et al., 
2013). Testes and spleen are affected by acute 
cadmium (CAD) intoxication (Santos et al., 2004; 
Yiin et al., 2000).

The result of this study showed that CAD caused 
atrophy and disruption of the seminiferous 
tubules, increase in interstitial space with reduced 
Leydig cells, disruption of germinal layers, 
degeneration and disorganization of cellular 
layer of the seminiferous tubules, disruption of 
interstitial tissue, reduced spermatocyte and 
reduction of mature spermatids. This observation 
is in agreement with previous studies (Martins et 
al., 2007; Adamkovicova et al., 2010).

Histopathological damage to the seminiferous 
tubules may be as a result of unique vasculature 
and morphological layout of the blood testes 
barrier (BTB) of the testis (Erica et al., 2009). 
Treatment of cadmium-exposed rats with NAP 
does not reverse the morphological alterations.

It was also observed that CAD exposure 
caused reduction in total sperm count, sperm 
concentration, sperm motility, and luteinizing 
hormone. Reduction of follicle stimulating 
hormone, luteinizing hormone and Leydig cell 
can probably be the reason for the release of 
immature sperms into the lumen, reduced sperm 

count, sperm concentration and sperm motility, 
which can lead to male infertility. A previous study 
has reported altered circulation of luteinizing 
hormone (LH) and follicle stimulating hormone 
(FSH) in CAD exposure (Lafuente et al., 2004). The 
endocrine disruption induced by CAD is likely 
to be multi- factorial mediated via its effects on 
Leydig cells and/or the hypothalamic-pituitary-
testicular axis (Erica et al., 2009). NAP treatment 
however reversed these defects.

The morphological observations of the testis 
showed that CAD causes malformation to 
spermatids. Animals treated with CAD have 
significantly increased malformed spermatids 
compared to those of the CON. NAP treatment 
however reversed this defect. Therefore, it cannot 
be concluded that naproxen can be teratogenic to 
spermatogenesis.

Exposure to CAD does not lead to inflammation as 
found in this experiment. There were no significant 
differences found in the level of CRP in serum 
of the control group and both groups exposed to 
CAD, this is in disagreement with previous reports 
by Kumas et al. (2016) who recorded increase in 
serum CRP level of rats treated with CAD (0.5 mg/
kg/day) intraperitoneally for 10 days and Ajilore 
et al. (2016) where treatment of rats with 5 mg/
kg of cadmium through oral route for 2 weeks 
led to significant reduction in hepatoglobin 
concentration a CRP. Administration of CAD does 
not increase level of MDA in serum as there were 
no significant differences found between the CON 
group and those exposed to CAD. This result did 
not correlate with another report by Majedah et al. 
(2010) who observed increase in serum level of MDA 
leading to oxidative stress after intraperitoneal 
administration of a single dose of cadmium at 5 mg.

Table 1. Naproxen reversed reduction in luteinizing hormone caused by exposure of rats to Cadmium.

Con CAD CAP+NAP

CRP (mg/dl) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± .0

MDA (mg/dl) 2.7 ± 0.2 2.8 ± 0.1 2.7 ± 0.2

FSH (mg/dl) 3.6 ± 0.6 4.6 ± 0.6 3.3 ± 0.6

LH (mg/dl) 4.9 ± 0.2 2.4 ± 0.2* 3.6 ± 0.3#

CRP- C-reactive protein, MDA- Malondialdehyde, FSH- Follicular stimulating hormone, LH- Luteinizing hormone. * Significant 
difference from control, # significant difference from CAD.
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It was discovered in this study that NAP could 
cause damage to the seminiferous tubules, as 
there was increased lumen enlargement and 
reduction of spermatogonium compared to group 
that was exposed to CAD without treatment. This 
observation correlates with a previous study 
(Uzun et al., 2014). The diameters and cross-
sectional areas of the seminiferous tubules 
appeared different, but the differences were not 
significant. There are significant differences in 
the lumen of the control and the group exposed to 
CAD, which shows CAD has the ability to disrupt 
the seminiferous tubules. There was significant 
difference in epithelium thickness of the CAD 
with or without NAP-treated groups. This shows 
that NAP does not have ameliorative effect on 
CAD-induced testicular damage.

CONCLUSION
Cadmium exposure led to reduction in 

the circulating level of Follicle stimulating 
hormone and Luteinizing hormone. Reduction 
in the serum level of this hormone will lead to 
inhibition of spermatogenesis and immaturity 
of spermatogonia, which can lead to male 
infertility. It can cause disruption of andrological 
parameters and the histo-architecture of the 
testicular histology. Furthermore, naproxen, 
an anti-inflammatory drug, is able to restore 
biochemical deficit, but does not restore testicular 
morphological alterations in cadmium-induced 
animals.
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SUMMARY
The cerebrum is responsible for motor, sensory 

and autonomic activities of the human body, and it 
is believed that fluoride exposure to the biological 
system can impede these functions. Therefore, 
it is imperative to introduce melatonin to limit 
the extent of fluoride toxicity on the cerebrum 
and understand the mechanism involved in the 
aforementioned process. Thirty-two rats were 
randomly selected into 4 groups (n=8, per group). 
Groups I-IV received oral administration of 
0.2ml of normal saline (NS), 500ppm of sodium 
fluoride (NaF), concurrent administration of 
sodium fluoride and melatonin (NaF+MLT), and 
sodium fluoride before melatonin (NaF-MLT) 
for fourteen days respectively. At the end of 
these treatments, the rats were euthanized and 
cerebral tissues were excised for histological, 
histochemical and biochemical analyses. Sodium 
fluoride distorted the shapes and size of the cells 
and caused constriction of the blood vessels, as 
well as presence of vacuolations in the cells of the 

pyramidal layer of the cerebral cortex. However, 
melatonin was able to restore the cytoarchitecture 
of cells of the pyramidal layer of the cerebral 
cortex when administered concurrently and 
after the administration of sodium fluoride (NaF) 
respectively. Also, melatonin regulated the activities 
of Superoxide dismutase, Malondialdehyde and 
Glutathione peroxidase in the cerebrum. Sodium 
fluoride causes neurodegeneration in the cerebral 
cortex, and exogenous melatonin can ameliorate 
the injury caused by sodium fluoride on the 
cerebral cortex. 

Key words: Cerebrum – Neurodegeneration – 
Cytoarchitecture – Melatonin – Sodium fluoride 

INTRODUCTION
Fluoride, a derivative from the element fluorine, 

is associated to form insoluble complexes with 
cations like sodium, magnesium, aluminium or 
calcium (Whitford et al., 1997). These formed 
complexes have potential roles in biological and 
toxicological processes (Bigjay et al., 1987). Sodium 
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fluoride is an ionic compound formed from sodium 
ion (Na+) and fluoride ion (F+) (ASTDR, 2003; Wells, 
1984). Some of the beneficial role of sodium fluoride 
is that it can be used as both a dietary supplement 
and multivitamin (Thomson/Micromedex, 2006; 
McEvoy, 2006). The toxicity effects of fluoride have 
been reported in various tissues via cell enzyme 
inhibition and activation, depending on the type 
of the enzyme involved (Adamek et al., 2005, 
Mendoza-Schulz et al., 2009). Excessive exposure 
to fluoride brings about increase in the production 
of anion superoxide (O2−) (Garcia-Montalvo et 
al., 2009; Hassan and Yousef, 2009) and other 
hydroxyl radicals that may initiate hazardous 
effects of fluoride (Urbansky, 2002), ER stress and 
reactive oxygen species (ROS) production (Hassan 
and Yousef, 200; Lui et al., 2003; Sireli and Bulbul, 
2004). Fluoride is also known to cross the blood-
brain barrier (BBB) to cause neuronal degeneration 
resulting in central nervous system (CNS) 
dysfunction (Claro et al., 1990). Myelin splitting, 
vacuolation of mitochondrial, compressed Golgi 
cisternae, dilatation, and scattering of the rough 
endoplasmic reticulum of neurons were all 
affected after treatment with sodium fluoride on 
the brain (Reddy et al., 2011). Furthermore, the 
use of sodium fluoride in the treatment of water 
and as an additive in toothpaste is still frequent, 
and it is known to cause a deleterious effect (low 
intellectual coefficient, neurodegeneration) in the 
brain (Chauhan et al., 2014). The effect of fluoride 
on the cerebral cortex of both neonatal and adult 
rats has been established to show loss of cellular 
layer and major neurodegeneration changes in 
the motor cortex (Shivaraiashankara et al., 2002; 
Shashi, 2003).

Melatonin is an indoleamine that is secreted 
by the pineal gland of the brain to influence the 
sleep and wake cycle (Choi, 2013), also known as 
the hormone of darkness (Master-Israilov et al., 
2015), and known to have numerous functions 
such as antioxidant, neuroprotective, anti-
inflammatory, anti-apoptotic, or regulatory of 
energy balance. It is known to freely permeate 
all morphophysiological barrier of cells in any 
organ (Shida et al., 1994; Reiter, 1996) and to be 
concentrated in free-radical generating tissues to 
prevent potential damage (Reiter, 2000).

Although it has been established that fluoride 
have the ability to cause deleterious effects 
ranging from learning and memory deficiency 
to motor activity impairment (Saad El-Dien et al., 
2010; Nasir and Asad, 2013), treatment against 
this effect has not been established, however. 
Therefore, it is imperative to understand the 
possible mechanism of exogenous melatonin 
against the deleterious effects of fluoride on the 
cerebrum.

MATERIALS AND METHODS 

Chemicals and Drugs

Melatonin: Melatonin in its tablet form was 
obtained from a local Pharmaceutical Company 
and produced by Good Neighbour Pharmacy, 
Broadway industries, United State of America 
(ABC# 10148547). Melatonin was subsequently 
dissolved in 0.9 ml of Normal saline (Petri et al., 
2011). 

Sodium Fluoride: Sodium fluoride salt was 
obtained from Denis store at Taiwo Road in Ilorin 
and produced by Guangdong Guanghua Chemical 
factory co. ltd. Shanton Guangdong, China 
(#515000). Oxidative stress parameters (MDA), 
superoxide dismutase (SOD) using SOD assay 
kit, a product of the Cayman Chemicals, 1180 E. 
Ellsworth Rd. Ann Arbor, MI. the USA. Item No: 
706002, and glutathione GSH using GSH Assay 
Kit (Colorimetric) Catalog Number KA0797 from 
Abnova. Sodium fluoride was later administered 
through drinking water to the animals.

Experimental Design

Forty rats weighing between 150-200g were 
used for this study with free access to food and 
water ad libitum, and exposed to normal light/dark 
cycle and normal room temperature/ humidity. 
Experimental protocols were in strict compliance 
with the guideline for animal research, as detailed 
in the NIH Guidelines for the Care and Use of 
Laboratory Animals (2011) and approved by the 
ethical committee of the University of Ilorin, Ilorin 
(UERC/ASN/201/856).

The animals were randomly divided into four 
groups (I- IV), which received oral administration 
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of 0.2ml of normal saline (NS), 500ppm of sodium 
fluoride (Kour and Singh, 1980) (NaF), (MLT), 
concurrent administration sodium fluoride and 
melatonin (NaF+MLT), and sodium fluoride 
before melatonin (NaF-MLT) respectively. Note 
10 mg/kg of melatonin was given according to 
Bustos-Obregón et al., 2013).

Tissue Collection 

All antibodies were procured from Dianova 
(GmbH/Warbugstr. 45/20354 Hamburg. Also, 
reagents and buffers used in this study were 
molecular biology grade (99.9% pure) from Sigma-
Aldrich. At the end of the various treatments, i.e., 
twenty-four hours later, the animals were sedated 
with intramuscular administration of 20 mg/kg of 
ketamine perfused through the heart (Ajao et al., 
2010), and cerebral tissues were excised.

Histological/Histochemical procedures

The excised cerebral tissue was initially fixed 
in four percent paraformaldehyde overnight 
after extraction, and later transferred to 30% 
sucrose solution, before taken for histological and 
histochemical analyses, which were Hematoxylin 
and Eosin stain to demonstrate the general 
cytoarchitecture, and Cresyl Fast Violet stains 
to demonstrate the presence of Nissl bodies 
respectively.

Determination of Biochemical Parameters

0.1 g of the cerebrum was extracted from the 
rest of the brain and homogenized in 0.4 ml of five 
percent sucrose solution; the tissue was further 
centrifuged at 3000 rpm for 10 minutes, and the 
clear supernatant was separated into plain bottles. 
The supernatant was later taken to determine 
the level of oxidative stress using Superoxide 
dismutase, malondialdehyde and Glutathione 
peroxidase enzymes-linked immunosorbent 
assay commercial kit (ELISA). 

Data Analysis

All data were expressed as mean ± standard 
error of the mean. Differences among control and 
the experimental groups were considered with 
P<0.05 as statistically significant, using one-way 

analysis of variance (ANOVA), followed by Tukey 
post hoc test to determine the differences between 
the groups. The statistical tests were performed 
using GraphPad Prism version 5.0.

RESULTS

Qualitative results

Cytological arrangement after exposure to 
fluoride and melatonin 

The control group showed a normal 
cytoarchitecture pattern with presence of normal 
granular cells (NGC), and the presence of glial 
(GC) (Fig. 1), densely stained Nissl substance 
represented (NC) (Fig. 2). Sodium fluoride (NaF) 
slide showed presence of damaged cells with 
shrunken nucleus (Pyknotic cell (PC)), presence of 
pericellular halos (PH), large-sized granular cells 
(Fig. 1), and sparsely stained Nissl substance with 
the presence of vacuolations; pyknotic cells (PC) 
(Fig. 2). Sodium fluoride and melatonin (NaF+MLT) 
concurrent group showed cells to have normal 
cytoarchitecture (NC, NPYC), spindle-shaped 
pyramidal cell (DPYC), pericellular halos (PH) 
(Fig. 1) densely stained (NC) and sparsely stained 
(SC) Nissl substance (Fig. 2); Sodium fluoride-
melatonin (NaF-MLT) group showed some normal 
granular cell (NC, NGC) and shrunken cell (PC) 
(Fig. 1) and densely stained (NC), sparsely stained 
(SC) Nissl substance and pyknotic appearance 
(PC) (Fig. 2).

Quantitative results 

The effects of fluoride and melatonin using 
oxidative stress markers

The activity of SOD in the cerebral cortex of the 
animals that received sodium fluoride (NaF) group 
showed a significant decrease compared to the 
groups that received melatonin as treatment plan; 
Table 1. In addition, the concentration of the MDA 
in the cerebral cortex of the control (NS), sodium 
fluoride+melatonin (NaF+MLT) and sodium 
fluoride-melatonin (NaF-MLT) animals showed 
significance decrease as compared to sodium 
fluoride (NaF) group; Table 1. Also, the activity of 
glutathione in the cerebral cortex of control (NS), 
sodium fluoride+melatonin (NaF+MLT), sodium 
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fluoride-melatonin (NaF-MLT) animals showed 
statistical significance increase as compared to the 
sodium fluoride (NaF) group only. Furthermore, 

there was no statistically significant difference 
between NaF+MLT, NaF-MLT groups as compared 
to control (NS) group Table 1. 

Fig. 1.- Haematoxylin and Eosin stains showing the general cytoarchitecture of the pyramidal layer of the cerebrum of rats. NGC- Normal granular 
cell; GC- Glia cell; PC- Pyknotic cell; NC- Normal cell; NPYC- Normal pyramidal cell; DPYC- Damaged pyramidal cell; PH- Pericellular halos; PC-CBV- 
Pyknotic cell with constricted blood vessel; CBV- Constricted blood vessel. Scale bars = 15 μm.

Fig. 2.- Cresyl fast violet stain showing the arrangement of Nissl substance in the pyramidal layer of the cerebrum of rat. NC- Densely stained Nissl 
substance; PC- Pyknotic cell; SC- Sparsely stained Nissl substance. Scale bars = 15μm.
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DISCUSSION
The pyramidal cells in the cerebral cortex showed 

degenerative changes after administration of 
sodium, which affected cellular arrangement 
by inducing the opening of the permeability 
transition pore and inhibiting the cell membrane 
potential (Mendoza-Schulz et al., 2009; Chauhan 
et al., 2014; Anuradha et al., 2001; Geeraerts 
et al., 1986; Mullenix et al., 1995; Shashi and 
Kumar, 2016). The ameliorative changes seen 
were the result of the administration of exogenous 
melatonin against neural inflammation 
and apoptotic properties of sodium fluoride 
neurotoxicity, by acting on some proteins that 
are involved in the protection of the brain and 
regulation of its receptors: i.e., melatonin was 
able to rescue the neural cells through activation 
of their receptors. (Dun-Xian, 2016; Wang et al., 
2009; Tapias et al., 2009; Rao et al., 2010).

The cellular components, the ribosome and 
endoplasmic reticulum, which are the major sites 
of protein synthesis in the neuron, were studied 
by Nissl staining. There was evidence of sparsely 
stained Nissl bodies due to the loss of the rough 
endoplasmic reticulum, which is caused by the 
effect of sodium fluoride. Furthermore, it has 
been suggested that fluoride degenerates the cell 
bodies, and this causes the rough endoplasmic 
reticulum to become scattered (Saad El-Dien et al., 
2010; Zhan et al., 2006; Zhang et al., 1999). Also, 
Reiter suggested that fluoride causes the rough 
endoplasmic reticulum to become scattered. 
However, the treatment with melatonin was able 
to reduce disintegration and dispersal of Nissl 
bodies, i.e., reducing chromatolysis in these cells 
by up-regulating the neurotrophic hormone like 
BDNF, synapsin 1 (Jing et al., 2017).

Sodium fluoride has been established to 
decrease some enzyme activity in the cells by 
increasing reactive oxygen species (ROS) in the 
mitochondria, leading to cellular damage. In this 
study, the level of superoxide dismutase (SOD) in 
the group administered sodium fluoride (NaF) and 
the group which received the treatment before 
inducing (MLT-NaF) sodium fluoride decreased. 
However, the treatment with melatonin suggests 
that melatonin through its antioxidant property 
was able to increase superoxide dismutase 
level, which inhibits the production of ROS, 
thereby inhibiting oxidative stress and cellular 
damage. These findings also buttress the fact 
that melatonin increases antioxidant level by 
mopping/ scavenging of free radicals produced 
(Reiter, 2000; Zhang et al., 2003; Reiter et al., 
2007; Meda et al., 2014; Ajoke et al, 2020). 

The level of glutathione was also reduced in the 
group administered sodium fluoride (NaF), but the 
administration of melatonin was able to increase 
the level of glutathione in the cerebral cortex. It 
can be suggested that melatonin, through its anti-
oxidant property by the importation of cystine for 
the biosynthesis of glutathione through the cystine 
glutamate antiporter (system Xc) and exportation 
of glutamate, leads to inhibition of oxidative 
stress, which means that melatonin establishes 
the antioxidant activity through the synthesis and 
transport of cysteine (Gupta et al., 2003; Clarke et 
al., 2012; Floreani et al., 1997; Ajoke et al, 2020).

Sodium fluoride can induce lipid peroxidation, 
which attacks membrane phospholipid and 
reduces fatty acid concentration. There was a 
significant increase of malondialdehyde (MDA) in 
the sodium fluoride (NaF) group as a result of the 
increase in the production of polyunsaturated fatty 

Table 1. The actions of sodium fluoride and melatonin on oxidative stress markers.

Groups SOD (U/L)
Mean±SEM

MDA (mM)
Mean±SEM

GSH (mM)
Mean±SEM

NS (control) 2.10±0.10 0.83±0.01 0.14±0.01

NaF 1.19±0.01a 0.99±0.01a 0.08±0.01a

NaF±MLT 1.91±0.01b 0.81±0.01b 0.11±0.01

NaF-MLT 1.61±0.01ab 0.84±0.10b 0.13±0.01
a b statistically significant difference as compared to normal saline (NS), sodium fluoride (NaF) groups respectively (p<0.05).



Exogenous melatonin restored the cyto-architectural integrity and biochemical activities of the cerebrum in sodium fluoride induced toxicity

538

acid, similarly to the treatment before induction 
(MLT-NaF) group in the cerebral cortex of Wistar 
rats. However, the treatment group that received 
melatonin showed decrease in lipid peroxidation. 
This finding suggests that melatonin can regulate 
the concentration of malondialdehyde in the 
cerebral cortex of Wistar rats by inhibiting lipid 
peroxidation cascade/ pathway; which adds to 
the fact that melatonin is able to restore fatty acid 
concentration by decreasing lipid peroxidation 
(Meda et al., 2014; Baydas et al., 2002; Rodriguez 
et al., 2004).

SUMMARY OF FINDINGS 
Melatonin reduced the rate of neural 

inflammation and also regulated the process of 
apoptosis in the cells of a damaged cerebrum (Fig. 
3). Furthermore, melatonin promoted protein 
synthesis by reducing chromatolysis in the cells 
of the cerebrum (Fig. 3). Lastly, melatonin limited 
the extent of oxidative stress by increasing the 
levels of superoxide dismutase, increased the 
importation of cysteine for the biosynthesis of 
glutathione, and reduced the amount of oxidative 
degradation of lipids in the cerebrum (Fig. 3).

CONCLUSION
At the end of the study, melatonin was able to 

limit the extent of sodium fluoride damage by 
causing reduction in neural inflammation and 
regulating apoptosis, reduction in the proliferation 
of chromatolytic cells and reduction in the 
generation of free radicals. Therefore, melatonin 
(exogenous) acts as an ameliorative substance on 
the cyto-architectural and biochemical damage 
induced by sodium fluoride on the cerebrum of 
adult Wistar rats.
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Fig. 3.- Role of exogenous melatonin on sodium fluoride induced cerebellar damage. 
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SUMMARY
Thyroid hormones play a crucial role in the 

body’s metabolism, and in patients with diabetes 
thyroid dysfunction diseases are common. Type 
1 diabetes mellitus can be treated with daily 
insulin injections, but this treatment is often 
accompanied by multiple complications.

Studies have shown, however, that mesenchy-
mal stem cells (MSCs), having produced remar-
kable improvement in diabetic rat models, can 
differentiate into insulin-producing cells that 
could be used for treatment of diabetes mellitus. 
To evaluate effects of bone-marrow-derived stem 
cell transplantation on rats with induced diabe-
tes mellitus by assessing their thyroid hormones, 
thyroid autoantibodies, and structural changes 
in thyroid gland sections before and after MSC 
transplantation, this study used 40 adult male 
albino rats: 10 for MSC isolation; 30 randomly 
divided into control, diabetic, and MSC-treated 
groups. In 20, diabetes mellitus was induced by 

streptozotocin injection. Of the diabetic group, 
10 were treated with bone-marrow-derived stem 
cells. Histological studies (light, electron micros-
copy) of thyroid sections were observed; thyroid 
hormones, thyroid peroxidase, and thyroglobulin 
antibodies were measured in the serum.

Diabetic rats’ thyroid glands showed distorted 
histological structure, a drop in thyroid stimulating 
hormone (TSH), and elevation of thyroid hormone 
level. Microscopically, the thyroid gland of bone-
marrow-derived stem cell-treated rats yielded 
significantly ameliorated histological appearance 
and significantly increased TSH levels, along 
with thyroid hormones decreased toward normal 
levels. Diabetes induces thyroid dysfunction 
and thyroid tissue injury. Bone-marrow-derived 
stem-cell therapy protects against thyroid gland 
diabetes-induced tissue injury.
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INTRODUCTION
In clinical practice, diabetes mellitus (DM) and 

thyroid dysfunction are the most prevalently en-
countered endocrine diseases. In fact, incidence 
of thyroid disorders in diabetic patients is greater 
than in the normal population and is affected by 
autoimmune diseases, age, and gender (Kadiyala 
et al., 2010). Thyroid hormones participate in con-
trolling functions of pancreases and carbohydrate 
metabolism. Moreover, diabetes influences thyroid 
function laboratory results (Leong et al., 1999). 
Patients with hypothyroid and type 1 diabetes 
mellitus (T1 DM) experience more hypoglycemic 
attacks than diabetic patients with normal thyroid 
function, and studies have reported hypothyroid-
ism common in diabetic patients with insulin 
resistance (Maratou et al., 2009). Disturbance of 
thyroid hormones’ levels has been reported in dia-
betic patients, particularly in those with non-con-
trolled diabetes, who reveal depressed nocturnal 
thyroid stimulating hormone (TSH) peak and re-
duction of response to thyrotropin-releasing hor-
mone (TRH) (Nilgün Gürsoy, 1999).

In addition, untreated thyroid dysfunction di-
sease may augment existing cardiovascular di-
sease and deteriorate diabetic patients’ metabolic 
control (Mohn et al., 2002). Furthermore, auto-
immune thyroid disease (ATD) includes Hashimo-
to’s thyroiditis, Graves’ disease, and postpartum 
thyroiditis. ATD and T1 DM have common predis-
position genes in that both diseases can be asso-
ciated with other autoimmune syndromes such as 
Addison’s and coeliac diseases (Barker, 2006; Pilia 
et al., 2011). Besides that, ATD and T1 DM share in 
polyglandular autoimmune syndromes (Dittmar 
and Kahaly, 2003). ATD shows elevation of serum 
level thyroid peroxidase (TPO Ab) and thyroglobu-
lin (TG Ab) antibodies (Weetman and McGregor, 
1994), which are also detected in T1 DM patients 
(Hanukoglu et al., 2003); the existence of these 
antibodies predicts incidence of thyroid diseases 
(González et al., 2007).

Autoimmune demolition of pancreatic beta cells 
results in T1 DM with expression of insulin autoan-
tibodies. TI insulin-dependent DM is a metabolic di-
sease that causes beta cell autoimmune destruction 
requiring insulin replacement (Dave et al., 2015). In 
rat-model DM, streptozotocin is used to induce T1 

DM by destruction of pancreatic beta cells, in turn 
leading to reduction of insulin and, consequently, 
significant hyperglycemia. Long-lasting hypergly-
cemia results in irreversible tissue damage and dys-
function of various organs (El Barky et al., 2017).

The main treatment for T1 DM is insulin 
injection, but, unfortunately, many complications 
occur in DM, even with long-term insulin therapy 
(Chen et al., 2004). Therefore, a new approach 
for treating DM and its complications has 
become a priority. Extracted from bone marrow 
and used in body-tissue repair and rebuilding, 
mesenchymal stem cells (MSCs) offer advanced 
DM therapy (Boháčová et al., 2018) because 
MSCs can differentiate into cells of all three germ 
layers; they also have high proliferative potential 
ex vivo, so they are considered for use in tissue 
engineering and cell transplantation (Das et al., 
2013). In addition, the two endocrine disorders 
of DM and thyroid dysfunction are greatly 
associated in animals and humans (Duntas et al., 
2011). Indeed, in animal models of diabetes, MSC 
transplantation has shown increased metabolism 
and is considered a new therapeutic choice for 
insulin-dependent DM (Dave et al., 2015).

Many studies have been conducted on MSC 
treatment’s effect on various organs affected by 
diabetes, but few have examined its efficacy in 
the thyroid gland. Therefore, this study evaluated 
MSC’s transplantation effects on diabetic rats’ 
thyroid glands by assessing alterations of their 
thyroid hormone level, thyroid autoantibodies, 
and structural and ultrastructural changes.

MATERIALS AND METHODS

Animals

After the Medical Research Ethical Committee, 
Faculty of Medicine at Suez Canal University 
approved this study’s protocol, forty 180-
200 g adult male albino rats were allowed a 
laboratory-rat chow diet and water ad libitum. 
Care and hygiene were undertaken to maintain 
a constantly healthy location and atmosphere 
for the rats, housed under standard conditions of 
temperature and lighting (12-h light/dark cycles). 
All rats received care in accordance with the rules 
and regulations of the Medical Research Ethical 
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Committee, Faculty of Medicine, Suez Canal 
University.

Mesenchymal stem cells isolation

Ten rats were sacrificed to obtain MSCs from their 
bone marrow, which was harvested by flushing the 
tibiae and femurs of 2-4 week-old white rats with 
DMEM supplemented with 10% FBS. Nucleated 
cells were isolated with a density gradient (Ficoll) 
and resuspended in medium supplemented with 
1% penicillin-streptomycin (Anani et al., 2014). 
Cells were plated and incubated at 37° C in 5% 
humidified CO2 within a medium changed every 
3-4 days. Typically, cells were maintained for 12-
14 days as primary culture or upon formation of 
big colonies. Cultures were washed twice with 
phosphate buffer saline (PBS). Cells were then 
trypsinized (0.25%) in 1-mM EDTA for 5 min at 37° 
C. After centrifugation, cells were suspended with 
a serum-supplemented medium and incubated in 
a 50 cm2 culture flask (Falcon). First-passage MSC 
cultures were characterized by their stickiness 
and fusiform shape (Rochefort et al., 2005), and 
6 x 106 of cells were injected and adjusted for 
dosing in a 1-ml PBS solution (Alhadlaq and Mao, 
2004). Streptavidin-biotin immunoperoxidase 
was used to detect CD29 (integrin beta-1) and 
CD44 (receptor for hyaluronate and osteopontin) 
(purchased from Labvision, New York, USA) as a 
marker of MSCs (Abdel Aziz et al., 2007).

