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The height of the sinuses of Valsalva
depending on anthropometric data among
Ukrainian population
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SUMMARY

Sinuses of Valsalva height is an important
parameter in planning cardiac surgery, per-
cutaneous coronary intervention and transcatheter
aortic valve implantation (TAVI). The aim of the
study is to analyze the height of the sinuses of
Valsalva depending on height, weight, body mass
index, body surface area, and sex using computed
tomography angiography images in Ukrainian
population. 59 chest computed tomography
angiography examination for non-cardiac reasons
were retrospectively evaluated. Data were collected
from Ukrainian citizen. The height of the Sinuses
of Valsalva was measured as the distance between
aortic annulus and sinotubular junction.

All three sinuses of Valsalva height were higher
in men than in women (p<0.001). In men, three
Sinuses of Valsalva had a correlation with height
and body surface area (BSA) (p<0.05). In women,
a correlation has been confirmed only between
anthropometric measurements and the height
of left and right coronary sinuses (p<0,05). The
left coronary sinus height had a correlation with
height, weight, body mass index (BMI) and BSA

(p<0,05). The right coronary sinus height had a
correlation with weight, BMI, and BSA (p<0.05).
The parameters of the non-coronary sinus in
women do not have confirmed direct correlations
with any anthropometric measurements observed.
The sinuses of Valsalva height is higher in males.
The most significant confirmed correlations were
between height and left and right coronary sinuses
in men and women. Increased size of sinuses in
men correlated with an increase of height, weight
and decrease of BMI and BSA values.

Keywords: Aortic Anatomy - Aortic root
— Sinuses of Valsalva — Height — Computed
Tomographic Angiography

INTRODUCTION

The sinuses of Valsalva are components of
the aortic root. It is differentiated into the right
aortic sinus (RAS), the left aortic sinus (LAS)
and the posterior or non-coronary sinus (NAS).
The names of the Valsalva sinuses correspond
to the right, left, and posterior (non-coronary)
semilunar leaflets of the aortic valve (Razzolini et
al., 2011). Semilunar leaflets of the aortic valve are
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named according to their corresponding location
in the fetus. Postnatally, the names of the leaflets
do not change, but their location does. The right
semilunarleafletislocated in the anterior part, the
left semilunar leaflet has a posterior-left position,
and the posterior semilunarleaflet has a posterior-
right position. Correspondently, the right aortic
sinus is also known as the anterior aortic sinus,
the left as the left posterior aortic sinus, and the
posterior as the right posterior aortic sinus (Nasr
and El Tahlawi, 2018). In clinical medicine the
names are determined by the coronary artery
ostia normally contained in these sinuses: the
right coronary, the left coronary and the non-
coronary sinuses (Ho, 2009). The height of the
sinus of Valsalva is defined as the distance from
the aortic annulus to the sinotubular junction
(Hennessey et al., 2020). Syntopy of the sinuses of
Valsalva occurs with the aortic valve leaflets, the
leaflet attachments and the interleaflet trigones
(Berdajs, 2016). The morphology of the sinuses
of Valsalva correlates with the functioning of
the aortic valve and the corresponding coronary
artery blood supply to the left ventricle (Ho, 2009).

Classical cardiac surgery (using a sternotomy
or mini-thoracotomy), endovascular procedures
(coronary angiography, coronary artery stenting,
transcatheter aortic valve implantation (TAVI))
and hybrid procedures thorough
knowledge of all components of the aortic root.
Preoperative planning which takes into account
the morphometric parameters of the aortic root
allow for successful intervention and reduces the
risk of possible complications (Freeman et al.,
2013; Hennessey et al., 2020).

require

Within the general structure of the heart and
main vessels, there are gender differences (Merz
& Cheng, 2016; Taqueti, 2018) that must be taken
into consideration. Gender differences affect
the clinical findings, diagnostics and choice of
treatment tactics (Merz and Cheng, 2016). The
height of the person also influences the state of
the cardiovascular system, especially in coronary
artery disease (Nelson et al., 2015; Silventoinen et
al., 2006). Studies have shown that people of short
stature have a 50% higher risk of coronary artery
disease and a higher mortality rate (Plonek et al.,
2019; Rosenberg et al., 2014).

The aim of the study is to use computed
tomography angiography (CTA) to compare the
height of the right, left and posterior sinuses of
Valsalva in men and women without any pathology
of the heart and ascending aorta.

MATERIALS AND METHODS

Patient population. Patients of the Ukrainian-
Polish Heart Center “Lviv” (Lviv, Ukraine) were
involved in the given study. Inclusion criteria:
patients without any signs of heart or ascending
aorta disease undergoing contrast-enhanced
Computed Tomography (CT) chest examination.
Exclusion criteria: improper visualization of the
aortic root, incomplete clinical data, refusal to be
involved in the study, patients with anomalies of
the heart, ascending aorta or coronary vessels. All
patients signed the informed consent (signed by
the patient or official representative) according
to the Declaration of Helsinki and the national
legal regulations (Ethics Committee Approval:
Bioethics Commission of Danylo Halytsky Lviv
National Medical University, protocol No. 10, 20
December 2021).

CTA images of 59 patients were selected with
the following gender distribution: 43 men and 16
women. Thepatientswerescannedusingthe MDCT
scanner LightSpeed VCT XT, GE (General Electric,
USA) with 64-row chest CT with administration of
the contrast agent Ultravist 470 (Bayer Healthcare,
angiography
evaluated on a dedicated CT workstation (General

Germany). CT images were
Electric, USA) by two independent observers with
experience in assessment of contrast-enhanced
CT images of the chest. The following parameters
were measured: the distance between the aortic
annulus and the sinotubular junction, labeled
as the height of the right, left and non-coronary
sinuses. Allmeasurements were done accordingto
the updated 2019 Guidelines (Blanke et al., 2019).
Each aortic cusp was first identified and then the
height of each sinus of Valsalva was measured.
The body surface area (BSA) was calculated as the
square root of the height multiplied by the weight
divided by 3600 (Mosteller formula). The body
massindexwas calculated asweight (in kilograms)
divided by the height in meters squared.



The results of the study were analyzed using
the methods of descriptive and analytical
statistics. The statistical analysis was conducted
using the SPSS version 22.0 for Windows (IBM
Corp., Armonk, NY, USA). The normality of data
distribution was assessed using Shapiro-Francia
test. Values are presented in mean * standard
deviation. Student’s t-test was performed to
compare means. P-value of <0.05 was considered
significant. The correlation between the observed
variables has been calculated using Pearson’s
linear correlation method (r). Multiple correlation
and regression analysis have been performed in
Statistica 10, allowing for accurate calculations
and their visual presentations.

RESULTS

A total of 59 CTA examinations were collected
from adults of both sexes and same ages: 43 (73%)
males, aged 53 * 14 years, and 16 (37%) females,
aged 56 + 13 (p = 0.33). All patients were free of
structural heart and ascending aortic disease.
Men’s height differed significantly from that of
women: men1.76 + 0.07 mand women 1.63 + 0.04
m (p <0.001). Clinical characteristics of patients
are presented in Table 1.

Table 1. Characteristics of the patients.

Parameters Male (n=43) Female (n-16) P value
Age (y) 52.56+13.52 56.38+13.34 0.33
Height (m) 1.76+0.07 1.63+0.04 <0.001*
Weight (kg) 84.74+14.14  76.5+13.48 0.04*
BMI (kg/m?) 27.54+4.74 | 28.79+5.19 0.40
BSA (m?) 2.03+0.18 1.85+0.17 0.001%

BMI: Body mass index; BSA: Body surface area; * P-value of
<0.05 was considered significant

CTA images received in the course of the study
were analyzed in double oblique multiplanar
reconstruction.TheheightofthesinusesofValsalva
was measured from the level of the aortic annulus
to the sinotubular junction. All measurements
were performed on a perpendicular plane to the
long axis of the vessel.

There is a statistically significant difference in
the height of the sinuses of Valsalva (as measured
between the aortic annulus and the sinotubular

junction) in men and women. The height of the
anterior (right) sinus of Valsalva was 24.27 + 3.83
mm in men and 18.59 + 2.25 mm in women. This
was 5.68 mm higher (1.3 times) in men than in
women (p <0.001). The height of the left sinus of
Valsalva in men is 4.62 mm higher (1.31 times)
(p <0.001) than in women (23.49 + 3.33 mm and
17.87 + 1.82 mm respectively). The height of the
non-coronary sinus of Valsalvain menis 1.26 times
higher (p <0.001) than in women (24.83 + 3.59 mm
and 19.71 + 2.17 mm respectively) (Fig. 1).

In view of the abovementioned, it appeared
reasonable to study the correlation between
sinuses of Valsalva height and anthropometric
measurements of men and women. For this
purpose, multiple correlation and regression
analysis have been used. Key impact factors have
been selected based on Pearson’s correlation
analysis. Essential independent variables are
presented in Tables 2, 3.

Correlation analysis has confirmed a correlation
between height and BSA and sinuses of Valsalva
measurements in men: strong direct correlation
with height (r = from +0.71 to +0.75, p<0.05) and
moderate direct correlation with BSA (r = from
+0.31 to +0.42, p<0.05). In women, a correlation
has been confirmed only between anthropometric
measurements and the sizes of left and right
coronary sinuses. Left coronary sinus size
has a moderate direct correlation with height
(r=+0.41, p<0.05), weight (r=+0.52, p<0.05), BMI
(r=+0.40, p<0.05) and BSA (r=+0.57, p<0.05); right
coronary sinus size has a correlation with weight
(r=+0.33, p<0.05), BMI (r=+0.31, p<0.05) and BSA
(r=+0.32, p<0.05). The parameters of the non-
coronary sinus in women do not have confirmed
direct correlations with any anthropometric
measurements observed. It has been additionally
established that there is no confirmed correlation
between age and the height of sinuses of Valsalva
in men and women.

Based on the findings obtained, multiple
correlation coefficient R has been calculated,
which pointstothe strength of correlation between
the dependent variables (sinuses of Valsalva) and
the combination of independent variables (height,
weight, BMI, BSA) (Table 4).
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Fig. 1.- Differences between the height of the sinuses of Valsalva in the male (solid har) and female (striped bar) cohorts. Values are
presented as mean * standard deviation. See measurements in Tables 2 and 3. RCS, Right coronary sinus; LCS, Left coronary sinus;

NCS, Non-coronary sinus.

Table 2. Correlation relationship (r) between anthropometric measurements and sinus of Valsalva height in men.

Parameters Age (y) Height (m) Weight (kg)
Age (y) - -0.28 0.03

Height (m) -0.28 - 0.18

Weight (kg) 0.03 0.18 -

BMI (kg/m?) 0.14 -0.27 0.90*

BSA (m?) -0.03 0.40* 0.97*

LCS (mm) -0.10 0.75* 0.27

RCS (mm) -0.06 0.71* 0.16

NCS (mm) -0.30 0.74* 0.20

BMI (kg/m?) BSA (m?)

0.14

-0.27
0.90*
0.78*
-0.07
-0.16
-0.13

-0.03
0.40*
0.97*
0.78*
0.42*
0.31*
0.35*

LCS (mm) RCS (mm)

-0.10

0.75*

0.27
-0.07

0.42%

0.86*
0.74*

-0.06
0.71*
0.16

-0.16
0.31*
0.86*

0.63*

NCS (mm)
-0.30
0.74%

0.20

-0.13
0.35%
0.74%
0.63*

BMI: Body mass index; BSA: Body surface area; RCS: Right Coronary Sinus; LCS: Left Coronary Sinus; NCS: Non-Coronary Sinus.
Note. * - confirmed (p<0.05) correlation

Table 3. Correlation relationship (r) between anthropometric measurements and sinus of Valsalva height in women.

Parameters Age (y)
Age (y) -
Height (m) -0.12
Weight (kg) 0.00
BMI (kg/m?) 0.03
BSA (m?) 0.02
LCS (mm) 0.14
RCS (mm) -0.12
NCS (mm) -0.14

Height (m) Weight (kg)

-0.12
0.06
-0.22
0.20
0.41*
0.06
0.25

0.00
0.06
0.96*
0.99*
0.52*
0.33*
0.01

BMI (kg/m?) BSA (m?)

0.03

-0.22
0.96*
0.91*
0.40*
0.31*
-0.06

0.02
0.20
0.99*
0.91*
0.57*
0.32*
0.03

LCS (mm) RCS (mm)

0.14

0.41*
0.52*
0.40*
0.57*
0.56*
0.24

-0.12
0.06

0.33*
0.31*
0.32*
0.56*

0.43*

NCS (mm)
-0.14

0.25

0.01

-0.06

0.03

0.24

0.43*

BMI: Body mass index; BSA: Body surface area; RCS: Right Coronary Sinus; LCS: Left Coronary Sinus; NCS: Non-Coronary Sinus.
Note. * - confirmed (p<0.05) correlation
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Table 4. Results of calculations for multiple correlation and regression analysis of the sinuses of Valsalva height and
anthropometric measurements observed in men and women.

Males Females
Parameters R p R p
NCS (mm) 0.76 0.00001 0.46 0.75
LCS (mm) 0.77 0.000002 0.72 0.014
RCS (mm) 0.73 0.00002 0.36 0.90

NCS: Non-Coronary Sinus; LCS: Left Coronary Sinus; RCS: Right Coronary Sinus.

A strong direct correlation has been identified in
men between the anthropometric measurements
observed and the sinuses of Valsalva height
indicators (R = from +0.73 to +0.77, p<0.001).
Increased size of sinuses in men correlated with
an increase of height, weight and a decrease of
BMI and BSA values.

Within the group of women, multiple correlation
and regression of independent variables
(anthropometric data) have been confirmed only
for the dependent variable «left coronary sinus»
(R=+0.72, p=0.014), while for other sinuses the
correlation was insufficient (p>0.05). The size
(increase) of the left coronary sinus in women
was affected by the increase of height and BMI
and decreased BSA. Fig. 2 and Fig. 3 visualize

the above-described correlations between left
coronary sinus parameters and anthropometric
data in men and women.

DISCUSSION

The present study represents a single-center
data of the height of the sinuses of Valsalva in
subjects without heart disease or ascending
aorta disease undergoing contrast-enhanced
CT. Data assessed by CTA is considered the
fastest and one of the most accurate methods
of measuring the aorta, with very high spatial
resolution (Blondheim et al., 2016). We studied
the relationship of variations with sex and height.
Patients were distributed by gender (43 menvs 16
women).

Fig. 2.- Visualization of multiple correlation and regression analysis of the left coronary sinus of Valsalva and anthropometric

measurements observed in men.
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Fig. 3.- Visualisation of multiple correlation and regression analysis of the left coronary sinus of Valsalva and anthropometric

factors observed in women.

We found a constant difference in the size of the
right, left coronary and non-coronary sinuses of
Valsalva in the male as compared to the female
cohort. The sinuses of Valsalva are higher in men
thaninwomen (p <0.001). Theleft sinus of Valsalva
in men is 1.31 times higher than in women,
and almost the same difference is observed in
the height of the right (1.3 times) and the non-
coronary sinus of Valsalva (1.26 times). Our
results are in general agreement with published
studies, i.e., that right and left coronary sinuses
of Valsalva are greater in males (Knight et al.,
2009; Stolzmann et al., 2009). Those publications
reporting differences in both the left and the
right coronary sinuses omitted measurement of
the non-coronary sinus of Valsalva. It could be
explained by their focus on precise location of the
coronary artery ostia only. The shorter the right
sinus of Valsalva, the lower the location of the
right coronary artery ostium. This is an important
consideration in patients undergoing aortic valve
surgery. A high location of the right coronary
artery ostium with a sufficient height of the right
coronary sinus allows for easier and safer aortic
valve replacement. It is, however, a frequent
location of air embolism occurrence during the
de-aeration stage of cardiac surgery, which can

lead to sudden life-threatening arrhythmias. The
height of the left coronary sinus is important
because of the location of the left main coronary
artery ostium.

The anatomy of the non-coronary sinus of
Valsalva should not be omitted in measurements.
The reason is that the posterior sinus of Valsalva
lies in the interatrial groove, thus bordering with
right and left atrium simultaneously. Additionally,
the height of the non-coronary sinus is important
in clinical practice, asin choosing the type of aortic
valve prosthesis, the position of implantation
(annular, sub- or supra-annular), and the method
of suturing the aortic valve prosthesis. Low height
of the non-coronary sinus is always identified
with the higher percentage of the intraoperative
conduction disturbances, as the length of the
aortic-mitral junction decreases and, as a result,
the conduction bundle passes closer to the aortic
annulus in the projection of the non-coronary
sinus (Charitos and Sievers, 2013). With the
bicuspid aortic valve and the sagittal location of
the effective orifice (Sievers type I), the plane of
the non-coronary sinus is 1/3 lower than the other
fused sinus (Stephens et al., 2015). Thus, surgeons
have to take into account the given anatomical
feature to prevent the displacement of the plane



of the implanted aortic valve prosthesis towards
the left ventricle outflow tract. The height of the
non-coronary sinus is also crucial for the choice
of patch height in patients with a narrow aortic
annulus in the aortic root dilatation operations
(Nicks and Manouguian techniques) (Massias et
al., 2021). In the present study, the non-coronary
sinus in men correlates with height and BSA, and
does not have confirmed direct correlations with
any anthropometric measurements in women.

The geometry of the sinuses of Valsalva is of the
considerable importance in surgery aiming at
the aortic root reimplantation into the vascular
prosthesis (David I-V operations) (Miller, 2003)
as well as in aortic root remodeling (Yacoub
Procedure, Urbanski operation) (Yacoub et al.,
2018), because the most accurate restoration of
all the anatomical structures of the aortic root
ensures appropriate and long-term functioning
of the aortic valve. The length and height of the
aortic root sinuses are the main indicators in the
operation of neocuspidation of the aortic valve
(Ozaki operation) (Alhan, 2019).

Authors have reported that age (Vriz et al., 2013)
and gender (Koepke et al.,2018) have animpact on
the cardiovascular system. With age, the number
of collagen fibers increases and replace the elastin
fibers changing the histological structure of aorta
(Komutrattananont et al., 2019). Many authors pay
attention to increasing aortic diameter with age
(Bahlmann et al., 2011; Komutrattananont et al.,
2019; Vriz et al., 2013). Changes in the geometry
and diameter of the sinuses of Valsalva affect
the hemodynamics and the nature of the flow at
the aortic root (Kivi et al., 2020). The results of
the present study do not confirm a correlation
between age and the height of sinuses of Valsalva
in both gender groups. It should be noted that
the previously published studies compare
horizontal measurements (diameter) of the aorta.
The probable aging changes in the height of the
sinuses of Valsalva require further investigation.

Height correlates with the cardiovascular events.
Tall people have lower incidence and mortality
rate from the coronary heart disease (Nelson et
al., 2015; Rosenberg et al., 2014; Silventoinen et
al., 2006). Short stature has an association with
a higher incidence of cardiovascular disease

events (Paajanen et al., 2010). Therefore, the
patient’s height is one of the indicators that might
be considered to predict risks of cardiovascular
disease. The current study confirms a strong
direct correlation between height and the size of
all the three sinuses of Valsalva in men. In female
cohorts only the size of the left coronary sinus of
Valsalva has a moderate direct correlation with
height. The impact of gender on the aortic root
anatomy may be considered an additional factor.
Interestingly, the degree of correlation in women
is lower than in men.

BMI and BSA, which are calculated with
formulas using height and weight, have a
different correlation with the sinuses of Valsalva
measurements in two groups. In men, correlation
analysis has confirmed a moderate direct
correlation between BSA and right, left and non-
coronary sinus. In female cohorts, left and right
coronary sinus size have a moderate direct
correlation with BMI and BSA.

Multiple correlation coefficient R, which was
used to point to the strength of correlation, showed
a strong direct correlation in men between the
anthropometric measurements (height, weight,
BMI, BSA) and the sinuses of Valsalva height
indicators (p<0.001). Increased size of sinuses in
men correlated with an increase of height, weight
and decrease of BMI and BSA values. Within the
group of women, the increased size of the left
coronary sinus was affected by the increase of
height and BMI and decreased BSA.

In conclusion, we found an association between
gender and patient height and the height of the
sinuses of Valsalva. The sinuses of Valsalva height
is higher in males. The most significant confirmed
correlations were between height and left and
right coronary sinuses in men and women.
Increased size of sinuses in men correlated with
an increase of height, weight and decrease of BMI
and BSA values.