Experimental groups

Thirty rats were divided into three experimental 
groups of 10: Group I (Control); Group II, diabetic 
group (DM); and Group III, diabetic group treated 
with mesenchymal stem cells (DM+MSC).

Group I (Control): Healthy rats received no 
medications during the experiments. Their fasting 
blood glucose was approximately 105 mg/dl.

Group II (DM) and Group III (DM+MSC): Diabetes 
mellitus was induced in these rats by a single 
intraperitoneal injection of streptozotocin 
(STZ) (Sigma-Aldrich, St. Louis, MO), 45 mg/
kg body weight, freshly dissolved in 50 mM of 
sodium citrate buffer (pH 4.5). Two days after 
STZ administration, rats with 12-hour fasting 
blood glucose values exceeding 250 mg/dl were 

considered diabetic (Santos et al., 2013). Blood 
glucose was tested using a glucose monitor (Accu-
Chek Active, Roche, Mannheim, Germany), and 
blood samples were taken from the rats’ tail veins.

Four weeks after diabetes induction, diabe-
tic rats were randomly divided. Half received 
mesenchymal cells (1×105 cells/rat), injected via 
tail veins (Antunes et al., 2014), while the other 
groups received the same amount of the vehicle. 
Thyroid stimulating hormone (TSH), triiodothy-
ronine (T3), thyroxine (T4) levels, free T4, T3, 
and thyroid autoantibodies (TPO Ab, TG Ab) were 
measured for all groups; venous blood samples 
were collected from retro-orbital plexuses. Serum 
TSH, T3, T4, and free T4 and T3 concentrations 
were measured by Enzyme Linked Fluorescent 
Assay (ELFA) (Biomerieux Mini VIDAS Automated 
Immunoassay System, France). TPO Ab and TG 
Ab were measured by immunoradiometric assays 
(Abbott Laboratories, Abbott Park, IL, USA).

After 6 weeks of mesenchymal cell injection, 
all rats were sacrificed. Neck skin was incised, 
and the trachea was exposed and dissected. The 
thyroid gland was removed, one lobe then used 
for light microscope examination and the other 
for electron microscope examination.

Light microscopic (LM) study

After thyroid removal, portions of the thyroid 
gland were fixed in 10% buffered formaldehyde 
for 2 days and processed for paraffin sections. 
Sections 5 μm thick were cut and stained with 
hematoxylin and eosin (H & E) (Kiernan, 2015).

Electron microscopy (EM) study

Gluatraldehyde 3% buffer at pH 7.4 was used 
to fix thyroid gland specimens. Tissues were 
removed and fixed again in 1.3% osmium 
tetroxide in phosphate buffer (pH 7.4) for 1h, then 
inserted in an epoxy resin mixture and processed 
and embedded in Epon capsules. Semi-thin 
sections, i.e., one μm of Epon capsule, were cut 
using LKB ultra-microtome and then stained with 
toluidine blue. Ultrathin sections (70-90 nm) were 
prepared and stained with uranyl acetate and lead 
citrate (Bozzola and Russell, 1999). Stained grids 
were then examined by a (JEOL) EM 1010 at the 
Egyptian National Cancer Institute of Cairo.
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Morphometric study

Hematoxylin and eosin slides were examined 
under a standard microscope. With an X40 lens, 
five fields of each slide were photographed using 
a Nikon E400 digital microphotography system 
(N150, Nikon Co., Tokyo, Japan). Follicular 
epithelial height was measured using Digimizer 
software program version 4.6.1.

Quantitative assessment and statistics

All data were analyzed statistically using Graph 
Pad prism version 4. Data were expressed as 
mean ± SD and analyzed using one-way analysis 
of variance (ANOVA) and the Kruskall-Wallis test, 
followed by Dunn’s multiple comparison post-hoc 
test for comparison among all groups. Differences 
were significant at p-values of <0.05.

RESULTS

Light Microscopic results

Haematoxylin and eosin (H & E) staining:

Group I (control): Thyroid sections’ histological 
examination revealed many thyroid follicles 
of variable size surrounded by a connective 
tissue capsule, and their cavities contained an 
acidophilic colloid. Each follicle was lined by a 
single layer of cuboidal follicular cells with round 
vesicular nuclei and parafollicular cells with 
flattened nuclei. Interfollicular cells and minute 
blood capillaries were found between follicles 
(Figs. 1a, 2a).

Group II (DM): In the diabetic group, the thyroid 
gland H & E-stained sections showed variable 
morphological changes: Thin capsule (Fig. 1b) 
and the parenchyma showed congested blood 
vessels (Figs. 1c, d, e, 2d). The tyroid follicles’ size 
varied, some large and dilated (Figs. 1c, d), others 
shrunken and atrophied (Figs. 1d, 2d, e), and 
some follicles were fused (Fig. 1e).

Follicles were lined by flattened epithelium 
(Figs. 2b, e), with some lined by multilayers of 
follicular cells (Figs. 1b, 2b, c), while others had 
lost their epithelial lining (Fig. 2b), showing 
hyperemia between follicular cells (Figs. 1b, 2b, c). 
Several lining epithelial cells showed dark stained 

pyknotic nuclei (Fig. 2e). The follicles’ lumen 
contained a vacuolated colloid or were completely 
devoid of colloid (Figs. 1b, c, d, 2d).

Group III (DM + MSC): For diabetic rats, 
thyroid gland H & E-stained sections treated 
with mesenchymal stem cells revealed marked 
improvement and restored normal thyroid 
histological architecture. Follicles were lined 
with one layer of cuboidal cells with rounded 
euchromatic nuclei. Interfollicular cells were 
present between follicles. Most follicles’ lumen 
was filled with colloid, but some showed 
vacuolated colloid (Figs. 1f, 2f).

Electron microscopic results

Group I (Control): Electron microscopic 
examination of the control group’s thyroid 
glands revealed that follicular cells contained 
euchromatic nuclei with prominent nucleoli 
and well- defined nuclear membranes. Their 
cytoplasm had rough endoplasmic reticulum, 
normal mitochondria, and, occasionally, small 
dense granules (lysosomes). Their apical surfaces 
showed apical abundant microvilli protruding 
into follicular lumen filled with colloid (Figs. 3a, 
4a).

Group II (DM): In the diabetic group, electron 
microscopic sections of the thyroid glands showed 
follicular cells with irregular electron-dense nuclei 
with clumped peripheral heterochromatin. Their 
cytoplasm showed dilated rough endoplasmic 
reticulum (Figs. 3b, 4c, d), swollen degenerated 
mitochondria, few electron-dense granules 
(lysosomes), and many collagen fibers (Figs. 3b, e, 
4b); other cells had marked shrunken nuclei and 
complete loss of cytoplasmic organelles (Fig. 3d). 
Moreover, some cells had flattened nuclei (Fig. 3e) 
or fragmented nuclei (Fig. 4b). Some follicles were 
lined by more than one layer of follicular cells with 
irregular shrunken dark nuclei with vacuolated 
cytoplasm (Figs. 5a, b, c). Follicular cells showed 
dome-shaped apical borders, and microvilli 
protruded into their follicular lumen (Figs. 5b, 
c). Dilated blood vessels were observed between 
follicular cells (Fig. 4e). Follicular cell division in 
the form of prophase, metaphase, and anaphase 
was also observed (Figs. 5d, e, f).
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Fig. 2.- Photomicrographs of thyroid gland sections. (a) Control group (I) showing normal thyroid architecture with variable follicles lined with cu-
boidal follicular cells with rounded nuclei (white stars) and parafollicular cells with flattened nuclei (arrow heads). Follicular lumen is filled with 
homogenous acidophilic colloid (Co). Interfollicular cells (IF) and blood capillaries (BV) appear in connective tissue between follicles. (b-e) Diabetic 
group (II) showing part of thyroid follicles lined with multiple layers of follicular cells (black stars) and hyperemia between follicular epithelium lining 
(arrow). Additionally, microfollicles or involuted follicles (I) lined with flattened epithelium (FT) with areas of lost epithelium (B) and others with dark 
pyknotic nuclei (P) containing scanty vacuolated colloid (V). (f) MSC-treated group (III) showing improvement of thyroid gland’s normal architecture, 
cuboidal follicular cells (stars) and parafollicular cells (arrow head); homogenous acidophilic colloid (CO) filling lumen and interfollicular cells (IF) 
are noted (H&E, x400).

Fig. 1.- Photomicrographs of thyroid gland sections. (a) Control group (I) showing a thyroid gland surrounded by a connective tissue capsule (C). The 
parenchyma is composed of multiple relatively moderate-size rounded follicles (white arrows), and some larger follicles appear at the periphery. (b-
e) Diabetic group (II) showing thin capsule (C). Some thyroid follicles are lined with multiple layers of follicular cells (stars), others show hyperemia 
between follicular epithelium (black arrows), and yet others have large dilated thyroid follicles (X) with decreased colloid (Co) and vacuolated colloid 
(V). Note: There are fused thyroid follicles (F), empty follicles (*), involuted follicles (I), and dilated congested blood vessels (BV). (f) The MSC-treated 
group (III) showing nearly normal thyroid follicles with colloid in their lumina (Co) but still with colloidal vacuoles (V). (H&E, x100).
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Fig. 4.- Electron micrograph of thyroid follicles: (a) Control group (I) showing cuboidal cells with euchromatic nuclei (N) and well-defined nuclear mem-
branes (arrow). Their cytoplasm contains cisternae of rough endoplasmic reticulum (ER), mitochondria (M), and many lysosomes (L) (x2000). (b-e) 
Diabetic group (II) (b) showing follicular cells with fragmented nuclei (N), their cytoplasm containing degenerated mitochondria (M) and lysosomes (L). 
Vacuolated colloid are also noted (V) (x8000). (c) Others with dark nuclei (N) and large cytoplasmic areas occupied by dilated profiles of rough endo-
plasmic reticulum (ER) (x10000). (d) Irregular shrunken dark nuclei (arrow heads) surrounded by empty zones devoid of organelles (star) (x8000). (e) 
Dilated congested blood vessel are also observed (BV). (f) MSC-treated group (III) showing follicular cell with oval-to-rounded euchromatic nuclei (N) 
and well-defined nuclear membranes (arrow). Their cytoplasm shows cisternae of rough endoplasmic reticulum (R) and multiple lysosomes (L) (x2000).

Fig. 3.- Electron micrograph of thyroid follicles of group: (a) Control group (I) showing cuboidal follicular cells with rounded euchromatic nuclei 
(N), prominent nucleoli (n), and well-defined nuclear membranes (white arrow). Their cytoplasm shows cisternae of rough endoplasmic reticulum 
(ER). Apical surfaces show apical abundant microvilli (MV) protruding into follicular lumen that contains colloid (CO) (x12000). (b) Diabetic group 
(II) showing follicular cell with irregular nucleus (N) with clumped peripheral heterochromatin (CR); many collagen fibers (CF) occupy its cytoplasm 
(x3000). (c) Others with irregular indented nuclei (N), cytoplasm containing lysosomes (L), surrounded by parafollicular C cell (C) (x8000). (d) Others 
with marked shrunken nuclei (N) and complete loss of cytoplasmic organelles (x8000). (e) Other cells with flattened nuclei (N) surrounded by many 
collagen fibers (CF) (x12000). (f) Stem cell treated group (III) showing marked amelioration of ultrastructure compared to Group II. Most follicular cells 
have nearly normal euchromatic nuclei (N) and prominent nucleoli (n). Their cytoplasm has nearly normal organelles, but some cells still show small 
irregular electron-dense nuclei (arrow heads) (x8000).
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Group III (DM + MSC): Electron microscopic 
sections of thyroid glands belonging to diabetic 
rats treated with mesenchymal stem cells 
revealed marked amelioration of ultrastructure 
compared to the diabetic group. Most follicular 
cells had nearly normal euchromatic nuclei with 
prominent nucleoli with well-defined nuclear 
membranes. Their cytoplasm had nearly 
normal organelles, that is, rough endoplasmic 
reticulum and lysosomes. However, some cells 
still showed small irregular electron-dense 
nuclei (Figs. 3f, 4f ).

Biochemical results

Diabetic rats showed increased serum TSH 
concentration, along with reduced serum total 
T3, total T4, free T3, and free T4 concentrations 
(Table 1). In the MSC group, these thyroid 
hormones’ serum concentrations were nearly 
the same as those of the control group (Table 
1). However, compared with control rats, 
diabetic animals showed elevated sera TPO 
and TG antibodies that returned to normal in 
mesenchymal-treated rats (Table 1).

Morphometric results

Compared to the control group, the diabetic group 
had significantly higher follicular cell height. In the 
MSC-treated group, on the other hand, follicular 
height decreased markedly (Table 1).

DISCUSSION
Globally, DM is a remarkably common 

endocrine disease affecting various organs, but it 
is especially associated with thyroid dysfunction 
(Chen et al., 2004). In this study, however, 
serum TSH was elevated, whereas in diabetic 
rats, T3 and T4 levels decreased so that these 
biochemical markers improved toward normal 
in mesenchymal cell-treated rats. These results 
correspond to those of Da Silva et al. (2018), 
who reported reduction of T3 and T4 levels with 
an elevated TSH level in diabetic rats’ thyroid 
function. Indeed, in many experimental studies of 
diabetic rats, researchers have reported that long-
lasting diabetes affects thyroid function because 
significant hyperglycemia leads to depression of 
the hypothalamus pituitary-thyroid hormonal 
axis, in turn leading to reduction of thyrotropin-

Fig. 5.- Electron micrograph of thyroid follicles of diabetic group (II): (a-c) Showing severely affected follicle lined by more than one layer of cells with 
irregular shrunken dark nuclei (N). The cells exhibit many empty zones devoid of organelles and multiple vacuoles (V). (b & c) Showing columnar 
follicular cells with dome-shaped apical border, with dark nuclei (N) and lost apical microvilli; the follicular lumen contains colloid (CO). (d-f) Showing 
follicular cell division in forms of prophase, metaphase, and anaphase. (a) (x8000); (b) (x1000); (c) (x8000); (d) (x10000); (e) (x12000); (f) (x15000).
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releasing hormone (TRH) (Rondeel et al., 1992) 
and to decline of TSH secretion. Moreover, the 
thyroid response to TSH is diminished in diabetic 
rats (Bagchi et al., 1981). Furthermore, T3 and T4 
synthesis and thyroperoxidase activity decrease 
(Moura et al., 1986), and deiodination of T4 to T3 
in tissues diminishes (Schröder et al., 1992).

Decline in TSH could be due to augmentation of 
thyroid DUOX activity, crucial for thyroperoxidase 
and thyroid hormone synthesis (Fortunato et 
al., 2010), and otherwise to increased NOX4 
activity in diabetic rats’ thyroid glands, which 
participates in raising reactive oxygen species 
(ROS) synthesis. Accumulated ROS causes thyroid 
oxidative damage, thus exposing diabetic patients 
to thyroid hormones’ disruption (Santos et al., 
2013).

Increased serum TPO and TG antibodies in 
diabetic animals in our study has also been 
reported by López Medina et al., (2004), Ridha 
and Zubaidi (2019) and Sharifi et al. (2008). Type 
1 diabetes is greatly associated with thyroid 
antibodies: thyroid peroxidase and thyroglobulin 
antibodies are predominant in type 1 DM 

patients and in their first-degree kin (Hanukoglu 
et al., 2003). These antibodies are common in 
uncontrolled diabetic patients and may cause 
elevated TSH and thus hypothyroidism by 
segregate thyroid hormone (Ridha and Al Zubaidi, 
2019).

In this study, diabetic rats showed distorted 
thyroid histology with hyperemia and cellular 
infiltration. This finding accorded with that of 
Yetim et al. (2015), who reported that diabetic 
rats’ thyroids showed large thyroid follicles with 
flat squamous or cuboidal lining epithelium 
and wide lumen. Follicles were distorted, 
diminishing colloid contents (Yetim et al., 2015). 
In another study of diabetes’ effect on the thyroid, 
researchers found inflammation of thyroid tissue 
and its follicles with lymphocyte infiltration 
(Wright et al., 1983). This could be explained as 
hyperglycemia resulting from insulin deficiency 
causing Advanced Glycation End-Products (AGE). 
As reported by Hasegawa et al. (2011), these 
products connect receptors with cytokine release, 
causing inflammation, increased endothelial 
permeability, fibroblast proliferation, and 
increased extracellular matrix.

Table 1. Serum thyroid stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4) levels, free T4, T3, thyroid peroxidase 
antibodies (TPO Ab), thyroglobulin antibodies (TG Ab) and height of follicular cells (μm) in the studied groups. Data presented as 
Mean ± SD.

Normal reference ranges
Group I (control)
Mean ± SD
(n=10 )

Group II (DM)
Mean ± SD
(n=10 )

Group III
(DM + MSC)
Mean ± SD
(n=10 )

TSH 0.4-4.5 uUl/ml 1.63 ± 0.74 5.8 ±0.85 *** 1.62 ± 0.98 ###

T3 65.0-205 ng/ dl 114.1 ± 41.66 48.6 ± 7.73 *** 114.5 ± 40.09 ###

T4 3.9-14 ug/dl 9.2 ± 3.259 2.63 ± 0.61 *** 9.20  ± 3.55 ###

Free T3 2-4.4 pmol/l 2.7 ±0.48 1.65 ± 0.29  *** 2.84 ± 0.64 ###

Free T4 0.9-1.7 ng/dL 1.3 ± 0.22 0.95 ± 0.26 * 1.3 ± 0.22 #

TPO Ab 0.0-0.6 IU/ml 1.28 ± 0.22 11.5 ± 3.89 *** 1.37 ± 0.23   ##

TG Ab 0.0-60 IU/ml 3.7 ± 1.7 59.6 ± 21.94 *** 26.5 ± 12.48  *

Height of follicular cells (µm) 10.4 ± 2.98 20.24 ± 7.57 * 7.9 ± 3.47 ###

*, ** or *** Denotes significant difference between DM or DM +MSC vs control, p<0.05, p<0.01 or p<0.001, respectively.  #, ## or 
### Denotes significant difference between DM and DM + MSC groups, p<0.05, p<0.01 or p<0.001, respectively.
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Our study revealed diabetic rats’ increased 
follicular cell height: TSH synthesized and secreted 
from pituitary thyrotrophs positively regulates 
thyroid gland activity, which is controlled by the 
hypothalamic TSH-releasing hormone. TSH acts 
on specific membrane receptors of follicular 
cells and stimulates activity of the sodium-iodine 
symporter of intracellular enzymes involved in 
thyroid hormones’ synthesis. Therefore, when 
the level of serum thyroid hormones decreases, 
TSH feedback inhibition is attenuated, and more 
TSH is secreted; this supports hyperplasia and 
hypertrophy of thyroid cells and disturbs the 
thyroid gland’s function (Boelaert et al., 2009; 
Chiamolera and Wondisford, 2009).

The present study’s electron microscopic 
examination of diabetic rats’ thyroid follicular cells 
showed marked dilatation of rough endoplasmic 
reticulum; swollen degenerated mitochondria; 
some, or complete, loss of cytoplasmic organelles; 
and irregular, shrunken, or fragmented nuclei—as 
also reported by (Bestetti et al., 1987). Denham et 
al. (1997) confirmed that mitochondrial damage 
was due to increased proinflammatory cytokines 
such as TNF-α.

Dilatation of rough endoplasmic reticulum 
was attributed to formation of oxygen-derived 
free radicals that induce lipid peroxidation and 
cause damage to mitochondria and cytoplasmic 
organelle membrane structures. Accordingly, 
membranes’ stability and integrity are disrupted, 
leading to osmolality changes and hydropic cell 
degeneration (Guo et al., 2013). Lipid peroxidation 
triggers endonuclease enzymes, thus leading to 
nuclear degeneration (Zhang et al., 2012).

In our work, mesenchymal stem cells (MSC) 
improved thyroid hormone levels and ameliorated 
thyroid structure and ultrastructure. This result 
accords with an examination of MSCs’ influence 
on thyroid function and ROS generation in type 
I diabetes; previous research found that MSC 
therapy controlled thyroid ROS generation, 
thyroid hormones levels remained low, and serum 
TSH concentrations increased. TPO activity 
decreased in diabetes, and MSC treatment did 
not normalize TPO. In our study, MSC treatment 
decreased serum TSH levels compared to the 
diabetic group, but TPO levels were normalized in 

the MSC-treated group, contrary to this study (da 
Silva et al., 2018).

Many experiments have tested MSC’s efficacy 
for treatment of type 1 DM. Transplantation of 
1 × 106 bone marrow MSCs with pancreatic islet 
cells to type 1 diabetic rats effectively reduced 
blood glucose levels to under 200 mg/dl after 15 
days (Figliuzzi et al., 2009). In many additional 
experiments, MSC treatment has reduced blood 
glucose levels in the rat model of diabetes (Lin 
et al., 2009; Si et al., 2012). In clinical trials, 
MSC plays an effective role in controlling type 1 
diabetes (Carlsson et al., 2015; Jiang et al., 2011). 
In in vivo studies, MSC is trans-differentiated into 
insulin-producing cells. Moreover, streptozotocin-
induced diabetic rats have shown noticeable 
elevation of blood insulin levels (Lin et al., 2009).

MSCs’ role in controlling blood glucose level 
can be explained by its secretion of a variety of 
cytokines and growth factors that help protect 
damaged cells from apoptosis and enable 
proliferation of intrinsic pancreatic progenitor 
cells. This paracrine effect correlates with 
angiogenesis, anti-inflammatory activities, cell 
protection, apoptosis resistance, and promotion of 
mitosis (El Barky et al., 2018). Moreover, MSCs can 
trans-differentiate into insulin-producing cells 
and prolong islet cells’ viability and function with 
subsequent formation of pancreatic tissue having 
the capability of maintaining beta cell function. 
This leads to decreased blood glucose levels and 
increased serum insulin in both humans and 
animals (Dave et al., 2015; Timper et al., 2006). 
Thus, stem cells can replace the need for islet 
cell transplantation with semi- analogous effects. 
However, MSC transplantation is restricted due 
to the need for much equipment and cell viability 
(Luo, 2012). More studies are necessary for better 
understanding of MSCs’ mode of action derived 
from bone marrow and its special effects on 
damaged tissues.

Further research is also required to understand 
more about the amount of transported MSCs 
and transplantation’s proper timing so as to 
employ cells efficiently in regenerative medical 
applications.
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CONCLUSION
Diabetes induces thyroid dysfunction and 

thyroid tissue injury, but MSCs can help protect 
against diabetes-induced tissue injury of the 
thyroid gland. Future studies are required to 
fully appraise the leverage of stem cell therapy in 
treatment of DM and its complications.
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SUMMARY
Vertebral artery (VA) injuries remain one of the 

most encountered complications during surgical 
intervention at the craniovertebral junction (CVJ). 
Anatomically, the suboccipital segment is the 
most complicated segment of the VA. The artery 
undergoes a series of bends to form proximal 
and distal loops. In addition to this standard 
anatomical description, previously reported 
variant anatomies such as fenestration, persistent 
first intersegmental artery (FIA), hypoplasia, and 
extradural origin of the posterior inferior cerebellar 
artery (PICA) also contribute to the complexity 
of this segment. We evaluated the anatomical 
features of the V3 component of the VA in a South 
African population to provide useful data on the 
prevalence of variation and morphometry of the 
VA. The study is an observational, retrospective 
chart review of 554 consecutive South African 
patients (Black, Indian, and White) who had 
undergone computed tomography angiography 
(CTA) at Lenmed Ethekwini Hospital and Heart 
Centre, Durban, South Africa, from January 
2009 to September 2019. Various morphological 

variations were registered in the course of the 
VA: (1) Hypoplasia; (2) Extradural (V3) origin of 
PICA; (3) persistent FIA; and (4) VA fenestration. 
Hypoplasia was observed in 5.6% of cases. The 
overall prevalence of the last three variations 
was 4.2% of the total patients. Codominance was 
observed in 42.6% of patients, left dominance in 
34.3%, and right dominance in 23.1% of patients. 
Since failure to identify these morphological 
variations can result in inadvertent injury to the 
VA with serious neurological consequences, it is 
therefore imperative to recognize these variations 
preoperatively. Knowledge of these variations will 
also assist in the interpretation of radiographs.

Key words: Suboccipital segment of the 
vertebral artery – Vertebral artery hypoplasia 
– Fenestration – Vertebral artery dominance – 
Posterior inferior cerebellar artery – Persistent 
first intersegmental artery

INTRODUCTION
Vertebral artery (VA) injuries remain the most 

common type of injury during cervical spine 
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surgery (DeCarvalho et al., 2019). The risk of 
injury as a complication of surgery is a major 
problem, especially at the craniovertebral 
junction (CVJ) due to the variable course of the 
artery (Yamazaki et al., 2012). The VA is classically 
divided into four segments. The first segment 
(V1) extends from the origin at the subclavian 
artery to the C6 transverse process. The second 
segment (V2) extends from C6 to axis vertebra 
(C2) transverse processes. The third segment (V3) 
extends from the transverse foramen of the C2 
to the point of penetration of the dura mater at 
the foramen magnum. The intracranial segment 
(V4) extends from the foramen magnum dura to 
the vertebrobasilar junction. The V3 part is the 
segment of the artery at the CVJ, also known as the 
suboccipital segment (Campero et al., 2011). The 
V3 is the most anatomically complicated segment 
of the VA. The artery undergoes a series of bends 
to form a proximal and a distal loop while passing 
through the transverse foramen of the axis and 
atlas vertebrae. Although arterial tortuosity is a 
morphological variation in the course of the VA 
frequently reported in the V1 and V2 segments, 
natural loop formation distinguishes the V3 from 
other segments of the artery.

The V3 segment of the VA is subdivided into 
three portions: the vertical part (V3v) ascends 
through the transverse foramen of C2 and atlas 
(C1); the horizontal part (V3h) extends from the 
transverse foramen of C1 and courses in the VA 
groove on the upper surface of the posterior arch 
of the atlas; and an oblique part (V3o) extends 
from the groove to the point of penetration of the 
posterior atlantooccipital membrane (George and 
Cornelius, 2001, Ulm et al., 2010). Apart from 
this standard anatomical description, anatomical 
variants such as fenestration, persistent first 
intersegmental artery (FIA), posterior inferior 
cerebellar artery (PICA) arising from the V3 
segment, and hypoplasia have been reported at 
this segment (Uchino et al., 2012; Fortuniak et 
al., 2016). Failure to identify these morphological 
variations preoperatively may compromise 
collateral circulation resulting in brainstem 
infarction (Fortuniak et al., 2016). In FIA, the 
VA courses below the C1 arch to enter the spinal 
canal after leaving the transverse foramen of C2 

without passing through the transverse foramen 
of C1. Fenestration was registered when the VA 
split into two vessels along the V3 segment, which 
rejoined distally before entering the dura mater. 
The origin of the PICA from the V3 segment was 
recognized as the extradural origin of PICA.

The prevalence of fenestration, persistent FIA, 
and PICA arising from the V3 segment have been 
observed in the normal population without CVJ 
anomalies. Most of the reports are from the Asian 
continent (Uchino et al., 2012; Wakao et al., 2014; 
Kim, 2016, Arslan et al., 2019), with few reports 
from Europe and the United States (O’Donnell 
et al., 2014; Fortuniak et al., 2016). Reports 
from the African continent are scarce. There is 
no report on the prevalence of morphological 
variation at the V3 segment in the South African 
population to the best of our knowledge. Genetic 
and environmental factors, including local 
hemodynamic influences, have been suggested 
to play a specific role in the endmost structure of 
the VA (Sikka and Jain, 2012). Therefore, racial 
differences in the Asian and Western populations 
could account for the disparity in the published 
reports (Arslan et al., 2019). As a result, it was 
considered crucial to describe the prevalence 
of these morphologic variations in a South 
African population. According to a textbook of 
complications in neurosurgery by DeCarvalho 
and co-authors, the incidence of anatomical 
variation increases the likelihood of injury, 
especially if it is not identified preoperatively 
(DeCarvalho et al., 2019). Therefore, the overall 
knowledge of the course of the V3 segment of 
the VA and prevalence of possible variation 
is essential to reduce the risk of catastrophic 
complications associated with vascular injury 
during a surgical intervention at the skull base 
(Hsu et al., 2017).