Limitations of the study

The study design was limited to a group of
patients consisting of Ukrainians and was not
repeated with different ethnic groups. Intra-
and inter-group variability of the sinuses of

Uliana Pidvalna et al.
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Valsalva height was measured only with CTA, and
no comparison was made with other possible
diagnostic methods (ECHO, MRI, IVUS).

Sources of Funding

The study was conducted within the scientific
research program of the Department of Normal
Anatomy at Danylo Halytsky Lviv National
Medical University (Lviv, Ukraine) according to
the research topic “Morphofunctional features of
organs in pre- and post-natal ontogenetic periods
under the influence of opioids, food additives,
reconstructive surgeries and obesity”; the
research program is funded from the State Budget
of The Ministry of Health of Ukraine.
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SUMMARY

Cadmium is a neurotoxin, carcinogen and a
suspected agent in aetiology of Parkinson’s di-
sease and Alzheimer’s disease (AD). Further-
more, upregulations of Caspase-3 and p53 were
reported in brains of AD patients. This study
evaluated the neuroprotective potentials of
MO11 (isolated from Moringa oleifera leaves) and
MSO06 (isolated from Musa sapientum suckers) in
Cadmium Chloride (CdCl)-induced neurotoxicity
in the cerebrum of rats.

Twenty-eight adult male wistar rats (average
weight of 155 g) were randomly divided into 7
groups (n = 4). Group 1 received physiological
saline. Groups 2-4 and 7 received single 1.5
mg/Kg bodyweight of CdCI (i.p.) (Day 1). Groups

3-4 and 7 were post-treated with 15 mg/Kg
bodyweight of MO11, 15 mg/Kg bodyweight of
MO11 + 7 mg/Kg bodyweight of MSF1 and 3.35
mg/Kg bodyweight of Doxorubicin respectively
(Days 1-17). Groups 5-6 received only MO11
and Vegetable Oil (vehicle) respectively (Days
1-17). Cerebral histopathology (Cresyl Fast Violet
method) was evaluated in rats. ELISA evaluations
of biomarkers of pro-inflammation (IL-1p, IL-6,
IL-8 and NF-kB), anti-inflammation (IL-4 and IL-
10), apoptosis (Caspase-3 and p53), proliferation
(Ki67) and angiogenesis (SVEGFR) in cerebral
homogenates of rats were also conducted.

Histopathological evaluations showed a
high number of chromatolytic cells in Group

2, compared with Groups 1 and 3-7. Post-
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treatments of CdCl-induced neurotoxicity with
MO11 and MS06 resulted in decreased levels of
IL-1B, IL-6, IL-8, NF-kB, Caspase-3, Ki67, p53 and
SVEGFR, but increased levels of IL-4 and IL-10 in
Groups 3-4, compared with Group 2. Therefore,
MO11 and MSO06 possess neuroprotective,
neuroregenerative, anti-AD, anti-inflammatory
and anticancer potentials.

Key words: Cadmium - Neurotoxicity -—
Alzheimer’s disease — Moringa oleifera — Musa

sapientum — Neuroprotection — Neuroregeneration

INTRODUCTION

Cadmium (Cd), according to the World Health
Organization, is one ofthe 10 chemicals of concern
for human health (Andjelkovic et al.,2019). Cd was
classified as a human carcinogen by the National
Toxicology program (Wang and Du, 2013) and
the International Agency for Research on Cancer
(Huff et al., 2007). Cd-induced toxicity resulted
in systemic dysfunctions such as neurotoxicity
(Wang and Du, 2013; Batool et al., 2019), skin
alopecia and ulceration (Lansdown et al., 2001),
inflammation and hepatotoxicity (Bernhoft, 2013;
Wang and Du, 2013; Andjelkovic et al., 2019).

Human Cd-exposure is associated with
dysfunctions of the nervous system resulting in
symptoms such as impaired learning capacity,
headache and vertigo, decreased cognitive
functions, olfactory dysfunction, poor vasomotor
functioning, parkinsonian-like
peripheral neuropathy and poor equilibrium and
balance co-ordination (Wang and Du, 2013). Cd-
exposure has also been suspected as an etiological
factor in the development of Parkinson’s disease
(PD) and Alzheimer’s disease (AD) (Wang and
Du, 2013). Increased concentrations in total Cd-
exposure was associated with dyslexia or learning
difficulties, decreased visual motor capacity and
mental retardation in children (Wang and Du,
2013). It is, therefore, scientifically relevant to
develop drug candidates from plants or other
sources which can prevent or eliminate resulting
dysfunctions of the nervous system due to Cd-
induced neurotoxicity.

symptoms,

Moringa oleifera (MO) and Musa sapientum (MS)
are ethno-medicinal plants that are well grown

in Nigeria (Akinlolu et al., 2021). Furthermore,
MOF6, which was fractionated from MO leaves
using column chromatography methods, showed
significant antioxidant and neuro-protective po-
tentials against Cuprizone-induced cerebellar
damage in rats (Omotoso et al., 2018), as well as
neuro-protective potentials against dysregulated
Acetylcholinesterase concentrations in Sodium
arsenite-induced neurotoxicity in rats (Akinlolu
et al., 2020a). MOF6 equally showed hepato-pro-
tective, anti-proliferation and anti-drug resis-
tance potentials in 7,12-Dimethylbenz[alanthra-
cene-induced hepato-toxicity in rats (Akinlolu et
al., 2021). Similarly, MSF1, which was fractionat-
ed from MS sucker using column chromatography
methods possesses hepatoprotective, antipro-
liferation and antidrug resistance potentials in
7,12-Dimethylbenz[alanthracene-induced hepa-
to-toxicity in rats (Akinlolu et al., 2021).

Cd-induced neuro-toxicity has been suggested
to result from increased oxidative stress, dysreg-
ulation and dysfunction of neurotransmitters,
estrogen-like effect, interactions with heavy me-
tals such as zinc and cobalt and epigenetic effects
(Wang and Du, 2013; Batool et al., 2019). The
mechanism underlying Cd-induced neurotoxic-
ity remains poorly understood and unresolved
till date. What mechanism underlies Cd-induced
neuroinflammation? What is the relationship be-
tween Cd-induced neuroinflammation and neu-
ronal cell death? Cd is an established carcinogen
(Wang and Du, 2013; Batool et al.,, 2019), and
mutagenesis is associated with increased angio-
genesis (Batchelor et al., 2009). What type of re-
lationship exists amongst Cd-induced apoptosis,
hyperplasia, angiogenesis and mutagenesis? Fi-
nally, what are the effects of post-treatments with
MO and MS on the possible mechanisms under-
lying Cd-induced neurotoxicity, neuroinflamma-
tion, apoptosis, hyperplasia, angiogenesis and
mutagenesis?

Cd generally exists as a divalent cation,
complexed with other elements, such as Cadmium
Chloride (CdCl) (Bernhoft, 2013; Andjelkovic et al.,
2019). Cd-induced neurotoxicity possibly results
from increased oxidative stress, and neuronal cell
death (apoptosis) are cell-specific, with cerebral
cortical neurons as main targets (Wang and Du,



2013). In this study, the most active antioxidant
and antimicrobial cytotoxic compounds were
isolated from MO leaves (MO11) and MS suckers
(MS06) respectively. Therefore, in order to further
understand the mechanisms underlying Cd-
induced neurotoxicity and in order to determine
the neuroprotective potentials of MO and MS, this
study evaluated the effects of MO11 and MS06
on CdCl-induced neuroinflammation, apoptosis,
hyperplasia, angiogenesis, mutagenesis
neurodegeneration in the cerebral cortices of
adult male Wistar rats.

and

MATERIALS AND METHODS

Ethical Approval

Ethical approval for this study was sought and
received from the Ethical Review Committee of the
University of Ilorin, Nigeria. Appropriate measures
were observed to ensure minimal pain or discom-
fort of rats used in this study. The ethical approval
number is UERC/ASN/2018/1161. Furthermore,
this research study was conducted in accordance
with the internationally accepted principles for
laboratory animal use and care as provided in the
European Community guidelines (EEC Directive
of 1986; 86/609/EEC), the Directive 2010/63/Eu of
the European Parliament and of the Council of 22
September 2010 on the protection of animals used
for scientific purposes and the Guidelines of the
U.S. Public Health Service and NIH regarding the
care and use of animals for experimentation (NTH
publication #85-23, revised in 985).

Collection, authentication and deposition of
Moringa oleifera (MO) leaves and Musa sapientum
(MS) suckers

Freshly cut MO leaves and MS suckers were
obtained locally from forest reserves in Ilorin
and samples identified and authenticated by a
Pharmaceutical Botanist of the Department of
Botany, Faculty of Life Sciences, University of
Ilorin, Ilorin, Nigeria. Samples of MO leaves and
MS suckers were deposited at the herbarium of
the Department of Botany, Faculty of Life Sciences,
University of Ilorin, and assigned Herbarium
Identification Numbers UILH/001/1249 and
UILH/002/1182 respectively.

Extraction and partitioning of fractions of MO
leaves and MS suckers

MO leaves were air-dried, grinded, weighed
and stored in an air tight container until further
analysis. 4.0 Kg weight of the MO leaves were
powdered, extracted with distilled ethanol and
concentrated on a rotary evaporator. Similarly,
MS suckers were air-dried, grinded, weighed
and stored in an air tight container until further
analysis. 5.2 kg weight of the MS suckers were
powdered, extracted with distilled ethanol and
concentrated on a rotary evaporator. The crude
extract (210.2 g) of MO leaves was successively
partitioned into n-hexane (NH), dichloromethane
(DCM), ethyl acetate (EA) and methanol (MeOH)
soluble fractions in an increasing order of polarity
to afford 12 fractions (MO1 — MO12). Similarly,
the crude extract (159.32 g) of MS suckers was
successively partitioned into n-hexane (NH),
dichloromethane (DCM), ethyl acetate (EA)
and methanol (MeOH) soluble fractions in an
increasing order of polarity to afford 8 fractions
(MS01 - MS08). Phytochemical screening of
MS showed the presence of saponins, saponin
glycosides, tannins, alkaloids and indole alkaloids.

Column Chromatography

Column chromatography of the MO and MS
fractions was carried out on silica gel (70 — 230
and 240 - 300 mesh size, Merck, Germany),
Merck alumina (70 — 230 mesh ASTM). Thin Layer
Chromatography (TLC) was carried out on pre-
coated silica gel 60 F,,, aluminium foil (Merck,
Germany) for the establishment of the purity
of isolates. Spots on TLC were examined with
an ultraviolet lamp operating at a wavelength
of 366 nm for fluorescence and at 254 nm for
fluorescence quenching spots.

Evaluations of antioxidant and antimicrobial
activities of MO and MS fractions

Antioxidant activities of plants’ extracts and
fractions were evaluated using modified 2,2-di-
phenyl-1-picrylhydrazyl method as previously de-
scribed by Chaves et al. (2020). In addition, antimi-
crobial activities of plants’ extracts and fractions
were evaluated by testing the cyto-toxic potentials
of each fraction against the growths of Escherichia

Adelaja Akinlolu et al.

497



Neuro-protective effects of MO11 & MS06

498

coli and Salmonella tiphimurium as previously de-
scribed by Elisha et al. (2017).

Purification of MO fractions

The antioxidant and antimicrobial activities
of the obtained 12 MO fractions (MO1 — M0O12)
were determined. MO8 and MO11 fractions,
which had the best antioxidant and antimicrobial
potentials, were selected and further purified on
a silica gel open column, using NH, DCM, EA and
MeOH in an increasing order of polarity until the
most active antioxidant and antimicrobial drug
candidates (M01ls,3 and M0118'4) were obtained.
Phytochemical screenings of MO11, ,and MO11,,
showed the presence of flavonoids, saponin,
tannins, alkaloids, glycosides and steroids. The
resulting grams of MO11,, and MO11,, were
mixed together as 1.43 g of MO11, which was used
for the evaluations of neuro-protective potentials
of MO against CdCl-induced neurotoxicity.

Purification of MS fractions

The antioxidant and antimicrobial activities of
the obtained 8 MS fractions (MS01 — MS08) were
determined. MS06, which had the best antioxidant
and antimicrobial potential, was selected and
further purified on a silica gel open column, using
NH, DCM, EA and MeOH in an increasing order of
polarity to afford seven fractions (MS06, .). MS06,
showed the best antioxidant and antimicrobial
potential out of the seven fractions. The resulting
1.24 g of MS06, was used for the evaluations of
neuro-protective potentials of MS against CdCl-
induced neurotoxicity.

Chemicals and Reagents

Cadmium Chloride (CdCl) was a product of
Sigma-Aldrich Japan Co. (Tokyo, Japan), and
was purchased from Bristol Scientific Company,
Lagos State, Nigeria. Normal Saline, Doxorubicin
and Vegetable Oil were purchased from Olabisi
Onabanjo University Teaching Hospital pharmacy,
Sagamu, Ogun State, Nigeria. Sucrose crystal
produced by Qualikems and Methylated spirit
produced by Samstella Industry Nigeria Limited,
Abule- Oba, Ogun State, Nigeria were purchased
from local suppliers.

Animal care and feeding

28 adult male Wistar rats (average weight of 155 g
and 2 months of age) were purchased from a colony
breed at Badagry in Lagos state, Nigeria. The rats
were randomly divided into 7 groups with 4 rats per
group. The rats were acclimatized for a week at the
animal house of the Faculty of Pharmacy of Olabisi
Onabanjo University, Sagamu campus, Ogun State,
Nigeria before the beginning of experimental
procedures. The rats were kept under standard
conditions and allowed free access to food and
drinking water ad libitum. The experimental
procedure lasted for 18 Days. The bodyweights of
the rats were measured and recorded on daily bases
using electronic compact scale (SF-400C weighs in
gram) weighing scale; a product of Valid Enterprise,
Kalbadevi, Mumbai, India.

Grouping of rats and extracts/drugs administration

MO11 and MS11 were dissolved in Vegetable Oil
(vehicle). Rats of Control Group 1 (Baseline Control)
received physiological saline only for 17 Days (Days
1-17). Each rat of Experimental Groups 2—4 and 7
received single intra-peritoneal administration of
1.5 mg/Kg bodyweight CdCl on Day 1. Rats of Group
2 (Negative Control) were left untreated throughout
experimental procedure for 17 Days (Days 1-17).
Thereafter, rats of Group 3 were post-treated with 15
mg/Kg bodyweight of MO11 for 17 Days (Days 1-17).
Rats of Group 4 were post-treated with combined
mixture of 15 mg/Kg bodyweight of MO11 and 7
mg/Kg bodyweight of MS06 for 17 Days (Days 1-17).
Rats of Group 5 received only 15 mg/Kg bodyweight
of MO11 for 17 Days (Days 1-17). Rats of Group 6
received only 1 ml/Kg bodyweight of Vegetable Oil
(vehicle) for 17 Days (Days 1-17). Rats of Group 7
were post-treated with 3.35 mg/Kg bodyweight of
Doxorubicin (standard anticancer drug — Positive
Control) for 17 Days (Days 1-17).

Histopathological evaluations of the cerebral
cortex

Twenty-four hours after the last day of
administration of drugs and extracts on Day 17
and following animal sacrifice, the cranium of each
rat was exposed and the cerebrum removed. Each
cerebrum was divided into two hemispheres. One
cerebral hemisphere was fixed in 10% formalin and



processed for light microscopy using conventional
histological procedures.
with Cresyl fast violet and examined under the
microscope for histopathological changes as earlier
described (Omotoso et al., 2018). Photomicrographs
of the slides were prepared.

Slices were stained

Evaluations of concentrations of IL-1p, IL-4,
IL-6, IL-8, IL-10, NF-kB, Caspase-3, Ki67, p53
and sVEGFR in homogenates of cerebral hemi-
spheres of rats using enzyme linked immuno-
sorbent assay (ELISA)

The second cerebral hemisphere from each
rat was isolated and then subjected to thorough
homogenization using porcelain mortar and
pestleinice-cold 0.25 M sucrose, in the proportion
of1 gto4 mlof0.25 M sucrose solution. The tissue
homogenates were filled up to 5 ml with additional
sucrose, and collected in a 5 ml serum bottle.
Homogenates were thereafter centrifuged at
3000 revolution per minute (rpm) for 15 minutes
using a centrifuge (Model 90-1). The supernatant
was collected with Pasteur pipettes and placed
in a freezer at -4°C, and thereafter assayed for
concentrations of IL-1p, IL-4, IL-6, IL-8, IL-10,
NF-kB, Caspase-3, Ki67, p53 and sVEGFR in the
cerebral cortices of all rats of Control Group 1 and
Experimental Groups 2 — 7 using ELISA technique
as previously described (Akinlolu et al., 2021).

Statistical analyses

Statistical analyses were conducted using the
2019 Statistical Package for the Social Science
software Version 23.0. Computed data of
concentrations of each biomarker was expressed
as arithmetic means + standard error of mean,
and were subjected to statistical analyses using
One-way Analysis of Variance to test for significant
difference amongst Groups 1-7. Degree of freedom
(df): (between groups and within groups) and
F-values were computed. Significant difference
was confirmed at 95% confidence interval with
associated P -value of less than 0.05 (P<0.05). In
addition, Scheffe Post-hoc analysis was used for
separation of Mean values amongst Groups 1-7.
The statistical comparison of the concentration
of each biomarker between two groups was
considered significant only at P<0.05.

RESULTS

Histopathological evaluations of the pre-frontal
cortices of rats

Histopathological evaluations showed normal
histoarchitectures of the prefrontal cortices
of rats of Control Group 1 and Experimental
Groups 5 and 6 (Figs. 1A, 1B and 5A-6B), with
normal staining intensity of Nissl substance,
cellular density and delineation. Normal staining
neurons (black arrows) present with intensively
stained soma both peripherally and centrally.
Chromatolytic neurons (red arrows) present
with reduced staining intensity in the central
or peripheral aspect of the soma of neuron. In
contrast to normal stained neurons of rats of
Control Group 1 and Experimental Groups 5 and
6 (Figs. 5A-6B), histopathological analyses of
prefrontal cortices of rats of Experimental Group
2 showed Nissl substance with reduced staining
intensity and high number of chromatolytic cells
(Figs. 2A and 2B). In addition, histopathological
analyses of prefrontal cortices of rats of
Experimental Groups 3, 4 and 7 showed normal
staining intensity of Nissl substance and cellular
delineation but reduced cellular density and few
chromatolytic cells (Figs. 3A-4B and 7A-7B).