We evaluated the anatomical features of the V3 
segment of the VA in a South African population 
using 3D computed tomography angiography 
(CTA) to provide valuable data on the prevalence 
of variation and morphometry of the VA. The 
reports from this study will also contribute to 
the knowledge of evidence-based anatomy in 
teaching anatomy and clinical practice.
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MATERIALS AND METHODS

Patient Population

We reviewed the records of 554 South African 
patients who underwent multidetector CTA at 
Lenmed Ethekwini Hospital and Heart Centre, 
Durban, South Africa, from January 2009 
to September 2019. The patient population 
represents the KwaZulu-Natal region. The design 
was approved by the Institutional Review Board/
Ethics Committee (Biomedical Research Ethics 
Committee of the University of KwaZulu-Natal with 
ethical No: BE 148/19). The angiographies were 
from 307 males (55.4%) and 247 females (44.6%). 
The average age of the patients is reported as 
median (interquartile range): 62 (23) (range: 10-
99) years; 62 (25) for female patients and 61 (23) 
for male patients. Race was defined according to 
the guidelines outlined in the modern systems of 
racial classification in the Republic of South Africa 
(Khalfani and Zuberi, 2001). The South African 
population is divided into four main racial groups: 
White, Black, Indian, and Colored. Three population 
groups were included in the present study: Indian 
176 (31.8%), White 287 (51.8%), and Black (16.4%). 
Images were analyzed using a Picture Archiving 
Communication System (PACS) Tools. The MDCTA 
images were examined for vascular variations 
by a neurosurgeon, a neuroradiologist, and an 
anatomist using the coronal and sagittal view. 
Patients with congenital abnormalities at the CVJ 
such as atlantoaxial dislocation, Down syndrome, 
Klippel-Feil syndrome, or osseous anomalies were 
excluded from the study to obtain data from the 
normal population.

Imaging Technique

The imaging examination was performed on 
a 64-detector row computed tomography (CT) 
scanner (Lightspeed CT, GE Healthcare Medical 
Systems, Milwaukee, WI, USA) with the following 
scanning protocol: 120 kVp, 697 mAs, beam 
collimation 64 × 0.625 mm, gantry rotation time 
0.4 s, section thickness 0.625 mm, pitch 0.969:1 
and reconstruction interval of 0.625 mm. During 
the procedure, 80 mL of non-ionic iodinated 
contrast followed by 40 mL saline was infused via 
a double power injector (Medex flowSens, Guerbet 
USA) into the patient’s antecubital vein (4 mL/s).

Dimensions of the V3 Segment

The course of the V3 segment and tortuosity 
(proximal and distal loop) were analyzed. The 
diameters, lengths, and angles of arteries 
were measured with the Picture Archiving 
Communication System (PACS) Tools. The 
measurement of each part of the V3 was taken on 
the coronal view of the CTA images (Fig.1). The 
diameter of the vertical portion was measured 
before the VA entered the transverse foramen of 
the atlas vertebra, while the horizontal diameter 
was measured above the transverse foramen of 
the atlas. A diameter of ≤ 2.5 mm was described 
as hypoplasia according to the method provided 
by Chen and co- authors (Chen et al., 2010). We 
classified the VA as dominant if the diameter 
was larger than that of the contralateral side 
by a difference of ≥ 0.3 mm according to the 
method described by Zhang et al. (2014). When 
the bilateral VAs had a similar diameter or the 
difference between the VAs was less than 0.3 
mm, we referred to them as being “equal” or 
“codominant.” We measured the angles between 
the proximal and distal loops to evaluate the 
degree of tortuosity. The proximal loop of the V3 
is formed as the VA bends to enter the transverse 
foramen of the C2 vertebra. The distal loop is 
present at the transition from the vertical to the 
horizontal portion at the transverse foramen of 
the C1 vertebra (Fig. 1).

Statistical Analysis

Categorical and continuous variables were 
analyzed using SPSS version 27 (SPSS Inc., 
Chicago, IL, USA). Categorical variables were 
analyzed using the chi-square test. Because 
the continuous variables are not normally 
distributed, the Kruskal-Wallis test followed by 
the Wilcoxon Signed-Rank test was used to detect 
significant differences in the obtained values for 
continuous variables. All tests were performed at 
95% confidence with a p-value of < 0.05.

RESULTS
Continuous variables are presented as median, 

interquartile range (IQR), and Range. Categorical 
variables are presented by a number (N) and 
percentage. The interclass coefficient correlation 
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for intra-observer reliability testing was 99 % for 
the V3v length; 97 % for V3v diameter; 99 % for 
V3h length and diameter; 99 % for V3o length, 
proximal and distal loop.

For inter-observer reliability testing, the 
intraclass correlation ranges between 72% to 
96% for all the parameters.

Vascular Variation

We registered four types of variation at the 
V3 segment: (1) hypoplasia; (2) extradural (V3) 
origin of PICA; (3) persistent FIA; and (4) VA 
fenestration. The most frequently observed 
variation was hypoplasia, found in 5.6% of cases 
(62/1108). Incidence of bilateral hypoplasia 
was registered in 0.9% (5/554) of patients. The 
prevalence of the last three, excluding hypoplasia, 
was diagnosed in 4.2% (23) of the total patients 
(23 cases/554). There was no significant racial or 
gender difference in the incidence of variation. 
The results are summarized in Table 1.

Morphometric Analysis of the Vertebral Artery 
Diameter

We observed that the average diameter of the 
VA increases from the vertical (median (IQR)) 
(Left- 3.43 (0.61) mm; Right- 3.25 (0.70) mm) to 
the horizontal part (Left- 3.69 (0.89) mm; Right- 
3.60 (0.71) mm) and oblique part (Left- 3.55 
(0.79) mm; Right- 3.48 (0.83) mm). The average 
diameter is significantly larger on the left (vertical 
portion p=0.000, horizontal portion p=0.001, and 
oblique portion p=0.006) than on the right side. 
Most of the VAs had similar diameters (42.6%) 
with differences of ≤ 0.3 mm between the two 
sides. We observed a left pattern of dominance in 
190 patients (34.3%) and right dominance in 128 
patients (23.1%). Concerning the racial groups, 
the diameter of the left V3v was significantly 
different across the racial groups (p=0.002; 
specifically, between Black and Indian p=0.001; 
between White and Indian p=0.014). On the right 
V3v, there was no significant difference across the 
racial groups (p=0.368). The diameter of the left 
V3h showed a significant difference across the 

Fig. 1.- Oblique (A) and Coronal (B) view of CTA image. A) V3 segment of the left VA. V3v – vertical segment of the VA; V3h – horizontal segment of the 
VA; V3o oblique segment of the VA; PL – proximal loop of V3; DL – distal loop of V3. B) The red arrow illustrated right VA hypoplasia. 
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racial groups (p=0.002; specifically, between Black 
and White p=0.03; Black and Indian p=0.001). On 
the right V3h, there was no significant difference 
across the racial groups (p=0.286). The diameter 
of the left V3o also showed a significant difference 
across the racial groups (p=0.014; specifically, 
between White and Black p=0.005; Indian and 
Black p=0.01).

On the right V3o, there was no significant 
difference across the racial groups (p=0.315). 
The average diameter is summarized in Table 
2. For gender, the average diameter of the V3o 
is significantly larger in females on the left 
(p=0.000). There were no significant gender 
differences on the right (p=0.063). The average 
diameter is summarized in Table 3.

Table 1. Incidence of Anatomical Variations at the suboccipital segment of the VA diagnosed by CTA FIA- Persistent first interseg-
mental artery, FEN- fenestration, PICA- posterior inferior cerebellar artery.

Type of Variation Total number of cases (incidence %) Male/Female Left/Right Simultaneous Variation

Hypoplasia 62 (5.6) 36/21 25/37 -

Extradural PICA Origin 16 (1.44) 11/5 8/8 -

Persistent FIA 5 (0.45) 1/4 1/4 -

FEN 2 (0.18) 0/2 1/1 2 with FIA

Table 2. Diameter and length of the vertebral artery V3 segment grouped according to race and laterality in South African 
patients. Results are in mm. Median and (IQR). Range in mm.

Racial 
Group Parameters

V3v V3h V3o

Left Right Left Right Left Right

Black

Diameter 3.25(0.77)
(2.02-6.25)

3.16(0.66)
(1.93-5.28)

3.52(0.64)
(2.11-6.25)

3.52(0.71)
(1.94-5.63)

3.69(1.14)
(2.46-6.95)

3.45(0.97)
(2.33-6.42)

Length 24.89(10.3)
(6.21-84.7)

23.26(8.46)
(10.6-48.3)

7.17(3.22)
(3.55-15.0)

7.03(2.72)
(3.21-13.5)

4.32(1.9)
(1.89-18.74)

4.01(1.78)
(1.86-6.39)

Indian

Diameter 3.52(0.75)
(2.11-7.04)

3.44(0.79) 
(0.79-5.98)

3.87(0.88)
(2.11-7.92)

3.60(0.71)
(0.79-6.07)

3.61(0.79)
(2.02-6.42)

3.52(0.79)
(2.33-5.46)

Length 24.72(12.63)
(11.8-48.7)

23.10(9.44)
(11.7-39.7)

7.55(3.03)
3.69(0.82)

7.26(2.8)
(2.95-11.8)

4.75(1.98)
(2.47-8.25)

4.42(1.94)
(1.89-7.44)

White
Diameter 3.43(0.53)

(0.79-6.95)
3.25(0.64)
(1.85-5.72)

3.69(0.82)
(0.79-6.42)

3.60(0.80)
(1.85-5.54)

3.52(0.8)
(0.79-5.9)

3.43(0.7)
(0.79-5.72)

Length 21.94(11.82)
(10.6-45.6)

20.60(11.74)
(8.71-46.6)

6.19(2.88)
(2.67-16.5)

6.08(3.15)
(2.6-13.9)

3.50(1.85)
(1.05-9.7)

3.36(1.83)
(1.32-7.56)

Table 3. Diameter and length of the vertebral artery V3 segment grouped according to gender and laterality differences in South 
African patients. Results are in mm. Median and (IQR). Range in mm.

V3v V3h V3o

Left Right Left Right Left Right

Male

Diameter 3.43(0.53)
(2.02-6.95)

3.25(0.64)
(0.79-5.98)

3.69(0.97)
(2.11-6.42)

3.52(0.71)
(0.79-5.54)

3.45(0.79)
(0.79-6.42)

3.52(0.7)
(0.79-5.72)

Length 24.40(11.76)
(6.22-46.3)

22.30(9.95)
(10.6-43.6)

6.95(2.98)
(2.84-16.5)

6.93(3.0)
(2.60-13.5)

4.08(1.89)
(1.32-7.45)

3.89(1.91)
(1.89-8.25)

Female

Diameter 3.43(0.70)
(0.79-7.04)

3.25(0.70)
(1.85-5.72)

3.69(0.88)
(0.79-7.92)

3.69(0.71)
(1.85-6.07)

3.77(0.72)
(2.02-6.95)

3.61(0.79)
(2.2-6.42)

Length 22.10(11.16)
(8.71-48.7)

21.57(10.9)
(10.6-48.3)

6.45(3.22)
(2.67-15.3)

6.44(3.0)
(2.95-13.9)

3.96(0.88)
(1.05-18.7)

3.76(1.98)
(1.87-7.56)
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Length

The length of the V3 was significantly greater on 
the left than the right side in all parts of the artery 
(median (IQR)). V3v (23.19 (11.72) mm, 21.80 
(10.34) mm) p=0.000; V3h (6.75 (3.17) mm, 6.67 
(3.01) mm) p=0.000; V3o (4.03 (1.96) mm, 3.82 
(1.93)) mm p=0.000. Within the racial groups, 
the length of the left and the right V3v showed a 
significant difference across the racial groups 
(Left p=0.011, but there was no specific difference 
between the racial groups; Right p=0.005; 
specifically, between White and Black p=0.035; 
White and Indian p=0.003).  The average length of 
the horizontal portion (V3h) showed a significant 
difference across the racial groups (Left p=0.000; 
specifically, between White and Black p=0.008; 
White and Indian p=0.000; Right p=0.000; 
specifically, between White and Black p=0.011; 
White and Indian p=0.000). The average length 
of the oblique portion also showed a significant 
difference across the racial groups (Left p=0.000; 
between White and Black p=0.015; White and 
Indian p=0.000; Black and Indian p=0.025; Right 
p=0.000; specifically, between White and Black 
p=0.001; White and Indian p=0.000). The average 
length across the racial groups and laterality are 
summarized in Table 2. There were no significant 
gender differences in the VA length on both sides. 
The results are summarized in Table 3.

Proximal and Distal Loop Angle

The average angle of the proximal loop was 
significantly larger on the left (median (IQR)) (67° 
(24°)) compared to the right (65.66° (25.33°)) side 

(p=0.001). There was no significant difference in 
the angle of the distal loop on the right and left 
sides (Right- 67° (14°), Left- 66° (15°)). We did not 
observe any significant differences across gender 
and racial groups. The results are summarized in 
Table 4.

DISCUSSION
Iatrogenic injury to the VA during procedures 

around C1/2 constitutes a potentially catastrophic 
complication that may result in permanent 
neurological deficits or even death (Vergara et 
al., 2012; Akinduro et al., 2016). Studies have 
reported rates ranging from 1.7% - 9.0% (Vergara 
et al., 2012; Elliott et al., 2014; Liang et al., 
2004). Adequate information about anatomical 
variation can influence the choice of surgical 
procedure at the CVJ. Apart from the risk of injury, 
morphological variation at the V3 segment of the 
VA may result in complications such as brainstem 
infarction if not recognized during preoperative 
planning (Fortuniak et al., 2016).

Hypoplasia of the VA has been previously 
described by different criteria in the literature. 
Using a measure of diameter ≤ 2.5mm according 
to the method provided by Chen et al. (2010), we 
observed a 5.6% (62 cases/1108 VAs) incidence of 
hypoplastic VA (Fig. 1B). Our results agreed with 
the findings of O’Donnell and co-authors (6.26%) 
in the US population, although hypoplasia was 
defined by different criteria (O’Donnell et al., 
2014). By contrast, a similar study in the Asian 
population reported an incidence of 10% (Arslan 
et al., 2019), while another study in the European 

Table 4. Characteristics of proximal and distal loops of the vertebral artery V3 segment grouped according to gender and racial 
group in South African patients. Results are in degrees. Median and (IQR). Range in degrees.

Proximal Loop Distal Loop

Left Right Left Right

Male 67.33(22.83)
(42.7-118.7)

65.66(25.17)
(39-116.7)

66.66(14.67)
(42.7-114.7)

67(16)
(37.3-110.7)

Female
68.16(25.17)

(36.3-120)
65.33(26.17)

(36.3-111.7)
66(16)

(41.7-115.3)
66.66(14.16)

(43.4-97.3)

Black
66(23)

(36.3-118.6)
68(32)

(42-109.6)
65.50(18.92)
(41.7-107.6)

69.66(17.17)
(43-105.3)

Indian
68.16(29.17)

(42.7-120)
63.33(24.67)
(39.7-111.7)

66(19)
(39.7-115.3)

65.33(16.67)
(39.7-110.7)

White
67.50(22.83)
(43.3-116.7)

66(22.16)
(36.3-116.7)

67.16(13.25)
(37.4-114.7)

67.33(13.83)
(37.4-114.7)
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population reported an incidence of 20% 
(Fortuniak et al., 2016). In the studies mentioned 
above, a VA was considered hypoplastic if it 
was half or less than half of the diameter of its 
counterpart. We suggest that the disparity in the 
above studies and the present study may have 
resulted from the differences in the average 
diameter of the population studied. Going by 
the criteria described by Fortunaik et al. (2016) 
and O’Donnell et al. (2014), it may be practically 
impossible to report the occurrence of bilateral 
hypoplasia. Five (out of a total of 57) patients 
had bilateral hypoplasia in the present study. 
Because of the compromised blood flow in the 
VA with a reduced diameter (Chen et al., 2010), 
surgeons need to be aware of its possibility, which 
may require special attention during surgical 
intervention.

PICA is the principal branch of the VA, and it 
typically originates from the intracranial part 
of the vertebral artery (4th segment). However, 
due to numerous embryonic vessels forming the 
VA and its branches, PICA sometimes emerges 
from the V3 part. An abnormal course of the 
VA or its PICA branch below the C1 arch may 
predispose the arteries to iatrogenic injuries 
during drilling, tapping and insertion of lateral 
mass screws (Arslan et al., 2019). Previous studies 
have reported the incidence of extracranial 
origin of PICA between 0.4% to 2.9% (Table 5). 
The prevalence in the present study is similar 

to previous reports (Table 5). It is important to 
note that no perforating arteries emerge from the 
PICA of extradural origin. Instead, the perforators 
originate from the intracranial VAs (Mercier et 
al., 2008). The incidence of PICA arising from 
the V3 was observed at the oblique part in all 
the cases. This site of origin is also described 
as the C1 origin of the PICA. This information is 
clinically significant to prevent iatrogenic injury 
to PICA during surgical interventions at the upper 
cervical spine and posterior approaches to the 
lower brainstem (Miao et al., 2020).

The prevalence of FIA ranges between 0.01% 
to 3.2% (Table 5), similar to the prevalence in our 
series (0.45%; 5 cases/1108 VAs). We observed 
bilateral persistent FIAs in one of the patients (Fig. 
2B). The simultaneous persistence of the FIA and 
the typical branch of the VA results in fenestration 
at the V3 segment (Uchino et al., 2012), as shown 
in Fig. 3. Both unilateral and bilateral persistent 
FIA can be easily overlooked (Uchino et al., 2012). 
An awareness of this variant anatomy and careful 
review of images will assist in proper identification 
to prevent VA injury.

Fenestration extended between the vertical 
and horizontal portion of the V3 segment in the 
two cases observed in the present study (Fig. 3). 
The two limbs of the fenestrated segment had a 
similar diameter. The prevalence of fenestration 
registered in the present study (0.18%; 2 

Table 5. Prevalence of anatomical variations at the V3 segment of the VA in different population groups.

Author (year) Population Type of 
study

Sample 
Size

Anatomical Variations (Patients %)

Hypoplasia
Extradural 
PICA
Origin

FEN Persistent 
FIA

Uchino et al., 2012 Japan MRA 2739 0 30(1.1) 25(0.9) 87(3.2)

O’Donnell et al., 2014 US CTA 975 61(6.26) 4(0.4) 1(0.01) 1(0.01)

Wakao et al., 2014 Japan CTA 480 0 5(1.3) 5(1.3) 7(1.8)

Fortuniak et al., 2016 Poland CTA 1800 360(20) 11(0.61) 3(0.16) 0

Kim et al., 2016 South Korea CTA 546
314

0
0

11(2.0)
9(2.9)

2(0.4)
2(0.6)

7(1.3)
8(2.5)

Arslan et al., 2019 Turkey CTA 200 10 2(1) 0 1(0.5)

Present study South Africa CTA 554 57(10.3) 16(2.9) 2(0.4) 5(1.0)
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cases/1108 VA arteries) agrees with the reports 
from Western countries (Fortuniak et al., 2016), 
(O’Donnell et al., 2014), and is lesser than the report 
from a large series study of the Asian population 
(Uchino et al., 2012) (Table 5). There is a possibility 
of compromised blood flow at the proximal and 
distal end of the fenestrated segment of the VA, 
which may result in transient ischemic attacks 
(Omotoso et al., 2021). In addition, the passage of 
the catheter through the normal contralateral VA 
in patients with this unilateral vascular variation 
can expose the hindbrain to the risk of ischemia 
during neuroendovascular procedures (Fortuniak 
et al., 2016).

In the present study, most patients had equal VA 
diameters (codominance) (42.6%), the left side was 
dominant in 34.3%, and right-sided dominance 
was registered in 23.1%. Our study’s pattern of 
dominance concurs with a previous report in the 
Asian population (49% equal dominance, 30% left 
dominance) (Arslan et al., 2019). It is imperative 
to identify and protect the dominant VA during a 
surgical intervention at the CVJ. Furthermore, the 

dominant VA must not be ligated when repairing 
VA injury, as it can result in permanent neurologic 
deficit (DeCarvalho et al., 2019).

The race, gender and side differences in the 
diameter and length of the V3 segment have 
been previously reported in the American, 
South African, and Asian populations (Alfaouri- 
Kornieieva and Al-Hadidi, 2014; Lang and 
Kessler, 1991; Mitchell, 2004). According to 
Mitchell’s reports, there were no significant 
gender or laterality differences based on detailed 
histological analysis of South African adult 
cadavers (Witwatersrand region). The average 
diameter of the horizontal portion in our results 
is less than, but close to, the average value of 
the above histological reports (3.75±0.72 mm) 
(Mitchell, 2004) and MRA reports on the Asian 
population (3.8±0.51 mm) (Alfaouri-Kornieieva 
and Al-Hadidi, 2014). Noticeably, the average 
diameter of the vertical portion was smaller than 
that of the horizontal and oblique portion in our 
results. On the contrary, Alfaouri-Kornieieva and 
co-author (2014) reported a gradual decrease 

Fig. 2.- Anterior view of 3D-CTA reconstructed images showing the vertebral, basilar, and carotid arteries. A) PICA (yellow arrow) originates from the 
oblique part of V3 of the left VA. The green arrow illustrated the basilar artery. The white arrow illustrated the right common carotid artery B) The red 
and blue arrow illustrated bilateral persistent FIA. The yellow arrow illustrated the left common carotid artery. 
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from the vertical part to the oblique part in their 
MRA study. The entire length of the V2 and part 
of the V3 segment (excluding the horizontal and 
oblique part) of the VA is restricted within the 
transverse foramen of the cervical vertebrae, as 
shown in our CTA series (Fig. 1). We hypothesize 
that the artery could expand after its exits from 
the transverse foramen of the atlas (C1) vertebra, 
which may be a possible explanation for the 
differences. In agreement with the previous 
reports by Alfaouri-Kornieieva and co-author 
(2014) and Arslan et al. (2019), we registered a 
significantly larger left VA in all parts of the V3 
segment (Alfaouri-Kornieieva and Al-Hadidi, 
2014; Arslan et al., 2019). The total length of the 
vertical, the horizontal, and the oblique part in the 
present study agreed with a previous American 
study, which reported an average length of 
38.91±5.53 (Lang and Kessler, 1991). In our 
study, the average length of the vertical part was 
similar, but the average length of the horizontal 
and the oblique part was shorter than in the Asian 
population (23.22±2.7 mm, 17.2±2.85 mm, and 

12.31±1.8 mm, respectively) (Alfaouri-Kornieieva 
and Al-Hadidi, 2014). Generally, the disparity 
noted in the morphometry between the present 
study and the reports mentioned above may be 
due to differences in the modality of the studies. 
In the present study, we observed that the average 
length showed a significant difference across the 
racial groups. This dissimilarity may be due to 
some genetic factors. However, more studies may 
be required from other regions of South Africa to 
corroborate this theory.
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SUMMARY
The purpose of this study was to establish an 

appropriate measurement system to accurately 
determine scaphoid anthropometry. It has been 
found that, following a scaphoid fracture, it is as 
important to achieve healing as it is to restore the 
bone’s natural anatomy. To that end we performed 
an analysis comparing macroscopic caliper-
based measurements with digital CT-based 
measurements of a 3D reconstructed scaphoid. 
A caliper was used to macroscopically measure 
twenty-six scaphoid specimens, evaluating 
length and thickness, both at the level of the waist 
and of the poles. Subsequently, a CT-scan was 
performed of all scaphoid specimens making the 
measurements once again with the same bone 
landmarks, but using the 3D CT reconstruction. 
Lastly, a comparative study was performed 
between the results of the two measuring systems 
employed. 

A statistically significant mean difference was 
found (p<0.05) between the macroscopic and the 
digital measurements, both in terms of the length 
[0.51 mm (SD=0.79)] and the thickness of the waist 
[0.57 mm (SD= 0.76)]. This means that significant 
differences do exist between measuring the 
length and the thickness of the scaphoid waist 
digitally or with a caliper. Lastly, a comparison 

was made between the samples from the proximal 
pole with those from the distal pole. Although no 
significant differences were observed between 
one measuring system and the other with respect 
to the proximal pole, statistically significant 
differences were found regarding the distal pole 
measurements (p=0.003). Digital measurements 
were seen to be superior to macroscopic 
measurements, as they provided more reliable 
and accurate results. To minimize errors when 
making digital measurements it is essential to 
perform a CT-scan where slice interval is smaller 
than slice thickness. Moreover, female scaphoids 
have shown themselves to be morphometrically 
smaller than male scaphoids. 

Keywords: Scaphoid bone – Anatomy – 
Fracture – Macroscopic measurement – Digital 
measurement 

INTRODUCTION 
Scaphoid fractures account for 11% of all hand 

fractures and 80% of carpal fractures (Arsalan-
Werner et al., 2016). Depending on how stable the 
fracture may be, treatment may be conservative 
(in fractures with displacements <1 mm, a 
scapholunate angle <60º and a capito-lunate 
angle <15º); or surgical (rest of cases). 
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The 70% of scaphoid fractures are stable 
fractures that affect the middle third where 
splinting treatment allows consolidation. 
However, it is subject to a long immobilization 
time and is not exempt from complications such 
as post-immobilization stiffness, consolidation 
in poor position with scaphoid flexion, which 
would lead to a SMAC wrist (Scaphoid Malunion 
Advanced Collapse), or nonunion. In the last 20 
years, the advent of cannulated implants and the 
availability of more versatile instrumentation have 
turned percutaneous internal fixation into the 
primary treatment for acute scaphoid fractures, 
both in stable and unstable injuries, with healing 
rates of 95% (Letta et al., 2014).

The goal of surgical treatment is to achieve 
bone healing and restore scaphoid anatomy. 
To be successful, it is essential to have a good 
understanding of the bone’s three-dimensional 
anatomy, its spatial orientation within the carpus, 
and its morphologic and morphometric variability. 
Several authors have examined the gender-
related variations in scaphoid anthropometry 
or compared the variables associated to the 
macroscopic and digital measurements of the bone 
(Ceri et al., 2004; Crisco et al., 2005; Guo and Tian, 
2011). Nevertheless, no studies have so far been 
performed comparing those two measurement 
systems and showing the superiority of one over 
the other. Within clinical practice, it is common 
to resort to macroscopic measurement of a piece 
intraoperatively to select implant sizing. However, 
correct preoperative planning is required, where 
3-dimensional imaging tests provide complete 
information on the injury. In addition, in recent 
years much progress has been made in custom 
implants based on digital imaging tests.

The purpose of this study is to analyze how 
measurements may vary as a function of the 
measurement system employed. Our hypothesis 
is that no significant differences are obtained in 
scaphoid length and thickness when making the 
measurement macroscopically with a caliper on 
the anatomic specimen as compared to making 
it digitally from a computed tomography (CT) 
with 3D reconstruction. The study also included a 
gender-based comparison. 

MATERIALS AND METHODS 
The study was performed with 30 formaldehyde- 

and cryopreserved scaphoid specimens. In 
order to obtain the largest possible sample, 
different conservation methods have been used 
since they do not influence the morphometric 
and morphological study. The samples were in 
all cases extracted through a dorsal approach, 
sectioning the ligamentous attachments to the 
periscaphoid carpal bones, always sparing the 
cartilaginous cover of the joint surfaces. 

Before starting the analysis, all the specimens 
were macroscopically examined. Four were 
excluded, because they presented with 
degenerative changes secondary to a previous 
condition, which could lead to a misleading result 
and distort our findings. Finally, the total number 
of scaphoid specimens included was 26 (15 
females and 11 males), with a mean age of 70.3 
years (range: 53-89 years). Of them, 14 were left 
(53.85%) and 12 were right (46.15%) scaphoids. 
Four of the anatomic specimens were obtained 
from independent cadavers, while the other 22 
came from scaphoids on both sides of the same 
cadaver and between the two sides in the same 
individual.

Macroscopic measurement 

The 26 scaphoid specimens selected were 
measured macroscopically with reference to 
different bone landmarks. The macroscopic 
measurement protocol required the use of a 
manual caliper graduated in 0.05 mm increments, 
and included an evaluation of both the longitudinal 
axis and the thickness of the transverse axis. For 
the measurement of length, one arm of the caliper 
was placed at the most prominent point of the 
proximal pole, and the other tangentially to the 
overhanging distal pole. In addition to the length 
measurement, using the above-mentioned line 
as a reference, the thickness of the scaphoid was 
measured in three areas: scaphoid waist, proximal 
pole, and distal pole. The waist thickness was 
measured at the narrowest part of the articulating 
surface with the capitate, perpendicularly to the 
longitudinal axis (Fig. 1). The thickness of both 
poles was also calculated perpendicularly to the 
longitudinal axis, but placing the caliper 2 mm 
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from the apex of the proximal and distal joint 
surfaces, respectively (Heinzelmann et al., 2007). 