Concentrations of IL-1p, IL-4, IL-6, IL-8, IL-10
and NF-kB in cerebral cortices of rats: CdCl-on-
ly treated Group 2 versus Normal Saline-only
Control Group 1

Results showed statistically significant higher
(P<0.05) levels of IL-1p (df = 6,14, F = 52.34,
P<0.001), IL-6 (df= 6,16, F=59.22, P<0.001), IL-8
(df = 6,16, F = 127.64, P<0.001) and NF-KB (df =
6,19, F = 36.41, P<0.001) in rats of Group 2, when
compared with Control Group 1 (Table 1, Figs. 8, 9,
10and11).In addition, results showed statistically
non-significant lower (P=0.05) levels of IL-4 (df =
6,16, F = 272.42, P = 0.74), but significant lower
(P<0.05) levels of IL-10 (df = 6,16, F = 272.42,
P<0.001) in rats of Group 2, when compared with
Control Group 1 (Table 1, Figs. 12 and 13).
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Fig. 1.- Section of the dorsolateral prefrontal cortex of rats of control Group 1 which received only normal saline. This figure shows
(A) Cresyl fast Violet x100; (B) Cresyl fast Violet x400. Black arrows represent normal neurons. Histopathological evaluation shows
normal staining intensity of Nissl substance, cellular density and delineation. Scale bars = 25 pm. Fig. 2.- Section of the dorsolateral
prefrontal cortex of rats of experimental Group 2 which received intraperitoneal (i.p.) injection of 1.5m/kg bodyweight of CdCl only.
This figure shows (A) Cresyl fast Violet x100; (B) Cresyl fastViolet x400. Red arrows represent chromatolytic neurons. Histopatho-
logical evaluation shows Nissl substance with reduced staining intensity, but high number of chromatolytic cells. Scale bars = 25
um. Fig. 3.- Dorsolateral prefrontal cortex of rats of experimental Group 3 which received 1.5 mg/kg bodyweight of CdCl (i.p.) and
post-treatment with 15 mg/kg bodyweight of MO11. This figure shows (A) Cresyl fast Violet x100; (B) Cresyl fast Violet x400. Black
arrow represents a normal neuron while red arrow represents a chromatolytic neuron. Histopathological evaluation shows normal
staining intensity of Nissl substance but reduced cellular density and few chromatolytic cells. Scale bars = 25 pm. Fig. 4.- Section of
the dorsolateral prefrontal cortex of rats of experimental Group 4 which received 1.5 mg/kg bodyweight of CdCl (i.p.) and post-treat-
ment with 15 mg/kg bodyweight of MO11 + 7 mg/kg bodyweight of MS06. This figure shows (A) Cresyl fast Violet x100; (B) Cresyl
fast Violet x400. Black arrow represents a normal neuron. Histopathological evaluation shows normal staining intensity of Nissl
substance and cellular delineation but reduced cellular density and few chromatolytic cells. Scale bars = 25 um. Fig. 5.- Section of
the dorsolateral prefrontal cortex of rats of experimental Group 5 which received 15 mg/kg bodyweight of MO11 only. This figure
shows (A) Cresyl fast Violet x100; (B) Cresyl fast Violet x400. Black arrow represents a normal neuron. Histopathological evaluation
shows normal staining intensity of Nissl substance, cellular density and delineation. Scale bars = 25 um. Fig. 6.- Section of the
dorsolateral prefrontal cortex of rats of experimental Group 6 which received 1 ml/kg bodyweight of Vegetable Oil only. This figure
shows (A) Cresyl fast Violet x100; (B) Cresyl fast Violet x400. Black arrow represents a normal neuron while red arrow represents a
chromatolytic neuron. Histopathological evaluation shows normal staining intensity of Nissl substance, cellular density and delin-
eation. Scale bars = 25 um. Fig. 7.- Section of the dorsolateral prefrontal cortex of rats of experimental Group 7 which received 1.5
mg/kg bodyweight of CdCI (i.p.) and post-treatment with 3.35 mg/kg bodyweight of Doxorubicin. This figure shows (A) Cresyl fast
Violet x100; (B) Cresyl fast Violet x400. Black arrow represents a normal neuron while red arrow represents a chromatolytic neuron.
Histopathological evaluation shows normal staining intensity of Nissl substance, but reduced cellular density and few chromatolytic
cells. Scale bars = 25 um.
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Table 1. Concentrations (ng/ml) of IL-1p, IL-4, IL-6, IL-8, IL-10 and NF-kB in cerebral cortices of rats.

e Eaact IL-1p IL-4 IL-6 IL-8 IL-10 NF-kB
administered

Normal Saline only 80.83+5.75°  31.54:4.11°  99.26£3.99"  63.79%6.22" 35.75:3.44% 38.29+1.66°
CdCl only 481.25+41.37° 19.3120.58°  125.18$2.33*  84.82+2.16° 17.68+0.35¢ 56.82+1.78

CdCl-exposure + MO11

312.75+8.13> | 24.56+0.84¢ 97.52+0.99° 65.67+1.03" | 6.48+0.88¢ 39.12+1.5P
post-treated group

CdCl-exposure + MO11 + MS06

302.38+4.84> | 32.88+1.07¢ 100.25+2.51> | 29.43+1.58¢ | 28.91+1.97° | 39.32+1.71°
post-treated group

MO11 only 293.67+21.36°  154.57+13.09*  97.72+1.48" 58.73+3.05" 58.88+3.11*  38.5+1.31°

Vegetable Oil only 249.75+40.62°  109.03+11.27°  97.68+1.43" 44.18+1.49¢  25.34+2.01¢ | 37.5%£1.13¢

CdCl-exposure + Doxorubicin

291.33+27.54> 15.65+2.35¢ 101.71+1.78> | 62.3+0.43" 2.4+0.21¢ 44.98+4.54%®
post-treated group

Results of One-way ANOVA from Days 1-17. Mean + SEM across the columns between groups are significantly different with
a>ab>b>c>d>e. (n = 4 per group).

500.00-] 130.00-
400,007
120,00
E
2 300,004 )
5 a
= <@
° =
& 5
@ e 110.00-
= 20000 o
[
=
100.00—
100.00—
004
T T T T T T T T T T T T T T
Group 1 Group 2 Group 3 Group 4 Group 5 Group & Group 7 Group 1 Group 2 Group 3 Group 4 Group 5 Group & Group 7
Group Group
Figure 8. Figure 9.
60.00-1
80.00
55,00
@ i-i‘ 50,00
- 60.00 w
- =4
° e
c o
o c
@ o
= 2 45007
40,00
40.00
20007 35.00
T T T T T T T T T T T T T T
Group 1 Group 2 Group 3 Group 4 Group & Group & Group 7 Group 1 Group 2 Group 3 Group 4 Group & Group & Group 7
. Group . Group
Figure 10. Figure 11.

Fig. 8.- Concentration (ng/ml) of IL-1f in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5:MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 9.- Concentration (ng/ml) of IL-6 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only treat-
ed group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5: MO11-only treated group. Group 6: Vegetable Qil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 10.- Concentration (ng/ml) of IL-8 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5: MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 11.- Concentration (ng/ml) of NF-kB in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5: MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
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Fig. 12.- Concentration (ng/ml) of IL-4 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5:MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 13.- Concentration (ng/ml) of IL-10 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5:MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.

Concentrations of Caspase-3, Ki67, p53 and
SsVEGFR in cerebral cortices of rats: CdCl-on-
ly treated Group 2 versus Normal Saline-only
Control Group 1

Results showed statistically significant higher
(P<0.05) levels of Caspase-3 (df = 6,18, F = 21.11,
P<0.001), Ki67 (df = 6,11, F = 8.95, P = 0.01) and
SVEGFR (df = 6,20, F = 386.68, P<0.001), but
statistically non-significant higher (P>0.05) levels
of p53 (df=6,13, F=8.54, P=0.74) in rats of Group
2, when compared with Control Group 1 (Table 2
and Figs. 14-16).

Concentrations of IL-1p, IL-4, IL-6, IL-8, IL-10
and NF-kB in cerebral cortices of rats: CdCl-on-
ly treated Group 2 versus CdCl-exposure +
MO11 post-treated Group 3 and CdCl-exposure
+ MO11 + MS06 post-treated Group 4

Results showed statistically significant higher
(P<0.05) levels of IL-1B (df = 6,14, F = 52.34,
P<0.001) and (df = 6,14, F = 52.34, P<0.001), IL-6
(df = 6,16, F = 59.22, P<0.001) and (df = 6,16, F
= 59.22, P<0.001), IL-8 (df = 6,16, F = 127.64,
P<0.001) and (df = 6,16, F =127.64, P<0.001) and
NF-KB (df = 6,19, F = 36.41, P<0.001) and (df =
6,19, F = 36.41, P<0.001) in rats of Group 2, when

Table 2. Concentrations (ng/ml) of Caspase-3, Ki67, p53 and sVEGFR in cerebral cortices of rats.

Drug/Extract administered

Normal Saline only

CdCl only

CdCl-exposure + MO11 post-treated group
CdCl-exposure + MO11 + MS06 post-treated group
MO11 only

Vegetable Oil only

CdCl-exposure + Doxorubicin post-treated group

Caspase-3 Ki67 p53 SVEGFR
121.56+23.71¢ 1.94+1.05> | 4.58+0.37° 114.21+7.53°
799.22+9.862 5.13+0.61* | 18.31+10.80*  440.04+11.472
396.25+281.18¢  2.88+0.07%> | 3.36+0.79° 105.46+7.56°
662.5+12.76% 2.51+0.10° | 6.42+2.36" 104+11.48°
643.28+35.523> | 1.46+0.67°  23.61+0.82% | 87.33+10.10°
452.19+14.93° 4.0+0.51% 14.94+1.28* | 102.13+14.54°
657.29+44.26%> | 2.23+0.67° | 27.94+3.912 302.75+29.06%

Results of One-way ANOVA from Days 1-17. Mean + SEM across the columns between groups are significantly different with

a>ab>b>c>d>e. (n = 4 per group).



compared with Groups 3 and 4 respectively (Table
1 and Figs. 8-11). In addition, results showed
statistically non-significant lower (P=0.05) levels
of IL-4 in rats of Group 2, when compared with
Group 3 (df= 6,16, F=204.89, P=0.99) and Group
4 (df=6,16, F = 204.89, P =0.59) (Table 1 and Fig.
12). Furthermore, results showed statistically
significant lower (P<0.05) levels of IL-10 in rats
of Group 2, when compared Group 3 (df = 6,16, F
= 272.42, P = 0.003) and Group 4 (df = 6,16, F =
272.42, P=0.02) (Table 1 and Fig. 13).
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Concentrations of IL-1p, IL-4, IL-6, IL-8, IL-10
and NF-kB in cerebral cortices of rats: CdCl-on-
ly treated Group 2 versus CdCl-exposure +
Doxorubicin post-treated Group 7

Results showed statistically significant higher
(P<0.05) levels of IL-1p (df = 6,14, F = 52.34,
P<0.001), IL-6 (df= 6,16, F=59.22, P<0.001), IL-8
(df=6,16,F=127.64,P<0.001),IL-10 (df=6,16,F =
272.42, P<0.001) and NF-KB (df = 6,19, F = 36.41,
P<0.001), but non-significant higher (P=0.05)
levels of IL-4 (df = 6,16, F = 272.42, P = 0.99), in
rats of Group 2, when compared with Group 7
(Table 1 and Figs. 8-13).
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Fig. 14.- Concentration (ng/ml) of Ki67 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5:MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 15.- Concentration (ng/ml) of p53 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only
treated group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group
5:MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post-treated group.
Fig. 16.- Concentration sVEGFR in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2: CdCl-only treated
group. Group 3: CdCl-exposure + MO11 post-treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treated group. Group 5:
MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin post- treated group.
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Concentrations of Caspase-3, Ki67, p53 and
SVEGFR in cerebral cortices of rats: CdCl-only
treated Group 2 versus CdCl-exposure + MO11
post-treated Group 3 and CdCl-exposure +
MO11 + MS06 post-treated Group 4

Results showed statistically significant higher
(P<0.05) levels of Caspase-3 (df=6,18, F=21.11,P
= 0.04) and non-significant higher (P=0.05) levels
of Caspase-3 (df= 6,18, F=21.11, P=0.75) in rats
of Group 2, when compared with Groups 3 and
4 respectively (Table 2 and Fig. 17). In addition,
results showed statistically non-significant higher
(P=0.05) levels of Ki67 (df= 6,11, F=8.95,P=0.17)
and (df = 6,11, F = 8.95, P = 0.08); and p53 (df =
6,13, F=8.54, P=0.23) and (df= 6,13, F=8.54, P
= 0.46) in rats of Group 2, when compared with
Groups 3 and 4 respectively (Table 2 and Figs.
14-15). Furthermore, results showed statistically
significant higher (P<0.05) levels of sVEGFR in
rats of Group 2, when compared with Group 3 (df =
6,20, F = 386.68, P<0.001) and Group 4 (df = 6,20,
F=386.68, P<0.001) (Table 2 and Fig. 16).

Concentrations of Caspase-3, Ki67, p53 and
SVEGFR in cerebral cortices of rats: CdCl-only
treated Group 2 versus CdCl-exposure + Doxo-
rubicin post-treated Group 7

Results showed statistically non-significant
higher (P>0.05) levels of Caspase-3 (df = 6,18, F =
21.11,P=0.72),inrats of Group 2, when compared
with Group 7 (Table 2 and Fig. 17). Furthermore,
results showed statistically significant higher
(P<0.05) levels of Ki67 (df= 6,11, F=8.95, P=0.03)
and sVEGFR (df = 6,20, F = 386.68, P<0.001), but
statistically significant lower (P<0.05) levels of
p53 (df= 6,13, F = 8.54, P = 0.47) in rats of Group
2, when compared with Group 7 (Table 2 and Figs.
14-16).

DISCUSSION

Chromatolysis of neurons involves the dispersal
and redistribution of rough endoplasmic reticu-
lum and polyribosomes (Nissl substance) from
the central to the periphery of the perikaryon for
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Fig. 17.- Concentration (ng/ml) of Caspase-3 in cerebral cortices of rats. Group 1: Normal Saline-only treated group. Group 2:
CdCl-only treated group. Group 3: CdCl-exposure + MO11 post- treated group. Group 4: CdCl-exposure + MO11 + MS06 post-treat-
ed group. Group 5: MO11-only treated group. Group 6: Vegetable Oil-only treated group. Group 7: CdCl-exposure + Doxorubicin

post-treated group.



increased protein synthesis in response to dis-
ruption of axonal transport, axotomy, metabolic
nerve injuries, trauma or response to regenerative
stimuli (Hanz and Fainzilber, 2006; Bhuiyan et al.,
2018). The observed increase in number of chro-
matolytic cells in the prefrontal cortices of rats of
CdCl-only treated Group 2 (Figs. 2A and 2B) con-
firms CdCl-induced neurotoxicity, chromatolysis
and neurodegeneration. In addition, the decreased
number of chromatolytic cells in the prefrontal
cortices of rats post-treated with MO11 (Group 3),
MO11 + MS06 (Group 4) and Doxorubicin (Group
7) (Figs. 3A — 4B and 7A — 7B) following CdCl-expo-
sure indicates that MO11, MS06 and Doxorubicin
possess neuroprotective potentials and were able
to gradually reverse CdCl-induced chromatolysis
and neurodegeneration within 17 days.

Is CdCl-induced chromatolysis associated with
neuro-inflammation? Hanz and Fainzilber (2006)
opined that axotomy of peripheral nerve resulted
in increased expressions of ciliary neurotrophic
factor and interleukins (LIF and IL-6) and
activation of the JAK-STAT3 signalling pathway.
Results showed significant upregulation of IL-6 in
rats of CdCl-only treated Group 2, when compared
with Normal saline-only treated Control Group 1,
CdCl-exposure + MO11 post-treated Group 3, CdCl-
exposure + MO11 + MS06 post-treated Group 4 and
CdCl-exposure + Doxorubicin post-treated Group
7 (Table 1 and Fig. 9). Chromatolysis is associated
with axotomy, hence these observations possibly
indicate the involvement of IL-6 in CdCl-induced
chromatolysis. It is equally possible that the
observed anti-chromatolytic potentials of MO11,
MS06 and Doxorubicin are associated with the
regulation of IL-6 expression.

What mechanism underlies CdCl-induced neu-
roinflammation? Neuroinflammation involves the
actuation of microglia cells leading to the release
of pro-inflammatory cytokines such as IL-1, IL-6,
IL-8, TNFa and NF-kB (Shih et al., 2015; Akinlolu
et al., 2020b). NF-kB upregulation results in the
release and increased levels of other pro-infla-
mmatory cytokines; hence NF-KkB is opined to be
the central regulator of neuroinflammation (Shih
et al., 2015). Furthermore, the central nervous
system environment is anti-inflammatory with
high levels of anti-inflammatory cytokines such

asIL-4 andIL-10.1L-4 and IL-10 inhibit the release
of NF-kB and pro-inflammatory cytokines, and
are involved in the resolution of neuroinflamma-
tion (Shih et al., 2015). Previous studies reported
Cd-induction of inflammation via upregulations
of IL-1B, IL-6 and IL-8 in rats, but downregulations
of IL-4 in mice (Ebrahimi et al., 2020).

Similarly, results of this study showed signifi-
cant upregulations of IL-1, IL-6, IL-8 and NF-kB,
but downregulations of IL-4 and IL-10 in rats of
CdCl-only treated Group 2, when compared with
Normal saline-only treated Control Group 1 (Ta-
ble 1 and Figs. 8-13). These observations con-
firm CdCl-induction of neuro-inflammation, and
equally indicate that CdCIl-induced neuroinflam-
mation possibly occurs via the NF-kB pathway.

Do MO11, MS06 and Doxorubicin have
neuroprotective  potentials against CdCl-
induced neuroinflammation? Post-treatments
of CdCl-induced neuroinflammation in rats with
MO11 (Group 3), MO11 + MS06 (Group 4) and
Doxorubicin (Group 7) resulted in significant
downregulations of pro-inflammatory cytokines
(IL-1B, IL-6, IL-8 and NF-kB), but upregulations
of anti-inflammatory cytokines (IL-4 and IL-10),
when compared with CdCl-only treated Group
2 (Table 1 and Figs. 8-13). These observations
indicate that MO11, MS06 and Doxorubicin
possess  anti-neuro-inflammatory potentials
which were possibly mediated via the NF-kB
pathway.

What is the relationship between Cd-induced
neuro-inflammation and neuronal cell death
(apoptosis)? NF-kB is pro-apoptotic and its
upregulation is associated with increased release
of p53 and c-myc as well as induction of apoptosis
(Barkett and Gilmore, 1999). Ryan et al., 2000
noted that loss or blockage of NF-kB activities
resulted in loss of p53-induction of apoptosis,
confirming the role of NF-kB in p53-induced
apoptosis. In addition, significant upregulation of
Caspase-3is associated with activation of both the
intrinsic mitochondrial pathway and the extrinsic
death-receptor pathway of apoptosis (Akinlolu
et al.,, 2020b). Hence, significant upregulation
of Caspase-3 is associated with promotion of
apoptosis. In addition, Genchi et al. (2020)
reported Cd-induction of significant upregulation
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of Caspase-3, while Huff et al. (2007) reported
significant upregulation of p53 in Cd-induced
toxicity in in vivo and in vitro experimental studies.

The findings of this study showed significant
upregulations of NF-kB, Caspase-3 and p53 in
CdCl-only treated Group 2, when compared
with Normal Saline-only treated Control Group
1 (Tables 1, 2 , Figs. 11, 15 and 17). These
observationsindicate CDCI-induction of apoptosis
via the NF-kB/Caspase-3/p53 pathway.

Do MO1l1 and MSO06 have neuro-protective
potentials against CdCl-induced neuro-apoptosis?
Post-treatments of CdCl-induced neuro-apoptosis
in rats with MO11 (Group 3) and MO11 + MS06
(Group 4) resulted in downregulations of NF-KB,
Caspase-3 and p53 (Tables 1, 2 and Figs. 11, 15
and 17). These observations indicate that MO11
and MS06 resolved CdCl-induced apoptosis via
the NF-kB/Caspase-3/p53 pathway. In addition,
these observations indicate that MO11 and MS06
are possible anticancer drug compounds of
clinical interest, as opined by Barkett and Gilmore
(1999), who noted that drug compounds which
interfere with the apoptotic role of Rel/NF-kB
transcription factors could have therapeutic and
clinical anticancer potentials.

Is there any possible association between
CdCl-induced neuronal cell death and neuro-
degeneration? Previous studies reported
upregulations of Caspase-3 and p53 in brain of
AD patients (Seo and Park, 2020). The observed
upregulations of Caspase-3 and p53 in rats of
CdCl-only treated Group 2, when compared with
Normal Saline-only treated Control Group 1 (Table
2, Figs. 15 and 17) confirm Cd-induced toxicity as
a possible aetiological factor in the development
of AD and neurodegenerative diseases.

Can MO11 and MS06 reverse CdCl-induced neu-
ro-degeneration? The observed downregulations of
Caspase-3 and p53 in CdCl-exposed rats post-trea-
ted with MO11 (Group 3) and MO11 + MS06 (Group
4), when compared with CdCl-only treated Group
2 (Table 2, Figs. 15 and 17) indicate that MO11 and
MS06 reversed CdCl-induced neurodegeneration
and possess neuroregenerative potentials.

Does Doxorubicin have neuroprotective poten-
tials against CdCl-induced p-53 dependent apop-

tosis and neurodegeneration? Results showed
significant upregulation of p53 in rats of Doxo-
rubicin-treated group 7, when compared with
CdCl-only treated Group 2 (Table 2 and Fig. 15).
These observations indicate that Doxorubicin did
not reverse CdCl-induced p-53 dependent apop-
tosis and neurodegeneration.

Is there any relationship between CdCl-induced
apoptosis, hyperplasia and mutagenesis? Genchi
et al. (2020) noted that Cd-induced apoptosis is
p-53 dependent. However, Genchi et al. (2020)
equally reported that, while some Cd-treated
cells undergo apoptosis, the remaining cells
acquire apoptotic resistant capability resulting
in increased development of pre-neoplastic
cells, neoplastic cells and hyperplasia. Similarly,
Prajapati et al. (2014) reported Cd-induced
increased Ki67-index and hyperplasia in rats.
The results of this study showed upregulation of
Ki67 in rats of Cdcl-only treated Group 2, when
comparedwith Normal Saline-onlytreated Control
Group 1 (Table 2 and Fig. 14). This observation
confirms CdCl-induction of hyperplasia and
mutagenesis, and equally confirms that CdCl-
induced hyperplasia, mutagenesis and apoptosis
are intimately related.