Digital measurement 

The 26 specimens were subjected to a second 
examination, but on this occasion using imaging 
techniques. A 64-detector row helical CT scanner 
(General Electric®, Milwaukee, WI, USA) was used 
to obtain continuous 0.625 mm-thick slices, 
ensuring that the slice interval was smaller than 
the slice thickness to reduce partial volume effects. 
Images were obtained at 120 kV and the beam pipe 
current was 335 mA. Results were transferred to 
a workstation (General Electric® Milwaukee, WI, 
USA) that was used as a basis to carry out the 
three-dimensional (3D) reconstruction from the 
different slices. 

The length of the scaphoid was quantified 
using the 3D reconstructions of the bones with 
a measurement software that had a built-in 
micrometer. In all cases, length was determined 
by the same investigator, measuring the distance 
between the most prominent point of the proximal 

and the distal poles. Using this basic line and the 
sagittal aspect of the scaphoid as a reference, 
the central thickness of the scaphoid waist was 
calculated, at 2 mm from the proximal pole and 2 
mm from the distal pole (Fig. 2). 

Statistical analysis 

The differences between both groups were 
statistically evaluated using the SPSS statistical 
package (SPSS for Windows 10.0, SPSS Inc, 
Chicago, IL.). The Kolmogorov- Smirnov test was 
used to evaluate the normality or goodness of fit 
of the sample; the mean and standard deviation 
(SD) of the data with normal distribution were 
calculated. Either student’s T test or the Wilcoxon 
signed-rank test were applied to study the 
difference between the measurement systems, 
depending on the normality of the sample. 
Statistical significance was set at a p value <0.05.

RESULTS 
The first analysis provided the mean values 

from the macroscopic measurements performed 

Fig. 1.- Macroscopic measurement with a manual caliper showing how thickness and scaphoid length are measured.
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with the caliper. Measurements included the 
mean length of the scaphoid and mean scaphoid 
thickness at the level of the waist, the proximal 
pole, and the distal pole. Table 1 shows the overall 
mean values, as well as the mean values for males 
and females (columns 2 and 3). The mean values 
for the longitudinal axis and thickness across 
all magnitudes measured macroscopically were 
higher for males than for females. 

This same table also shows the same length and 
thickness parameters but measured using the digital 
3D CT-based technique using the General Electric® 
scanner, which incorporates a specific calculation 
software based on 3D CT reconstructions. Again, 
the values for the male specimens were higher than 
those for the female ones.

Once the macroscopic and digital measurements 
(all made by the same investigator) were 
completed, the results of both exercises were 
compared considering the sites described above. 
The purpose was to determine whether one 
measurement system was superior to the other, 
as this information would be extremely useful 

during preoperative planning to ensure a correct 
anatomic restoration. A student’s test was carried 
out on paired simples following normality. Table 
2 shows that a statistically significant mean 
difference was found between macroscopic and 
digital measurements both regarding length 
[0.51 mm (SD=0.79)] and thickness [0.57 mm 
(SD= 0.76)] of the scaphoid waist. Therefore, 
statistically significant differences do exist 
between measuring the length and thickness of 
the scaphoid wait macroscopically or digitally. 

Lastly, a comparison was made between the 
proximal and the distal pole samples, using the 
Wilcoxon test. While no statistically significant 
differences were observed between the two 
measurement techniques at the proximal pole 
(p=0.071), such differences were found at the 
level of the distal pole (p=0.003). 

There was no considerable difference between 
proximal pole, distal pole, waist or length 
measurement between the right and left sides in 
the same donor. Always finding minor differences 
with the macroscopic measurement.

Fig. 2.- Three-dimensional CT reconstruction image for digital measurement.



 Patricia Gómez Barbero et al

567

DISCUSSION
Compson was one of the first authors to write 

on the importance of understanding the three-
dimensional morphology of the scaphoid bone 
in clinical and surgical practice (Compson et al., 
1994). Since then, different methods have been 
employed to make the relevant measurements, 
ranging from the use of calipers to the performance 
of bidimensional imaging tests or even magnetic 
resonance imaging (MRi) tests and 3D CT scans. 
Modern image processing techniques provide 
a better indication of the length, volume, and 
surface geometry of carpal bones as a whole, 
although few studies evaluate each of the bones 
individually (Fukuda et al., 2003). 

The longitudinal axis, extending from the 
most prominent proximal and distal points of 
the scaphoid, represents the maximum length 
of the bone and is the reference for all other 
measurements used to calculate the bone´s 

thickness. In the first few studies published 
on the subject, this measurement was made 
macroscopically, but at present recourse is made 
to sophisticated imaging techniques such as CT 
or MRi, with or without 3D reconstruction, which 
provide more accurate findings and result in 
fewer errors (Compson et al., 1994; Ceri et al., 
2004; Crisco et al., 2005; Guo and Tian, 2011; 
Heinzelmann et al., 2007). 

Macroscopic measurement 

The samples presented in this study had a mean 
length of 26.24 mm according to macroscopic 
caliper-based measurement (25.28 mm in 
females and 27.54 mm in males). A comparison 
with the results of other studies that use this 
measurement system shows that Heinzelmann, 
working on a sample of 30 pairs of cadaveric 
scaphoid specimens, obtained higher values than 
us, with a mean length of 27 mm in females and 
of 31 mm in males. Like us, he found that female 

Table 1. Mean values obtained with the caliper-based measurement technique and with the digital 3D CT-based measurement 
technique.

Macroscopic measurement with caliper Digital measurement by 3D CT

Total Nr=26
Mean (range)

Female Nr= 15
Mean (range)

Male Nr= 11
Mean (range)

Total Nr=26
Mean (range)

Female Nr= 15
Mean (range)

Male Nr= 11
Mean (range)

Mean length (mm) 26.24
(23-31)

25.28
(23-28.5)

27.54
(23.5-31)

25.72
(22.7-29.5)

25.09
(22.7-28.5)

26.58
(24.1-29.5)

Mean waist thickness 
(mm) 

9.66
(8-11.9)

9.40
(8.1-11.5)

10.01
(8-11.9)

9.08
(7.52-11)

8.78
(7.52-9.92)

9.49
(8-11)

Mean proximal pole 
thickness (mm) 

5.14
(4-7)

5.06
(4-6)

5.42
(4.5-7)

4.96
(4.09-6.1)

4.79
(4.09-6.1)

5.19
(4.5-6)

Mean distal pole 
thickness (mm) 

6.39
(5-9)

6.08
(5-7)

6.8
(5.5-9)

6.91
(5.7-8)

6.71
(5.77-7.7)

7.17
(5.7-8)

Table 2. Results of Student´s t test for paired samples.

Paired differences

Sig. (bilateral)
Mean SD Standard error of the mean

95% CI of the difference

Inferior Superior

Macrosc. length- 
CT Length (mm) 0.51 0.79 0.15 0.19 0.84 0.003

Macrosc. waist – 
CT Waist (mm) 0.57 0.76 0.15 0.26 0.88 0.001
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scaphoids are always morphometrically smaller 
(Heinzelmann et al., 2007). One limitation of this 
study, however, is that it ignores the donors’ racial 
background, which means that potential race-
related size differences were not considered. Our 
sample is conversely solely made up of specimens 
from Mediterranean Caucasians. Another author 
using macroscopic measurements is Kong, who 
studied 84 scaphoids from a Chinese cohort 
where the mean length was much smaller than 
ours, ranging from 18 to 25 mm, indicating that 
scaphoid size in the Chinese population is smaller 
than among Caucasians (Kong et al., 2009). 
Ceri et al. (2004) also conducted a macroscopic 
evaluation of scaphoids and found a mean length 
of 25.8 mm, although, like Heinzelmann, he does 
not provide demographic or gender-related data 
on his sample. 

With respect to the other morphometric 
parameters measured using a caliper, our 
study obtained a mean thickness of 9.66 mm 
at the level of the waist, which ranged between 
10.01 mm (males) and 9.40 mm (females). Ceri 
reports values of 10.9 mm for the waist whereas 
Heinzelmann obtained 13.6 mm in males and 11.1 
mm in females (Ceri et al., 2004; Heinzelmann et 
al., 2007). At the level of the distal tubercle, our 
mean thickness value was 6.39 mm, which is in 
line with the value obtained by Heinzelmann (7.2 
mm), the only author who evaluated the thickness 
of the poles with the same method used in this 
study. At the proximal tubercle, Heinzelmann’s 
values range between 3.7 and 4.5 mm depending 
on sex (Heinzelmann et al., 2007). In our study, 

the variation was between 5.06 mm in women and 
5.42 mm in men. 

Digital measurement 

The same measurements were performed 
again on every specimen on the basis of a 3D CT 
reconstruction using a computer measurement 
software that allows ranges to be manually 
selected. This calculation system has been used 
by multiple authors like Fukuda et al. (2003), Ring 
et al. (2005), Letta et al. (2014), Crisco et al. (2005), 
Smith and Maj (1993) and Pichler et al. (2010).  
Table 3 shows the mean length results of our study, 
and is compared with the rest of the publications 
that use the same measurement system, although 
each one uses different samples that range from 
26 to 100 scaphoids (Table 3). It should be noted 
that Guo, to avoid manual errors, used a software 
that avoids intra- and interobserver variability 
in the setting of boundary values (Guo and Tian, 
2011). 

As in other studies, scaphoid length in our study 
was shorter in females. To date, Crisco has been 
the only author to quantify this size difference in 
an attempt to determine the role played by gender. 
He found shorter lengths not only in the scaphoid 
(24.8 mm vs 29.3 mm for males) but also in the 
rest of female carpal bones (Crisco et al., 2005).

In short, the values obtained in our study are 
similar to those reported in the literature, with 
differences ranging between 1 and 1.5 mm. Only 
Smith obtained (considerably) lower values; other 
authors found anthropometrically higher values 
(Smith and Maj, 1993). As regards measurements 

Table 3. Bibliographic results of mean scaphoid length after digital measurement.

Sample (N) Mean length 
Total (mm)

Mean length 
Male (mm)

Mean length 
Female (mm)

Gómez-Barbero 26 25.72 26.58 25.09

Smith 100 24.5 26 22

Fukuda 51 27.8 29.2 25.9

Patterson 35 27.35 29.2 25.5

Letta 52 26.8 28 25.1

Pichler 30 26 27.8 24.5

Guo 30 28 29 27

Crisco 28 27 29.3 24.8
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other than those of scaphoid length, our literature 
search has not found any article that makes a 
digital evaluation scaphoid thickness at the level 
of the wait or the poles.

Comparison between macroscopic and digital 
measurements 

The main goal of the present study was to 
compare the mean values obtained following a 
macroscopic caliper-based measurement with 
the values obtained from a digital measurement 
based on 3D CT reconstruction. Our analysis 
found statistically significant differences between 
the two measurement techniques in terms of 
mean length, waist thickness and proximal pole 
thickness. Such differences were not found at the 
level of the proximal pole. It does seem, therefore, 
that using one method rather than the other could 
yield different results. 

Most articles in the literature mention the 
superiority of imaging techniques with 3D 
reconstruction when it comes to planning a 
surgical procedure, especially for reconstructing 
the hand following complex fractures (Letta et al., 
2014). However, no study provides a comparison 
between the two measurement techniques.

It is a known fact that macroscopic caliper-
based measurements are less precise because of 
errors typically inherent in manual calculations 
and due to the device’s geometrical tolerance. 
Although a 3D CT system allows magnification 
of many details, this technique is not exempt 
from measurement errors, owing to the interval 
that exists between the CT slices (0.5 mm) and 
the accuracy of the CT scanner and of the image 
reconstruction and processing procedures. In our 
case, slice intervals were adjusted to be smaller 
than the thickness of the slices to reduce partial 
volume effects and allow a precise resection. 
Moreover, in cases where digital measurements 
are made, it is typically the investigators 
themselves that manually determine the 
measurement points (Fukuda et al., 2003). 
This limitation can be overcome by recourse to 
measurement systems such as the one proposed 
by Guo, which generates measurements on the 
basis of a computer software (Guo and Tian, 
2011).

Our study is the first of its kind to compare 
the two most common measurement systems. 
All the measurements made using CT-scans 
met the normality criterion (p> 0.05), while the 
macroscopic measurements at the level of the 
poles showed more dissimilar values. For those 
reasons, we believe that digital measurements 
based on 3D reconstruction are more accurate 
and, therefore, more reliable and preferable for a 
proper anatomic study of the scaphoid, thus ruling 
out our null hypothesis. In addition, in clinical 
practice the use of digital measurement shows a 
double advantage, since it allows us to know the 
morphology of the lesion in the damaged scaphoid 
and to plan the definitive treatment; but also to 
study, from the healthy contralateral scaphoid 
that is symmetrical, its original anatomy and even 
manufacture an implant as it reconstructs the 
damaged bone part (Ten Berg et al., 2015).

Finally, we did not find differences between the 
left and right scaphoid measurements within the 
same individual, regardless of the measurement 
system used. As we have said before, the fact of 
not finding significant differences has a marked 
clinical relevance, since in the case of a fracture or 
pseudoarthrosis, the X-ray of the healthy hand can 
be taken as a template to plan the reconstruction. 
This idea has been estimated and proposed by 
other authors with Heinzelmann et al. (2007), Guo 
and Tian (2011), Fukuda et al., 2003) or Letta et al. 
(2014). Only Ceri observed a greater development of 
the scaphoids as a function of the patient’s dominant 
hand based on Wolff’s law (Ceri et al., 2004).

One of the strengths of this study is that it in-
cluded a large enough sample to produce signi-
ficant results on a series of scaphoid specimens 
with no previous history of degenerative changes. 
However, it must be considered that, as the spe-
cimens were obtained through donations, their 
bone age was usually rather advanced.
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SUMMARY
Reproductive functional disorders and endo-

crine disorders are common in epileptic patients, 
particularly in patients with temporal lobe epilep-
sy (TLE). Pituitary size has been measured in pa-
tient populations with several diseases, but not in 
those with TLE so far. We compared the pituitary 
gland height and the morphology of its superior 
margin between patients with TLE and age- and 
sex- matched controls on magnetic resonance 
ima ging (MRI). We found a smaller pituitary gland 
in patients with TLE compared to controls without 
any change of the morphology of its superior mar-
gin. The pituitary gland seems to be a site to check 
on MRI when evaluating a patient with TLE. The 
implications of this finding related to etiopatho-
genesis and clinical practice have been discussed.

Key words: Pituitary gland – Magnetic 
resonance imaging – Height – Temporal lobe 
epilepsy 

INTRODUCTION
Epilepsy has been known since ancient times. 

It has been proposed that the word either was 
originated from a Greek word meaning “to seize” 
(Blair, 2012) or from Latin meaning “to take 
possession of” (Bromfield et al., 2006). Epilepsy 
is a heterogeneous common disorder of the 
central nervous system with recurrent seizures 

and accompanying different kinds of symptoms 
(Blair, 2012). The overall prevalence of epilepsy is 
approximately 6 per 1000 (Bromfield et al., 2006). 
Following the development of epileptogenesis, 
a normal network changes into a hyperexcitable 
network (Bromfield et al., 2006). Epilepsy has 
two main categories: partial and generalized, 
depending on the site of origin for the developing 
seizures. Temporal lobe epilepsy (TLE) is the most 
common type of partial type epilepsy (Bromfield 
et al., 2006).

Reproductive functional disorders and 
endocrine disorders are common in epileptic 
patients, particularly in patients with TLE in both 
genders (Herzog, 1989; Morris AND Vanderkolk, 
2005; Fawley et al., 2006).

It has been reported that 14-20% of women with 
TLE had amenorrhea and that more than 50% 
overall have some form of menstrual dysfunction, 
and more than half of the men who have TLE 
suffer from diminished potency or altered sexual 
interest (Herzog, 1989).

The most common reproductive disorders 
in women with TLE are as follows: premature 
ovarian failure, functional hyperprolactinemia, 
polycystic ovary syndrome, and hypogonadotropic 
hypogonadism (Fawley et al., 2006). Although 
different mechanisms have been proposed for 
the co-morbidity of reproductive disorders and 
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TLE, the exact mechanisms are unknown. It is, 
however, a fact that reproductive function is 
common in this patient population.

Pituitary gland height (PGH) has been 
investigated in several diseases out of distinct 
medical disciplines such as eating disorders 
(Doraiswamy et al., 1990), thalassemia major (Isik 
et al., 2014), growth hormone deficiency (Alba et 
al., 2004; Dumrongpisutikul et al., 2018), Chiari 
II malformation (Patel et al., 2020), idiopathic 
intracranial hypertension (Batur Caglayan et 
al., 2019), multiple sclerosis (Saba et al., 2017), 
hypopituitarism (Uday et al., 2017)  and primary 
hypothyroidism (Zhang et al., 2012) on Magnetic 
Resonance Imaging (MRI). PGH represents a good 
single measure for the assessment of the size of 
the gland (Lurie et al., 1990), and has been used to 
evaluate its function (Argyropoulou et al., 2005). 
Pituitary size, however, has not been measured in 
patients with TLE so far. We compared the PGH and 
the morphology of its superior margin between 
patients with TLE and age- and sex- matched 
control group, hypothesizing that this gland can be 
abnormal, probably smaller, compared to the control 
group given that neuroendocrine symptomatology 
is common in this group of patients.

MATERIALS AND METHODS
We used a TLE patient group of 42 subjects 

(19 females; mean age=30.69, SD=13.34) and 
age-and-sex- matched control group of 42 
subjects (mean age=31.09, SD 12.06). The 
control subjects of the study did not have any 
neurological or psychiatric disorders, and were 
not under any drugs, chemical substances (i.e. 
oral contraceptives for female subjects, cortisone 
etc.) affecting the morphology of the brain. None 
was using alcohol. PGH was measured on 1.5 
T MRI unit (Magnetom Vision Plus, Siemens, 
Erlangen, Germany) at the midsagittal plane 
using T1 weighted spin echo (SE) sequence. PGH 
was assessed as the maximum distance between 
the upper margin and base of adenohypophysis 
perpendicular to the base of sella turcica (Elster 
et al, 1991). Measurements were performed with 
the sensitivity of 0.01 cm. In addition to PGH, we 
also rated the morphology of the superior margin 
of the gland from 0 through 5. (Elster et al, 1991); 
1- concave superior margin; 2-mild concavity 
of the superior margin (below 2 mm); 3-a plain 
superior margin; 4-mild convexity of the superior 
margin (below 2 mm); 5-convex superior margin 
(Figs. 1, 2). These measurements were made by a 
neuroradiologist (B.H) and an anatomist (K.Y.) and 

Fig. 1.- Pituitary gland - Grade V and measurement of PGH. The vertical 
line below in the figure refers to PGH measurement.

Fig. 2.- Pituitary gland - Grade III and measurement of PGH. The verti-
cal line below in the figure refers to PGH measurement.



 Kaan Yücel et al

573

the consensus value was taken into consideration. 
For the statistical analysis Student’s t- test, 
Pearson’s correlation coefficient, Mann-Whitney 
test.

RESULTS
The mean duration of the illness was 14. 65 

years (2-65 years), and the mean of the estimated 
number of the seizures per month was 5.44 
seizures. The mean age of onset of epilepsy was 
14.39 years (1- 62). There was no difference 
between male and female patients in terms of age 
at onset (mean=11.78, SD=14.08, for men and 
mean=17.5, SD=11.88 for women) and illness 
duration (mean=15.95, SD=12.40 for men, and 
mean=11.39, SD=7.2 for women) (ps=0.16). As a 
whole, TLE subjects had smaller PGH than their 
age-and-sex-matched controls (p=0.002) (Table 
1). While male TLE subjects had a smaller pituitary 
gland than male control subjects (p<0.001), the 
size of pituitary glands of female TLE subjects 
did not differ from those of the female control 
subjects (p=0.41). There was no difference in PGH 
for the controls between two genders (p>0.05).

TLE and control groups had the similar means 
of ratings for the superior margin (p>0.05) (Table 
1). When sexes were compared separately, both 
sexes in each group had the similar means of 
ratings for the superior margin (p>0.05). When 
patients with illness duration of more than 10 
years (n=24) only were compared to controls, 
PGH was still smaller (p=0.001). When patients 
with illness duration equal to or less than 10 years 
(n=18) were compared to controls, the finding 
remained still significant (p=0.025).

There was no difference in the PGH between 
patients taking monotherapy (n=19) and 
polytherapy (n=23) (p>0.05).

DISCUSSION
In our preliminary study, we found a smaller 

pituitary gland in patients with TLE compared to 
age-and-sex-matched controls. The smaller PGH 
in epileptic patients was refined to male patients 
only, with no difference between female patients 
and female controls. Patients on monotherapy did 
not differ from patients on polytherapy for PGH 
measurements. We could not find a difference 
between patients and controls for ratings of the 
superior margin of the gland.

The association between epilepsy and 
reproductive disorders is unknown (Fawley 
et al., 2006). There are, however, several 
theories suggested so far, trying to explain the 
higher rate of endocrine disorders in patients 
with TLE. According to one of these theories, 
epileptic discharges in the limbic structures 
such as hippocampus might affect the pulsatile 
secretion of GnRH (gonadotropin releasing 
hormone) (Edwards et al., 2000). Hippocampus 
and cells related to reproductive function in the 
hypothalamus are highly connected. Therefore, 
the relation between epileptic discharges arising 
from hippocampus and hypothalamus seem to be 
mutual. Accordingly, reproductive disorders have 
been shown to effect the epileptic charges as well 
(Herzog, 1989).

The studies with animal models of epilepsy 
demonstrated hormonal fluctuations and change 
in the oestrus cycle following seizures (Amado 
and Cavalheiro, 1998).

Another theory that explained the relation 
between epilepsy and reproductive disorders 
was based on the effects of anti-epileptic drugs 
(particularly carbamezapine, barbiturates, and 
fenitoin) (Herzog,1989). Changes in testosterone 
(T)/luteinizing hormone (LH) ratio were 
reported in men with TLE compared to men with 

Table 1. The comparison of the means of PGH (Pituitary gland height) and ratings of the superior margin in both groups.

Variable TLE (n= 42) Controls (n=42) P value

PGH 0. 55 cm 0.66 cm 0.002

Rating of the superior margin 2.88 3.10 >0.05
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extratemporal epilepsy as a result of antiepileptic 
drugs (Bauer et al., 2011). Serum estradiol and 
dehydroepiandrosterone sulfate (DHEAS) levels 
were found smaller in women with TLE when 
compared to those of the controls (Herzog et al., 
2003).  An inhibition on the pulsatile secretion 
of luteinizing hormone was considered as the 
effect of chronic epilepsy and the acute effects of 
seizures (Luef, 2010).

Antiepileptic drugs might cause imbalances 
in the endocrine system directly by affecting the 
serum levels of the hormones or indirectly affecting 
the neurotransmitter systems affecting the HPA 
axis such as GABA, glutamate. A common genetic 
background for TLE and endocrine disorders 
has also been suggested as a factor. According 
to this theory, TLE and associated reproductive 
endocrine disorders may represent the parallel 
effects of prenatal factors which are common 
to the development of both the brain and the 
reproductive system. A common neurotransmitter 
defect in both disorders has also been suggested 
to explain the higher rates of endocrine disorders 
seen in epileptic patients (Herzog, 1989).

Although our study design is cross-sectional, 
which can also be considered as a limitation, we 
found abnormal size of pituitary gland in TLE. 
As far as we know, this is the first study in the 
literature so far, in which pituitary gland size has 
been examined in this patient population.

In our structural MRI study, we were not able to 
find the reason(s) underlying this abnormality. 
Patients, however, receiving monotherapy and 
polytherapy at the time of the scan did not 
differ in PGH (data not shown). This might lead 
us to suggest that treatment with antiepileptic 
drugs contributed to a smaller pituitary gland. 
We, however, are aware that medication history 
of patients will be more critical at that point, 
rather than their current treatment, which we 
could not control in our cross-sectional study. 
A study in which pituitary gland size compared 
between those of patients with TLE who have 
been diagnosed recently and never treated before 
with those of age- and-gender-matched healthy 
controls would help answer the question of the 
effect of antiepileptic drugs on pituitary gland 
size in a better way.

We could not find a relation between illness 
duration and PGH. The pituitary gland might be 
smaller at the beginning of the disease process, 
or, alternatively, the reduction in the gland might 
occur in the first years of the disease following a 
plateau later. These suggestions are parallel to the 
theories of common genetic defect and effects of 
epileptic discharges, respectively.

We found smaller PGH in male epileptic patients 
only, but not in female patients. This might be 
due to a Type II error, as our female epileptic 
patient might not be representing the general 
population with common reproductive disorders. 
Alternatively, it might be the fact that the males be 
more vulnerable to the brain damage associated 
with epilepsy (Briellmann et al., 2000).

The most important limitation of the study is 
that we could not gather data on the profiles of the 
TLE patients on the existence of any reproductive 
disorder as they were undiagnosed for such a 
disorder. Although the reproductive disorders 
seem an important aspect of patients with TLE, it 
seems to be underdiagnosed and overlooked. New 
neuroimaging studies with TLE patients with and 
without reproductive disorders will better give us 
an idea about the pathogenesis of the comorbidity 
of these disorders, particularly considering the 
effects of treatment (untreated patients at the 
beginning of TLE vs. treated chronic patients).

As a conclusion, apart from changes in the 
volumes of hippocampus (Moghaddam et al., 
2021; Riederer et al., 2020;Wu et al., 2020), 
amygdala (Sone et al., 2018; Na et al., 2020), 
thalamus (Wu et al., 2020), cerebellar vermis 
(Marcián et al., 2018), prefrontal cortex (Zhang et 
al., 2017), etc., change in the size of the pituitary 
gland should be added to the list of structures with 
morphometric changes seen in TLE patients as a 
result of epilepsy itself and treatment without any 
morphological changes of the superior margin of 
the gland. The pituiraty gland seems to be a site to 
check on MRI when evaluating a patient with TLE.
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SUMMARY
In this study, the effects of diabetes mellitus 

on stereological changes of sperm parameters 
in mice were investigated. Mice under standard 
housing conditions were assigned into two 
experimental groups: (I) control (II) diabetic (N 
= 6 mice per group). The sperm samples were 
collected from the right cauda epididymis of the 
mice for measuring the sperm and sperm count. 
The volume of the sperms’ heads was estimated 
using the nucleator method. The length of the 
sperms flagellum and mid-piece was estimated 
by counting the number of intersections of 
the tails and Merz grid test line in an unbiased 
counting frame, superimposed on live images of 
sperms. The results showed that the total sperm 
count and sperm motility in Streptozotocin (STZ)-
induced animals was decreased, in comparison 

with the control groups. Our results showed a 
significant difference in the volume and surface 
area of the head and the length of the flagellum 
between the sperms in the control and diabetic 
groups. In conclusion, our results indicated that 
type 1 diabetes induced impairment in sperm 
parameters.

Key words: Diabetes mellitus – Mice – 
Morphology – Sperm – Stereology 

INTRODUCTION
A chronic illness, diabetes mellitus is caused by 

chronic elevations in blood sugar levels due to the 
inability of the pancreas for producing insulin as 
a result of the destruction of the pancreatic beta 
cells (Scarano et al., 2006). Diabetes mellitus is 
associated with abnormalities in carbohydrate, 
fat, and protein metabolism in target tissues. The 
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chronic hyperglycemia of diabetes also causes 
such complications and other dysfunctions in 
various organs, particularly the eyes, kidneys, 
heart, blood vessels and reproductive organs 
(Ning et al., 2009; Ghanbari et al., 2012). 
Previous studies show that diabetes can affect 
the neuroendocrine reproductive tract axis 
and cause sexual dysfunctions. It has been also 
reported that hyperglycemia can negatively affect 
sperm quantity and quality in rats (Arikawe et 
al., 2006; Navarro-Casado et al., 2010). Previous 
studies reported the adverse effects of diabetes 
mellitus on the functions of reproductive organs, 
particularly ejaculation and spermatogenesis; 
moreover, by dropping testosterone levels, the 
disease can cause harm to the tissues and the 
reduction the capacity of testis (Mosher, 1988).

Morphology sperm plays a most important 
role to determine sperm quality and successful 
fertilization (Rønn et al., 2000; Noorafshan and 
Karbalay-Doust, 2010; Kuster et al., 2004; Panahi et 
al., 2017). Although the World Health Organization 
(WHO) recommends the investigation of different 
parts of sperm morphology, little research has 
been conducted on the volume of the sperms’ 
heads and the mid-piece and tail sperm length, 
despite the essential role they play in sperm 
motility (Mossman et al., 2012; de Paz et al., 2011). 
In other words, most studies have focused on a 
narrow range of parameters such as analyzing 
the sperm length and head (Maroto-Morales et 
al., 2010; Noorafshan and Karbalay-Doust, 2010). 
This study was conducted through the unbiased 
application of stereological tools. Regarding 
the subject mentioned above, this study was 
conducted in order to explore the effects of 
diabetes on the sperm head volume of and length 
of  their mid-piece by using stereological methods.

MATERIALS AND METHODS

Animals

This study was conducted on 12 adult mice (28-
30 g) that were purchased from the animal center 
laboratory of the Pasteur Institute in Tehran, 
Iran. This study was conducted according to the 
standard directive recommended and approved 
by the research authorities of Shahid Beheshti 

University of Medical Sciences, Tehran, Iran (IR. 
SBMU. RETECH.REC.1395.440). The mice were 
divided into two groups: (I) Control; (II) Diabetic 
(40mg/kg STZ). Each group included 6 mice that 
were housed in standard rat cages and room 
temperature 22-24°C, 12:12 h light-dark schedule, 
and were provided with water ad libitum.

Induction of diabetes mellitus

A single dose (55 mg/kg body weight) of 
intraperitoneal streptozotocin (STZ) injection can 
cause type 1 diabetes in mice (Zanosar Pharmacia 
and Upjohn Co, Kalamazoo, MI, USA). One week 
following the STZ injection, blood samples 
were taken from the veins of mice’s tail in order 
to analyze the blood glucose levels (Biomine, 
Rightesttm GM300, Biomine Corporation, 
Switzerland). Mice with blood glucose level greater 
than 250 mg/dL were considered to be type 1 
diabetic. In our study, the mice’s body weight and 
blood glucose levels were recorded every 2 weeks 
until the end of the research. Sperm morphology 
examinations were conducted 30 days after the 
STZ injection.

Sperm Collection

Sperm samples were collected from the right 
cauda epididymis of the mice. The sperm sample 
incubation at 37 °C for 20 minutes, 10 μl of the 
sample were placed on a slide and sperm motility 
was observed. The sperm count was measured 
by counting chamber. Then the sperm smear was 
prepared for analysis, placed on a slide, air-dried 
at room temperature, and fixed in methyl alcohol. 
Then, the sample was stained with Diff-Quik (Seed 
et al., 1996).

Stereological study

Length of sperms’ mid-piece and flagellum estimation

The length of sperms’ mid-piece and flagella 
estimation under the microscope is an application 
of length estimation in two-dimensional planes 
(Panahi et al., 2017). The mean length of the 
sperms’ mid-piece and flagella was estimated 
using the following formulae (Fig. 1):
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In this formula a/l is the Merz grid constant 
which was obtained as follows: the area of each 
basic tile of the grid was X multiplied by Y. Within 
this tile, there were two semicircles of length of 
π.d (perimeter of a circle), In this formula d is 
the diameter of the semicircle. Thus the Merz 
grid constant a/l was (X_Y) π.d. In this formula 
asf is the area of the basic tile divided by the area 
of the counting frame. In this formula ΣI is the 
summation of the intersection of the tails with the 
semicircles. In this formula ΣN is the total number 
of the counted sperms in the unbiased counting 
frame.

Mean volume estimation of sperm heads

The sperms’ volume of head was estimated 
using the nucleator method (Karlsson and Cruz-
Orive, 1997). In this method for each sampled 
nucleus, two horizontal directions (intercept, Ln) 
were considered from the central point within the 

nucleus to the cell borders (Figure 1). The sperm 
head volume in the number weighted distribution 
was estimated using the following formula:

Statistical analysis

The data were analyzed using the non-
parametric tests (Kruskal-Wallis). Differences 
were regarded as statistically significant if P ≤ 
0.05.

RESULTS
Total sperm count, motility and sperm mid-

piece and tail defect

Our data showed that the total sperm count 
in STZ-induced animals was decreased, in 
comparison with the control groups (P < 0.05). the 

Fig. 1.- Estimation of the sperms mid-piece and flagellum length. (A) Two semicircles were located at a rectangle. The length of each semicircle was 
equal to twice the length of its minor axis (r). The area associated with the semicircle was calculated by multiplying the X by Y and divided by the length 
of the two semicircles to achieve the area per length. (B) The total number of the intersections between the sperms mid-piece and flagellum axes and 
the cycloid were counted. The semicircle was positioned parallel to the vertical axis. (C) For nucleator methods, two horizontal directions (intercept, 
Ln1 and Ln2) were considered from the central point within the sperm head to the plasma membrane.
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results also showed that the sperm motility also 
decreased in the diabetic groups in comparison to 
the control groups (P<0.05) (Fig. 2). 

Sperm mid-piece length

The results for length of the sperms’ mid-piece 
revealed no significant differences between 
the control and diabetic groups. Therefore, 
sperm mid-piece length was not correlated with 
abnormal sperm morphology in diabetic groups 
(Fig. 3).

Sperm flagellum length

Our result indicated that the length of the 
flagellum was decreased in the diabetic groups in 
comparison to the control rats (p < 0.05) (Fig. 3).

Sperm head Volume

The results showed that there was a significant 
difference in the volume of the sperm heads 
between the control and diabetic groups (p<0.05). 

Therefore, sperm head volume was associated 
with abnormal sperm morphology (Fig. 3).

DISCUSSION
In this study investigated the morphological 

changes of the sperms in STZ-induced diabetic 
mice using stereological techniques. Our finding 
showed that the reduction in the sperm count and 
sperm motility in the diabetic groups in comparison 
with the control groups. Our results also showed 
that the reduction in the sperm heads volume 
and the length of sperm flagellum in the diabetic 
groups in comparison with the control groups. 
These sperm structure changes have proven to be 
detrimental to the chance of success pregnancy 
(Guneli et al., 2008). Diabetes increased blood 
glucose levels and created histological changes 
in mice’s testis by reducing spermatogenic cells, 
cell apoptosis, and other histological changes in 
the seminiferous tubules. These changes were 
associated with morphological abnormalities in 
spermatogenesis (Guneli et al., 2008). Previous 

Fig. 2.- Total sperm count and sperm motility in the control and diabetic groups are shown (A and B). The significant difference between control 
groups in comparison to the diabetic groups is indicated. *p < 0.05. Diff quick staining of sperms. (C) Control group and (D) Diabetic group.

https://www.google.com/url?sa=t&amp;rct=j&amp;q&amp;esrc=s&amp;source=web&amp;cd=1&amp;cad=rja&amp;uact=8&amp;ved=2ahUKEwjo9qOhnc7cAhUIFSwKHeVhAX4QFjAAegQICRAB&amp;url=https%3A%2F%2Fwww.independent.co.uk%2Flife-style%2Fhealth-and-families%2Fhealth-news%2Fdaily-sex-keeps-sperm-healthy-and-improves-chance-of-pregnancy-1726197.html&amp;usg=AOvVaw1olR7VACqP-HekHpdjX2KS
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studies showed that diabetes could cause a 
reduction in testosterone levels in the serum 
and testes tissues in male mice by changing the 
function of Sertoli cells and affecting the leydig 
cells (Kanter et al., 2013). The dysfunction of 
leydig cells causes oxidative stress and increases 
free radicals, which could be detrimental to male 
fertility (Shrilatha, 2007). Moreover, diabetes can 
affect several sperm-related parameters of male 
fertility such as erection, semen concentration, 
semen volume, sperm count, sperm motility and 
testosterone levels; however, the relationship 
between standard sperm-related parameters and 
diabetes was not clear (Ficher et al., 1984; Hassan 
et al., 1993). It has been shown that diabetes is 
associated with the reduction of semen volume 
and the vitality and motility of spermatozoa. Also, 
spermatozoa of diabetic mice had less chromatin 
condensation and lower DNA integrity (Arikawe et 
al., 2006; Ricci et al., 2009).

The motility of sperms is associated with the 
mid-piece, which contains mitochondria for 
ATP synthesis which is therefore responsible for 
human fertility (Lüpold et al., 2009; Hargreave and 
Elton, 1983). Moreover, sperm viability is related 
to sperm morphometry, which was confirmed by 
observing that spermatozoa with a small head, 
width, area, and perimeter died after freezing 
and thawing (Marco-Jiménez et al., 2006). There 
are few studies conducted on the morphometric 
measurements of sperms (Jeyendran et al., 1986). 
One study on American soldiers analyzed the 
relationship between sperm length and fertility 
impairment (DeStefano et al., 1989; Boyle et al., 
1992). The relationship between the dimensions 
of the sperm head with fertility after human intra 
uterine in semination (IUI) and intra cytoplasmic 
sperm injection (ICSI) has also been studied (Soler 
et al., 2005). Although the WHO recommends the 
evaluation of sperm morphometry, little attention 
has been paid to this parameter and its benefit in 
predicting fertility.

Fig. 3.- The sperms’ mid-piece (A) and flagellum (B) length in the different groups are shown. The significant difference between control groups in 
comparison to the diabetic groups is indicated. *p < 0.05. The sperms’ head volume (C) in the different groups are shown. The significant difference 
between control groups in comparison to the diabetic groups is indicated. *p < 0.05. (D) Diff quick staining of sperms, sperm head (H), sperms mid-
piece (MP), sperm tail (T).



Diabetes mellitus impairment of sperm parameters

582

In recent research projects, stereological 
methods are growingly used in order to evaluate 
various morphometric parameters of three-
dimensional objects (Rønn et al., 2000).

As stereological techniques have scientific 
advantages over quantitative results, this study 
utilized stereological methods for estimating 
sperm structure. Design-based stereology 
can enable invaluable three-dimensional (3D) 
information and quantitative data regarding the 
structural changes in sperm morphology such 
as sperm volume and sperm mid-piece and 
flagellum length that cannot be obtained using any 
other physiological, biochemical, or molecular 
techniques (Mühlfeld et al., 2010). The mentioned 
methods could not only be used in sperm analysis, 
but also in quantitative investigations of sperm 
parameters in various different studies. This 
study uses design-based stereological methods 
in order to obtain scientifically reliable estimates 
of the sperm head volume and sperm flagellum 
length in the control and diabetic mice. Our data 
indicated that the reduction of the sperm head 
volume and sperm flagellum length in diabetic 
mice in comparison with the control groups. 
These data support that the changes head volume 
and sperm flagellum length may related to the 
sperm fertility potential in diabetic mice.
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Ameliorative effect of capsaicin against 
cardiac dysfunction induced by high fat diet 

in adult male rat
Ayat M. Domouky, Walaa A. Rashad

Human Anatomy & Embryology Department, Faculty of Medicine, Zagazig University, Egypt

SUMMARY
Overconsumption of high fat diet is a leading 

cause for developing obesity, which is strongly 
related to cardiovascular diseases. To elucidate 
the cardiac dysfunction induced by the effect 
of high fat diet and to evaluate the potential 
ameliorative effect of capsaicin against this 
toxicity, 40 adult male rats were divided into 
four groups: High fat diet (HFD) group contained 
10 rats that were fed on HFD for 8 weeks. High 
fat diet and capsaicin group (HFD+CAP) group 
contained 10 rats that were fed on HFD + CAP 
for 8 weeks besides control groups. The extent 
of cardiac toxicity was evaluated physiologically 
and biochemically in addition to homogenate and 
histological examination of cardiac tissue. High 
fat diet led to significant increase in body weight, 
heart weight and body mass index. Moreover, HFD 
group showed significant increase in heart rate, 
systolic blood pressure with decrease in EF%. 
Biochemical investigation revealed significant 
increase in serum glucose, insulin level with 
insulin resistance, besides increase in serum 
total cholesterol, triglycerides and free fatty acids. 
HFD heart homogenate revealed decrease in total 
energy charge and total antioxidant capacity. 
Furthermore, histological examination displayed 

alteration of the normal histological structure of 
the heart tissue, increase in collagen deposition 
and significant increase in the immunopositivity 
of the inflammatory marker COX-2 and the 
apoptotic marker caspase-3. These effects were 
partially alleviated by consumption of capsaicin 
parallel with high fat diet in (HFD+CAP) group. 
However, even if capsaicin could ameliorate the 
effects of high fat diet, it is better to avoid HFD, as 
it can induce cardiac dysfunction.

Key words: Capsaicin – High fat diet – Obesity – 
Cardiac dysfunction – Inflammation – Apoptosis 

INTRODUCTION
Consumption of a high-energy diet boosts a 

positive energy state and induces development 
of overweight and obesity (Swinburn and Egger, 
2002). Obesity remains a global public health 
problem related to health behaviours and health 
outcomes with increased prevalence globally 
(Arroyo-Johnson and Mincey, 2016). Obesity 
is strongly related to cardiovascular diseases 
such as coronary heart disease (CHD) and heart 
failure (HF) (Stanley et al., 2012). Oxidative stress 
characterizes a recognized feature of obesity 
and is concerned in both vascular dysfunction 
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and cardiac fibrosis (Aubin et al., 2008; Lu et 
al., 2008). Many studies displayed that obesity’s 
experimental model developed hypertension, 
hypercholesterolemia, hyperinsulinemia, renin–
angiotensin system activation, and increased 
renal oxidative stress (Carroll et al., 2006).

The adult heart gains most of its energy from the 
oxidation of fatty acids (FAs), of which there are 
high levels in patients who feed on a high-fat diet 
(HFD) (Lopaschuk et al., 2010; Rider et al., 2013). 
Even though FAs are the main energy source of 
the myocardium, long-term exposure to free FAs 
may lead to fat deposition in cardiomyocytes and 
around the heart (Ji et al., 2017; Hu and Zhang, 
2017). The harmful consequence of prolonged 
exposure to extra fats in the circulation on the 
heart is a result of the accumulation of toxic 
metabolic derivatives, which can lead to myocyte 
dysfunction and death via beginning of certain 
signalling cascades (Ji et al., 2017; Hu and Zhang, 
2017). Echocardiography is an ultrasound-based 
imaging method that enables serial, in vivo 
structural and functional characterization of the 
heart. Transthoracic echocardiography (TTE) has 
been widely used as a first-line investigation for the 
diagnosis of numerous cardiac disorders, including 
cardiomyopathies, valvular abnormalities and 
congenital heart defects. The ventricular ejection 
fraction (EF), the ratio of the stroke volume over the 
end-diastolic volume expressed as a percentage, 
is frequently used to gain an overall assessment 
of ventricular systolic function in humans and in 
small animals (Wang et al., 2018). 

On the other hand, the co-administration 
of a natural antioxidant would counteract the 
deleterious effect of a high-fat diet on endothelial- 
mediated relaxation and reactive fibrosis (Baur 
and Sinclair, 2006; Das and Maulik, 2006). 
In consequence, the effect of HFD to develop 
an obesity state can be prevented by several 
factors like capsaicin (8-methyl-N-vanillyl-6-
nonenamide), which is a compound with spicy 
smell and is the main capsaicinoid in chili 
peppers. It has a molecular formula (C18H27NO3). 
Capsaicin shows monoclinic rectangular flaky 
colourless crystals (Pi et al., 2017). Capsaicin 
has been widely used in clinical practice. In 
cardiovascular studies, capsaicin was found to 

prevent obesity, induce the apoptosis of cancer 
cells, lower blood pressure and reduce blood lipids 
(Wong and Gavva, 2009).  Capsaicin may show 
an anti-inflammatory effect via regulating the 
expression of some pro-inflammatory cytokines 
(such as COX-2) (Hwang et al., 2009). According to 
Woods et al., administration of a high-fat diet is an 
experimental model reproduces many features of 
human obesity (Woods et al., 2003).  Therefore, our 
study aimed to achieve a new vision to the cardiac 
dysfunction effect of high fat diet by investigation 
of the hemodynamic, histopathological and 
biochemical changes in heart tissue in adult male 
rats, and to evaluate the potential ameliorative 
effect of capsaicin against this toxicity.

MATERIALS AND METHODS

Animals

40 healthy adult male rats (6-8weeks) weighing 
180-220 g were used in this study. Rats were 
obtained from the Animal House of the Faculty of 
Medicine, Zagazig University, Egypt. They were 
housed in a temperature- and light-controlled 
room (12 h light/dark cycles) with free access to 
food and water. All experiments were performed 
in accordance with relevant guidelines and 
regulations of the Institutional Animal Care 
and Use Committee, Zagazig University (ZU-
IACUC committee), approval number ZU-
IACUC/3/F/85/2020.

Diet preparations

The high fat diet consisted of 42% lipids, 
36% carbohydrates, and 22% proteins (kcal), 
the normal diet (ND) consisted of 12.5% lipids, 
63.2% carbohydrates, and 24.3% proteins (kcal). 
To assess the therapeutic benefit of Capsaicin 
(0.003% of CAP, which correspond to a 0.399 mg/
kg body weight) was added directly to rat chow 
(Baskaran et al., 2019).

Experiment protocol

40 adult male rats were divided into four groups, 
each containing 10 rats: Control group, which 
subdivided into normal diet (ND) subgroup, which 
contained 10 rats that were fed on normal diet 
(ND) for 8 weeks, and Capsaicin (CAP) subgroup, 
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which contained 10 rats that were fed on ND 
supplemented by Capsaicin for 8 weeks. High fat 
diet (HFD) group contained 10 rats that were fed 
on HFD for 8 weeks. High fat diet and capsaicin 
group (HFD+CAP) group contained 10 rats that 
were fed on HFD + CAP for 8 weeks. Female rats 
were excluded to avoid hormonal changes that 
might occur during the estrus cycles. The extent 
of cardiac toxicity was evaluated physiologically 
beside biochemical and histological examination 
of cardiac tissue samples from sacrificed rats.

Anthropometric measures

Measuring body weight: the animals were put 
in closed plastic containers and were weighed a 
day before the experiment and at the last day. The 
results were written in a record for each labeled 
rat (Brennan et al., 2009). Measuring rat length: 
nose-to-anus length was measured at the start 
and at the end of the experiment. An assistant 
was holding rats from the tail to lengthen the 
body, ensure the real nose-to-anus length of the 
animal and avoid false measures. A metal ruler 
graduated in centimeters was used by holding 
zero end at the anus and record the reading that 
reached the nose (Novelli et al., 2007). Calculating 
BMI index: body mass index (BMI) equals body 
weight (gm) / length2 (cm2), this index can be used 
as an indicator of obesity where the cutoff value of 
obesity BMI is more than 0.68 gm/cm2 (Novelli et 
al., 2007). 

Measurement of hemodynamic parameters 

At the conclusion of the experiments, the heart 
rate, systolic blood pressure (SBP) was assessed 
by using the noninvasive tail-cuff method with a 
Narco BioSystems Electro-Sphygmomanometer. 
The average of two readings was recorded for 
each measurement.

Echocardiography

At week 8, rats were anaesthetized using 3% 
pentobarbital sodium (0.1 mL/100 mg) and their 
cardiac function and ventricular dimensions were 
evaluated by transthoracic echocardiography using 
a GE vivid E9 equipped with a 13-MHz phased-

array transducer. All rats’ hearts were recorded at 
the level of the papillary muscle in 2D and M-mode. 

The parameters of left ventricular end diastolic 
diameter (LVEDD) and left ventricular end systolic 
diameter (LVESD) were measured.  Functions 
were assessed by the following parameters: 
endocardial fractional shortening (FS), and 
ejection fraction (EF). left ventricular percent 
fractional shortening, (FS) was calculated from 
the M-mode using the following equation FS (%): 
[(LVIDD - LVISD)/LVIDD] X 100%. Left ventricular 
ejection fraction (EF%) was automatically 
calculated by the echocardiography machine 
according to the Teicholz formula (Platt et al., 
2017). The parameters were determined for three 
cardiac cycles and averaged.

Biochemical study

Blood samples (about 8 ml/rat) were obtained at 
the end of the experimental period after overnight 
fasting and measurement of blood pressure 
(between 9:00-11:00 a.m.), blood samples were 
obtained from retroorbital venous plexus of each 
rat after ether inhalation (Sharma et al., 2014). 
The blood samples were allowed to clot at room 
temperature before centrifuging at 3000 rpm for 
15 minutes. The serum was stored at -20° C.

Serum Biochemical analysis: Serum glucose 
level: by using glucose enzymatic (GOD-PAP)-
liquizyme Kits (Biotechnology, Egypt). Serum 
insulin level: by using rat insulin enzyme-
linked immunosorbent assay kit BioSource 
(Biotechnology, Egypt).

Calculation of homeostasis model assessment 
of insulin resistance (HOMA-IR): The following 
equation was used; [insulin (μU/mL) x glucose 
(mg/dl) /405] (Mari et al., 2005; Gutch et al., 2015). 
Healthy Range: 1.0 (0.5-1.4), Above 2.5 indicates 
insulin resistance.

Total cholesterol (TC), free fatty acids (FFA) and 
triglycerides (TG) were measured from serum 
according to colorimetric kits from Biovision 
(Egypt) and the manufacturers’ protocol. 
Concisely, serum sample was matched with 
assay buffer and enzyme mixture, incubated in 
dark and measured at 570 nm utilizing a plate 
reader. Quantification was done from standard 
curve using the corresponding standards for 
cholesterol, TG, or FFA.
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Cardiac dissection

After 8 weeks of feeding, the hearts were rapidly 
excised from the decapitated rats. The heart 
weight, and the ratio heart/body weight of each 
rat were measured.

Homogenate heart tissue analysis

Heart samples were homogenized in 50 mM 
phosphate buffer (pH 7.4) and sonicated over ice. 
The sonicated homogenates were centrifuged for 
20 min at 3,200 × g at 5°C. A supernatant portion 
was dialyzed for 24 hours against two changes of 
cold 50 mM phosphate buffer. 

Adenine nucleotide analysis: the supernatant 
of homogenized heart tissue was neutralized with 
an equal volume of 1M Na2HPO4 and centrifuged 
again at 10,000g and 4°C for 10 minutes. The 
supernatant was filtered through a 0.22 μm filter. 
Next, 50 μl aliquots were analysed using a high-
performance liquid chromatography (HPLC) 
method with a Beckman C18 column (5 μm, 250 × 
4.6mm). Analytes were isocratically eluted using 
96% 0.05M KH2PO4 (pH 6.5) and 4% methanol 
for 30 minutes. Concentrations of adenosine 
triphosphate (ATP), adenosine diphosphate 
(ADP), and adenosine monophosphate (AMP) 
were determined at 254 nm using an external 
standard method for quantification. Total energy 
charge was defined as (ATP + ADP/2)/ (ATP + ADP 
+ AMP) (Chen et al., 2018).

Total Antioxidant Capacity (TAC) was measured 
according to Cell Biolabs’ OxiSelect™ Total 
Antioxidant Capacity (TAC) Assay Kit, based on the 
reduction of copper (II) to copper (I) by antioxidants 
such as uric acid. Upon reduction, the copper (I) 
ion further reacts with a coupling chromogenic 
reagent that produces a color with a maximum 
absorbance at 490 nm. The net absorbance values 
of antioxidants are compared with a known 
uric acid standard curve. Absorbance values 
are proportional to the sample’s total reductive 
capacity. Results are expressed as “ng/mg”.

Histological and morphometric examination 

LV transverse sections of seven animals from 
each group were fixed in 10% buffered formalin 
and embedded in paraffin. Thick sections of 1 μm 

were cut from the tissue block and stained with 
haematoxylin and eosin, and with the collagen 
specific stain Masson’s trichrome staining. 
Phosphate buffer (PBS), dissection set, 10% 
formal saline, alcohol, xylene and paraffin wax for 
preparation to light microscopic examination. H&E 
and Masson’s trichrome stains were purchased 
from faculty of medicine, Zagazig University.

The myocyte cross-sectional area was 
determined for at least 100 myocytes per 
haematoxylin and eosin stained slide. The 
myocyte cross-sectional area measurements 
were obtained from digitized images (40× 
magnification lens) at Anatomy Department, 
Faculty of Medicine, Zagazig University. Myocyte 
cross-sectional area was measured using a 
digitizing pad, and the selected cells were cut 
transversely with the nucleus clearly identified 
in the centre of the myocyte. Area % collagen 
fibre was determined for the entire Masson’s 
trichrome stained cardiac section were obtained 
from digitized images (40× magnification lens) 
at Anatomy Department, Faculty of Medicine, 
Zagazig University. The components of the 
cardiac tissue were identified according to color 
level as follows: green for collagen fibers; blue for 
myocytes; and white for interstitial space.

Immunohistochemical study for COX-2 and 
caspase-3 in the heart tissue

COX-2 antibodies, Caspase-3 antibodies, 
and Kits for enzymes assay were purchased 
from (Sigma-Aldrich chemical company, 
Germany and purchased from Sigma-Egypt). 
The immunohistochemical staining of for COX-
2 was performed according to Pi et al. After 
deparaffinization and hydration, sections were 
incubated with 3% H2O2 for 5-10 min, followed 
by antigen retrieval in 0.01 M citric acid. After 
blocking in 5% BSA for 20 min, sections were 
treated with phospho-MAPK polyclonal antibody 
(1:1000) at 4°C overnight. Following incubation 
with HRP conjugated goat anti-rabbit IgG (1:1000) 
at 37°C for 20 min, visualization was performed 
with DAB, and counterstaining was performed 
with hematoxylin, followed by dehydration, 
transparentization and mounting. In blank control 
group, the primary antibody was replaced with 
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PBS. Positive cells had brown cytoplasm, intensity 
of Cox-2 immunoreactivity was measured and 
mounted using Canada balsam. Image analysis 
software (ImageJ 1.36b, http://rsbweb.nih.gov/ij) 
and expressed in percentage.

The immunohistochemical staining of for 
caspase-3 was performed according to (Bebars 
et al., 2017). 5 μm-thick sections were cut from 
the paraffin embedded blocks and stained by 
IHC technique according to data sheet (Cat. #RP-
09605). The slides were incubated overnight at 
room temperature with a purified rabbit polyclonal 
antibody raised against caspase-3. It is received as 
0.5 ml concentrated for use. The Envision method 
was used for detection of antibody binding. For 
negative control, the primary antibody was replaced 
by PBS. Finally, all sections were counter stained 
with Mayer’s hematoxylin and examined by light 
microscopy. Positive cells had brown cytoplasm, 
intensity of caspase-3 immunoreactivity was 
measured and mounted using Canada balsam. 
Image analysis software (ImageJ 1.36b, http://
rsbweb.nih.gov/ij) and expressed in percentage 
(Bressenot et al., 2009). Quantitative data were 
estimated in 5 different non-overlapped fields for 
the same slide of each animal, in each animal 5 
slides were counted and a total number of 25 fields 
of each group were counted.

Statistical analysis

The collected data were statistically analyzed 
using SPSS program (Statistical Package for Social 
Science) version 18.0. Descriptive statistics were 
given as mean ± standard deviation (SD). One-way 

ANOVA were used to compare the mean values 
of more than two groups. Multiple comparisons 
were estimated by the least significant difference 
(LSD) test. A value of p<0.05 was accepted as 
statistically significant, a value of p<0.001 was 
accepted as highly statistically significant, and a 
value of p>0.05 was accepted as non-statistically 
significant. Spearman’s rank correlation 
coefficient was used to analyze the association 
between serum hormonal and lipid levels against 
body mass index, and echocardiography (EF) 
against morphometric parameters.

RESULTS

Body and heart anthropometric measures analysis 

Rats from the HFD group showed a highly 
significant increase in body weight compared 
with the rats from ND, CAP group. The mean of 
weight of the HFD group was 380±6 gm, while 
that of ND and CAP groups was 255±9 gm, 232±4 
respectively. Consumption of capsaicin parallel 
with high fat diet in (HFD+CAP) group showed 
partial protection from weight gain, the average 
weight of the HFD+CAP group was 315±20 
gm. In contrast to final body weight, the body 
length showed no significant difference between 
different study groups. Therefore, body mass 
index (BMI) showed a highly significant increase 
in the HFD group, the mean of BMI of the HFD 
group was 0.72±0.05 gm/cm2, while that of ND, 
CAP, HFD+CAP groups were 0.48±0.03, 0.40±0.06 
and 0.60±0.02 gm/cm2 respectively (Table 1, Fig. 
1 A, B, C).

Table 1. Anthropometric measures analysis in different study groups.