Do MO11 and MS06 and Doxorubicin have
neuroprotective potentials against CdCl-induced
hyperplasia and mutagenesis? Post-treatments of
CdCl-induced neuroapoptosis in rats with MO11
(Group 3) and MO11 + MS06 (Group 4) resulted
in downregulations of Ki67 (Table 2 and Fig. 14).
These observations indicate that MO11, MS06 and
Doxorubicin possess anti-proliferation potentials.

Cd is an established carcinogen (Wang and Du,
2013; Batool et al., 2019), and mutagenesis is
associatedwithincreased angiogenesis (Batchelor
et al.,, 2009). What then is the relationship
between Cd-induced mutagenesis and increased
angiogenesis in the cerebrum? VEGF is an
established angiogenic factor, and abnormal
VEGF upregulation is associated with increased
angiogenesis, cancer, metastasis, ischemia and
inflammation (Mahoney et al.,, 2021). Results
showed significant upregulation of VEGFR in rats
of CdCl-only treated Group 2, when compared with
Normal Saline-only treated rats Control Group 1
(Table 2 and Fig. 16). This observation confirms



CdCl-induced promotion of angiogenesis, and
equally confirms a relationship between CdCl-
induced mutagenesis and angiogenesis.

Do MO11, MS06 and Doxorubicin have neuro-
protective potentials against CdCl-induced
increased angiogenesis? Results showed
significant upregulation of sVEGFR in rats of
CdCl-only treated Group 2, when compared with
rats post-treated with MO11 (Group 3), MO11
+ MS06 (Group 4) and Doxorubicin (Group 7)
following CdCl-exposure (Table 2 and Fig. 16).
These observations indicate that MO11, MS06 and
Doxorubicin possess neuro-protective and anti-
angiogenesis potentials.

CONCLUSION

The findings of this study suggest that post-
treatments with MO11 (isolated from Moringa
oleifera leaves) and MS06 (isolated from Musa
sapientum suckers) conferred a degree of neuro-
protection against CdCl-induced neurotoxicity
and resulted in decreased levels of IL-1,
IL-6, IL-8, NF-kB, Caspase-3, Ki67, p53 and
SVEGFR, but increased levels of IL-4 and IL-
10 in rats. These observations indicate that
MO11 and MSO06 ameliorated CdCl-induced
neurotoxicity, neuroinflammation, apoptosis,
hyperplasia, angiogenesis, mutagenesis and
neurodegeneration via the NF-kB/Caspase-3/
p53 pathway. Hence, MO11 and MS06 possess
neuroprotective potentials and are recommended
forfurtherevaluationsaspotentialdrugcandidates
for the treatments of neuroinflammatory and
neurodegenerative diseases, as well as cancers.

However, post-treatments of CdCl-induced neu-
rotoxicity with standard anticancer drug Doxoru-
bicin resulted in decreased levels of IL-1, IL-6,
IL-8, NF-kB, Caspase-3, Ki67 and sVEGFR, but
increased levels of p53, IL-4 and IL-10 in rats.
These observations indicate that Doxorubicin
ameliorated CdCl-induced neurotoxicity, neu-
roinflammation, hyperplasia, angiogenesis, but
not p53-dependent apoptosis and neurodegener-
ation. Therefore, MO11 and MS06 possess better
neuroprotective potentials against CdCl-induced
neurotoxicity, when compared with Doxorubicin.
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SUMMARY

Osteoporosis is a musculoskeletal disorder
characterized by reduced bone density and
increased susceptibility to fractures. Fractures
cause a considerable increase in mortality,
disability, and morbidity incidence. Artemisia
annua is a medicinal plant, used for long time
in Asian countries and its active metabolite is
Dihydroartemisinin (DHA). It is proven to possess
anti-inflammatory and antioxidant effects.
The present study is the first to investigate the
role of different doses of DHA in treatment of
Dexamethasone (Dexa)-induced osteoporosis.
Thirty female Wister adult rats were divided
into three groups for three months. Control
and Dexa groups were both six in number.
Dihydroartemisinin treated groups, eighteen
in number, received intramuscular injection of
Dexamethasone and intraperitoneal injection of
DHA, then subdivided in three different groups
according to DHA doses (10, 20 and 30 mg/kg body
wight). Blood level of Ca, P, calcitonin, alkaline

and acid phosphatase, and Tissue MDA, GSH were
estimated. Tibiae were stained with H&E, Masson-
Goldner, and immunological examination of
catenin and RANKL was done. Then, one-way
ANOVA test, followed by Tukey’s post-hoc test,
was used in order to compare groups, and P value
<0.05 was considered statistically significant.

A highest dose of DHA showed normalization
of blood parameter and oxidative stress markers.
Also, bone histology reduced
RANKL and increased B catenin expression
were recorded. Treatment with DHA has
significantly improved the oxidative stress,
biochemical parameters, and bone histology.
Dihydroartemisinin might represent a novel
approach for modulation of osteoporosis induced
by glucocorticoid.

improvement,
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INTRODUCTION

Osteoporosis is a musculoskeletal disorder
characterized by reduced bone density and
enhanced susceptibility to fractures. Osteoporosis
isasilent disease without any apparent symptoms
till a fracture occurs (Sozen and Ozer, 2017).
These fractures lead to significant mortality and
morbidity and result in socio-economic costs,
including direct medical and indirect expenses
resulting from decreased quality of life and
disabilities (Willson et al., 2015).

Osteopetrosisresults from thedisturbanceinthe
balance between bone formation by osteoblasts
and bone resorption by osteoclasts (Ahmadzadeh
et al., 2016). Osteoclast formation and activation
is primarily regulated by the receptor activator
of nuclear factor kappa-B ligand (RANKL). The
interaction between RANKL and its receptor
RANK activates several transcription factors that
in turn activate the expression of genes regulating
osteoclast differentiation and function (Zhou
et al., 2016). Proliferation and differentiation
of osteoblastic precursors, and maintenance of
mature osteoblasts ar regulated by the Wnt/f-
catenin pathway (Baron et al., 2006).

Glucocorticoids represent the first option
used during treatment of various chronic
and autoimmune diseases, and in organ
transplantation (Fang et al., 2021). Osteoporosis
is one of the major sequels following treatment
with glucocorticoid (GC), known as secondary
osteoporosis (Hartmann et al., 2016).
Glucocorticoid therapy suppresses osteoblast
function and bone formation; on the other hand,
it boosts bone resorption,
absorption and inhibits endogenous gonadal
steroids, all of which lead to enhanced bone loss
(Ioannidis et al., 2014).

reduces calcium

Appropriate  nutrition, weight  bearing
exercise, calcium, vitamin D supplements, and
pharmacological therapies could minimize bone
loss (Gallagher and Sai, 2010). Lee et al. (2017)
reported that long-term use of pharmacological
therapies possesses different adverse effects, such
as bisphosphonates (osteonecrosis of the jaw and
nephrotoxicity), estrogen replacement therapy,
(risk of cardiovascular disease and breast cancer),

teriparatide, (tfemporary rises in serum and urine
calcium levels), and denosumab, (reduce serum
calcium level).

Artemisia annua is a medicinal plant, which has
beenused foralongtimetotreat different diseases
in Asian countries (Katiyaretal.,2012). It has been
used safely for treatment of malaria, as it acts by
killing plasmodium parasites through induction
of iron-dependent oxidative stress (Cabello et al.,
2012). Many studies used Artemisia annua extract
and its active compound artemisinin to develop
more effective drug against malaria (Chaturvedi
et al.,, 2010). Artemisinins have proven to have
anti-inflammatory, antioxidant, anti-cancer and
anti-microbial activities (Ferreira et al., 2010).
Dihydroartemisinin (DHA) is known to be the
active ingredient of the artemisinin compounds.
The present experiment aimed to investigate the
role of DHA in the management of Dexamethasone
(Dexa)-induced osteoporosis.

MATERIALS AND METHODS

Experimental animals

Thirty adult female Wister albino rats (12-14
weeks old) weighting 200-250 g were used in this
study. Rats were kept under controlled condition
of temperature (23+3 °C), and relative humidity
throughout the whole study period, with stable
12/12-hours light/dark cycle. Three animals
were housed per cage, with free access to water
and ad libitum diet. The housing of the rats was
conducted in the Faculty of Medicine, Mansoura
University. The experiment was conducted in
accordance with the Animals’ Experimentation
Committee at Mansoura University and was
authorized by Mansoura Faculty of Medicine,
Institutional Research Board under the number
of (MDP. 18.12.15.R1.R2). Significant efforts were
made to minimize the number of animals used.

Experimental design and treatments

Rats were randomly allocated into three groups:
Control group (n = 6): injected intraperitoneal
with saline every 2 days; Dexamethasone (Dexa)-
treated group (n=6): injected intramuscularly by
Dexamethasone with dose of 1 mg/kg/BWT every 3
days (Liuetal.,2011); Dihydroartemisinin-treated



(D+D) groups (n=18): injected intramuscularly
by Dexamethasone (1 mg/kg / BWT every 3
days), as well as intraperitoneal injection of
dihydroartemisinin dissolved in saline every 2
days. They were divided into three subgroups
according to the dose of dihydroartemisinin:
D+D10 group (n = 6) received 10 mg/kg (Zhou et
al., 2016), D+D20 group (n = 6) received 20 mg/
kg, and D+D30 group (n = 6) received 30 mg/kg
(Ge et al., 2018). The experiments lasted for three
months.

Body weight measurement

At the end of the experiment, the weight of
each animal was recorded with a digital electrical
balance.

Blood collection

After three months, a retro-orbital blood
sample was withdrawn from all animals, then
centrifuged to separate serum. The serum was
used to measure calcium, phosphorus, calcitonin,
alkaline phosphatase, and acid phosphatase
levels.

Bone specimen

The animals were anaesthetized deeply by
intraperitoneal ketamine (90 mg/kg) and xylazine
(15 mg/kg) just before scarification. From each
animal, right tibiae were dissected out and
cleaned from muscle and soft tissues. Also, left
tibiae were dissected out from each animal then
homogenized for quantitative analysis of oxidative
stress markers (Sozen et al., 2017).

Biochemical studies

Serum was separated by centrifugation at 4000
rpm for 15 minutes for use in the biochemical
assay. The serum was stored at -20°C before
analysis, using a Synchron cx5 autoanalyzer
(Beckman, CA, USA). Concentrations of calcium
(Ca), phosphorus (P), alkaline phosphatase and
acid phosphatase in the serum were determined
spectrophotometrically using specific diagnostic
reagent kits (Biodiagnostic kits, Giza, Egypt)
and an Olympus AU 2700 analyzer (Mishima,
Japan) (Chen et al., 2019). Calcitonin (CT) was

determined in serum using ELISA kits obtained
from Life Span Bioscience, Inc. (LSBio).

Evaluation of oxidative stress

Malondialdehyde (MDA)andreducedglutathione
(GSH) were assessed in Bone homogenate of left
tibiae, using colorimetric method applying the
suitable kits (Biodiagnostic Kits, Giza, Egypt) (El
Wakf et al., 2014).

Histological and immunohistochemical stains

From each animal in each group, the
collected tibiae were fixed for 4 days using 10%
buffered formal saline, then decalcified with
Ethylenediamine Tetra-acetic acid (EDTA) (Ge et
al., 2018) for nearly 14 days, and then blocks of
paraffin were prepared. Longitudinal sections of
tibiae, with the thickness of 5 uym, were stained
by hematoxylin and eosin (H&E) to evaluate
bone histological changes, Masson Goldner to
assess development of new bone, bone formation
and resorption
(B-catenin and RANKL, respectively) supplied by
New Test Company, Cairo, Egypt.

immunohistochemical marks

For immunohistochemical staining, sections
on positively charged glass slides were de-
paraffinized and rehydrated. Then sections were
washed with distilled water, blocked in 0.1%
hydrogen peroxide, and then rinsed for three
times with phosphate-buffered saline (PBS).
Protein block was used (5 minutes) to block
nonspecific background. Then sections were
rinsed by distilled water after that, and they were
washed in PBS for three times. The different
primary antibodies were incubated with slides
overnight at 4° C. The used primary antibodies
were rabbit polyclonal anti-RANKL (DF7006,
Affinity Bioscience, USA, at 1/200 dilution) and
rabbit monoclonal anti-Beta catenin antibody
(IGX4794R-3, Gene Tex International Corporation,
USA at 1/100 dilution). Following washing for
three times by PBS for 5 minutes, the slides were
incubated with biotinylated goat antipolyvent for
20 min. After that, slides were then incubated for
10 minutes together with conjugated streptavidin
and rinsed out over again with PBS. Following
that, slides were incubated with DAB substrate
(diaminobenzidine) for 3 minutes (Mouse and
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rabbit HRP/DAB (ABC) detection IHC kit, ab64264,
Abcam, UK). Lastly, sections were counterstained
using Mayer’s hematoxylin for one minute.

Statistical analysis and measurements

Morphometric studies were done using Image
J program (version 1.48, Wayne Rasband,
National Institutes of Health, Bethesda, MD, USA),
matching with the program instructions. Five
sections of tibiae cut at different levels stained
by H&E or immunostained were examined from
five rats in every group. In H&E-stained slides, the
bony trabeculae were assessed at their midpoint
away from their branched areas. In every section,
the mean trabecular thickness of five non-
overlapping fields (at magnification x100) was
estimated. The mean area percentage of immune
positive reaction was calculated using five non
overlapping fields (at magnification x400; area:
0.071 mm?) for every RANKL and B-catenin
stained- section (Shaalan et al., 2020).

Data were analyzed using computer program
SPSS (Statistical Package for Social Science), ver-
sion 22 (IBM, USA). Data were expressed as Mean
+ Standard deviation. One-way ANOVA test, and
then Tukey’s post-hoc test were applied in order
to compare different groups. The statistically sig-
nificant rate was judged when P value below 0.05.
All graphical data descriptions were performed
with Microsoft Excel® for windows® (Microsoft
Inc., USA).

RESULTS

Body weight

At the time of sacrifice, the body weight of
Dexa group was highly significantly decreased
compared to that of control group, and only the
highest dose of DHA (D+D30) normalized the body
weight, while both D+D10- and D+D20-treated
groups showed a highly significant increase as
compared to Dexa group (Fig. 1A).

Fig. 1.- Body weight at the time of sacrifice in different groups (1A), Serum level of phosphorus in different groups (1B), Serum level
of calcium in different groups (1C) and Serum level of calcitonin in different groups (1D).



Biochemical tests

Serum level of P in Dexa group was highly
significantly decreased compared to that of control
group, and all three doses of DHA showed a high
significant increased compared to Dexa group
(Fig. 1B). Serum level of Ca of the Dexa group was
highly significantly decreased compared to that
of control group. While compared to control, both
doses of DHA 20 and 30 normalized the serum
level of Ca, while the lower dose (D+D10) showed
a high significant increase compared to Dexa-
treated group (Fig. 1C).

Serum level of calcitonin of Dexa group was
highly significantly decreased compared to that
of control group, and only the high dose (D+D30)
normalized serum level of calcitonin, while both
D+D10- and D+D20-treated groups showed highly
significant increased compared to Dexa group
(Fig. 1D).

Serum level of alkaline and acid phosphatase
of Dexa group was highly significantly increased

compared to that of control group. Only the
highest dose of DHA normalized serum both
levels of alkaline and acid phosphatase while both
D+D10 and D+D20 groups significantly decreased
compared to that of Dexa group (Figs. 2C, 2D).

Oxidative stress markers

Bone tissue level of GSH in Dexa group was
highly significantly decreased in comparison to
the control group. Compared with control rats,
only the high dose (D+D30) normalized the GSH
level, although in both D+D10 and D+D20 groups
this was increased highly significantly compared
to Dexa group (Fig. 2A).

Bone tissue level of MDA of Dexa group was
highly significantly increased compared to
that of the control group. Only the highest
dose normalized the bone tissue level of MDA,
althoughin both D+D10 and D+D20 groups this
was highly significantly decreased compared to
that of Dexa group (Fig. 2B).

Fig. 2.- Bone tissue level of glutathione peroxidase in different groups (2A), Bone tissue level of MDA in different groups (2B), Serum
level of acid phosphatase in different groups (2C) and Serum level of alkaline phosphatase in different groups (2D).
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Histological Examination

Hematoxylin and Eosin-stained sections

The epiphysis of the tibia in the control group
showed cancellous bone formed of bony trabecular
networks separated by interconnecting spaces
containing bone marrow formed of hemopoietic
tissue, scattered adipocytes and seeming normal
numbers of osteoclasts (Fig. 3A). Epiphysis of Dexa
group showed apparent increase of the adipocytes
in bone marrow as compared with control rats,
with clear trabecular bone resorption indicated
by widely separated thin bone spicules. Increased
numbers of bone marrow adipocytes and
osteoclasts were also observed (Fig. 3B). The effect
of Dexa gradually reversed in DHA-treated groups
with increasing dose from 10 to 30, as shown in
gradual increase of the trabecular thickness,
reduction of adipocytes and osteoclasts numbers
contrasted to the Dexa-treated rats (Figs. 3C, D
and E). Statically, the trabecular bone thickness in
the epiphysis of the Dexa group was significantly
decreased compared to that of the control group.
Trabecular bone thickness in the epiphysis of
D+D30-treated group was highly significantly
increased compared to that of Dexa group and both
groups (D+D10 and D+D20) showed a significant
increase compared to that of Dexa group. Moreover,
the three doses of DHA normalized the trabecular
bone thickness (Fig. 3F).

The diaphysis of control group sections
showed compact bone covered from outside by
regular periosteum, and from inside by smooth
endosteal surface (Fig. 4A). Osteocytes inside
their lacunae and osteoblasts on bone surface and
regularly arranged collagen fibers were seen. the
diaphysis from the Dexa group (Fig. 4B) showed
irregularly eroded endosteal surface. Empty
lacunae, osteoclast housed in the eroded area
in bone surface with faintly stained matrix were
observed. the diaphysis from the D+D10 group
showed compact bone with regular periosteum
and endosteum with some empty lacunae.
Higher magnification showed regularly arranged
collagen fibers and some osteocytes inside their
lacunae (Fig. 4C). The diaphysis from D+D20 and
D+D30 groups showed compact bone with regular
periosteum and endosteum (Fig. 4D, E).

Masson Goldner-stained sections

Masson Goldner-stained sections of tibia
diaphysis (Fig. 5A) in the control group showed
compact bone and tibia epiphysis (Fig. 6A),
cancellous bone with regular appearance of
mature bone, which is stained green, and average
amount of red stained newly formed bone (Fig.
5A). In the Dexa group, a significant decline in
red-stained newly formed bone was noticed
(Figs. 5, 6B). The consequence of Dexa gradually
inverted in treated groups, D+D corresponding to
increasing dose from 10 to 30 mg, with noticeable
rise of the red-stained newly formed bone in
comparison to the Dexa treated rats (Figs. 5, 6C,
D andE).

Immunostained sections

RANKL-stained sections

RANKL expression was nonexistent almost
in bone marrow of control rats (Fig. 7A). Highly
significant potent RANKL
observed in bone marrow of the Dexa-treated rats
compared to that of the control group (Figs. 7B, F).
Expression of RANKL in bone marrow significantly
diminished with all DHA doses, D+D10 (Figs. 7C
and F), D+D20 (Figs. 7D and F), and D+D30 (Figs.
7E and F), and both doses D+D20 and D+D30
restored the normal RANKL expression (Figs. 7C,
D, E and F).

expression was

B catenin-stained sections

B-catenin expression was identified in the bone
marrow of control rats (Fig. 8A). In Dexa-treated
animals, B-catenin expression was not detected
in bone marrow, with a significant high (P< 0.001)
reduction in area percentage in comparison
with control sections (Fig. 8B and F). p-catenin
expression gradually raised in bone marrows of
groups treated with D+D10, D+D20, and D+D30
when compared with the Dexa group. Also, it
significantly (P<0.001) enhanced in comparison
to the Dexa rats in both D+D20, and D+D30, but
was non-significantly increased in D+D10 group
(Figs. 8C,D,E and F).
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Fig. 3.- Tibia section from epiphysis stained with H&E the control group (3A) displaying cancellous bone arranged as networks
of bony trabeculae (black arrows) separated by bone marrow interconnecting spaces made by hemopoietic tissue (circles) and
dispersed adipocytes (arrowheads). The Dexa group (3B) showing apparent increase in the bone marrow adipocytes (arrowheads)
compared to control sections. Significant trabecular bone resorption is seen and revealed as widely separated thin bone spicules
(black arrows). The D+D10 group (3C) showing a slight increase in trabecular thickness (black arrows) as compared to Dexa group.
The group treated with D+D20 (3D) showed an increase in trabecular thickness (black arrows) as compared to Dexa group and
D+D10-treated group. The group treated with D+D30 (3E) showed a marked increase in trabecular thickness (black arrows) as
compared to Dexa group and D+D10-treated groups, with well-developed thickened trabeculae when compared with the co group.
(H&E, x100, scale bar = 200 pm). Trabecular bone thickness in the epiphysis of different groups (3F).
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Fig. 4.- Tibia section from diaphysis of control group (4A) stained with H&E showing osteocytes inside their lacunae (arrowheads),
smooth endosteal surface (E) lined with osteoblasts (black arrow) and regularly arranged collagen fibers (C). Dexa group (4B) showing
empty lacunae (arrowheads), osteoclast housed in the eroded area in bone surface (black arrows) with faintly stained matrix (*)
irregularly and eroded endosteal surface (E). D+D10 (4C) stained with H&E showing compact bone with regular arrangement of
collagenous fibers of matrix (C) and osteocytes inside their lacunae (arrowheads). D+D20 (4D) stained with H&E showing compact
bone with regularly arranged collagenous fibers of matrix (C) and osteocytes inside their lacunae (arrowheads). D+D30 (4E) group
stained with H&E showing compact bone with regularly arranged collagenous fibers of matrix (C) and osteocytes within their
lacunae (arrowheads). Blood vessel (curved arrow) is seen. (H&E, x400, scale bar = 50 pm).