Control group (n10)

HFD group 
(n10)

HFD+CAP group 
(n10) P value

ND 
subgroup (n10)

CAP
subgroup (n10)

Initial body weight (gm) 185±7 190±8 193±4 192±8 0.0653

Final body weight (BW) (gm) 255±9 232±4* 380±6* 315±20*, ** 0.0000

Body length (BL) (cm) 23±3 24±5 23±4 23±3 0.9163

Body mass index (BMI) (gm/cm2) 0.48±0.03 0.40±0.06* 0.72±0.05* 0.60±0.02*, ** 0.0000

Heart weight (HW) (g) 1.2±0.04 1.3±0.06 2.6±0.16* 1.9±0.27*, ** 0.0000

Heart wt./body wt. % (H/BW%) 0.53±0.03 0.56±0.04 0.68±0.22 0.6±0.14 0.0841

One-way ANOVA, and least significant difference (LSD) test, P > 0.05: no significant differences, P < 0.05: significant differences, 
P < 0.001: highly significant differences.
* significant vs ND subgroup; ** significant vs HFD group

http://rsbweb.nih.gov/ij
http://rsbweb.nih.gov/ij
http://rsbweb.nih.gov/ij


Capsaicin against cardiac dysfunction induced by high fat diet

590

Regarding heart measures, rats from the HFD 
group showed a highly significant increase in 
heart weight compared with the rats from ND, 
CAP group. The mean of heart weight of the HFD 
group was 2.6±0.16 gm, while that of ND and CAP 
groups was 1.2±0.04 gm, 1.3±0.06 respectively. 
Consumption of capsaicin led to partial protection, 
the average heart weight of the HFD+CAP group 
was 1.9±0.27 gm. In contrast to heart weight, 
the ratio between heart and body weights (H/
BW%) showed no significant difference between 
different study groups (Table 1, Fig. 1 D, E).

Hemodynamic and Echocardiography 
parameters analysis 

The rat fed with high fat diet exhibited 
significantly elevated heart rate, systolic blood 
pressure, LVESD, and significant reduction in 
EF% and FS% in comparison to both ND and 
CAP groups. These effects were alleviated by 

consumption of capsaicin parallel with high fat 
diet in (HFD+CAP) group (Table 2, Fig. 2).

Biochemical results analysis 

Fasting serum glucose, insulin levels were 
significantly increased in HFD group as compared 
to ND and CAP groups. These effects were partially 
alleviated by consumption of capsaicin parallel 
with high fat diet in (HFD+CAP) group. With 
calculation of homeostasis model assessment 
of insulin resistance (HOMA-IR), the mean in rat 
on high fat diet was 3.8±0.4 while the mean in 
ND, CAP, HFD+CAP groups were 1.6±0.3, 1.5±0.3, 
2.3±0.9 which indicate insulin resistance in HFD 
group (Table 3, Fig. 3 A, B, C). 

The rat fed with high fat diet exhibited 
significantly elevated total cholesterol (TC), 
free fatty acids (FFA) and triglycerides (TG) in 
comparison to both ND and CAP groups. These 
effects were partially alleviated by consumption of 

Fig. 1.- Anthropometric measures analysis in different study groups showed that rats from the HFD group showed a highly significant increase in body 
weight compared with the rats from ND, CAP group (A). In contrast to final body weight, the body length showed no significant difference between 
different study groups (B), therefore, body mass index (BMI) showed a highly significant increase in the HFD group (C). Moreover, Rats from the HFD 
group showed a highly significant increase in heart weight compared with the rats from ND, CAP group (D). In contrast to heart weight, the ratio be-
tween heart and body weights (H/BW%) showed no significant difference between different study groups (E).
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capsaicin parallel with high fat diet in (HFD+CAP) 
group (Table 3, Fig. 3 D, E, F).

Homogenate results analysis 

Total energy charge was assessed by 
measurement of adenine nucleotide variants in 
the myocardia. The ATP and ADP concentrations 

in the myocardia of the HFD group were 2.23±0.36 
and 2.17± 0.42 μg/ml, respectively, which were 
significantly lower than those of the other groups. 
On the contrary, the AMP concentration was 
significantly higher in the HFD group (1.54±0.27 
μg/ml). Consequently, the HFD group had a 
significantly lower energy charge (0.57±0.15) 
vs 0.76±0.11, 0.81±0.15, 0.72±0.14 in ND, CAP, 

Table 2. Hemodynamic and Echo parameters analysis in different study groups.

Control group (n10)

HFD group 
(n10)

HFD+CAP 
group (n10) P value

ND 
subgroup (n10)

CAP subgroup 
(n10)

Heart rate (beat/min.) 276±4 285±6** 312±6* 294±5*, ** 0.0000

Systolic blood pressure (mmHG) 134±6 129±6** 181±4* 153±7*, ** 0.0000

LVEDD 8.21±0.4 8.26±0.3 8.47±0.2 8.29±0.6 0.5079

LVESD 3.57±0.3 3.48±0.4** 4.04±0.5* 3.72±0.2 0.0090

EF% 71.5±3.4 68.3±2.6** 48.7±3.2* 68.5±4.2** 0.0000

FS % 36.84±2.1 35.46±3.7** 29.45±4.3* 32.65±3.5 0.0002

Left ventricular end diastolic diameter (LVEDD), left ventricular end systolic diameter (LVESD), ejection fraction (EF%), left 
ventricular percent fractional shortening (FS%).
One-way ANOVA, and least significant difference (LSD) test, P > 0.05: no significant differences, P < 0.05: significant differences, 
P < 0.001: highly significant differences.
* significant vs ND subgroup; ** significant vs HFD group

Fig. 2.- Hemodynamic and Echo parameters analysis in different study groups showed that rats fed high fat diet exhibited significantly elevated heart 
rate (A), systolic blood pressure (B), LVEDD (C), LVESD (D), and significantly reduction in EF% (E) and FS% (F) in comparison to both ND and CAP 
groups, these effects were alleviated by consumption of capsaicin parallel with high fat diet in (HFD+CAP) group.
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HFD+CAP groups respectively (table 3, figure 
3 G). Moreover, total antioxidant capacity was 
measured, the HFD group had an extremely 

significant lower antioxidant capacity (4.5±2.3) vs 
15.7±2.2, 16.4±3.1, 12.4±2.7 in ND, CAP, HFD+CAP 
groups respectively (Table 3, Fig. 3H).

Table 3. Biochemical and homogenate results analysis in different study groups.

Control group (n10)

HFD group 
(n10)

HFD+CAP group 
(n10) P value

ND subgroup 
(n10)

CAP subgroup 
(n10)

Serum glucose level (mg/dl) 90±15 82±9** 150±23* 100±32** 0.0000

Serum insulin level (µU/ml) 7.2±0.8 7.6±1.2 10.4±0.5* 9.3±1.7 0.0000

HOMA-IR 1.6±0.3 1.5±0.3** 3.8±0.4* 2.3±0.9*, ** 0.0000

Total cholesterol (TC) (mg/dl) 105±7 98±9** 182±12* 132±14*, ** 0.0000

Free fatty acids (FFA) (µM/l) 0.34±0.11 0.29±0.08** 0.92±0.13* 0.45±0.23** 0.0000

Triglycerides (TG) (mg/dl) 64.6±2.14 54.5±1.75** 172±11.45* 112±13.45*, ** 0.0000

ATP (µg/ml) 3.12 ± 0.37 2.98 ± 0.28 2.23 ± 0.36* 2.45 ± 0.36*, ** 0.0000

ADP (µg/ml) 2.66 ± 0.22 2.56 ± 0.36 2.17 ± 0.42* 2.42 ± 0.15*, ** 0.0000

AMP (µg/ml) 0.68 ± 0.21 0.62 ± 0.34 1.54 ± 0.27* 0.83 ± 0.23 0.0000

Total energy charge (µg/ml) 0.76 ± 0.11 0.81 ± 0.15** 0.57 ± 0.15* 0.72 ± 0.14 0.0030

Total Antioxidant Capacity (ng/mg) 15.7±2.2 16.4±3.1** 4.5±2.3* 12.4±2.7*, ** 0.0000

One-way ANOVA, and least significant difference (LSD) test, P > 0.05: no significant differences, P < 0.05: significant differences, 
P < 0.001: highly significant differences.
* significant vs ND subgroup; ** significant vs HFD group

Fig. 3.- Biochemical and homogenate results analysis in different study groups showed that Fasting serum glucose (A), insulin levels (B) were signifi-
cantly increased in HFD group as compared to ND and CAP groups. calculation of HOMA-IR (C) indicated insulin resistance in HFD group. Moreover, 
Rats from the HFD group exhibited significantly elevated total cholesterol (D), free fatty acids (E) and triglycerides (F). Total energy charge (G) and total 
antioxidant capacity (H) were significantly lower in HFD rats than those of the other groups. 
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Histological and morphometrical examination

Sections of the heart tissue in the ND group 
exhibited normal histological architecture of the 
myocardium as longitudinally striated, linearly 
arranged, branching and anastomosing muscle 
fibers (cardiac myofibers). They were joined together 
by intercalated discs and separated from each other 
by delicate layer of connective tissue. The cardiac 
muscle cells (cardiomyocytes) contained acidophilic 
cytoplasm with oval vesicular centrally located 
nuclei. (Fig. 4 A1, A2). In CAP group, the histological 
pattern of the heart tissue was similar to the ND 
group (Fig. 4 B1, B2). In the HFD group, alteration of 
the normal histological structure of the heart tissue 
was observed. Distorted cardiomyocytes with deeply 
stained pyknotic nuclei, vacuolated sarcoplasm, 
separation of the cardiac myofibers, inflammatory 
cellular infiltration, dilated congested blood vessels 
and extravasation of RBCs were observed (Fig. 4 
C1, C2, E, F). In HFD+CAP group, improvement and 
restoration of the normal histological structure 
of the heart tissue was observed (Fig. 4 D1, D2). 
Myocyte cross-sectional area in the myocardia 
of the HFD group was 735±114 um2, which were 

significantly more than those of ND, CAP, HFD+CAP 
groups (412±75, 398±123, 512±65 respectively) 
(Fig. 4G).

Masson’s trichrome stained heart tissue sections 
showed normally distributed collagen fibers in 
between the cardiomyocytes were observed in 
ND and CAP groups (Fig. 5 A, B), but markedly 
increased bundles of collagen within the distorted 
cardiac tissue were observed in the HFD group (Fig. 
5 C, D). Nearly normal appearance was observed in 
the HFD+CAP (Fig. 5E). Also, Area % collagen fiber 
was significantly increase in HFD group (25.7±8.3) 
in contrast to ND, CAP, HFD+CAP groups (16.5±3.4, 
17.4±5.6, 21.2±7.4 respectively) (Fig. 5F).

Immunohistochemical staining reflected 
increase in the immunopositivity of the 
inflammatory marker COX-2 and the apoptotic 
marker caspase-3 in HFD group compared to other 
groups. These effects were partially alleviated by 
consumption of capsaicin parallel with high fat 
diet in (HFD+CAP) group, active cells appeared 
as brown stained in contrast to healthy cells that 
appeared blue with counter stain (Fig. 6). 

Fig. 4.- H&E-stained heart tissue sections from all the groups showing linearly arranged cardiac muscle fibers contained acidophilic cytoplasm with 
oval vesicular centrally located nuclei (arrow) in the ND (A1, A2) and CAP (B1, B2) groups. Notice the distorted cardiac muscle fibers, pyknotic nuclei 
(curved arrow), vacuolated sarcoplasm (arrowhead), inflammatory exudate (ex), dilated congested blood vessels (bv), inflammatory cellular infiltra-
tion (thick arrow) and separated cardiac muscle fibers (wavy arrow) in the HFD group (C1, C2, E, F). Restoration of the normal arrangement of the 
cardiac muscle fibers with oval vesicular centrally located nuclei (thin arrow) and some pyknotic nuclei (curved arrow) in the HFD + CAP group (D1, 
D2) are noticed. Morphometrical analysis showing increased myocyte cross sectional area in HFD group (G). Scale bars: A1, B1, C1 and D1 = 200 μm; 
A2, B2, C2, D2, E and F = 50 μm.
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Fig. 5.- Masson’s trichrome stained heart tissue sections from all the groups showing collagen fibers (arrow) which are normally distributed in the ND 
(A) and CAP (B) groups, markedly increased in the HFD group (C, D) and became normal in the HFD+CAP group (E). Morphometrical analysis showing 
significant increase of collagen fibers percentage in HFD group (F). Scale bars A-E = 50 μm.

Fig. 6.- Caspase-3 (A,B,C,D) and COX2 (E,F,G,H) immuno-stained heart tissue sections from all the groups showing increased immunoreactivity 
(arrow) of both markers in HFD group (C,G) compared to other groups ND group (A,E), CAP group (B,F) and HFD+CAP group (D,H). Morphometrical 
analysis showing increased percentage of Caspase-3 (I) and COX2 (J) immunoreactivity in HFD group. Scale bars A-H = 50 μm.
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Correlation between body mass index and other 
anthropometric and biochemical measures 

Increase of body mass index in rats that were 
fed on HFD for 8 weeks was associated with 
significant positive correlation with heart weight 
(r=0.8303), heart wt. /body wt. % (r=0.5451), 
heart rate (r=0.8305) and systolic blood pressure 
(r=0.9406). Moreover, increase of body mass 
index in rats that were fed on HFD for 8 weeks was 
associated with significant positive correlation 
with serum biochemical parameters, serum 
glucose level (r=0.7568), serum glucose level 
(r=0.7568), serum insulin level (r=0.7093), total 
cholesterol (r=0.9066), free fatty acids (r=0.8268) 
and total triglyceride (r=0.9525) (Fig. 7). 

Correlation between ejection fraction% and 
BMI and morphometric measures 

Ejection fraction % as an indicator for left 
ventricular function showed a significant negative 
correlation with body mass index (r=-0.7697), 
heart rate (r=-0.8508), systolic blood pressure 
(r=-0.8721), myocyte cross sectional area (r=-
0.8246), area % collagen fiber (r=-0.5271), % +ve 
COX2 cells (r=-0.7645) and % of apoptotic cells 
(r=0.7304). On the other hand, ejection fraction % 
showed a significant positive correlation with total 
energy charge (r=0.7016) and total antioxidant 
capacity (r=0.8938) (Fig. 8). 

Fig. 7.- Correlation between body mass index and other anthropometric and biochemical measures, increase of body mass index in rats that were fed 
on HFD was associated with significant positive correlation with heart weight (A), heart wt. /body wt. % (B), heart rate (C) and systolic blood pressure 
(D). Moreover, increase of body mass index in rats that were fed on HFD was associated with significant positive correlation with serum biochemical 
parameters, serum glucose level (E), serum insulin level (F), total cholesterol (G), free fatty acids (H) and total triglyceride (I). 
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DISCUSSION
Obesity (Ob) has become one of the most 

prevalent metabolic diseases all over the world 
(Zhang et al., 2019). Ob is multifactorial in origin; 
overconsumption of high fat diet is a leading cause 
to develop obesity. Excess dietary fat increases 
both adipose and nonadipose tissue lipid content 
and, through lipotoxicity, leads to cell dysfunction 
and death, with or without the development 
of obesity (Hohos and Skaznik-Wikiel, 2017). 
Cardiovascular disorders are the critical causes 
of morbidity and mortality in association 
with Ob (Zhang et al., 2019). With worldwide 
overconsumption of high fat diet, it is mandatory 
to search about food additive which can make the 
balance and prevent cardiac dysfunction effect of 

HFD. So, it was aimed to achieve a new vision to the 
cardiac dysfunction induced by the effect of high 
fat diet through investigation of the hemodynamic, 
histopathological and biochemical changes in 
the heart of adult male rats, and to evaluate the 
potential ameliorative effect of capsaicin against 
this toxicity.

High fat diet used in the present study was 
sufficient to develop obesity in rats, Obese rats 
had an increase in body weight and heart weight, 
all these anthropometric parameters correlated 
directly with BMI, these results agreed with 
several studies (Carroll et al., 2006; Relling et al., 
2006; Novelli et al., 2007; Bhandarkar et al., 2019; 
Mabrouki and Rjeibi, 2020) that induced obesity 
in rats through a hypercaloric diet. Further 

Fig. 8.- Correlation between ejection fraction% and BMI and morphometric measures showed a significant negative correlation with body mass index 
(A), heart rate (B), systolic blood pressure (C), myocyte cross sectional area (F), area % collagen fiber (G), % +ve COX2 cells (H) and % of apoptotic cells 
(I). On other hand Ejection fraction % showed a significant positive correlation with total energy charge (D) and total antioxidant capacity (E). 
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hemodynamic analysis displayed significant 
increase in systolic heart rate and blood 
pressure as demonstrated by Wilde et al. (2000), 
Bhandari et al (2011), Bhandarkar et al. (2019), 
and Mabrouki and Rjeibi (2020): they reported 
significant increase in systolic, diastolic, mean 
arterial blood pressures and heart rate. Additional 
echocardiography examination to assess heart 
function in HFD rats revealed significant elevation 
of left ventricular end systolic diameter (LVESD), 
and significant reduction in left ventricular 
ejection fraction (EF%) and endocardial fractional 
shortening (FS%) in comparison to both ND and 
CAP groups. These results matched with Ge et 
al., (2012). Moreover, Li et al. (2018) observed 
enlarged LVESD, reduced EF and FS, but, in 
contrast with ours, this study, Li et al., observed 
also elevation of left ventricular end diastolic 
diameter (LVEDD). 

Effect of HFD investigated biochemically and 
the results showed an elevation in fasting serum 
glucose, insulin levels in HFD group as compared 
to control groups. Calculation of homeostasis 
model assessment of insulin resistance (HOMA-
IR), the mean in rat on high fat diet was 3.8±0.4, 
which indicates insulin resistance in HFD group. 
Similar biochemical results were reported by 
Mollica et al. (2017), Bhandarkar et al. (2019), 
Wang et al. (2021). Moreover, the rat fed with 
high fat diet exhibited significantly elevated total 
cholesterol, free fatty acids and triglycerides. 
All those biochemical parameters were in direct 
relation with body mass index, and this was 
corroborated by previous studied (De Leo et al., 
2020; Mabrouki and Rjeibi, 2020; Wang et al., 
2021).

Homogenate tissue analysis was done trying 
to understand the way by which HFD and 
obesity affect cardiac function, investigation of 
total energy charge showed that ATP and ADP 
concentrations in the myocardia of the HFD group 
were significantly lower than those of the other 
groups. On the contrary, the AMP concentration 
was significantly higher in the HFD group. 
Consequently, the HFD group had a significantly 
lower energy charge. These results suggested 
impaired mitochondrial dynamics, this was in 
accordance with Chen et al. (2018), who approved 

the effect of HFD in lowering total energy charge 
and impairment of mitochondrial dynamics.

This cardiac dysfunction has been described by 
many theories such as inflammation, LV fibrosis, 
collagen content alterations and increased 
oxidative stress (Sowers et al., 2011; Mollica et al., 
2017). Many studies showed that oxidative stress 
and myocardial fibrosis are related to impairment 
of cardiac systolic function and insulin resistance 
(Whaley-Connell et al., 2007; Zhou et al., 2010; 
Begriche et al., 2013). So, our study investigated 
the total antioxidant capacity and the HFD group 
had an extremely significant lower antioxidant 
capacity, which is in accordance with (De Leo et 
al., 2020; Mabrouki and Rjeibi, 2020). 

Further histological and morphometric 
examination of cardiac tissue observed that in 
HFD rats there were alteration of the normal 
histological structure of the heart tissue in form of 
increase myocyte cross-sectional area, distorted 
cardiomyocytes with deeply stained pyknotic 
nuclei, vacuolated sarcoplasm, separation of 
the cardiac myofibers, inflammatory cellular 
infiltration, dilated congested blood vessels and 
extravasation of RBCs, while Masson’s trichrome 
stained heart tissue sections showed markedly 
increased bundles of collagen within the distorted 
cardiac tissue. Those histological results agreed 
with Sikder et al., (2018) and  Bhandarkar et al., 
(2019), who interpreted the occurrence of cardiac 
fibrosis and the affection of cardiac performance 
by the excess deposition of collagen. 

Immunohistochemical stained heart tissue 
sections in HFD rats reflected increase in the 
immunopositivity of the inflammatory marker 
COX-2 and the apoptotic marker caspase-3 in 
HFD group compared to other groups (Cole et 
al., 2011; Jørgensen et al., 2017), mentioned that 
COX2 was elevated with HFD with mitochondrial 
impairment and oxidative stress. Because 
inflammation is often associated by apoptotic 
events, the immunopositivity of caspase-3 
was markedly increased in HFD group and 
this was in accordance with Fang et al. (2008) 
and Brugman (2016). Also settled with Li et 
al. (2018), who reported excessive apoptosis, 
deposition of collagen fibers and lipid droplets in 
cardiomyocytes.
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Correlation between ejection fraction % as an 
indicator for left ventricular function and other 
findings showed a significant negative correlation 
with body mass index, heart rate, systolic blood 
pressure, myocyte cross sectional area, area % 
collagen fiber, % +ve COX2 cells and % of apoptotic 
cells. On the other hand, ejection fraction % 
showed a significant positive correlation with 
total energy charge and total antioxidant capacity. 
This was in agreement with Ge et al. (2012), who 
found negative affection of the cardiac function 
and reductions in EF and FS that were strongly 
negatively correlated with body weight and 
cardiac triglycerides content. They attributed 
these changes to impaired insulin resistance and 
increased oxidative stress that was also previously 
concluded by Manrique et al. (2013),; Pakdeechote 
et al. (2014), whose results convene with ours. 

Cardiac dysfunction effects were partially 
alleviated by consumption of capsaicin parallel 
with high fat diet. Consequently, consumption of 
spicy foods as a food additive can make moderate 
balance and moderately prevent the harmful effect 
of HFD on heart. This conclusion is compatible 
with Almaghrabi et al., (2014), Sun et al. (2016) 
and Zheng et al. (2017), who conveyed that 
Capsaicin improves insulin resistance, decreases 
adipogenesis, regulates glucose homeostasis 
and ameliorates vascular dysfunction. Capsaicin 
guards against cardiometabolic diseases, such as 
obesity, hypertension, dyslipidemia in different 
target organs or tissues. Moreover Baskaran et 
al. (2019) suggested that CAP antagonizes HFD-
induced metabolic stress and inflammation. Also, 
Kursunluoglu et al. (2018) investigated results 
in co-administration of capsaicin with cisplatin, 
and suggested that the antioxidant capacity 
of capsaicin alleviates the cardiotoxic effect of 
cisplatin. Gómez-Sierra et al. (2018) argue that 
capsaicin has analgesic, antimicrobial, anti-
inflammatory, and antioxidant properties.

In summary, the high fat diet group showed 
significant increase in body weight, heart weight 
and body mass index. With hemodynamic and 
echocardiography investigation, HFD group 
showed significant increase in heart rate, systolic 
blood pressure with decrease in EF%, serum 
biochemical investigation revealed significant 

increase in serum glucose, insulin level with 
insulin resistance as well as increase in serum 
total cholesterol, triglyceride, free fatty acids. 
HFD heart homogenate showed decrease in total 
energy charge and total antioxidant capacity. 
Moreover, histological examination of heart tissue 
showed alteration of the normal histological 
structure of the heart tissue, marked increase of 
collagen bundles in the distorted cardiac tissue 
and significant increase in the immunopositivity 
of the inflammatory marker COX-2 and the 
apoptotic marker caspase-3 in HFD group 
compared to other groups.  These effects were 
partially alleviated by consumption of capsaicin 
parallel with high fat diet. In brief, even though 
capsaicin could ameliorate effect of high fat diet, 
it is better to avoid HFD as it can induce cardiac 
dysfunction.

CONCLUSION
Even though capsaicin could ameliorate effect 

of high fat diet, it is better to avoid HFD as it can 
induce cardiac dysfunction.
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SUMMARY
One of the most frequent causes of shoulder 

pain is the damage of the rotator cuff tendon. 
Its etiology is multifactorial and the symptoms 
often require prompt medical intervention. The 
glenohumeral joint is one of the largest and most 
complex joints in the human body, so it is very 
important to understand the many anatomical 
and pathological variations which may occur. One 
of such pathological variations is shoulder pain, 
which might be the result of an unusual rupture of 
the supraspinatus muscle. In this article we report 
a rare case of tearing of this muscle and creating 
of an additional attachment on the lesser tubercle. 
Moreover, the body produced a bursa that lines 
the inner layer of the shoulder skin. This work 
is needed by clinicians because it shows how, 
despite the massive damage to the muscle and the 
cartilage structures, the passive range of motion 
is maintained, and it also shows the role of the 
synovial bursa in the pathophysiology process. It 
is very important to learn more about anatomical 
and pathological variations in order to properly 
manage shoulder pain and dysfunctions.

Key words: Muscle tear – Supraspinatus – 
Rotator cuff – Tendon – Shoulder

INTRODUCTION
The complex structure of the glenohumeral joint 

endows the shoulder with the utmost mobility of 
any major joint in the human body. This charac-
teristic is primarily due to a limited interface bet-
ween the humerus and the scapula, requiring the 
presence of a large network of ligaments tendons, 
and other connective tissue elements to provide 
stability and allow for functional movement (Hue-
gel et al., 2015). However, due to the complexity of 
the structures surrounding the shoulder joint, it is 
exposed to overload and frequent injuries such as 
tendinopathy and rotator cuff tears.

The glenohumeral joint is a multi-axis spherical 
free joint between the head of the humerus and the 
articular cavity of the scapula; it results in greater 
mobility of the arm at the cost of reduced stability.

Apart from the six basic movements, 
circumduction and movements in the horizontal 
plane are also possible. The shoulder blade moves 
along with the humerus in relation to each other 
according to a constant pattern: the scapulo-
brachial rhythm.

Although the humeral head is much larger than 
the glenoid cavity, their curvatures differ by as 
little as 1% (Mehta et al., 2003). Articular surface 
is enlarged by the labrum glenoidale, genus 
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fibrous cartilage, which widens the cavity and 
makes its concavity visible. The ligaments and the 
joint capsule are attached to the labrum.

The shape and concavity of the glenoid fossa 
may vary from person to person. On the outer side 
of the head of the humerus is the greater tubercle 
and on the inside the lesser tubercle. There is a 
bicipital groove between the above-mentioned 
tubercles (Bochenek et al., 1990).

Connection between the humerus and a scapula 
is formed by four muscles (supraspinatus, 
infraspinatus, teres minor and subscapularis); 
their insertions are very tightly connected with 
the inside of the joint capsule.

The muscles of the rotator cuff work as a 
whole and secure the head of the humerus in the 
articular cavity — they stabilize the shoulder joint 
in various positions, especially during abduction.

The supraspinatus is one of the four rotator cuff 
muscles of the shoulder and plays an important 
role in the dynamic upward stabilization of the 
humeral head within the glenoid fossa (Burke et al., 
2002). It begins at the supraspinatus fossa on the 
supraspinatus fascia. The fibers converge to the 
side and end in a strong and short tendon on the 
greater tubercle of the humerus. The tendon also 
attaches to the joint capsule. The supraspinatus 
tendon is separated by a bursa subacromial 
from the coraco-acromial ligament, the shoulder 
process of the scapula and the brachial muscle.

Musculus supraspinatus is responsible for 
shoulder abduction, external rotation and 
tightening of the articular capsule. This muscle 
is not very variable individually (Bochenek et al., 
1990).

Rotator cuff lesions (RCL) are one of the most 
common conditions affecting the shoulder — 
studies have found that16-40% of all shoulder 
complaints are linked with impingement related 
tendinopathies, which are often the precursor for 
rotator cuff tears (Neer et al., 2005). The aetiology 
of rotator cuff diseases is multifactorial, but the 
tendon supraspinatus is particularly prone to 
injuries (Benson et al., 2010), especially because of 
a sudden, violent fall, most often on a straightened 
upper limb. It can also be accompanied by damage 

to other soft structures, shoulder dislocation or 
even a collarbone or humerus fracture. Another 
reason may be a single, very heavy load on 
this muscle or repeated repetition of certain 
movements.

Rotator cuff lesions have considerable variabil-
ity in location, tear pattern, functional impair-
ment, and repairability. 

Full thickness disruption of the lateral tendon 
stump is the most frequent type of RCL, comprising 
approximately 90.1% of all surgically treated 
lesions. Tendinous lesions most commonly 
involve the posterosuperior cuff. (Barth et al., 
2006).

Full-thickness posterosuperior tears come in a 
variety of patterns. The most common categories 
include crescent tears, L- and reverse L-shaped 
tears, and U-shaped tears accounting respectively 
for 40%, 30% and 15% of posterosuperior rotator 
cuff lesions (Davidson et al., 2010). Recognition of 
these tear patterns is most useful for anatomical 
restoration during repair. Crescent tears have 
good medial to lateral mobility and are amenable 
to a double row repair. Longitudinal tears (L- and 
reverse L-shaped tears; U-shaped tears) have 
greater mobility in one plane and typically require 
margin convergence to achieve complete repair.

The Fosbury flop tear is a newly-described 
lesion, which occurs from a full-thickness tear 
that has flipped upon itself and adhered medially. 
Radiographically, this lesion showed a thicker-
than-normal tendon stump on the bursal side 
of the retracted supraspinatus tendon in a 
superomedial orientation (Lädermann et al., 
2015).

Furthermore, Ellman and Gartsman 
classification is increasingly used by orthopedists. 
The authors distinguish six types of muscle 
supraspinatus tears. In addition to the crescent, 
L-shaped and reverse, authors distinguish 
massive and trapezoidal tears. Moreover, partial 
tears may be intra-articular, intra-tendinous and 
bursal. The Ellman classification of partial tears is 
used in clinical practice (Cicak et al., 2015).

Disruption of the lateral tendon stump can be 
followed by adhesion under the acromion, the 
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coracoid process or the coraco-acromial arch 
(Romeo et al., 1998).

Studying the anatomical differences on the 
cadavers is essential for understanding and 
explaining related disorders in medical and 
surgical practice (Hegazy et al., 2019).

Some researchers note that supraspinatus 
injuries are not always typical. We have a 
division of tears according to the thickness of 
the tear, the type of tear (Crescent, Reverse, 
L-shaped, Trapezoidal and Massive tear), and 
whether a partial rupture can be intra-articular, 
intra-tendinous, or bursal (Cicak et al., 2015), 
therefore our goal is to show another, new type of 
supraspinatus tear.

CASE REPORT
During the investigation of the cadaver, of a 

68-year-old man, preserved in 5% formalin 
solution, in the Department of Human Anatomy, 
at the Medical University of Silesia we found an 
unusual supraspinatus muscle tear. Tendon of 
the muscle was divided into two parts: anterior 
and posterior. The anterior part of the muscle 
was separated from the common tendon of the 
supraspinatus muscle, slipped off downwards 
anteriorly to the greater tubercle revealing the 

humerus head. Half of the fibers of the anterior 
part of this muscle found their attachment on 
the greater tubercle and the other half to the 
lesser tubercle. It follows that an additional 
supraspinatus attachment had developed on 
the lesser tubercle.  The posterior part of the 
supraspinatus muscle also was slipped off but in 
posterior direction. The posterior part attached 
only to the greater tubercle.

During the examination, we did not find major 
changes of the remaining rotator cuff muscles 
and tendons. Moreover, no changes caused by the 
surgeries of the above-mentioned joint, chest and 
cervical spine were detected. On the opposite side 
of the body, we did not detect any pathological 
changes related to the tearing, rupture, damage 
and post-surgery condition of tendons and 
muscles of the rotator cuff.

Also, after many years using that pathological 
joint, the humerus head made a hole in the middle 
part of the deltoid muscle. Moreover, the body 
produced a bursa that lines the inner layer of the 
shoulder skin probably to protect from abrasion. 
The above-mentioned bursa was connected with 
the subacromial bursa, which was then fused with 
the skin.

Fig. 1.- Lateral view of the humeral joint. Anterior part of deltoid muscle (1), Posterior part of deltoid muscle (2), Humeral head (3), Tendon of supra-
spinatus muscle “posterior part” (4), Tendon of supraspinatus muscle “anterior part” (5).
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Using the goniometer, we also examined the 
range of passive motion in the shoulder joints. 
Range of passive motion of the affected shoulder 
joint was significantly less than on the other, 
“healthy” side. Flexion of the affected joint was 35°, 
abduction 25° and in the second joint observed 
range of flexion 60°, abduction 45°. In addition, 
extensive damage to the cartilage of the humeral 
head was observed only on the right upper limb. 
No pathological or degenerative changes were 
observed in the acromioclavicular joint.

COMMENTS
Comparing the literature, a similar case took 

place in Kolts’s cadaver research. In one of 
the rotator cuffs tears the author studied, the 
supraspinatus muscle tendon was divided into two 
parts: anterior and posterior, which also slipped 
off downwards to the greater tubercle revealing 
the humerus head. The posterior part of the 
supraspinatus muscle was attached to the major 
tubercle. The anterior part of the supraspinatus 

Fig. 2.- Inner layer of the skin. Bursa between the skin and humerus head (1).
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muscle was attached to the lesser tubercle and 
was named by the authors “accessory part”. The 
authors claim that the fact of an accessory tendon 
might be of functional and clinical importance, 
because that tendon which has insertion on the 
lesser tubercle is weaker than the “common” 
tendon (Kolts et al., 1992).

In our case, an accessory tendon also can 
be distinguished, but the anterior tendon part 
attaches to the greater and lesser tubercles and 

the posterior part attaches only to the greater 
tubercle. Apart from the insertion to the greater 
and lesser tubercles, there is also a connection 
between two newly formed tendons that runs 
perpendicular to the intertubercular groove.

The mechanism development and insertion of an 
additional tendon can create new compensatory 
movement patterns and role for the glenohumeral 
joint, because ruptures occur in the part of the 
tendon that inserts on the greater tubercle. In 

Fig. 3.- Lateral view of the humeral joint. Humerus head (1), Tendon of supraspinatus muscle “posterior part” (2), Tendon of supraspinatus muscle 
“anterior part”, which runs perpendicular to the intertubercular groove (3), Greater tubercle of the humerus (4).
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addition, in the fixing of the humerus head and 
abduction, the supraspinatus muscle can also act 
as an internal rotator.

The above lesion change does not have the 
characteristics that could suggest that it had 
occurred in the embryonic life, due to the fact 
that the edges of the lesion were scarred and 
accompanied by intense degenerative changes 
within the articular cartilage.

Research of the anatomical variations are 
clinically very important to reduce complications 
during surgeries, develop new methods of 
arthroscopic reconstruction of rotator cuff 
tears and reduce potential risk of injury during 
physiotherapy.

In addition, this study is important for imaging 
diagnosticians’ analysis. Ultrasound examination 
completes the patient’s clinical findings. It 
provides a high probability of finding a tendon 
tear and determining its size (Ziegler et al., 2004). 
Therefore, many clinicians are committed to this 
method of diagnosing rotator cuff tears. However, 
tendon echogenicity is not a fully reliable sign of 
a complete rupture of the cuff. MRI indicates a 
high level of reliability in diagnosing the rotator 
cuff tear. MRI allows free access to the location 
and indicates the size of the tear and the muscle 
condition. In contrast to the ultrasound, MRI 
shows the size of the tendon retraction and the 
condition of the muscle in relation to the fatty 
degeneration level (Cicak et al., 2015).

Our study is also interesting because it shows 
how passive range of motion is maintained 
despite massive muscle damage and massive 
damage to the cartilage structures. The change 
also shows the role of the synovial bursa in the 
pathophysiology process, as it separates the 
conflicting structures—in our case a lump larger 
than the skin.
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Anomalous left superior pulmonary vein 
draining into the left brachiocephalic trunk: 

case report
Daniel G. Gonsalves, Guilherme R. Ventura, Renato Rissi 

Department of Anatomy, University Center Padre Albino, 15809-144, Catanduva, São Paulo, Brazil

SUMMARY
Partial anomalous pulmonary venous connec-

tion characterizes a direct connection between 
the pulmonary veins and the right atrium or ve-
nous system. This condition is physiologically ex-
plained in the recirculation of oxygenated blood 
through pulmonary vasculature to the arterial 
system. Patients who have this condition exclu-
sively are usually asymptomatic. During a routine 
human anatomy dissection, a vein which present-
ed a variable path near the left lung hilum was 
observed. Following the dissection to observe its 
path, it was identified as the left upper pulmonary 
vein. However, its drainage was in the left bra-
chiocephalic vein, which described a pattern of 
anatomical variation. In the present case, as there 
is only one abnormality present in the left upper 
pulmonary vein, it was suggested that the patient 
was asymptomatic, as the characteristic had only 
been observed post mortem by chance, with no 
correction performed. Raising awareness of this 
condition can help medical students around the 
world to diagnose it.

Key words: Case report – Anomalous vein – 
Anatomic variation – Pulmonary vein 

INTRODUCTION
Partial Anomalous Pulmonary Venous Connec-

tion (PAPVC) is a congenital cardiac defect which 
characterizes a direct connection between the 
pulmonary veins and the right atrium or venous 
system (or its tributaries) (Sahay et al., 2012). If 
it affects all the pulmonary veins, it is called To-
tal Anomalous Pulmonary Venous Connection 
(TAPVC) and it is classified according to Darling et 
al. (1957) as: supradiaphragmatic (supracardiac 
or type 1 and cardiac or type II) and infradiaphrag-
matic (or type III). In general, all the pulmonary 
veins with anomalous insertion are implanted in 
the same place in a person.

According to Spratt (2016), anomalous 
connections between the pulmonary and systemic 
venous system were first recognized by Winslow 
(1739), who collected 106 cases.

Partial anomalous connection of the right 
pulmonary veins is 10 times more frequent 
than that of the left pulmonary veins (Snellen et 
al., 1968), which is an asymmetrical occurrence 
caused by frequent drainage of some of the right 
pulmonary veins into the junctional area between 
the right atrium and the superior vena cava 
(SVC) in the presence of normal left pulmonary 
veins, and the complete absence of isolated left 
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pulmonary venous connection to the right atrium. 
The prevalence of pulmonary vein anomalies is 
0.2% to 0.7% (Specht and Brown, 1953; Haramati 
et al., 2003).

Abnormal connection of solitary pulmonary 
veins was always affected to the most proximal 
venous structure among the four possible derived 
from the main embryonic channels (SVC and 
inferior vena cava on the right side and left SVC 
and coronary sinus on the left side). Common 
pulmonary veins from one lung also drained in 
accordance with this proximity rule, if this may 
also be taken to apply to the drainage of right 
pulmonary veins into the right atrium. The one 
exception was the drainage of all right pulmonary 
veins into the portal venous system (Snellen et al., 
1968).

PAPVC is physiologically explained in the 
recirculation of oxygenated blood through 
pulmonary vasculature to the arterial system, 
which is called left-to-right shunting. In patients 
with only this condition (with no other cardiac 
alterations), its effects depend on the proportion 
of anomalous drainage compared to total 
pulmonary venous recurrence, but patients are 
usually asymptomatic. Its consequences depend 
on the following factors: number and size of the 
variant veins involved; pulmonary segments or 
lobes where the alteration is originated (difference 
in blood distribution for each lobe) (Ward and 
Mullins, 1998; Talner, 1998).

These unusual connections between the 
pulmonary veins and many other adversely 
inappropriate neighboring veins are explicable 
only by the very early embryonic bed to form 
the pulmonary veins leading to the left atrium, 
the primitive connections with stages in which 
the developing foregut, trachea, and lung buds 
are supplied by connections through the loose 
mesenchyme and communicate with the primitive 
cardinal veins in several places.

With the development of certain channels in 
this primitive vascular bed to form the pulmonary 
veins leading to the left atrium, the primitive 
connections with the cardinal veins usually 
disappear. The unusual development of one 
or more of them and its retention by the adult 

derivative of the particular part of the cardinal 
system involved are probably the ones that are 
most responsible for the occurrence of these 
unusual pulmonary connections (Keith et al., 
1954; Steinberg and Finby, 1956).

It is our goal to increase the awareness of the 
anatomical and physiological repercussions of 
PAPVC, because it can help medical students to 
diagnose it in the future.

CASE REPORT
In a routine dissection for the improvement of 

anatomical parts, a cadaveric anatomical piece 
of the neck and the chest region, which belongs 
to the institution’s collection, was analyzed. It 
was possible to deduce that it was a male, by the 
presence of facial hair (beard and moustache). 
Other than that, it had no identification of age, color 
and origin, and it was obtained by an anonymous 
body donation into the 20th century – at that 
time, the institution did not keep identification 
record of the bodies. The study was started under 
the protocol of the ethics committee, number 
12923919.8.0000.5430.

The dissection of the mediastinum began in the 
large vessels and the cardiac base. Subsequently, 
it advanced to the lower mediastinal region and 
pleuropulmonary cavities, emphasizing the hilum 
and the left pulmonary pedicle.

After the performance, a vein presenting a 
variable path was observed near the left lung 
hilum and aroused interest. Following the 
dissection to observe its path, it was identified as 
the left superior pulmonary vein (LSPV). However, 
the LSPV was deviating from the normal path at 
the left pulmonary hilum, taking on a cranial 
trajectory, running on the mediastinal surface of 
the left upper lobe, entering the mediastinum, and 
then draining into the left brachiocephalic vein 
(Fig. 1). Despite this fact, the left brachiocephalic 
trunk followed its normal path, joining the 
contralateral one and leading to the right atrium.

Evaluating the piece still, in the hilum the left 
lower pulmonary vein, as well as the two right 
pulmonary veins, had normal path leading to 
the left atrium. The other large vessels, bronchi 
and limph nodes, were dissected and observed 
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without finding any anatomical variations that 
justified the presence of the reported variation.

COMMENTS
PAPVC is a rare congenital heart condition 

characterized either by failure of connection or 
drainage of pulmonary veins (Kottayil et al., 2011). 
It is a condition that has an estimated incidence 
of 0.7% in the population (Healey, 1952). Another 
important fact is that it was found in 0.4-0.7% of 
autopsies in patients with other congenital heart 
diseases (Said et al., 2011; Ashrafpoor et al., 
2013), and that in a recent Computed Tomography 
(CT) study, involving 1825 CT exams, Partial 
Anomalous Pulmonary Venous Connection was 
seen in 0.2% of adults (Haramati et al., 2003).

It is also important to note that PAPVC 
incidence female-to-male ratio is 2 (Senocak et 
al., 1993), is twice as frequent in the right lung 
and occurs in 10% of patients who have effects 
on the atrial septum (Dilman et al., 2009). It is a 

normally asymptomatic abnormality and it can 
be easily diagnosed and corrected in the first 
years of life due to the easy access to imaging 
tests. If present, the symptoms include dyspnea, 
fatigue, palpitations, angina and/or peripheral 
edema (Edwin, 2010). The symptoms depend 
on the number of pulmonary veins involved 
and the extent of fluid overload due to the left 
to right shunt (Brody, 1942). Spratt (2016), in 
the Bergman’s Comprehensive Encyclopedia 
of Human Anatomic Variation book, cited an 
intraoperative finding by Savu et al. (2010) that 
described similar characteristics of PAPVC found 
in this present study. The available correction for 
such cases is surgical, correcting the drainage of 
the anomalous vein to the left atrium (Elbardissi et 
al., 2008; Bobylev et al., 2013). However, treatment 
is only indicated for symptomatic patients such 
as hemodynamically significant left-to-right 
shunt, usually presenting with right ventricle 
overload and recurrent lung infections due to 
surgical treatment of other cardiac abnormalities, 

Fig. 1.- Pattern of anatomical variation found in left superior pulmonary vein drainage (drains into the left brachiocephalic vein). Abbreviations and 
symbols: AV: azygos vein, SVC: superior vena cava; RBV: right brachiocephalic vein, LBV: left brachiocephalic vein, LJV: left jugular vein, LSV: left 
subclavian vein, LSPV: left superior pulmonary vein.
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assessing risks and consequences (Ward and 
Mullins, 1998). In the present case, as there is 
only one abnormality present in the left upper 
pulmonary vein, it is suggested that the patient 
was asymptomatic in life, since the characteristic 
had only been observed post-mortem by chance, 
with no correction performed.
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Variant of the sinus node artery with 
an unusual origin and course. A unique 

postmortem visualization after corrosion 
casting technique

Christos Nerantzis 

Consultant in cardiac disorders, Forensic Service of Athens, Greece 

SUMMARY 
The purpose of this study was to expand our 

knowledge about anatomical variations of the 
origin, course and end of the sinus node (SN) 
artery. Herein I describe a rare postmortem 
corrosion casting finding, which concerns a 
unique and previously unreported case where the 
SN artery had an abnormal origin and course to the 
SN area. Although the patient was asymptomatic, 
knowledge of this anatomical variation, its 
possible involvement with invasive or surgical 
procedures and its clinical consequences should 
be considered. 

Key words: Heart – Coronary arteries – Sinus 
node artery – Sinus node area 

INTRODUCTION 
The origin and course of the sinus node (SN) 

artery in normal hearts have been well investigated 
(James, 1961; Mac Alpin, 1975; Nerantzis and 
Avgoustakis, 1980; Nerantzis et al., 1983). In most 
of the cases the SN artery originates from the 
proximal 2-3 cm of the right coronary artery and 
the proximal 1-2 cm of the left circumflex (LCx) 
artery, which is branch of the left coronary artery. 

The SN artery has no constant origin, but has 
a constant termination, which is used as a good 
guide to the location of the SN area. Congenital 
anomalies of origin and course of a SN artery 
with or without symptoms are of special interest 
for anatomists, interventional cardiologists and 
cardiac surgeons. I describe here an asymptomatic 
though unique and previously unreported case, in 
which the SN artery consists of the continuation 
of the posterolateral part of the left circumflex.

CASE REPORT 
The case concerned an asymptomatic 26-year-

old healthy female cadaver, victim of a car 
accident, without known cardiac history. The 
car accident was not her own fault (information 
from her relatives). The case is from a series 
of 60 human hearts (41 males and 19 females) 
in which the coronary vessels were studied by 
our corrosion casting technique (Nerantzis et 
al., 1978). Polyester material is injected into the 
coronary arteries during closure of the coronary 
sinus orifice in the right atrium with cotton wool. 
After this, I received tiny pieces of myocardium 
from different parts of both atria and from around 
the SN area to be examinant histologically for 
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ischemic heart changes. I took care to avoid 
cutting of vessels. Concentrated hydrochloric 
acid we used for corrosion of the muscles for 
24 hours. In the reported case I found that the 
posteroanterior projection was most useful in 
identifying the origin and course of the SN artery 
until its end.  The LCx coursing in the postero-
lateral atrioventricular grove (AVG) until 5 cm 
before the crux gives branch (wide arrow) to the 
posterior surface of the left ventricle. Immediately 
after that, it leaves the AVG, moving upwards and 
to the right with a serpentine course (lower thinner 
arrow) for about 6 cm, meeting the posterior 
interatrial groove (IG). The artery continues its 
course in the upper IG (upper thinner arrow) for 
about 4 cm turn around the superior vena cava in 
a counterclockwise direction, giving blood to the 
SN area. During its course, it gives branches to the 
posterior and upper surface of the left atria (LA), 
right atria (RA) walls, in the interatrial septum 
and in the SN area. The SN artery, with its inter 

and intracoronary branches, forms a useful atria 
anastomotic net. I have not found histological 
changes around the SN area.

COMMENTS
Although this anomaly does not give rise to 

symptoms, it is essential for anatomists, as 
well as for cardiac surgeons and interventional 
cardiologists, so that they can be aware of 
this variation when supplying their surgical 
or intervention procedures. According to our 
previous classification (Nerantzis et al., 1983), 
the SN artery belonged to group B, since during 
its course perfuses a small part of LA, the 
interatrial septum and a large part of the RA. The 
distal origin of the SN artery is not necessary to 
provoke perfusion disturbance to the SN area, as 
supported by Verhaeghe and Hauwaert(1967), 
and James (1973), because I have not found 
histological changes in the myocardium of both 

Fig. 1.- Slightly backward oblique posteroanterior view of corrosion casting of heart. It shows the origin of the sinus node artery from the left circum-
flex (wide arrow), and its course to the sinus node area (three narrow arrows).RA=right atrium, LA=left atrium.
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atria and in the SN area. The SN artery appears 
to be disproportionally large in comparison 
with other atria arteries for two reasons, a) it 
receives a strong pulse to regulate its functioning 
(Verhaeghe et al., 1967) and b) it supplies with 
blood large part of atria myocardium, except the 
SN area (Nerantzis et al., 1983). 

In conclusion, detailed anatomical knowledge 
of the blood supply to the SN is essential because 
of the wider implementation of cardiac surgery or 
interventional cardiology, in order to avoid damage 
of the SN artery during their medical procedures. I 
believe that such a complication could result in the 
destruction of the artery, damage of the collateral 
circulation, dysfunction of the atria myocardium 
and the onset of arrhythmias as mentioned and by 
Gaudino et al. (2003).
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SUMMARY
In the area of biomedicine, there have 

been numerous scientific achievements that 
have resulted in a growing proliferation of 
therapeutic innovations, designed to improve 
life. The effectiveness of the transfer of scientific 
achievements is playing a vital role in health 
systems innovation. The expectations of quality 
of life due to the advances in the diagnosis and 
treatment of various pathologies have grown 
significantly. In this work, a review of trends and 
quantitative indicators has also been carried out by 
searching the databases of documents produced 
and published on scientific achievement in life 
sciences, analyzing the percentage of annual 
growth during the period 2010- 2021, showing that 
the increase in theoretical research and scientific 
innovation in health has increased exponentially 
and the interest of the scientific community in this 
area is clear, as evidenced by the predominance 
of the number of research articles. The number 
of articles of research has been 10,353 and 2,636 
review articles. It is important to highlight that the 
percentage of document growth per year is very 

significant: in 2020 it was 14.28% while in 2010 it 
was 4.9%.

We analyze the conceptual framework of 
Innovation in biomedicine, which is based 
on scientific and technical advances and the 
panorama of intellectual property. This analysis 
allows life sciences researchers to expand the 
concept of innovation in this area, being useful 
for formulating health research policies capable 
of translating their scientific achievements, 
where possible, into health innovations and truly 
valuable for future advances in health.

Key words: Healthcare innovation – Innovation 
process – Scientific achievement

HISTORICAL REFERENCES AND A 
BRIEF DEFINITION OF INNOVATION IN 
HEALTH

In the last ten years, many works carried have 
been carried out in the field of characterization of 
the human talent of the bio-health sector, focusing 
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lately on the analysis of key characteristics and 
problems of human talent in the field of life 
sciences. Primary and secondary information 
sources have been used with qualitative and 
quantitative methodology that identify the 
characteristics of scientific knowledge in the 
global context.

The current strategies of scientific knowledge 
are based on comprehensive actions that allow 
us to take advantage of innovation to address 
the fundamental scientific and social challenges 
of the third millennium. (Raymond et al., 2010; 
Kobylarek, 2019).

In the field of biomedicine, the different 
institutions are interested in promoting 
translational research in the biomedical research 
sector, and thereby promote innovation in health 
by improving the health of the population and 
the economy itself. The social utility of talent is 
the main driver of productivity and sustainable 
growth (Barile and Saviano, 2018). Governments 
and civil society itself have proposed a renewed 
focus on the social benefits of translational 
research. The preferred place for innovation, in 
the area of human health, is found in the context 
of new diagnostic and therapeutic molecules, as 
well as health technologies capable of being more 
efficient and effective.

Innovation is a concept that has emerged 
strongly in the health sector: it is defined as the 
potential that new scientific achievements present 
to be socially useful. In medicine, it appears as a 
fundamental challenge for the achievement of 
new therapeutic tools for the health sector and for 
the application of changes that add value to social 
problems (D’Alvano and Hidalgo, 2012). In the 
health sector, the impulse of innovation is being 
implemented, establishing lines of action aimed 
at promoting sustained innovation and oriented 
towards socially relevant objectives. This strategy 
implies the implementation of new ways of 
working and the adoption of new diagnostic and 
therapeutic tools (Bernardi and Exworthy, 2020).

The COVID-19 pandemic is being a clear 
example of the usefulness of innovations, derived 
from scientific achievements to solve health 
problems. The amount and speed of innovative 

therapeutic responses to the health crisis are 
being extraordinary. The COVID-19 genome was 
mapped with dizzying speed and diagnostic and 
treatment tests have been developed in record 
time; developments in clinical trials of therapies 
and vaccines are being more than remarkable 
(Saidi et al., 2020). The speed of these advances in 
the COVID-19 experience is demonstrative of the 
transformative effect of scientific and technological 
knowledge to achieve scientific and technological 
innovations necessary in a health crisis.

SCIENCE AND TECHNOLOGY, 
GENERAL TRENDS OF INNOVATION IN 
BIOMEDICINE

Innovation in this area is in the process 
of exponential change and development; 
consequently, academic and other institutions 
are considering new creative strategies involving 
ways to manage and retain talent. (Thayer et al., 
2018)

The current dynamics of biomedical research 
management is allowing the explosion of 
promising new fields of research and technology, 
whose scientific achievements make it possible 
to translate into transversal improvements in 
medical care. Knowledge management (KM) is an 
emerging field of expertise (Haider et al., 2018). In 
different scientific areas, especially in Medicine, 
knowledge management (KM) constitutes an area 
of specialization with potential, which allows 
for translating scientific achievements into 
transversal improvements in health in a more 
effective and efficient way.

Different analyses are influencing the 
development models of KM. However, KM’s 
progress is growing in arithmetic progression 
and not as much as it should. It is necessary that 
the different academic and business institutions 
assume a more proactive and visible role in the 
advancement of the KM, demonstrating that it is 
an area of emphasis, whose time has come.

Knowledge management increases the 
exchange of knowledge with social organizations 
and is based on an adequate transfer of knowledge 
to society and industry (McInerne, 2002; Argüello 
and Álvarez, 2021). In this implementation, the 
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effort is aimed at the social utility of the knowledge 
generated in public or private institutions. 
Therefore, its effective management must be 
based on the understanding of the dynamic 
nature of knowledge as a dynamic process.

Management of biotechnological innovation 
in industry has had a direct impact on the 
productivity of pharmaceutical R&D. Biomedical 
research groups develop new ways of working, 
fostering scientific-technical collaboration and 
exchange, prioritizing the diversity of applications 
of new information technologies, enabling 
the convergence of scientific achievements in 
areas such as medicine, biotechnology, biology, 
engineering, computing or nanotechnology 
(Carmen et al., 2018).

THE CYCLE OF INNOVATION IN 
BIOMEDICINE: PANORAMIC OF THE 
FUTURE

State-of-the-art information technologies make 
it easy for researchers to interconnect flexibly, 
enabling efficient research.

Innovation in biomedicine is based on scientific 
and technical advances which involves both 
public and private sectors, which requires specific 
financial investments (Uhl-Bien et al., 2007; 
Álvarez et al., 2014).

The development of its future is conditioned to 
the creation of incentives for the promotion of R 
& D, providing shared research infrastructure of 
the latest generation; fostering interdisciplinary 
research and the translation of scientific 
achievement to society, as well as updating the 
regulatory environment.

In biomedicine, many of the research groups that 
generate translational knowledge are distributed 
in universities, opis or industries, so the ability to 
retain, manage and exploit knowledge comes from 
various public and private research organizations 
(Bolisani and Bratianu, 2018).

Therefore, the social utility of scientific 
achievement and innovation in health requires an 
expert management of assets, as well as a specific 
organization, adequate financing and a pertinent 
vision of the future (Ahern et al., 2014).

In the life sciences, scientific achievements 
must be accessible. The openness of knowledge is 
essential for the performance of innovation; so in 
the case of the human genome, for the progress of 
personalized medicine, it is necessary to establish 
and regularize the databases of genetic research 
and the maintenance and use of biobanks.

For high quality research, databases are 
fundamental, as they facilitate broad access to 
biomedical data and materials.

In the field of intellectual property, currently, 
different governments are designing relevant 
actions capable of improving the social use of 
intellectual assets (Cardona, 2013).

Intellectual property and patents are one of the 
best strategic tools to generate and commercialize 
new drugs, utility models and strategic intangible 
assets in the health sector. These benefits affect 
health in general as well as the generation of 
wealth in particular.

The intellectual property area is working to 
generate greater efficiencies in the exploitation of 
intellectual property. Collaborative innovation is 
an example of theseuses as a means to optimize 
innovation, the translation of knowledge to 
promote R&D by promoting the commercialization 
of new drugs and utility models.

In order to detect current trends in the 
management of scientific achievement in life 
sciences, a scientific-metric analysis based on the 
scientific and technical literature has been carried 
out to quantitatively analyze the bibliometric 
contributions of this specific area.

The bibliometric scientometry tools allow 
the identification of the existing information 
on a specific topic. With the new web tools, it 
is possible to carry out complete searches that 
make it possible to carry out better bibliometric 
analyses of the scientific literature published in a 
specific field.

To carry out the main purpose of this work, 
which is to provide an updated vision of scientific 
achievement in life sciences as well as its future 
perspective, a bibliometric analysis has been 
carried out to detect the trend of the subject in the 
field of the scientific community.
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We have made a schematic flow diagram of the 
bibliographic search and selection and analysis of 
the documents produced in the analyzed temporal 
space (Fig. 1).

The objective of the bibliometric analysis 
carried out has been to scientometrically analyze 
the documents published, quantitatively and 
qualitatively analyzing the production of scientific 
documents in Scientific Achievement in Life 
Sciences.