Fig. 5.- Masson Goldner-stained tibia section of the epiphysis of control group (5A) showing typical green stained mature compact
bone look and average amount of red stained newly formed bone. The epiphysis of Dexa group (56B) showing significant decrease
of red stained newly constructed bone. The epiphysis of D+D10 group (5C) showing enhanced red stained newly formed bone
in comparison with Dexa-treated rats. The epiphysis of D+D20 group (5D) showing increased red stained newly formed bone as
compared to Dexa-treated rats. Epiphysis of D+D30 group (5E) showing markedly enhanced red stained newly formed bone (white
arrows) in comparison to Dexa section. (Masson Goldner, x400, scale bar = 50 pm).
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Fig. 6.- Masson Goldner stained of tibia diaphysis control group (6A) showing typical look of green colored mature compact bone
with average amount of newly formed bone which is stained red. Dexa group (6B) showing noticeable decrease of red colored newly
formed bone. D+D10 group (6C) showing enhanced red colored newly formed bone in comparison to Dexa sections. D+D20 rats
(6D) showing elevated amount of red colored newly formed bone when compared to Dexa-treated rats. D+D30 group (6E) showing
significantly enhanced red colored newly formed bone when compared to Dexa treated animals (Masson Goldner, x400, scale bar
=50 um).

Fig. 7.- Tibia section immunostained against RANKL control group (7A) showing weak RANKL expression (black arrows) in bone
marrow. Dexa group (7B) showing strong expression (black arrows) against RANKL in the bone marrow. D+D10 group (7C) showing
moderate RANKL expression (black arrows) against as compared to Dexa group. D+D20 group (7D) showing mild expression (black
arrows) against RANKL as compared to Dexa group. D+D30 group (7E) showing mild expression (black arrows) against RANKL in
the bone marrow as compared to Dexa group. (RANKL immunohistochemistry, x400, bar = 50 pm). RANKL expression by area %
in Dexa group (7F).
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Fig. 8.- Tibia section immunostained against  catenin, control group (8A) showing strong f catenin expression in the bone marrow.
Dexa-treated rats (8B) showing nearly absent expression in the bone marrow. D+D10 group (8C) showing mild increase of § catenin
expression (black arrow) in the bone marrow as compared with Dexa group. D+D20 group (8D) showing moderate increase of
catenin expression (black arrow) in the bone marrow as compared with Dexa group. D+D30 group (8E) showing marked increase
of B catenin expression (black arrows) in the bone marrow as compared with Dexa group. (B catenin immunohistochemistry, x400,
scale bar = 50 um). B catenin expression by area % in different groups (8F).

DISCUSSION

In this study, we used the glucocorticoid osteo-
porotic rat model to elucidate the protective effect
of the antimalarial active compound in Artemisia
Annua plant, the artemisinin against the devel-
opment of osteoporosis. Glucocorticoids (GCs)
induce osteoporosis via multiple mechanisms;
they decrease bone formation, suppress the pro-
duction of bone matrix, enhance apoptosis of
the osteoblasts (Gohel et al., 1999) and increase
resorption of bone by increase the numbers of
the osteoclasts (Frenkel et al., 2015). Corticoste-
roids-induced oxidative stress provoke apoptosis,
osteonecrosis and osteoporosis (Kerachian et al.,
2006). Reactive oxygen species (ROS) can induce
necrosis or apoptosis through Bcl-2 family pro-
teins, mitochondrial dysfunction, and caspase
stimulation. In addition, ROS can promote osteo-
clast differentiation (Callaway et al., 2015).

Corticosteroids induce bone resorption
through the expression of receptor activator
RANKL cytokine, necessary for
osteoclast development. On the other hand,
GCs downregulate the osteoprotegerin receptor
(OPG) that blocks RANKIL binding to RANK
(Sivagurunathan et al., 2005). Kondo et al. (2008)
reported that Osteoprotegerin impedes osteoclast
differentiation, survival, and function in vitro and
bone resorption in vivo. The imbalance between
RANKL and OPG eventually results in a state of
increased osteoclastogenesis and accelerated the

rate of bone resorption (Boyce and Xing, 2008).

which is

Osteoblasts and adipocytes originate from
common mesenchymal progenitors (Prockop,
1997). The GCs inhibit bone formation through
suppression of osteoblast proliferation, and
it directs the mesenchymal progenitor cells
in the direction of adipocyte lineage (Canalis



et al., 2007). The Wnt/f3-catenin signaling is
the determining factor of the cell fate of pre-
osteoblasts (Song et al.,, 2012). Activation of
Wnt/f3-catenin stimulates the differentiation of
osteoblasts, enhances the osteoblastogenesis and
prevents their apoptosis (Duan and Bonewald,
2016). On the other hand, activation of Wnt/f3-
catenin signaling inhibits adipogenesis from the
mesenchymal precursors (Krishnan et al., 2006).
Wnt/f3-catenin signals in osteoblasts induce OPG
expression and thereby suppress the osteoclast
differentiation (Kondo et al., 2008). Naito et al.
(2012) reported that Corticosteroids can suppress
Wnt/b-catenin activity via activation of GSK3b
and downregulating f3-catenin. In addition,
GCs induced RANKL signalling also increase
degradation and inhibit synthesis of {3-catenin
(Chen et al., 2018).

Many studies have demonstrated that Artemisia-
annua-derived compounds, artemisinins (ARS),
protects from bone loss in several animal models
of induced bone loss. As in mouse model of
different diseases, ovariectomized mice (Lee et
al., 2017), lipopolysaccharide (LPS)-induced bone
loss model (Wei et al., 2018), titanium-particle
induced osteolysis (Feng et al., 2016), and in rat
model of inflammatory bowel disease-related
bone loss (Ge et al., 2018).

Up to our knowledge, this is the first study
dihydroartemisinin (DHA) in
treatment of Dexa-induced osteoporosis, and it
showed increasing effects with dose increment
as proven histological, immunohistochemical
and biochemical tests. Also, thickness of bony
trabeculae increased with new bone formation
and in the bone marrow, expression of RANKL
decreased while B-catenin was raised. The serum
levels of Ca, P and calcitonin increased while
alkaline phosphatase and acid phosphatase
decreased. In bony tissue homogenate, the lipid
peroxidation was reduced as indicated by the
decrease of MDA, and the oxidative stress state
decreased as was evident by the elevation of GSH.

which use

The antioxidant effects of Artemisia annua is
believed to be related to its flavonoids contents,
which are capable of neutralizing free radicals
present in the cell environment, and prevent their
damaging effects (Lang et al., 2019). Flavonoids

likewise prevent lipid peroxidation and increase
the activity of antioxidant system (Kim et al.,,
2003). Artemisia plant extract also hinders
activity of heme oxygenase, therefore reducing
free radicals creation (Jafari Dinani et al., 2007).

Inthe current study, DHA markedly inhibited the
expression of receptor activator of nuclear factor-
kB ligand (RANKL) in the bone marrow. Thus,
RANKL-stimulated osteoclast differentiation in
bone-marrow-derived macrophages is supressed
by diminished osteoclastogenesis and suppressed
bone resorption. These repressing effects might
be facilitated by inhibitions of multiple signalling
pathways such as decreased expression of c-Fos
and nuclear factor of activated T-cells (NFATc1)
(Lee et al.,, 2017), nuclear factor kappa-B (NF-
«B) (Wei et al., 2018), mitogen-activated protein
kinases (MAPKs) (Wu et al., 2018), phospholipase
Cyl (PLCyl)-Ca2+-NFATcl (Zeng et al., 2017),
and protein kinase B (PKB/AKT)/SRC (Feng
et al.,, 2016). Lee et al. (2017) suggested that
Artemisia annua extract may reduce bone loss
through inhibiting RANKL-induced osteoclast
differentiation, instead of controlling RANKL and/
or OPG production in proinflammatory cytokine-
stimulated osteoblastic cells.

In a mouse model of lipopolysaccharide (LPS)-
induced bone loss, artesunate suppressed
osteoclastogenesis and bone resorption.
However, it did not affect osteoblast mediated
bone formation (Wei et al., 2018). In particular,
ARS compounds might induce oxidative damage
in osteoclasts that have higher intracellular iron
level than other cells (Zhang, 2020). Intracellular
iron may trigger ARS compounds, causing release
of huge amount of free radical (Chaturvedi et al.,
2010). Any reason able to increases ROS may
lead to oxidative damage to osteoclasts which
already have increased level of ROS (Domazetovic
et al., 2017). Accumulation of ROS increases
cytochrome c and AIF release from mitochondria
to the cytosol, with the stimulation of caspase-3
and rise of the Bax/Bcl-2 ratio (Dou et al., 2016).

However, Fang et al. (2021) demonstrated
that artemisinin treatment increased survival
of bone marrow mesenchymal stromal cells by
suppression of ROS production that associated
with the reduction of caspase-3 activation, and
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apoptosis induced by Dexa. This may be related
to the decreased oxidative stress in bone-marrow
mesenchymal cells prior to their differentiation
into osteoclasts, which cause them to be less
vulnerable to DHA-stimulated apoptosis (Dou et
al., 2016).

Moreover, in this research, DHA improved the
expression of B-catenin in bone marrow, which
may indicate stimulation of osteoblastogenesis.
This was manifested by new formations in both
the trabecular and cancellous bone as detected
by Masson Goldner stain. (Nemeth et al., 2009).
Tay et al. (2017) showed that fs-catenin deficient
bone marrow exhibited decreased numbers of
osteoblasts in vitro and in vivo, with diminished
production of the hematopoietic regulatory
factors; basic fibroblast growth factor (bFGF),
SCF, and VCAM-1. f3-catenin is essential for
production of osteoblasts and the preservation
of hematopoietic progenitors in the adult
bone marrow (Nemeth et al., 2009). The Wnt
canonical pathway regulates the proliferation
and differentiation of osteoblastic precursors and
retains mature osteoblasts (Baron et al., 2006).

In conclusion, this study showed that treatment
with DHA to Dexa-induced model of osteoporosis
significantly improved the oxidative stress,
biochemical and histological bone indices.
It exerted its effects through stimulation of
the Wnt-B catenin and inhibition of RANKL
pathways, which is reflected on stimulation
of osteoblastogenesis and inhibition of
osteoclastogenesis. Dihydroartemisinin may be a
new treatment approach to avoid glucocorticoid-
induced osteoporosis.
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SUMMARY

Thyroid cartilage changes begin in the second
decade of life with the horn of the thyroid cartilage,
and spread throughout the individual’s lifetime
to other cartilage plates. However, the objective
of the present study is to assess if there is an
association between thyroid calcification (TC) and
sella turcica bridging (STB). Forty patients, 11
men and 29 women, aged between 40 and 62 years
with a mean age of 48.6 years were studied. The
sample inclusion criteria of this study were age
in the fourth decade, no craniofacial deformities,
no history of craniofacial surgical intervention,
good-quality lateral cephalometric radiographs,
and good visualization of the sella turcica (ST).
A total of 40 registered patients were included
in the assessment of calcification of the thyroid
cartilage. Of these, 75% presented with thyroid
calcifications, and 25% did not. Data on sex was
available for all 40 registered patients. A total of
72.5% were female, and 27.5% were male. While
in a comparison between calcification of the
thyroid and calcification of the sella turcica, no
statistical relationship was observed between the

two variables. Thyroid cartilage calcification could
be considered a normal part of the ageing process,
while STB could appear on lateral radiographs due
to superimposition of the anatomical structures.
In this study, we found no relationship between
thyroid cartilage calcification and STB, and a
larger patient sample is required for evaluating
calcification of the thyroid and STB.

Keywords: Sella turcica bridging — Thyroid
cartilage calcification — Lateral cephalometry

INTRODUCTION

Lateral radiography, introduced by Broadbent
in 1931, has played an essential role in
orthodontic assessment and treatment planning
(Durdo et al., 2015). The main goals of lateral
cephalometric radiography (LCR) are to provide
detailed views of the patient’s skeletal, dental,
and soft-tissue morphology, to evaluate skeletal
maturation and to assess a patient’s progressive
response to treatment. The sella turcica (ST) is an
essential structural reference in cephalometric
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analysis. A sellar point is determined from this
structure, usually located at the centre of the
ST, and is considered an essential landmark in
cephalometric studies (Shatyanarayana et al,
2013). The ST is a saddle-shaped bony structure
located anatomically on the intracranial surface
of the body of the sphenoid bone (Kaya et al.,
2021). Radiographically, the size of the ST can be
assessed through either linear or various area and
volume measurement methods. Usually, it ranges
from 4 to 12 mm in the vertical dimensions and
15 to 16 mm in the anteroposterior dimensions
(Kaya et al., 2021).

The hypophysis is located within this
anatomical space. Any change in the size of the
ST is more frequently associated with pathology;
thus, the relationship between dimensional and
morphological variations in the ST and various
syndromes and disorders, skeletal patterns
(Alkofide, 2007; Meyer-Marcotty et al.,, 2010),
and dental anomalies has been investigated
in previous studies using lateral radiography.
Axelsson et al. (2004) and Acevedo et al. (2021),
distinguished five different
variations for the ST: STB, double floor contour,
oblique anterior wall, pyramidal shape of the

morphological

dorsum sella (DS), and irregularity in the posterior
(DS). These structures may fuse and form osseous
bridges due to an abnormal development of
the anterior and posterior walls of the clinoid
processes (Leonardi et al., 2011; Scribante et al.,
2017). On LCR, many crucial anatomic structures
can be observed, such as the laryngeal cartilage,
in which ossification and calcification have been
investigated widely since 1882 (Aramaki et al.,
2017). When ossification begins with the lamina
or cornua, the thyroid cartilage is visible on lateral
cephalometric and lateral neck radiographs
(Mupparapu et al., 2005). The thyroid cartilage
is made up of hyaline cartilage, as well as other
structures such as cricoid and arytenoid cartilage;
the hyaline cartilages calcify and ossify as part of
the ageing process (Aramaki et al., 2017). These
changes begin in the second decade of life with
the horn of the thyroid cartilage, and spread
throughout the individual’s lifetime to other
cartilage plates (Aramaki et al., 2017; Garvin,
2008; Tabatabaee et al., 2020). The present study

aims to evaluate the relationship between STB
and calcification of the thyroid cartilage.

MATERIALS AND METHODS

This study included 40 patients, 11 men
and 29 women, aged between 40 and 62 years
with a mean age of 48.6 years. The sample
inclusion criteria of this study were age in the
fourth decade, no craniofacial deformities, no
history of craniofacial surgical intervention,
good-quality lateral cephalometric radiographs,
and good visualization of the sella turcica. The
cephalometric measurements were realized using
Dolphin software 11.95.67 and performed by one
observer with six years of orthodontic experience.
On lateral radiography and after radiograph
calibration, a series of specific cephalometric
analysis measurements were conducted after
identifying the following anatomical structures:
nasion (N), sella (S), sella diameter (from the
tuberculum sella (TS) to the DS), deepest point
of the sella floor (SF), farthest point on the inner
sellar wall (SW), most anterior point of the hyoid
bone, base of the styloid process, glossal point, A
point, pogonion point (Pg), anterior nasal spine
(ANS) and posterior nasal spine (PNS) (Fig. 1).
The intersection of the palatal plane with the
S-N plane, the perpendicular distance between
A point and the S-N plane, the perpendicular
distance between Pg and the S-N plane, and the
plane formed by the stylohyoid, styloglossal, and
hyoidglossal planes were evaluated. A total of 14
values were evaluated from lateral radiography.
Through radiograph assessment, scores were
assigned for bridging of the sella turcica (no
bridging = 0, partial bridging = 1, complete
bridging = 2) (Fig. 1) and calcification of the
thyroid cartilage (no calcification = 0, calcification
=1) (Fig. 2).

This study was conducted in accordance with
the ethics defined in the Declaration of Helsinki,
and approval was obtained from the research
ethics committee of the Instituto Asturiano de
Odontologia (Ref. IAO-21-0621).

Informed consent was obtained from all subjects
and/or their legal guardian(s).



Fig. 1.- Sella Turcica and thyroid cartilage classification. A- Sella Turcica non bridging. B- Patient with partial Sella turcica bridging.

C- Sella turcica with complete bridging.

Fig. 2.- Thyroid cartilage classification. A- Thyroid cartilage calcification. B- Thyroid cartilage with no calcification.

Statistical study

Quantitative variables are described as the
mean and standard deviation, and qualitative
variables are described as the absolute and
relative frequencies. The Pearson or Spearman
correlation coefficients were calculated with
significance testing depending on whether
the normality hypothesis was verified. The

relationships between qualitative variables
were evaluated with Pearson’s or Fisher’s chi-
square test depending on whether the hypothesis
about expected frequencies was fulfilled. The
differences in quantitative variables between
two groups were assessed using Student’s t test
or the Wilcoxon test for independent samples,

depending on whether the normality was verified.
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Table 1. Summary values for the measured quantitative variables.

Percentile (%)

526

n Median SD
0 25 50 75 100
Age 40 48.65 6.11 32.00 45.00 48.00 53.00 62.00
Long 40 8.88 2.42 3.00 7.00 8.50 11.00 15.00
Sella turica depth 40 8.72 1.52 6.00 8.00 9.00 10.00 13.00
Diam 40 11.93 1.80 6.00 11.00 12.00 13.00 15.00
SN-A 40 55.75 4.73 50.00 52.00 55.00 60.00 68.00
SN-Pg 40 105.58 10.29 59.00 100.00 105.00 111.25 120.00
SN 40 67.12 3.74 60.00 65.00 66.00 69.25 75.00
Palatine plane angle 40 9.62 2.65 4.00 7.75 10.00 12.00 16.00
Stylohyoid distance 40 80.20 8.95 63.00 74.75 75.60 86.50 100.00
Styloglossal distance 40 94.17 6.17 82.00 90.00 95.00 98.00 108.00
Hyoglossal distance 40 36.08 5.53 20.00 38.00 38.00 40.25 50.00

Finally, linear models were constructed to study
whether calcification influenced the variables
collected, adjusting for sex and age.

The level of significance used was 0.05.
Statistical analysis was carried out using the R
program (R Development Core Team), version
3.6.3. Entries to include in the bibliography (R and
libraries used):

«+ R Core Team (2020). A: Language and
environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria.

« Corrplot. Taiyun Wei and Viliam Simko
(2017). R package corrplot: Visualization of a

correlation matrix (Version 0.84).

RESULTS

A summary of the measured quantitative
variables is presented below: the number of
available data, mean, standard deviation, zero
percentile or minimum value, 25th percentile or
first quartile, 50th percentile or median, 75th or
third percentile, quartile, and 100th percentile or
maximum value (Table 1).

A total of 40 registered patients were included
in the assessment of calcification of the thyroid

cartilage. Of these, 75% presented with thyroid
calcifications, and 25% did not (Table 2).

Table 2. Calcification or no calcification of the thyroid carti-
lage variable.

Frequency %

Calcification 10 25
No calcification 30 75
Total 40 100

Data on sex were available for all 40 registered
patients. A total of 72.5% were female, and 27.5%
were male (Table 3).

Table 3. Patient sex classification.

Frequency %
Male 11 27.5
Female 29 72.5
Total 40 100

Moreover, in a comparison between calcification
of the thyroid and calcification of the sella turcica,
no statistical relationship was observed between
the two variables (Fisher’s test, p value = 0.135)
(Table 4).



Table 4. Calcification of the thyroid and calcification of the sella turcica.

n % n %
No 6 60.00 9 30.00
Yes 4 40.00 21 70.00

To determine whether the behaviour of the
depth from the sella turcica to the SF differs
between sexes, various comparisons were made,
as detailed in the table. Given that the normality
hypothesis was not rejected for all modalities
(Shapiro—-Wilk test: Male, p value = 0.111; Female,
pvalue=0.067) and that the hypothesis of equality
of the two population variances was not rejected (F
test of variances, p value = 0.97), the hypothesis of
equality of population means cannot be rejected
(Student’s t test, p value = 0.824) (Table 5).

Table 5. The depth from the sella turcica to the SF and patient sex.
n Mean Median SD P25 P75
Male 11 8.64 9.00 1.50 7.50 9.00

Female 29 | 8.76 9.00 1.55 8.00 10.00

To determine whether the behaviour of the
anteroposterior maximum diameter of the TS to
the most posterior point of the sella turcica differs
according to sex, various comparisons were
conducted, as detailed in the table. Given that the
normality hypothesis was rejected for some of
the modalities (Shapiro-Wilk test: Male, p value =
0.312; Female, p value = 0.039) and the reduced
sample size, the hypothesis that the averages are
equal cannot be rejected (Wilcoxon test, p value =
0.547) (Table 6).

Table 6. Anteroposterior maximum diameter of the TS to the
most posterior point of the sella turcica and patient sex.

n Mean Median SD P25 P75
Male 11 11.82 | 12.00 1.47 11.00 12.50

Female 29 1 11.97 12.00 1.94 11.00 13.00

Furthermore, to determine if the behaviour of
the perpendicular SN-distance differs according
to sex, various tests were conducted, as detailed
in Table 7. Given that the normality hypothesis
was rejected for some of the modalities (Shapiro—
Wilk test: Male, p value = 0.01; Female, p value
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= 0.001) and the reduced size of the sample, the
hypothesis that the averages are equal can be
rejected (Wilcoxon test, p value <0.001).

Table 7. The perpendicular SN-distance differs according to sex.
n Mean Median SD P25 P75
Male 11 | 70.45 @ 70.00 3.33 68.00 1250

Female 29 | 65.86 | 66.00 3.08 64.00 13.00

Likewise, to determine whether the S-N distance
differs according to sex, various tests were
conducted, as detailed in Table 8 below. Given
that the normality hypothesis was not rejected for
all modalities (Shapiro—Wilk test: Male, p value =
0.276; Female, p value = 0.246) and the hypothesis
of equality of the two population variances (F test
of variances, p value = 0.704), the hypothesis of
equality of population means can be rejected
(Student’s t test, p value <0.001).

Table 8. The S-N distance and patient sex.

Median SD P25 P75
6.34 90.00 95.00
5.03 74.00 78.00

n Mean
Male 11 1 91.73  90.00
Female 29 | 75.83  75.00

To determine wheher the behaviour of the
stylogenian distance differs according to sex,
various tests were conducted, as detailed in
Table 9. Since the hypothesis of normality was
not rejected for all modalities (Shapiro-Wilk
test, Male, p value = 0.228; Female, p value =
0.379) and that the hypothesis of equality of the
two population variances was not rejected (F test
of variances, p value = 0.159), the hypothesis of
equality of population means can be rejected
(Student’s t test, p value = 0.001).

Table 9. The stylogenian and patient sex.
n Mean Median SD P25 P75
101.00

Male 11 | 99.00 @ 98.00 3.87 | 95.50

Female 29 92.34 | 92.00 5.92 90.00 95.00

To determine whether the behaviour of age
differs according to the TCscore, various tests
were conducted, which are detailed in Table 10.
Considering the sufficient sample size and the



result of the normality test (Shapiro-Wilk test, no
thyroid calcifications: p value = 0.043), the hypothesis that
the means are equal can be rejected (Wilcoxon test, p value
=0.042).

Table 10. The thyroid calcification and no calcification.

n Mean Median SD P25 P75

Nothyroid -1 50 5300 425 4850 53.75
calcification
Thyroid 5, /70 4650 640 4425 51.00
calcification

Moreover, to determine whether the behaviour
of the depth from the sella turcica to the SF differs
according to the TCscore, various tests were
conducted, as detailed in Table 11. Considering
the sufficient sample size, that the hypothesis
of normality was not rejected in all modalities
(Shapiro-Wilk test, no thyroid calcifications: p
value = 0.119) and that the hypothesis of equality
of the two population variances was not rejected (F
test of variances, p value = 0.893), the hypothesis
of equality of population means cannot be rejected
(Student’s t test, p value = 0.374).

Table 11. The depth from the sella turcica to the SF differs
according to the thyroid calcification score.

n Mean Median SD P25 P75

Nothyroid — ., 6.0 900 145 900 975
calcification
Thyroid 5, ¢¢0 850 1.54 8.00 9.75
calcification

To determine whether the behaviour of the
ante-post maximum diameter TS- most posterior
point differs according to the thyroid calcification
score, various tests were conducted, as detailed
in Table 12. Considering the sufficient sample
size, that the hypothesis of normality was not
rejected for all modalities (Shapiro—Wilk test, no
thyroid calcifications: p value = 0.151) and that
the hypothesis of equality of the two population
variances was not rejected (F test of variances,
12 p values = 0.384), the hypothesis of equality
of population means can be accepted (Student’s t
test, p value = 0.076).

To determine whether the behaviour of the
stylohyoid distance differs according to the thyroid
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calcification score, various tests were conducted,
as detailed in Table 13. Considering the sufficient
sample size, that the hypothesis of normality was
not rejected for all modalities (Shapiro-Wilk test,
no thyroid calcifications: p value = 0.136) and that
the hypothesis of equality of the two population
variances was not rejected (F test of variances,
p value = 0.103), the hypothesis of equality of
population means can be rejected (Student’s t
test, p value <0.001).

Table 12. Ante-post maximum diameter TS- most posterior
point according to the thyroid calcification score.

n Mean Median SD P25 P75

Nothyroid 1550 1300 140 12.00 13.00
calcification
Thyroid = 5, 1163 1200 1.85 11.00 13.00
calcification

Table 13. Stylohyoid distance according to the thyroid
calcification score.

n Mean Median SD P25 P75

Nothyroid — ., g0 00 9250 9.94 8000 95.99
calcification
Thyroid o) 2740 7500 669 74.00 8225
calcification

To determine whether the behaviour of the
greater anteroposterior DS-TS length differs
according to the sella turcica calcification score,
various comparisons were conducted, as detailed
in Table 14. Given that the normality hypothesis
was not rejected for all modalities (Shapiro-Wilk
test: No, p value = 0.216; Yes, p value = 0.217)
and that the hypothesis of equality of the two
population variances was not rejected (F test of
variances, p value = 0.402), the hypothesis of
equality of population means can be rejected
(Student’s t test, p value <0.001).

Table 14. Anteroposterior DS-TS length according to the sella
turcica calcification score.

n Mean Median SD P25 P75
No 15 10.73 11.00 2.19 10.00 11.50
Yes 25  7.76 8.00 1.81 7.00 9.00

To determine whether the depth from the
maximum anterior-posterior diameter of the



TS to the most posterior point of the TS differs
according to the calcification of the sella turcica,
various comparisons were conducted, as detailed
in Table 15. Since the hypothesis of normality was
rejected for some of the modalities (Shapiro-Wilk
test: No, p value = 0.287; Yes, p value = 0.025), and
the reduced sample size, the hypothesis that the
averages are equal can be rejected (Wilcoxon test,
p value = 0.018).

Table 15. The maximum anterior-posterior diameter of the
TS to the most posterior point of the TS differs according to
the calcification of the sella turcica.

n Mean Median SD P25 P75
No 15 12.80 13.00 1.52 12.00 13.50
Yes 25 11.40 11.00 1.78 11.00 12.00

To determine whether the behaviour of the
stylogenian distance differs according to the
calcification of the sella turcica, various tests were
conducted, as detailed in the table 16. Given that
the normality hypothesis was not rejected for all
modalities (Shapiro—Wilk test: No, p value = 0.645;
Yes, p value = 0.559) and that the hypothesis of
equality of the two population variances was not
rejected (F test of variances, p value = 0.372), the
hypothesis of equality of population means can be
rejected (Student’s t test, p value = 0.026).

Table 16. The stylogenian distance according to the
calcification of the sella turcica.

n Mean Median SD P25 P75

No 15 96.93 9500  6.58 95.00 101.00
Yes 25 9252 93.00 538 90.00  96.00
DISCUSSION

The lateral cephalometric radiograph provides
a specialized lateral skull view that allows
clinicians to investigate facial type, growth
pattern, the relationship of the jaw and teeth and
the anatomy of the anatomical positioning of
cervical vertebral hyoid bone and, on occasion,
the laryngeal cartilage. After adolescence, human
thyroid cartilage typically undergoes terminal
differentiation and mineralization (Kirsch et al.,
2000). Most of the previously cartilaginous human

skeletal elements ossify by this point, and the
epiphyseal disks close (Kirsch et al., 2000). In both
sexes, ossification begins at the posterior border,
the lower margin and the inferior horn of the
thyroid cartilage (Mupparapu et al., 2002). Most
male thyroid cartilage ossifies by approximately
age 70, but female cartilage never completely
ossifies, leaving the ventral half cartilaginous
(Mupparapu et al., 2002). When ossification of the
thyroid cartilage is seen on a lateral cephalometric
radiograph at a young age, further imaging with
ultrasound (US), computerized tomography (CT)
or magnetic resonance imaging (MRI) may help
rule out parathyroid adenomas (Mupparapu et al.,
2002).

The degree and frequency of thyroid cartilage
ossification are lower in females than in males,
especially in the anterior aspect. However, the
degree and frequency of cricoid calcification are
also lower in females than in males (Mupparapu
et al., 2002). For both sexes, however, the degree
of ossification of the thyroid and cricoid increases
with age. Furthermore, ossification begins in
the posterior region of the thyroid cartilage in
both sexes at 18 to 20 years. According to the
present study, a higher incidence of thyroid
cartilage was observed in females than in males;
this phenomenon could be related to many
factors, such as hormonal factors, especially for
women in the fourth decade of life, a history of
hyperthyroidism or a previous history of cancer.

STB is described as calcification of the clinoid
processes without apparent clinical signs, and
symptoms should be considered a standard
variant of sella turcica anatomy (Scribante et al.,
2017; Baidas et al., 2018). Moreover, Suleyman et
al. (2019), believed that STB could be considered
a developmental anomaly. Bridging of the sella
turcica can be induced by a variety of factors, the
most common of which is the appearance of fusion
between the anterior and posterior structures on
lateral radiography due to superposition of the
structures despite the absence of genuine bone
fusion (Suleyman et al., 2019).

Several 2D radiographic studies have
investigated the phenomena of STB. Miiller (1952)
reported an incidence of 3.8%, while Cederberg et
al. (2003), reported an incidence of 8% in a study of
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225 subjects. Furthermore, Jewett (1920) reported
an incidence of 13% in a study of 100 normal
subjects. The increased frequency of complete
bridging on lateral cephalometric radiography
can be partly explained by the 2D view provided,
which makes it difficult to discriminate between
true STB and the appearance of fusion between
the clinoid process because of radiographic
superimposition (Acevedo et al., 2021). Through
this study, 37.5% of subjects showed no STB,
57.5% of subjects showed partial STB, and 5%
showed complete STB. Our results coincide with
other surveys. A study conducted by Cederberg
et al. (2003), on 255 patients showed that the
percentage of partial sella turcica calcification
was 68.8% on lateral radiographs.

The objective of this study was to assess whether
there was a relationship between thyroid cartilage
calcification and STB. However, the results of
statistical analysis showed that there was no
relationship between these structures.

Additionally, statistical analysis revealed that
regarding the anterior-posterior dimension (DS-
TS) of the sella turcica, there was no relationship
with sex (P value = 0.358). Similarly, we found that
there was no relationship between the depth of
the sella turcica sex (P value = 0.824). However,
an analysis of the stylohyoid distance and sex
showed a significant relationship in women (P
value = 0.06) but not in men (p value = 0.2).

Whether age plays a role in calcification
remains controversial; thus, the pathologies that
occur in the human body have been assessed
in many studies in terms of the relationship
with age. In this study, we also evaluated the
relationship between age and calcification of the
thyroid cartilage. Statistical analyses showed a
significant relationship between age and TC (p
0.04). This result coincides with other
studies, which indicate that calcification of the
thyroid cartilage starts in the 25™ year and that by
the 65" year, the cartilage has become completely

value =

ossified (Mupparapu et al., 2005). Furthermore,
a significant result was obtained when we
compared calcification of the thyroid cartilage
and stylohyoid and stylogenic calcification (p
value = 0.01, P value = 0.01), respectively.

Due to the lack of studies on the relationship
between calcification of both the sella turcica
and thyroid cartilage, a large sample size and
advanced radiographic techniques such as CBCT
are required to fully evaluate both structures.
This study was limited by the patient sample size
and the radiographic 2D technique used in this
study. Thyroid cartilage calcification could be
considered a normal part of the ageing process,
while STB could appear on lateral radiographs due
to superimposition of the anatomical structures.
In this study, we found no relationship between
thyroid cartilage calcification and STB, and
large patient sample is required for evaluating
calcification of the thyroid and STB.
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SUMMARY

The current study investigated structural and
functional modifications of the liver following
long-term ketogenic diet (KD) and every-other-
day ketogenic diet (EODKD) usage. The probable
role of atorvastatin (ATO) in the adjustment
process was also investigated. It was carried
out on 24 Sprague-Dawley rats, which were
divided into four groups: control, KD, EODKD,
and ATO. Various biochemical, histological, and
immunohistochemical analysis were performed
on the liver. The blood was tested for aspartate
aminotransferase(AST),alanineaminotransferase
(ALT), triglycerides, cholesterol, inflammatory
markers, Bax, BCL2, NLRP3 inflammasome, and
oxidative stress markers.

KDs induced damages to the liver mainly due to
oxidative stress (increase TBARS, MDA/decrease
SOD/GSH) and inflammation. In addition, the
hepatic triglycerides and cholesterol levels are
decreased. The KD group was worse off than the
EODKD group. ATO administered concurrently
with KD preserved liver architecture, reduced
oxidative stress, normalized NLRP3, and further

reduced intrahepatic triglycerides and cholesterol
levels. Both KD and EODKD cause structural liver
damage that is accompanied by an elevation of
hepatic markers (AST and ALT) and a decrease
in hepatic triglycerides, hepatic cholesterol, and
serum cholesterol. KD has a more destructive
effect. Oxidative stress, inflammation, and high fat
concentrations are contributing factors to hepatic
injury in these diets. ATO with KD is beneficial.

Keywords: Ketogenic diet — Every other day
ketogenic diet — Liver — Atorvastatin — Rat
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SDS- PAGE: sodium dodecyl sulfate- polyacry-
lamide gel electrophoresis.

SOD: superoxide dismutase.

TBARS: Thiobarbituric Acid Reactive Substances.

INTRODUCTION

The ketogenic diet (KD) has gained popularity
among the public and scientific communities as a
way to lose weight (Bolla et al., 2019). Additionally,
they can alleviate several neurological illnesses,
including Parkinson’s disease, traumatic brain
injury, Alzheimer’s disease, autism, and Lou
Gehrig’s disease (Deng-Bryant et al., 2011; Hertz
et al., 2015; Shaafi et al., 2016). KDs with very
low carbohydrates can have effective weight-loss
interventions that may reduce non-alcoholic
fatty liver disease (NAFLD) and visceral adipose
tissue, leading to decreased insulin resistance
and end-organ damage (Marchesini et al., 2016).
Additionally, very low-carbohydrate KDs are used
as adjunctive therapy for brain cancer (Garbow
et al,, 2011). As a final note, the every-other-day
KD (EDOKD) keeps seizures under control better
(Hartman et al., 2013).

The KD is characterized by a high fat intake,
moderate-to-low protein intake, and very low
carbohydrate intake (<50 g) (Barrea et al., 2022).
The fat-to-non-fat ratio in KD is 4:1 (Milder et
al., 2010). After using KDs for a few days, the
production of energy is dependent upon burning
fat, with increased production of ketone bodies
(Paoli et al., 2013). In addition, KDs promote the
oxidation of dietary and adipose lipids (Barafiano
and Hartman, 2008).

However, these diets can pose several
problems. In one study, mice fed with a KD over
a period of 12 weeks accumulated hepatic lipids
sequentially. The mice eventually developed
endoplasmic reticulum stress, macrophage
accumulation, cellular damage, and steatosis
(Garbow et al., 2011). However, no research has
been yet conducted on the specific structural and
functional changes in the liver related to long-
term KD.

Atorvastatin (ATO) was the most popular lipid-
lowering drug in the early 2000s. It works by
inhibiting the enzyme HMG-CoA reductase, a

key component of cholesterol synthesis. This
drug belongs to the statins family, which are
applied as lipid-decreasing agents (Kogawa et
al., 2019). Recently, some researchers reported
promising results of ATO in the treatment of fatty
liver disease (Gomez-Dominguez et al., 2006).
However, studies are lacking on whether ATO
prevents the damaging effects of KDs on the liver.

The purpose of the present research is to
investigate the relationship between structural
and functional liver changes following long-
term KD and EODKD use. In addition, the causal
mechanisms in hepatic affection were examined.
The probable role of ATO in the adjustment
process was also investigated.

MATERIAL AND METHODS

Twenty-four Sprague-Dawley rats weighing 150-
200 g were used. They were housed in standard
cages and acclimatized in the laboratory for two
weeks before starting the study.

In keeping with the ethical standards set by
the National Institutes of Health guide for the
care and use of laboratory animals, this work
was approved by the Ethics Committee at Cairo
University (2545/2020).

Our rats were monitored for morphological and
behavioural changes every day, and their health
profiles were recorded. Four groups of six rats
each were arranged:

« Control group: rats were fed standard chow
(SC) (Holland et al., 2016).

« KD group: rats were fed KD (Holland et al.,
2016).

+ EODKD group: in the first 24 hours, the rats
fasted. They then accessed KD every other
day (second, fourth, sixth, etc.). Thus, they
alternated fasting and feeding days (Hartman
etal., 2013).

« ATO group: ATO was given concomitant with
KD (Ji et al., 2011). ATO was purchased from
the EIPICO Chemical Company in Cairo, Egypt,
and given via gastric gavage in doses of 6 mg/
kg/day (Schmechel et al., 2009).The essential
nutrients of SC and KD were presented in
Table 1 (Holland et al., 2016).



Table 1. Sources of macronutrients for each diet.

KD SC
Calories, g 5.2 3.1
CHO, % of calories 10.3 58
Protein, % of calories 20.2 24
Fat, % of calories 69.5 18
Fatty acid breakdown, % of fat
o Saturated fat 70 16
« Monounsaturated 13 23
* Polyunsaturated fat 17 61

Cholesterol, % by weight Not specified = Traces

Ketogenic diet (KD); Fat: MCT oil, flaxseed oil, and canola oil;
Protein: casein as well as added L-cysteine; Carbohydrate:
maltodextrin and cellulose; Standard chow (SC); Fat: soybean oil;
Protein: soybean meal and corn gluten with added L-lysine and
L-methionine; Carbohydrate: ground wheat and ground corn.

We measured the body weight (BW) of the rats
at the beginning and at the end of the experiment.
Blood was taken from the tail of the rats for
biochemical analysis, followed by their sacrifice
after 8 weeks.

The liver was dissected and weighted for
calculating the relative body weight. Parts of
the liver were processed for histological study,
and other parts were processed for electron
microscopy study and western blot analysis.

Light microscopic study

Hematoxylin & Eosin (H&E) and Masson’s
trichrome stained: specimens were fixed in 10 %
neutral buffered formalin and were processed to
prepare 5 um thick paraffin sections (Suvarna et
al., 2019).

Analysis of the blood parameters

The plasma aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels were
measured according to Monteiro et al. (2016).

An analysis of hepatic triglycerides, hepatic
cholesterol and serum cholesterol was performed
using the commercially available kit according to
Schwartz and Wolins (2007).

Hepatic oxidative markers

Malondialdehyde (MDA) and Thiobarbituric
Acid Reactive Substances (TBARS) were assessed
conferring to the method of Oktay et al. (1995).