Subsequently, we focus on the results obtained 
from what has been published in Management of 
Scientific Achievement in Life Sciences using the 
ScienceDirect database in the 2010-2021 time-
frame, both inclusive.

The choice of this database was made because 
ScienceDirect explores scientific and technical 
research in Engineering and Physical Sciences, 
Life Sciences, Health Sciences and Humanities 
and Social Sciences, including the number of 
publications, type of document, title of the journal 
and area in which the publication is included. 
This search engine allows researchers to access 
full-text documents and allows them to locate 
book citations, theses, reports, etc.

Subsequently, the publications were selected 
in accordance with the type of article (research, 

review, congress, book chapter and editorial) as 
well as the year of publication. As a next step, 
we develop guidelines for the analysis of the 
documents included in this study depending on 
the type of document, being classified as: Articles 
produced as research articles, review articles, 
short communications, and articles published in 
peer-reviewed journals.

On the other hand, the documents that include: 
Books in general. Included are books and 
encyclopedias, book chapters, editorials, and 
conference proceedings, editorials, practical 
guides, conferences, etc.

To analyze the quantitative evolution and show 
the qualitative mapping of trends, the number of 
articles published in journals with impact factor 
as indicators to measure the quality of scientific 
production was selected and analyzed, thus 
obtaining qualitative evidence from the published 
articles.

RESULTS AND COMMENTS
The scope of the research was carried out by 

collecting documents produced and selected from 
academic databases and using the keywords: 
Management of scientific achievement in Life 
Sciences.

Fig. 1.- Diagram of the development of the work: Route of the bibliographic search and the respective selection of the analyzed documents.
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We have used different search engines for free 
access to scientific and academic literature that 
allow us to locate references, full texts and the 
number of citations of an article.

To identify the largest number of documents 
produced, the academic databases used were: 
Search Engine, iSEEK Education, Springer Link, 
Google Scholar, RefSeek, World Wide Science and 
ScienceDirect.

The justification for using these search engines 
have been established: Springer link provides 
researchers with access to millions of scientific 
journal papers, books, series, protocols, and 
reference works.

iSEEK Education is a dedicated search engine 
that collates hundreds of thousands of authority 
resources from universities, governments and 
established non-commercial vendors. It provides 
smart search and a web-based personal library to 
help locate the most relevant results immediately, 
thereby saving time by finding information 
quickly.

RefSeek is a web search engine for students 
and researchers that aims to make academic 
information easily accessible. RefSeek searches 
over a billion documents, including web 
pages, books, encyclopedias, magazines, and 
newspapers. It offers students extensive coverage 
of topics without overloading the information of a 
general search engine, increasing the visibility of 
academic information and compelling ideas that 
are often lost in a tangle of sponsored links and 
business results.

WorldWideScience.org is a global science portal 
made up of national and international science 
portals and databases. WorldWideScience.org 
accelerates scientific discovery and progress by 
providing a comprehensive search of databases 
around the world.

Google Scholar is a search engine that allows us 
to locate academic documents such as articles, 
theses, books, patents, conference-related 
documents, and abstracts. It feeds on information 
from various sources: university publishers, 
professional colleges, preprint repositories, 
universities, and other academic organizations. 

It provides an easy way to search academic 
literature. One can search many disciplines and 
sources: articles, theses, books, abstracts and 
opinions from academic publishers, professional 
societies, online repositories, universities and 
other websites. Google Scholar helps us find 
relevant jobs within the world of academic 
research.

Dialnet is one of the largest databases of 
scientific content in Latin-American languages 
and has various documentary resources: journal 
articles, articles of collective works, books, 
conference proceedings, bibliographic reviews, 
doctoral theses

ScienceDirect is a website that provides access 
to a comprehensive medical and scientific search 
database, with more than 12 million content from 
3,500 academic journals and 34,000 electronic 
books, allowing access to scientific and technical 
research in Engineering and Physical Sciences, 
Life Sciences, Health Sciences and Humanities 
and Social Sciences, including the number of 
publications, type of document, title of the journal 
and the scope in which the publication is made.

ANALYSIS OF DOCUMENTS PRODUCED
We have detected that the number of documents 

displayed by the different selected search engines 
is diverse.

The search engines that show the greatest 
similarity in the number of documents found have 
been Google Scholar with 37,600 documents, 
RefSeek with 32,800 and ScienceDirect. with 
32093. Table 1 shows the number of documents 
in the analyzed databases.

Table 1. Number of documents in the analyzed databases.

Search engine Nº Documents

iSEEK Education 56597

Springer Link 46843

Google Scholar 37600

RefSeek 32800

World Wide Science 1354

ScienceDirect. 32093
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Subsequently we focus on the results obtained 
from what has been published in Management of 
Scientific Achievement in Life Sciences using the 
ScienceDirect database in the 2010-2021 time-
frame, both inclusive,

The choice of this database was made because 
ScienceDirect explores scientific and technical 
research in Engineering and Physical Sciences, 
Life Sciences, Health Sciences and Humanities 
and Social Sciences, including the number of 
publications, type of document, title of the journal 
and area in which the publication is included. 
This search engine allows researchers to access 
full-text documents and allows them to locate 
book citations, theses, reports, etc.

Subsequently, the publications were selected on 
the basis of the type of article (research, review, 
congress, book chapter and editorial) as well as 
the year of publication.

As a next step, we develop guidelines for the 
analysis of the documents included in this 
study depending on the type of document, 
being classified as: Research articles produced 
as research articles, review articles, short 
communications, and articles published in peer-
reviewed journals.

On the other hand, the documents that include: 
Books in general. Included are books and 
encyclopedias, book chapters, editorials, and 

conference proceedings, Editorials, practical 
guides, conferences, etc.

To analyze the quantitative evolution and show 
the qualitative mapping of trends, the number of 
articles published in journals with impact factor 
as indicators to measure the quality of scientific 
production was selected and analyzed, thus 
obtaining qualitative evidence from the published 
articles.

Trend review: quantitative indicators

Once the search in the indicated databases was 
completed, we obtained the documents produced 
and published. Fig. 2 shows the numerical values 
of the documents published by year and their 
evolution in the analyzed temporal space, and Fig. 
3 shows the percentage of them according to the 
databases used.

We have also analyzed the percentage of annual 
growth (Fig. 4) and the Number of documents 
produced by year, annual percentage and inter-
annual increase.

Analysis of documents produced depending on 
the year analyzed

In general, the growth in the number of 
documents published in the area of Scientific 
Achievement Management in Life Sciences is 
progressive throughout all the years analyzed. 

Fig. 2.- Number of of the documents published by year.
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These results constitute a clear indicator of a 
quantitative trend, and is a demonstration of the 
growing and progressive interest of the scientific 
community in this topic. It is important to 
highlight that the percentage of document growth 
with respect to the total is very significant: in 2020 
it was 14.28% while in 2010 it was 4.9% (Table 2).

It should be noted that the publications made 
in 2021 are not yet fully compiled by the different 
scientific search engines.

Qualitative data

Analysis of the distribution and evolution of 
publications according to the type of article: 

a.- Articles published in journals with impact 
factor and peer evaluation.

b.- The rest of the research documents published 
on this matter without the criteria of “a” 
section.

Fig. 3.- Total numerical values Documents according to the databases used.

Fig. 4.- Percentage of annual growth of documents produced.
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The selected research articles were grouped 
by type of article: research articles and review 
articles. Fig. 5 shows the evident predominance 
of research articles published in journals with an 
impact factor.

Research articles are always the majority over 
documents in general, this preponderance being 
a constant in the selected period. In the years 
analyzed, the research articles produced are 
significantly higher in number with respect to 

the rest of the types of documents produced: they 
constitute 74% of the total (Fig. 5). These data 
demonstrate that in the scientific community 
there is a predominant interest in the research 
articles: the number of research articles has been 
10,353 and the number of review articles is 2,636 
(Fig. 6).

Therefore, these results represent a clear 
qualitative trend indicator, since the increase in 
research articles published in indexed journals, 

Table 2. Analysis of documents produced depending on the year analyzed. Number of documents produced by year, annual per-
centage and interannual increase.

Year Nº of documents Percentage documents Year-on-Year increase

2010 814 4,9 % 1,09

2011 914 5,55 % 1,13

2012 1021 6,2 % 1,11

2013 1198 7,28 % 1,17

2014 1410 8,57 % 1,18

2015 1736 10,55 % 1,23

2016 1453 8,83 % 0,84

2017 1687 10,25 % 1,16

2018 1822 11,07 % 1,08

2019 2049 12,45 % 1,06

2020 2350 14,28 % 1,15

Fig. 5.- Percentage of total documents: research articles and others.
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with an impact factor and with peer evaluation, 
constitutes a quality indicator, being a constant in 
the years analyzed.

The proportion of types of articles remains in a 
constant rhythm throughout the period analyzed.

THE MANAGEMENT OF INTELLECTUAL 
PROPERTY IN THE CURRENT CONTEXT

Patents in the concept of open innovation, 
different from the traditional technology transfer, 
need regulatory updates. In the area of life sciences, 
scientific and technological advances occur with 
an exponential progression (Armitage et al., 2011; 
Alvarez et al., 2019). Its scientific achievements 
are carried out with the participation of different 
areas of knowledge and its social transfer and 
innovation in health integrates multiple scientific 
and clinical achievements, which with the 
necessary interoperability, make an efficient use 
of the scientific achievement acquired.

For example, the technologies involved in 
diagnostic biomarkers and synthetic biology 
involve different multidisciplinary scientific 
achievements in different areas such as molecular 
biology, nanotechnology, BigData database, 
advanced computing, mathematical models, 
algorithms, utility models, biomarkers, etc.

The administrations must carry out the drafting 
of the pertinent legislation that regulates the 

promotion of the social utility of scientific 
achievements, especially those financed with 
public funds (Argüello et al., 2020). Currently in 
the universities, there has been a rapid growth 
of its regional economic development influence, 
and this has generated an increasingly complex 
network in the field of university technology 
transfer, which has resulted in the academy, the 
industry, the regional government and users 
of innovation based on knowledge constitute a 
functional unit, is the so-called fourth Helix (Miller 
et al., 2018; Blackler, 1993) The empowerment of 
the translation of scientific knowledge produced in 
the academic environment to the industry (Pahl-
Wostl, 2007) is directly related to the increase 
in the development options of personalized 
medicine. The consideration of the patient 
individually enables the design for its treatment 
with precision, facilitated by the massive use of 
biomarkers in the initial decision-making.

NEW POLITICAL CHALLENGES BASED 
ON ADVANCES IN BIOMEDICINE

The management of organizations: a perspective 
from the complexity. 

The rhythms of evolution and growth of the 
scientific achievements of the university and 
industrial institutions have demonstrated 
that there are many concepts that must be re-

Fig. 6.- Number of research articles and review articles.
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evaluated. The strategic plans and structures 
have a certain obsolescence, conditioning the 
appearance of new ones that are configured as a 
tendency for the new generations (Álvarez et al., 
2014). In the field of Science and Technology, 
there have been profound transformations. New 
spaces of understanding appear with the target of 
the importance and social legitimacy of scientific 
achievement, Collings et al. (2018) incardinated 
this in the Global Ethics and Bioethics. Basically, 
current dynamics condition new forms of 
governance of R & D & I that adapt to new social and 
economic realities. We think that the organization 
of the management of scientific achievements is 
ordered as an integrating system in which social 
and industrial utility are highly interrelated. 
Technicians of scientific and technical transfer 
are the main instruments that organizations 
have in order to make translational research 
tangible: they generate and offer the social utility 
of knowledge, and they induce changes and 
transformations in the productive system.
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SUMMARY
Human cadavers may present risks to  staff 

and students in anatomy, particularly when new 
infectious diseases, such as COVID-19, arise. 
The processing of human tissues in relation to 
infectious diseases, particularly the fixatives used, 
was reviewed to try to formulate knowledge to 
safeguard staff and students working in anatomy 
laboratories.  Advice from virologists indicates 
that the SARS-CoV-2 virus is unlikely to remain in 
cadavers that are adequately fixed, particularly if 
the cadavers are left undisturbed for a prolonged 
period. However, bodies that are known to be 
COVID-19-positive should not be accepted into 
donor programs. It is also recommended that staff 
and students who come into contact with cadavers 
should be vaccinated against the virus. In the light 
of these precautions, teachers and students can 
retain confidence in being able to continue their 
education using human cadaveric material.

Key words: COVID-19 – Body donation 
programs – Anatomy education – Dissection

COMMENTARY
The SARS-CoV-2 virus appeared in Wuhan, 

China in late 2019 and spread rapidly across 
the globe.  By March 2020, the World Health 
Organisation (WHO) had designated the global 
health emergency as a pandemic owing to the 
virulence of the virus and the spread of infection. 
The pandemic has caused disruption of global 
economies and interference with the operation 
of organizations and institutions (Bianchi et al., 
2020, Brassett et al., 2020), particularly health 
sciences institutions. 

The coronavirus was named severe acute 
respiratory distress syndrome 2 (SARS-CoV-2) 
(Lai et al., 2020), with the disease being termed 
COVID-19 (Gosney et al., 2020). The virus is 
classified as a “risk group 3” human pathogen 
(PHA, 2020). Transmission of COVID-19 (SARS-
CoV-2) is by droplets and fomites (WHO, 2020). 
While faeces in some instances have tested 
positive for SARS-CoV-2, faecal material does not 
appear to be infectious at this time (AST, 2020). 
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Although it was at first postulated that COVID-19 
could not be spread through exposure to a COVID-
19-positive dead body (WHO, 2020), evidence 
exists to the contrary (Sriwijitalai and Wiwanitkit, 
2020). However, in a fast changing research field 
such as this, it has subsequently been reported 
from an in-depth analysis among pathologists 
that, if adequate personal protective equipment 
(PPE) is worn, there is little risk of transmission 
of COVID-19 at autopsy (Davis and Williamson, 
2020). Postmortem swabs have detected the virus 
for up to 13 days after death (RCP, 2020a). Further 
data are required to authenticate the handling 
of COVID-positive bodies as current guidelines 
on safety provide differing evidence (Dijkhuizen 
et al., 2020; Yaacoub et al., 2020).  It is of major 
importance that staff and students in anatomy 
laboratories are protected from possible infection 
by this, and other, viruses. The advent of a new 
virus such as SARS-CoV-2 presents challenges 
for anatomists in dealing with dissection and 
anatomy laboratory sessions, and finding the 
appropriate procedures to render the body “safe” 
for dissection is crucial.

 Although the use of human cadaveric material 
for the teaching, learning and assessment of 
anatomy has over time been hotly debated (e.g 
Dyer and Thorndike, 2000; Gregory and Cole, 
2002;  McLachlan et al., 2004; Peterson and 
Regan de Bere, 2006; Papa and Veccarezza 2013; 
McMenamin et al., 2018; Memon 2018; Moxham 
and Pias, 2017), there is considerable evidence 
that anatomists, students and laypersons regard 
human dissection as necessary for the training 
of healthcare professionals (Patel and Moxham, 
2006; Moxham and Plaisant 2007; Kerby et 
al., 2011; Moxham et al., 2016), not just for the 
acquisition of anatomical knowledge but also 
for the development of professional skills and 
attitudes (Lempp, 2005; Moxham and Moxham, 
2007; Pearson and Hoagland 2010; Kerby et 
al., 2011; Palmer et al, 2021). However, with the 
advent of the COVID-19 pandemic, teaching has 
used a virtual platform, laboratory work has been 
prohibited and has led some anatomists to suggest 
that virtual cadavers will replace real cadavers 
(Singal et al., 2020; Iwanga et al., 2021; Nakloo et 
al., 2021). Recent evidence that the advent of the 

coronavirus has affected institutions and caused 
discontinuance of face-to-face teaching comes 
from the reports in 2020 of Bianchi et al., Evans 
et al., Longhurst et al., Pather et al., and Iwanaga 
et al. Although these measures have led to much 
ingenuity for teaching, the negative consequences 
relate to loss of staff-student face-to face teaching, 
loss of experiential and practical teaching and loss 
of acquisition of team and professional skills.  In 
addition, high workloads are causing additional 
stress for staff.  An overreliance on electronic 
methodologies in a computer-dominated age has 
become apparent at a time when patient-doctor 
relationships should be re-evaluated as  patients 
might require a more personal relationship. In 
our view, blended learning, including the use 
of cadaver-based laboratory tuition alongside 
computer-assisted technologies, offers the best 
of all worlds for the education of the emergent 
healthcare professional. In consequence, it is 
crucial that the risks of using cadavers that might 
be infected by SARS-CoV-2 be evaluated.

Working in an anatomy laboratory has always 
had some challenges in relation to infectious 
diseases.  Historically, as sterile techniques were 
not applied in the early days of dissection and 
bodies were not fixed, students and staff were 
often infected by the transfer of diseases from 
the cadaver (Kaufman, 2005; Shoja et al., 2013). 
As a result of the introduction of appropriate 
precautions, few deaths of anatomists and 
students are now known to occur (Shoja et al., 
2013).  A variety of pathogens may be present 
in an unembalmed dead body. For example, 
Mycobacterium tuberculosis is said to have been 
transmitted to an embalmer, possibly during the 
process of embalming a cadaver (Sterling et al., 
2000). Pathogens which may be present include, 
Mycobacterium tuberculosis, HIV, hepatitis B and C,  
prions and corona viruses (Roth et al., 1992; De 
Craemer, 1994; Healing et al., 1995; Kappel et al., 
1996; Catteneo et al., 1999).

Institutions around the world have fostered body 
donor programs (Garment et al., 2007; McHanwell 
et al., 2008; Cornwall and Stringer, 2009; Reiderer 
et al., 2012; Hutchinson et al., 2020) in order 
to safeguard dissection of the human body 
(Hildebrandt, 2010; Rokade and Gaikawad, 2012; 
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Cornwall, 2014; Kramer and Hutchinson, 2014). 
The advent of the novel coronavirus affected 
institutions and caused discontinuance of the 
acceptance of bodies for dissection into donor 
programs (see Brassett et al., 2020). At this stage, it 
is not known what long-term impact there will be 
on the quality of teaching and learning anatomy. 
However, it is important for anatomists who value 
human dissection for teaching (Böckers et al., 
2010; Ghosh 2017; Moxham and Pias, 2017; Ross 
et al., 2020) that the supply of human bodies for 
this purpose is ensured and that dissection for 
staff and students remains safe.  

The coronavirus is not the first disease that has 
challenged the handling of human cadavers. For 
example, it is estimated that as many as 65% of 
individuals involved in unsafe burial practices 
during the Ebola outbreak in West Africa became 
infected (Hoffman and Healing, 2019). It needs 
to be emphasized, therefore, that the appropriate 
precautions to protect those staff who transport, 
prepare and embalm bodies for anatomical 
dissection should be adhered to rigorously and 
must include PPE and processes as outlined 
in the guidelines provided by the International 
Federation of Associations of Anatomists (IFAA, 
2020).  In particular, invasive procedures and the 
generation of aerosols should be avoided (Finegan 
et al. 2020; RCP 2020b).  While some institutions 
have re-opened their laboratories for student 
dissection (e.g., Ross et al., 2020; University of 
the Witwatersrand, Johannesburg), the question 
remaining uppermost in many anatomists’ 
minds is the adequate preservation of bodies for 
dissection in the future, due to risks from novel 
infectious diseases. 

While it is appreciated that each institution will 
have Standard Operating Procedures and legal 
requirements that will affect issues, and while 
thus far the risk of transmission from handling 
of COVID-19-positive bodies is considered to be 
low (ECDC 2020), it is nevertheless recommended 
that, in general, bodies which are known to be 
COVID-19-positive should not be accepted into 
donor programs. It is appreciated that this raises 
some ethical concerns. For example, should a 
body be found to be COVID-19-positive after 
being admitted for anatomical examination, 

who is then responsible for the body? In the case 
of bodies where the death certificate does not 
indicate whether COVID-19 was present at the 
time of death, it is recommended that testing 
should be undertaken. While testing (Ravi, 2020) 
or screening (AST, 2020) of bodies for coronavirus 
has been recommended prior to accepting bodies 
into a donor program, it is appreciated that the 
cost of testing all bodies may be prohibitive for 
some institutions in low resource settings and 
logistics could be complicated. 

Even when testing is possible, as COVID-19 
infection cannot be ruled out by a negative 
result on screening (Winichakoon et al., 2020), 
it is recommended that all bodies received in an 
anatomy department should be treated as if they 
were infectious, whether this be with a coronavirus 
infection or another infectious pathogen. There is 
an extensive array of inactivation procedures that 
have been suggested for enveloped viruses such 
as the coronavirus, but not all would be suitable 
for whole body fixation.  The following inactivation 
methods have been proposed: Heat inactivation 
(Darnell et al., 2004), UV or gamma irradiation 
(Darnell et al., 2004; Kumar et al., 2015), phenol 
and guanodine isothiocyanate-based nucleic acid 
extraction agents (Darnell et al., 2004; Kumar 
et al., 2015) or fixatives such as formaldehyde, 
formalin, paraformaldehyde or glutaraldehyde 
(Darnell et al., 2004; Kumar et al., 2015; Bain et 
al., 2020) and ethanol (Shidham et al., 2020).  
Low alcohol concentrations in fixatives may not 
adequately inactivate the virus (Rossi et al., 2019; 
Gosney et al., 2020). Furthermore, those handling 
bodies in the early stages of donation should be 
be trained (Finegan et al., 2020) and equipped 
with effective PPE (see CDPC, 2019; Finegan et al., 
2020). 

Embalming to contain infectious agents

Currently, there is no evidence in the literature 
to show that the COVID-19 virus is inactivated in 
a preserved body specifically, although Shidham 
et al. (2020) state that viral infectivity is greatly 
reduced by formaldehyde and ethanol.  While 
embalming of COVID-19-infected bodies is not 
recommended by the WHO (2020), embalming 
cannot be avoided in anatomy departments. 
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However, through the use of adequate embalming, 
the risk of spreading infections from the cadaver to 
staff and students can be minimized (Demiryurek 
et al., 2004). Anatomy departments generally 
use embalming fluids which contain fixatives 
and disinfectants and comprehensive reviews 
of human body preservation are available in the 
literature (Demiryurek et al., 2004; Brenner, 2014). 

Formaldehyde appears to be the chemical 
of choice for embalming (Brenner, 2014) and 
is the most widely used fixative for cadaver 
preservation in the US (Coskey and Gest, 2015). 
However, many other preservatives are also used 
(Brenner, 2014). Formalin is made as an aqueous 
solution from formaldehyde (37%).  It has 
excellent tuberculocide, bactericide and virucide 
properties which cause alkylation of groups of 
proteins and of some purine bases (Rutala, 1996).  
Its reaction with nucleic acids is important in 
attenuating viruses (Brenner, 2014). The use 
of formalin as a preservative has diminished 
in certain parts of the world, as formaldehyde 
above a certain level is known to compromise 
respiratory function (Akbar-Khanzadeh et al., 
1994; Whitehead and Savoia 2008). While the 
adverse effects of formaldehyde in general have 
been widely reported (Khaliq & Tripathi, 2009; 
Ahmed, 2011; Raja & Sultana, 2012 ; Brenner, 
2014; Sugata et al., 2016), formalin is still widely 
used as a preservative. 

Both antiviral and antimycosal effects have 
been ascribed to alcohols dependent on the 
concentration and conditions (Brenner, 2014). 
Ethanol is known to denature proteins and dissolve 
lipids and is thus effective in controlling bacteria 
and fungi, but not against non-enveloped viruses 
(Demiryurek  et al., 2002). It can be used alone or 
with other antimicrobial agents (Demiryurek et 
al., 2002). 

The saturated salt solution method and Thiel’s 
method of embalming, both having relatively 
low concentrations of formalin (0.75% and 0.6% 
respectively; Hayashi et al, 2016), have been 
shown to be bactericidal (Hayashi et al., 2016) and 
virucidal (Benkhadra et al. 2009).

Phenol, which is a disinfectant, will at high 
concentrations destroy the entire cell, but at lower 

concentrations and higher molecular weight is 
bacteriocidal (Prindle, 1983). Certain phenolic 
detergents have been shown to be bacteriostatic 
(Brenner, 2014), bactericidal, virucidal, and 
tuberculocidal (CDC, 2008). 

The use of high concentrations of sodium 
hydroxide, together with autoclaving  (which 
obviously cannot be applied in whole body 
fixation), have been suggested for prions, 
which are highly resistant to general methods 
of disinfection (Brown et al., 1982) and require 
unique methods of inactivation (Prindle, 1983). 
Although the use of formaldehyde may decrease 
infectivity of prions, the risk of transmission still 
remains (Sakudo, 2013).  

While much is still to be learned about 
the appropriate disinfectants for COVID-19 
specifically, Henwood (2020) has postulated 
that disinfectants such as 70% ethanol and 
0.1% sodium hypochlorite utilized for other 
coronaviruses (e.g. SARS-CoV and MERS-CoV) 
should inactivate COVID-19 on surfaces and on 
skin. 

Information about the fixation of COVID-19 
in cultures and in histological tissues is limited. 
In culture, the MERS-CoV virus was inactivated 
when exposed to formaldehyde-based fixatives 
for 30 minutes or for 60 minutes in a methanol-
acetone solution (Kumar et  al., 2015). In the case 
of histological tissues, it has also been suggested 
that fixatives utilized for SARS-CoV and MERS-
CoV should be adequate for COVID-19 (Henwood, 
2020). The SARS-CoV virus is inactivated in tissue 
samples fixed in 10% neutral buffered formalin at 
room temperature for one day and by 70% ethanol 
(Darnell and Taylor, 2006). Temperature and time 
are important in the inactivation of SARS-CoV  by 
formalin and glutaraldehyde (Darnell et al., 2004). 
At 25°C and 37°C respectively, the infectivity 
of the virus on day 1 of fixation by formalin was 
significantly decreased.  However, by day 3 of 
fixation some virus still remained infectious 
(Darnel et al., 2004). SARS-CoV was inactivated 
by glutaraldehyde after an incubation of 1–2 days 
(Darnel et al., 2004). The immersion of tissue 
blocks (2cm3) in 10% formalin or phosphate 
buffered saline containing 4% paraformaldehyde 
for a period of 24 hours inactivates SARS-
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CoV-2 (Bain et al., 2020). Although ethanol and 
formalin fixation may render the virus inactive 
(Barbareschi 2020), it should be borne in mind 
that low alcohol concentrations may not inactivate 
the virus (Gosney et al., 2020, Rossi et al., 2020). 

The length of time for the fixation of viruses in 
large samples of tissue such as a whole body is 
of prime importance for anatomists, as specific 
viruses are known to remain viable in cadavers 
for some time after fixation (e.g., Mycobacterium 
tuberculosis for up to 48 hours; Weed and 
Baggenstoss, 1951).  Prolonged periods of fixation 
prior to using whole bodies is thus preferable. 
Extended periods of fixation are said to reduce 
the risk of infection (Vigliar et al., 2020). Thus, 
increasing the period of fixation in formalin has 
been recommended for tissue blocks (Rossi et 
al., 2020). Prolonged fixation is also important, 
as it is known that tissue permeability rates vary 
for large pieces of tissue (Bain et al., 2020). The 
period for which bodies for dissection should be 
fixed to mitigate against infectious diseases needs 
investigation, but it is suggested that fixed bodies 
should remain undisturbed for prolonged periods 
of time (e.g., three months) to allow for permeation 
of the fixative to all tissues of the body.

Concluding remarks

In order to mitigate the transfer of any infectious 
disease from cadavers to staff and students within 
anatomy departments, safety measures must be 
implemented. Knowledge of preservatives and 
the time taken to adequately “fix” these infectious 
agents is helpful for those managing a donor 
programme or anatomy laboratory.  Formalin, 
although known to be hazardous, appears to be 
the fixative with properties that would mitigate 
tuberculocidal, bactericidal and currently known 
virucidal infections. Unfortunately, there is no/
little information in the literature with regards 
to the time needed for fixatives to permeate 
all regions of a whole body, and hence cause 
inactivation of any virus that may be present.  
Thus, bodies should remain undisturbed for 
as long as possible following preservation with 
an appropriate preservative/fixative in order to 
allow for permeation of the fixative to all parts 
of the body. The use of effective PPE for those 

staff handling the body during the early stages of 
processing is essential. 

Staff and students could thus be be protected, 
while allowing body donor programs to continue 
and student training to ensue. 

Those individuals, whether staff or students 
who come into contact with cadavers, should be 
vaccinated against hepatitis B and M. tuberculosis. 
It  is also recommended that vaccination against 
COVID-19 be included in the vaccination protocol/
regime for all staff and students in anatomy 
departments.
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