Glutathione (GSH) content and superoxide
(SOD)
corresponding to Weydert and Cullen (2010)
using the commercial kit (Biodiagnostic, Egypt).

dismutase activity were evaluated

Immunohistochemical study

Paraffin sections were dewaxed, rehydrated,
and incubated in 3% hydrogen peroxide solution
for 30 minutes to block endogenous peroxidase
activity. In the next step, heat-mediated antigen
retrieval was performed, and tissue antigen was
retrieved using a microwave. The tissue sections
were then cleaned and immersed for 5 minutes
in phosphate buffered saline (PBS). Following PBS
removal, serum was applied to the sections for 30
minutes at room temperature.

1. Caspase-3: the sections were incubated
with primary anti-active caspase-3 antibody
(Cat #: ab208161, Abcam, Cambridge,
MA, USA), followed by secondary antibody
labelled streptavidin biotin (LSAB) kit, Dako
Carpentaria, CA, USA) (Bancroft and Gamble,

2008).

2. Bax, Bcl-2: The sections were incubated
with the primary antibody Bcl-2, Bax (anti-
human Bcl-2 protein, DakoCytomation,
Denmark), followed by the secondary
antibody (biotinylated link universal from
the commercial kit LSAB: DakoCytomation,
Denmark). The positive reaction for Bcl-2 and
Bax showed a brown color of the cytoplasm
(Panasiuk et al., 2006).

Image analysis and morphometric measure-
ments

The content of collagen fibres and the
expression of Bcl-2 and Bax were achieved using
Leica LAS V3.8 image analyser computer system
(Switzerland).

Western Blot

The liver was homogenized in Radioimmuno-
precipitation assay (RIPA) buffer and centrifuged.
Proteins were then loaded onto precast SDS-PAGE
gels, then transferred to polyvinylidene difluo-
ride (PVDF) membranes. The membranes were
incubated with rabbit anti-NLRP3 (1:500), ra-
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bbit anti-pB-actin (1:2000), and rabbit anti-CD11b
antibody (1:2000). Then, the membranes were
incubated with secondary antibodies. Immuno-
reactive proteins were imaged by an excellent
chemiluminescent substrate (ECL) kit (GE Health-
care, Amersham, UK using iBright Imaging Sys-
tem (Yang et al., 2017; Qu et al., 2019).

Electron Microscopic examination

The sections were set according to Hayat (2000)
and shot using a Joel, 100 CX II TEM.

Statistical analysis

We used SPSS 22 to conduct our analysis. We
estimated the statistical significance of the data
using ANOVA followed by a Bonferroni pairwise
comparison.

RESULTS

Losses in the liver weight and body weight in
the KD and EODKD groups

The mobility and health status of the groups
were generally good. We detected no mortality in
each group.

At the beginning of the study, the body weight
(BW) was 180+15.6 g. At the end of the study,
the BW increased in control and ATO groups to
250+15 and 220.1+13.1 respectively while it
decreased in KD and EODKD groups to 154.4+10.6
and 164.8+12.9 respectively (Table 2, Bar chart 1).

A significant decrease of the relative liver weight
was detected in KD and EODKD groups to 0.1+0.07
and 0.17+0.06 respectively as compared to the
control group. The weights in ATO and control
groups were comparable 0.3+0.01, 0.4%0.01
respectively (Table 3, Bar chart 2).

Table 2. Comparison of the body weight among the studied groups. The body weight at the beginning of the study was 180+15.6 g.

Body weight (g) I-Control II-KD ITI-EODKD IV-ATO
Mean +SD 25015 154.4+10.6 164.8+12.9 220.1+13.1
F-value 22.6
Overall P-value 0.01
Pairwise comparisons 1I&I . III&I* IV&I* I&II IV&IE{ IV&III

0.01 0.03 0.01 0.5 0.04 0.9

*= p-value significant

Bar chart 1. Comparison of the body weight among the studied groups.



Table 3. Comparison of the relative liver weight among the studied groups.

Relative liver weight I-Control II-KD ITII-EODKD IV-ATO

Mean +SD 0.4+0.01 0.1+0.07 0.17+0.06 0.3+0.01

F-value 37.8

Overall P-value <0.001*

Pairwise comparisons 1I&I . 11&I . V&I I&IT IV&IL . IV&IIIi.
<0.01* 0.011* 0.987 0.002* <0.01* 0.014*

*= p-value significant

Bar chart 2. Comparison of the relative liver weight among the studied groups.

Hepatic structural affection in the KD and
EODKD groups

Normal hepatocyte architecture was observed
around central veins in the control group (Fig.
1-A). KD hepatocytes exhibited pyknotic nuclei
and congested central vein associated with
mononuclear inflammatory cells in the KD group
(Fig. 1-B). Hepatocytes with vacuolated cytoplasm
associated with mononuclear inflammatory
cells around dilated central vein in the EODKD
group (Fig. 1-C). The ATO group showed normal
hepatocyte patterns (Fig. 1-D).

Hepatocytes with vacuolated cytoplasm and
dilated hepatic sinusoids in both KD and EODKD
groups (Figs. 2-A, B)

A normal histological pattern was seen in the
control group (Fig. 3-A). The portal veins were
dilated and congested, hepatocytes with pyknotic

nuclei and cytoplasmic vacuoles were seen in
both KD and EODKD groups (Figs. 3- B, C). In the
ATO group, the hepatocytes regain the normal
histological pattern (Fig. 3-D).

Dilated, congested portal veins and hepatocytes
with vacuolated cytoplasm were observed in both
KD and EODKD groups (Figs. 4-A, B)

Collagen fibre content increased in the KD and
EODKD groups

Collagen fiber content was minimal in the control
group (Fig. 5-A). The fiber content increased
significantly around the congested portal veins in
the KD group (> two-fold) (Fig. 5-B, Table 4) and
in the EODKD group (> one-fold) (Fig. 5-C, Table
4) in comparison to the control group. Compared
to the EODKD group, the fiber content in the KD
group was 30% higher (Table 4). The collagen
fibres in the ATO group were minimal (Fig. 5-D).
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Fig. 1.- Sections around central veins. A: interconnected branching plates of hepatocytes (arrows) spreading from a central vein
(CV) in the control group. Note blood sinusoids (S) and Von-Kupffer cells (K). B: Pyknotic hepatic cell nuclei (thin arrows), dilated
congested central vein (CV), and mononuclear inflammatory cells (thick arrows) in the KD group. C: Hepatocytes with vacuolated
cytoplasm (thin arrows) and inflammatory cellular aggregation (thick arrow) near a central vein (CV) in the EODKD group. D: Normal
hepatocytes (arrows), Von-Kupffer cells (K), and slightly dilated central vein (CV) in the ATO group. H&E staining. Scale bars: A,B =
50 um; C,D = 60 um.

Fig. 2.- Sections around central veins. A: Dilated, congested central vein (CV), dilated hepatic sinusoids (S) and hepatocytes with
vacuolated cytoplasm (arrows) in the KD group. B: hepatocytes with vacuolated cytoplasm (arrows) and dilated hepatic sinusoids
(S) in the EODKD group. H&E staining. Scale bars = 100 pm.
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Fig. 3.- Sections around portal areas. Note hepatic artery (H), portal vein (PV), and bile ductule (BD). A: Normal architecture of
the control. B: Pyknotic hepatic cell nuclei (thick arrows) and vacuolated cytoplasm (thin arrows) in the KD group. Note the portal
vein is dilated and congested. C: Dilated and congested portal vein, hepatocytes with pyknotic nuclei (thick arrows) and vacuolated
cytoplasm (thin arrow) in the EODKD group D: Normal hepatocytes and dilated portal vein in the ATO group. H&E staining. Scale

bars A-D = 50 pm.

Fig. 4: A: Dilated, congested portal vein and vacuolated cytoplasm (arrows) in the KD group. B: Hepatocytes with vacuolated
cytoplasm (arrows) in the EODKD group. Note the portal vein is dilated and congested. H&E staining. Scale bars = 100 um.
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Apoptosis was more prevalent in the KD and response was detected in the KD group (230%)
EODKD groups (Fig. 6-B, Table 4) and EODKD (176%) group (Fig.
6-C, Table 4) when compared to the control group.
The response in the KD group was 22 % higher
than in the EODKD group (Table 4).

Caspase-3 immunoreaction was minimal and
comparable in control and ATO groups (Figs. 6-A,
D, Table 4). Increased expression of apoptotic

Table 4. Caspase3, Bcl2, Bax, Bcl2/Bax ratio and content of collagen fibers in the studied groups.

Group Caspase 3 Bcl-2 Bax Bcl-2/Bax ratio Content of collagen fibers
Control Mean +SD 1.3+0.3 6.2+2.4 0.3+0.1 20.5+6.7 3.4+0.7
Mean +SD 4.3+0.4 2.2%0.3 3.5£0.2 0.43+0.01 11.1+0.9
Versus control 0.001* 0.009* 0.001* 0.001* 0.001*
Kp Versus EODKD 0.563 0.952 0.019* 0.010* 0.005*
Versus ATO 0.003* 0.001* 0.001* 0.001* 0.001*
Mean £SD 3.5£0.5 2.9£1.2 2.3£0.6 2.2+0.3 8.5+1.3
Versus control 0.006* 0.001* 0.004* 0.003* 0.013*
EODKD
Versus KD 0.563 0.952 0.019* 0.010* 0.005*
Versus ATO 0.001* 0.002* 0.005* 0.042* 0.014*
Mean +SD 1.7 +0.4 5.8£0.5 0.8£0.1 11.7+1.5 3.5£0.8
Versus control 0.332 0.994 0.436 0.057 0.999
ATo Versus KD 0.003* 0.001* 0.001* 0.001* 0.001*
Versus EODKD 0.001* 0.002* 0.005* 0.042* 0.014*

*= p-value significant

Fig. 5.- Collagen fibres (arrows) around the periportal area. Note the portal vein radical (PV), the hepatic artery (HA), and the bile
ductule (BD). A: Negligible amount of collagen fibres in the control. B: The KD group exhibited more collagen deposition around
congested portal vein (arrow). C: A relative increase in collagen deposition (arrow) around congested portal veins within the EODKD
group. D: There are a few collagen fibres in the ATO group (arrow). Masson’s trichrome. Scale bars A-D = 100 pm.
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Fig. 6.- Immunoreaction of caspase 3 (arrows). A: A slight active expression of apoptotic reaction in the control group. B: increased
expression of apoptotic reaction in the KD group. C: Apoptosis expression was less intense in the EODKD group. D: The ATO group
showed a slight active reaction. Caspase 3 immunostaining. Scale bars A-D = 100 pm.

The BAX immunoreaction was minimal in the
control group (Fig. 7-A, Table 4). A significant
increase in the apoptotic reaction was observed
in the KD group (> ten-fold) (Fig. 7-B, Table 4)
and EODKD group (> six-fold) (Fig. 7-C, Table 4)
as compared to the control group. The reaction
in the KD group was 50% higher than that in
the EODKD group (Table 4). ATO group shows
minimal expression reaction (Fig. 7-D).

By comparison with the control group, the BCL2
immunoreaction was reduced in the KD and
EODKD groups by 30% and 50%, respectively
(Figs. 8-B, C, Table 4). However, the difference
was not significant, since the last two groups were
closely related (Table 4). The reaction in the ATO
group was similar to the control group (Figs. 8-A,
D, Table 4).

In comparison with the control group, the Bcl2/
Bax ratio was 20-fold lower in the KD group and
ten-fold lower in the EODKD group. The ratio in
the KD group was four-fold lower than the EODKD

group. Comparatively to the control group, the
ratio dropped to 45% using ATO (Table 4).

Liver ultrastructural degeneration in the KD
and EODKD groups

Controland ATO groupsdisplayed classichepatic
architectures ((Figs. 9A, F). Hepatocytes from the
KD and EODKD groups displayed degenerative
nuclear changes, as well as mitochondria with lost
cristae and ruptured outer membranes. Rarefied
cytoplasm with prominent lysosomes was also
observed (Figs. 9 B-E).

Enhanced hepatic enzyme markers and
reduced hepatic triglycerides and cholesterol
in the KD and EODKD groups

The levels of hepatic triglycerides
significantly lower in the KD and EODKD groups
compared with the control group. In the KD group,
they were 14% lower than those in the EODKD
group. With ATO, they were 45% lower than those
in the control group (Table 5).

were
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Fig. 7.- Immunoreaction of BAX (arrows). A: slight active expression of apoptotic reaction in the control group. B: A greater
expression of apoptosis in the KD group. C: EODKD cells expressed fewer apoptotic reactions. D: ATO group shows minimal
expression reaction. BAX immunostaining. Scale bars A-D = 100 pm.

Fig. 8.- Immunoreaction of BCL2 (arrows). A: Normal reaction of the control group. B: The KD group showed a marked decrease in
reaction. C: EODKD showed a less pronounced decrease in reaction. D: ATO group reactions were normal. BCL2 immunostaining.
Scale bars A-D = 100 pm.
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In the KD and EODKD groups, the levels of the levels were 20% lower than the EODKD group.
hepatic cholesterol were 54% and 32% lower than With ATO, the levels were 67% lower than the
the control group, respectively. In the KD group control group (Table 5).

Fig. 9.- A: Classic hepatic architecture in a control rat. Note a hepatic nucleus (N) with a prominent nucleolus, mitochondria (M) of
moderate electron density, and rER (R) with the normal organization (x 8000). B: rarefied cytoplasm (thin arrow), pyknotic hepatic
nucleus (N), and prominent lysosomes (thick arrows) in the KD group (x 3000). C: mitochondria (M) with lost cristae and ruptured
outer membranes in the KD group (x 8000). D, E: hepatocytes with degenerative nuclear changes (thick arrow), pyknotic nuclei
(N), and rarefied cytoplasm (thin arrow) in EODKD (x 4000, 3000). F: normal hepatic architecture in the ATO group. Note a hepatic
nucleus (N) with regular nuclear membrane, mitochondria (M) of moderate electron density (x 6000).

Table 5. Biochemical parameters of the studied groups.

Group Hepatic triglyceride Hepatic ch?lesterol Serum cholesterol ALT AST
(mg/g liver) (mg/g liver) (mg/dD) (U/L) (U/L)
Control Mean +SD 110+£20 37.0+2.8 122+10.5 14.5£3.5 15.0+1.4
Mean +SD 70.0+18.4 17.0+8.2 90.7+15.6 50.3+5.8 55.3+6.4
Versus control 0.008* 0.001* 0.003* 0.001* 0.001*
Kp Versus EODKD 0.03* 0.010% 0.001% 0.011% 0.003*
Versus ATO 0.002* 0.001* 0.005* 0.001* 0.001*
Mean +SD 80.5+19.6 25.3+9.8 100.0+17.3 34.0+5.3 35.3+x3.1
Versus control 0.003* 0.003* 0.008* 0.010* 0.002*
EODKD
Versus KD 0.03* 0.010% 0.003* 0.011* 0.003*
Versus ATO 0.004* 0.021* 0.002* 0.011* 0.015*
Mean +SD 60.9+15.6 12.3+3.2 75.5+12.8 16.7+2.9 21.7+1.5
Versus control 0.03* 0.02* 0.04* 0.954 0.161
ATO Versus KD 0.002% 0.001* 0.005* 0.001* 0.001*
Versus EODKD 0.004* 0.021* 0.002* 0.011* 0.015*%

*= p-value significant
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The serum cholesterol levels of the KD and
EODKD groups were lower than those of the
control group by 26 and 18%, respectively, while
the levels of the KD group were 11% lower than
those of the EODKD group. With ATO, the levels
were 38% lower than those of the control group
(Table 5).

There was an increase in ALT levels in the KD
and EODKD groups as compared to the control
group by 250% and 143%, respectively. For the
KD group, the level was 32% higher compared to
the EODKD group. The levels in ATO and control
groups were similar (Table 5).

As compared to the control, the KD and EODKD
groups had higher levels of AST by 267% and
134%, respectively. ATO and control groups did
not differ in terms of AST levels. The KD group’s
level was 36% higher compared to the EODKD
group’s level (Table 5).

Increase oxidative stress in the KD and EODKD
groups

In the KD and EODKD groups, there was a 740%
(7-fold) and a 520% (5-fold) increase as compared
to the control group. MDA levels were 23% higherin
the KD group than the EODKD group. The levels in
the ATO and control groups were similar (Table 6).

Table 6. Oxidative/antioxidative markers in the studied groups.

Grouj ——
P (nmol/mg protein)
Control Mean +SD 5.0+1.0
Mean +SD 42.3+3.5
Versus control 0.000*
KD
Versus EODKD 0.022*
Versus ATO 0.000*
Mean +£SD 31.3+2.2
Versus control 0.000*
EODKD
Versus KD 0.024*
Versus ATO 0.021*
Mean +SD 8.0£7.0
Versus control 0.110
ATO
Versus KD 0.000*
Versus EODKD 0.011*

*= p-value significant

As compared with the control group, TBARS
levels in the KD and EODKD groups exhibited
175% and 120% increase, respectively. The level
of both in the KD group was 20% higher than in
the EODKD group, while levels in the ATO and
control groups were similar (Table 6).

SODlevelsinthe KD and EODKD groups decreased
by 46% and 23%, respectively, compared with the
control. SOD in the KD group was 44% lower than
in the EODKD group. Levels in the ATO and control
groups were similar (Table 6).

In the KD and EODKD groups, GSH levels fell
48% and 34%, respectively, in comparison to
the control group. In the KD group, GSH levels
dropped 28% less than in the EODKD group. In
the control group, levels were essentially identical
(Table 6).

Increase expression of NLRP3 and CD11b in the
KD or EODKD groups

Ascompared to the control group, the expression
level of CD11b in KD and EODKD groups increased
540% (>5 fold) and 340% (> 3-fold), respectively.
The level in the KD group was 31% higher
compared to the EODKD group. The levels in ATO
and control groups were similar (Fig. 10, Table 7).

TBARS SOD GSH
(nmol/mg protein) (U/mg protein) (U/mg protein)
20.0+8.0 84.0+7.3 144.0+12.0
55.0£5.6 45.0£6.0 74.7+£9.5
0.01* 0.005* 0.000*
0.550 0.008* 0.002*
0.002* 0.000* 0.001%
44.3+7.0 64.0+3.1 95.0£8.0
0.001* 0.000* 0.000%
0.504 0.007* 0.002*
0.004* 0.006* 0.004*
25.0£ 6.0 80.0£3.0 135.3+8.4
0.983 0.376 0.564
0.003* 0.000* 0.001*
0.003* 0.005* 0.002%
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In the KD and EODKD groups, NLRP3 expression than in the EODKD group. In the ATO group, the
levels were 250% (2.5-fold) and 160% (>1.5-fold), expression levels were like those of the control
respectively, compared to the control group. In the group (Fig. 10, Table 7).

KD group, the expression levels were 24% higher

Fig. 10.- Expression levels of NLRP3 and CD11b by Western blot. B-actin was used as a control. The expression of both genes
increased in the KD group, while it is decreased in EODKD with more decrease in the ATO group

Table 7. CD11b and NLRP3 levels among the different groups.

Group CD11b level NLRP3 level
Control Mean +SD 1.0+0.02 1.5+0.2
Mean +SD 6.4+0.8 5.3x0.4
Versus control 0.001% 0.001%
KD
Versus EODKD 0.011* 0.021*
Versus ATO 0.001% 0.001%
Mean +SD 4.4+0.5 4.0+0.3
Versus control 0.008* 0.004%
EODKD
Versus KD 0.011% 0.021%
Versus ATO 0.030% 0.003*
Mean +SD 2.1+0.01 1.8+0.1
Versus control 0.251 0.089
ATO
Versus KD 0.001* 0.001*
Versus EODKD 0.030* 0.003*

*= p-value significant
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DISCUSSION

At the end of this study, both KD and EODKD
groups had lost weight by 14% and 8%,
respectively. This weight loss may be the result of
modulating resting energy expenditure by these
diets (Krieger et al., 2006), or by reducing insulin
levels (Westman et al., 2007), or by loss of appetite
consequence to ketosis (Sumithran et al., 2013).
Researchers suggest that KDs are responsible for
weight loss because they promote ketogenesis,
which may enhance mitochondrial fat oxidation
and bioenergetic signalling (Miller et al., 2020).
Increased gluconeogenesis (energy demand)
caused by carbohydrate restriction is also a
contributing factor (Fine and Feinman, 2004).
Still others believe the diets were metabolically
effective (Feinman and Fine, 2007). Kump and
Booth (2005) found that KD-fed animals showed
a 17% increase in energy expenditure compared
with standard chow-fed mice, concluding that KD
caused anincrease in thermogenesisindependent
of physical activity. In a study by Frommelt et
al. (2014), rats fed a KD for 4 weeks exhibited
higher levels of gross energy in urine than rats fed
standard chow.

After 22 weeks of KD in mice, there is no weight
loss (Ellenbroek et al., 2014). According to other
reports, after 18 weeks of KD, the mice’s weight
returned to baseline and then slowly increased
(Douris et al., 2015). We were unable to verify both
findings in our study due to its relative shortness.

The relative liver weight of the KD and EODKD
groups decreased by 75% and 57%, respectively,
compared tothe control group. This may be caused
by the depletion of liver glycogen (Bian et al.,
2014). Many studies have shown that weight loss
influences liver health and liver fat percentage. A
5% weight loss decreased hepatic fat by 28-40%
(Thomas et al., 2006; Kantartzis et al., 2009).

Both KD and EODKD result in structural liver
damage (apoptosis, cytoplasmic vacuolation,
inflammatory cellular infiltration, congestion of
the portal & central veins and hepatic sinusoids).
The biochemical liver markers (ALT and AST)
were elevated. The elevation of these markers
indicates severe liver damage (Monteiro et al.,
2016). ALT and AST were elevated more than two-

fold in the KD group and more than one-fold in
the EODKD group (being higher in the KD group
by 32% and 36%). The medium protein content of
KD and EODKD may contribute to the described
injury pattern (Garbow et al., 2011).

KD and EODKD are associated with vacuolation
of hepatocytes. Vacuolation of hepatocytes is
defined as microvesicular and macrovesicular
steatosis. The macrovesicular steatosis detected
in both groups may be ascribed to abnormalities
in the delivery, metabolism, synthesis, and
export of lipids (Brunt and Tiniakos, 2005). The
decrease in the hepatic triglyceride levels, hepatic
cholesterol levels, and serum cholesterol levels in
EODKD and KD groups supports this assumption.
Many studies reported a decrease in these
biomarkers in rats fed a KD (Holland et al., 2016).
Furthermore, cytoplasmic vacuolation may be
attributed to lipid peroxidation as oxidative stress
damage cell membranes, as well as membranes
of cell organelles leading to an increase in
their permeability and disturbance of the
concentrations of the ions in the cytoplasm and
cell organelles (Panasiuk et al., 2006). Oxidative
stress was obviously noticed in KD and EODKD
groups (elevation of oxidative markers and flat
antioxidant), being higher in the KD group. It is
demarcated as the shift between oxidants and
antioxidants in favor of oxidants (Bocarsly et al.,
2010). Oxidative stress and KDs are controversial
issues. Some studies report the oxidative stress
and antioxidant effects of KDs (Rhyu et al., 2014).
In other studies, researchers have shown that KDs
reduce oxidative stress through Nrf2 (nuclear
factor-erythroid factor 2-related factor 2)
signaling and by suppressing the NF-xB (nuclear
factor kappa-light-chain-enhancer of activated B
cells) signaling pathway (Lu et al., 2018).

The periportal areas that are affected by KD
and EODKD had inflammation around them.
Inflammation in absenteeism of infection is now
considered a major mechanism for liver injury
(Kubes and Mehal 2012; Hoque et al., 2013).
Sterile inflammation is started when the damaged
hepatocytes expose the intracellular molecules
that are recognized by the innate immune system.
Kupffer cells become activated and trigger
an inflammatory response through common



pathways involving the NLRP3 inflammasome
(Rock et al., 2010). The expression level of NLRP3
in KD and EODKD groups displayed 2.5 and 1.5-
fold higher linked to the control group (being 24%
higher in the KD group). Activation of the NLRP3
inflammasome results in the production of pro-
inflammatory cytokines, chemokines with the
subsequent recruitment of neutrophils, and cell
death (Broderick et al., 2015). Another possible
factor that can trigger sterile inflammation is the
sustained supply of high concentrations of fat to
periportal hepatocytes (the cells receive more fat
than can be oxidized) (Borradaile et al., 2006).
The increased apoptosis that observed in KD
and EODKD groups could provide other possible
explanation of this inflammation (Wang et al.,
2008).

Apoptosis was identified in KD and EODKD
groups. The outline of the apoptotic signal pathway
finally meets a common mechanism driven by
caspases. Caspase-3 is the major destroyer of
apoptosis, thus helping cell survival (Ma et al.,
2014). The value of the caspase 3 is distinctly
increased in the KD and EODKD groups.

The caspases mechanism is controlled by the
Bcl-2 family (Adams and Cory, 1998). This family
is classified into Bcl-2 subfamily, Bax subfamily
and Bik and Bid subfamily. The Bcl-2 employs anti-
apoptotic activity, while Bax applies proapoptotic
activity (Tsujimoto, 1998). The Bax reaction
increased with KD ten-fold and with EODKD six-
fold. Contrary, the expression of BCL2 decreased
in KD and EODKD groups by 30% and 50%. Bcl2/
Bax ratio decreased with KD twenty-fold and with
EODKD ten-fold. Bcl2/Bax ratio expresses the
danger of the cell to apoptosis (Tsujimoto, 1998)
as seen in KD and EODKD groups.

The content of collagen fibers in periportal
areas increased in the KD group by more than
two-fold, and in the EODKD group by more than
one-fold (being higher in the KD group by 30%).
KD is known to cause hepatic fibrosis in some
cases (Brunt and Tiniakos, 2005). The developed
liver fibrosis during liver damage causes an
irreversible distortion of the normal hepatic
architecture (Sokol, 2002 ). Oxidative stress
and chronic inflammation are involved in such
progress (Poli, 2000).

The concomitant use of ATO with KD protects
liver architecture. Moreover, the biological hepatic
markers (AST and ALT) were of their normal
levels. ATO provides its protective effect through
decreasing the oxidative stress (oxidative/
antioxidative markers were matching the control
group), normalization expression of NLRP3
(absence of sterile inflammation) and inhibition
HMG-CoA reductase (Kogawa et al., 2019), which
plays a key role in the production of cholesterol
in the body (marked decrease of intrahepatic
triglyceride level compared to KD and EODKD
groups).

CONCLUSIONS

Both KD and EODKD result in structural liver
damage that is accompanied by an elevation
in hepatic markers (AST and ALT) along with
a decrease in hepatic triglyceride, hepatic
cholesterol, and serum cholesterol. KD has a
more significant effect. There are several factors
contributing to hepatic injury in these diets,
including oxidative stress, sterile inflammation,
low protein content, and high fat concentrations.
ATO in conjunction with KD is beneficial.
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SUMMARY

The aim of the work is to know the changes that
the uterine artery undergoes with age, the deter-
mination of its origin and its possible variants.
Cross-sectional, comparative, descriptive, retro-
spective study Angiotomographies of the abdo-
men and pelvis of female patients were obtained,
reformatted in 3D, analyzing the uterine arteries
(thickness, origin and trajectory). Measurements
were carried out by two medical specialists in di-
agnostic imaging. 107 CT angiograms of patients
with a mean age of 56.62+16.97 years (range
1890) were included. The average thickness of
the uterine arteries was 2.16 mm (£0.38 mm).
Divided by laterality and age groups, they were
2.35 mm, 2.19 mm and 2.36 mm on the right side
and 2.19 mm, 2.07 mm and 2.15 mm on the left
side, respectively. There was no statistically sig-
nificant difference in thickness between the three
groups (p=0.08). Five types of anatomical variants
are described with prevalence of 85.1% in type I,
6.75% in type II, 5.4% in type III, 2.02% in type
IV and 0.67% in type V, the latter coming directly

from the left ovarian artery. There are five diffe—
rent anatomical variants in our population, Type I
is the most predominant. There are no significant
morphological changes with age, except for an in-
crease in vascular lesions, mainly atherosclerosis,
in people over 50 years of age.

Keywords: Anatomy - Angiotomography -
Gynecology — Uterine artery — Variants

INTRODUCTION

The classic anatomy of the uterine artery arises
directly from the internal iliac artery, although it
can also arise from the umbilical artery. It is the
homologue to the artery of the vas deferens in
man, and the one that gives the main irrigation to
the uterus (Moore et al., 2013; Lockhart, 1959).

Gynecological anatomy mentions
that it arises exclusively from the internal iliac
artery. However, there are reports of its origin
independently, and of a common origin with the
internal or vaginal pudendal artery (Rock et al.,
2006; Sutton, 1997; Reich et al., 1989).

surgical

Corresponding author:

Dr. Ernesto Christopher Martinez Avila. Department of Physiology,
Schoolof Medicine, Universidad Autonoma de Nuevo Leon, Av. Francisco
I. Madero, s/n, Col. Mitras Centro, 66460 Monterrey, Nuevo Leon,
Mexico. Phone: +528125909069. E-mail: Asistentedeinvestigacion00@
gmail.com

Submitted: May 7, 2022. Accepted: May 18, 2022

https://doi.org/10.52083/GFWA3583

&
<



Anatomical variants of the uterine artery: 214 angiotomographies

I~

52

Hysterectomy is one of the most frequently per-
formed surgical procedures in the United States.
The most common indications are uterine fi-
broids (40.7%), endometriosis (17.7%) and uter-
ine prolapse (14.5%) (ACOG, 2011; Lefebvre et al.,
2002; Liu et al., 2006).

The conventional surgical technique via the
abdomen is still relevant. However, minimal in-
vasion and the use of natural orifices, such as the
vaginal one, are promoted nowadays (Rock et al.,
2006; CGP, 2009).

The uterus is pulled cranially and deviates to
one side of the pelvis, stretching the inferior li-
gaments. A curved Heaney clamp is placed per-
pendicular to the uterine artery, taking care of
the vasculature, to divide the ligament. The pro-
cedure is repeated on the contralateral side (Rock
et al., 2006).

Aging produces changes in the structure and
function of the arteries, giving rise to various
cardiovascular diseases, such as hypertension,
atherosclerosis, coronary disease, among others
(Floryn et al., 2005)

The elderly population isthe group with the high-
est burden of cardiovascular diseases worldwide,
especially coronary heart disease and myocardial
infarction (Mirea et al., 2012) Atherosclerosis and
loss of vascular elasticity can be observed in most
elderly patients, but a more exaggerated response
has been observed in hypertensive patients (La-
hoz et al., 2007).

Hysterectomy is one of the most common gy-
necological surgical procedures. It is important
to know its anatomical variants in relation to the
vasculature and the expected changes with age.
Our objective was to determine the prevalence
of variants in our population, and to stratify the
changes according to the age of the patient.

MATERIALS AND METHODS

A descriptive, observational, cross-section-
al, comparative study was carried out. Angioto-
mographies were obtained from the database of
the Radiodiagnosis Department of a hospital in
Northern Mexico.

Mexican patients who for some reason
underwent computed tomography angiography of
the abdomen and pelvis were included. All those
patients whose reason for study was trauma to the
pelvis, hip, findings of congenital malformations
of the pelvis, pregnancy, primary and secondary
infectious processes of their corresponding
organs, or with malformations of female organs
were excluded. All those studies whose images did
not allow a reconstruction, or whose quality made
the evaluation of vascular structures difficult,
were eliminated.

The equipment used for the acquisition of
the images was the Light Speed VCT Model
with 64 slices per rotation (General Electric,
Milwaukee, WI), with a continuous scan with
a thickness of 2.5 mm. To better visualize the
images, reformatting with maximum intensity
projection (MIP) and Volume Rendering (VR) were
used, with software number 12HW14.6_SP1-1-
1V40_H_H64_G_GTL. The reconstructed images
were transmitted to workstations “Advantage
Workstation AW 4.4” (General Electric, Milwaukee,
WI), with a linear precision of 0.01 millimeters.
Workstation calibration was predetermined by the
manufacturer.

A Carestream Vue PACS Version 12.1.5.6009
workstation was used for the assessment of the
uterine arteries, using reconstructions that were
stored on a separate workstation.

Reconstructions and measurements were
performed independently by 2 radiology experts.

Computed Tomography Angiography (CTA) were
studied for their anatomical variant and were
classified astypeIto V. The internal diameter of the
vessel was recorded at its site of origin (M1), and at
its ascending portion (M2). The data were recorded
in an Excel table to determine their frequencies,
mean and standard deviation. Carrying out this
analysis did not interfere in any way with the
normal protocols for carrying out, storing and
delivering the results of the study to the patient or
doctor requesting it. No CTA was performed for the
purpose of the study, and there was no radiation
exposure for the purpose of this investigation.



This research protocol was previously reviewed
and approved by the ethics and research commi-
ttees of the University, with registration GI 17-003.

The sample size was determined using a formula
for calculating a prevalence or proportion, with a
Z value of 1.96 and a confidence level of 95%, and
a precision of 10% expecting a proportion of 50%,
a sample of 140 arteries to carry out this study.

RESULTS

107 studies were included, of which 74 (69.16%)
could be reconstructed. The remaining 30.84% (n
33) with a mean age of 56.62 + 16.97 years was
included for determination of variants, but not in
vessel morphometry due to elimination criteria
(Table 1).

Table 1. Reason for elimination of studies in 3D reconstruction
for morphometries.

Pathology Average Ages (years) Sample (n 33)
Atherosclerosis 58 +7.2 17
Hysterectomy 62+94 11

Myoma 49 +10.2 4

Adnexal mass 48 +5.2 1

The patients were stratified into three groups
according to their age (Table 2). When comparing
the calibers of the uterine arteries between the 18-
40 and 41-60 age groups, a statistically significant
difference was found (p= 0.04). However, when
comparing the three groups through ANOVA, no
difference was found between the three groups (p
=0.08), although there was a positive trend.

Table 2. Age groups and measurement of uterine arteries.
Ranges expressed in years. Values expressed in millimeters
(mm) n: sample size; M1: diameter at its origin; M2: diameter
in its ascending portion.

Uterine artery

Age
ranges Right Left
M1 M2 M1 M2

18-40 2.41+0.38 2.3%+0.49 2.15+0.28 @ 2.23+0.61
(n 26)

41-60 1.97£0.49 2.05+0.41 2.01+0.40  2.13+0.49
(n 60)

60-90 2.36x0.45 2.530.39 2.2+0.39 2.1+0.38
(n 62)

Average  2.14+0.46 2.17+0.42 2.14+0.35 2.15+0.51

Variants of the uterine arteries

From the findings found in the analyzed
studies, the following order is proposed for the
categorization of the variants in the origin of the
uterine arteries.

+ Type 1. - The origin of the uterine artery is
directly from the anterior trunk of the internal
iliac artery (Fig. 1).

« Type II. - The origin of the uterine artery
comes from the branch of the anterior trunk
of the internal iliac artery, called the inferior
gluteal/superior vesical artery (Fig. 2).

« Type III. - The origin of the uterine artery
is independent and comes directly from
the internal iliac artery to one side of the
bifurcation of the inferior and superior gluteal
arteries (Fig. 3).

+ Type IV. - The origin of the uterine artery
comes from the umbilical branch of the
anterior trunk of the internal iliac artery
(Fig. 4).

A unique variant was found, not previously
described, which is proposed as a Type V variant
(with an origin directly from the ovarian artery,
which in turn came from the left renal artery,
instead of the abdominal aorta, as classically
described).

Table 3 outlines the distribution of the types
regardless of whether it is right or left.

Table 3. Categorization of the anatomical variants of the
uterine artery.

Uterine artery

Variants Total n 214 (%)
Rightn 10 Left n 107
(%) (%)

I 182 (85.04) 89 (83.17) 93 (86.91)
11 15 (7.00) 9(8.41) 6 (5.60)
11 11 (5.14) 7 (6.54) 4(3.73)
v 5(2.33) 2(1.86) 3(2.80)
\%4 1(0.46) 0 (0.00) 1(0.93)

Miguel A. Vazquez-Barragan et al.
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Fig. 1.- The origin of the uterine artery (arrowhead) is directly from the anterior trunk of the internal iliac artery (arrow).

Fig. 2.- The origin of the uterine artery (arrowhead) is independent, and comes directly from the internal iliac artery (arrow) to one
side of the bifurcation (Ray) of the inferior and superior gluteal arteries.
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Fig. 3.- The ori the uterine artery (arrowhead) comes from the branch of the anterior trunk (star) of the internal iliac artery
(arrow) called inferior gluteal/s jior vesical.

Fig. 4.- The origin of the uterine artery (arrowhead) comes from the umbilical branch (lightning) of the anterior trunk of the internal
iliac artery (arrow).
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DISCUSSION

Every doctor must have a broad knowledge
of human anatomy and how it influences
pathologies. This is even more important
in surgical procedures, since ignorance can
increase injuries. Knowledge of the prevalence
of anatomical variations helps to reduce risks
(Clayton, 2006).

In this study, we demonstrate that there are
anatomical variants in the origin of the uterine
artery, the most common being type I, with a
prevalence of 85%.

Our study showed that, in 85.04% of cases, the
origin of the uterine artery comes directly from
the anterior trunk of the internal iliac artery. This
is followed in 7.00% of cases by the variant that
arises from a branch of the anterior trunk of the
internal iliac artery called the inferior gluteal
or superior vesical artery. It is reported that
the variant called type III in our study, arising
as an independent branch of the internal iliac
artery, appeared in 5.1% of cases. Likewise, the
appearance of the variant in the origin of the
uterine artery from a branch of the anterior trunk,
called the umbilical or superior vesical artery, was
documented in 2.33% of the cases, a much lower
proportion, unlike that reported in the study by
Arfi et al. (2017), who reported observing this
variant in up to 25.6% of cases.

They carried out a study in which they analyzed
the anatomy of the arteries that make up the
female genital tract, where they used angiography
to determine their results, concluding that the
best projection for visualizing the uterine artery,
when it originated from the anterior division of
the internal iliac artery, was the contralateral,
oblique-anterior with 20- 30 degrees of inclination
(Mori et al., 2010).

Three age groups were formed according to the
stage of the woman’s fertile life, and the diameters
of the arteries were compared in two different
portions and independently between the three
groups, with no statistically significant findings.

In 2002, Razavi et al. conducted a study in which
they analyzed and classified the place where the
ovarian arteries anastomose with the uterine
arteries in women who underwent uterine fibroid

embolization. For this, they used 76 angiographies
of female patients, finding variations in the course
of the uterine artery, showing a pattern of three
different types of anastomoses. In type I, the blood
supply of the ovarian artery through the uterus
came directly from the uterine artery; in type II,
the ovarian artery supplied the fibroids directly;
and in type Il there was no ovarian artery, and the
total blood supply to the ovary came directly from
the uterine artery.

Albulescu et al. (2014) carried out a study in
which the origin and trajectory of the uterine
artery were analyzed in 110 angiographies of
female patients, resulting in a classification with
4 types of variants.

A study led by Dr. Alexandra Arfi was conducted
in 2017 at Hospital Intercommunal de Cretéil in
Paris, France, where 43 3D CTA reconstructions
were performed to determine the origin of the
uterine artery, and the results were: direct origin
of the anterior trunk together with the umbilical
artery in 62.7% of cases; from a direct branch of
the internal iliac artery in 25.6% of cases; directly
from the superior gluteal artery in 9.3% of cases;
and from the internal pudendal artery in 2.3% of
cases (Arfi et al., 2017).

Toourknowledge, thisisthefirststudythat,apart
from determining the origin of the uterine artery,
evaluates its diameters at two different points
in a standardized manner. A 3D reconstruction
technique is used, which allows the artery to be
assessed from all angles, and to determine the
incidence of other vascular diseases that affect its
morphology.

According to the findings found in our study,
the origin of the uterine artery is in the same
proportion as that reported in the previously
described literature (Wu et al.,, 2007; Akerman,
2019; Barodka et al., 2011).

It is worth highlighting the finding of a variant
that has not been previously described, which
was called Type V, and which had its origin in the
left ovarian artery, which is a branch of the left
renal artery.

Previous series of studies may be difficult to
compare due to different descriptions of the



pelvic vascular anatomy in the radiological and
surgical literature, with substantial differences in
the nomenclature of the branches of the internal
iliac artery.

The present study has several limitations. It is
a retrospective evaluation of healthy patients,
whose specific medical history is unknown,
as well as their gynecological history. Nor is
the height and weight of the patient taken into
consideration.

This study reports five different anatomical
variants in the origin of the uterine artery,
categorized according to the order of appearance
and frequency. The fifth variant is described
for the first time and arises directly from the
ovarian artery, which in turn arises directly from
the left renal artery. Uterine artery diameters
were determined at two different sites, without
identifying statistically significant findings when
grouping patients by different stages of female
fertile life. Age is not a factor that favors variability
in uterine arterial thickness.

The blood vessels suffer injuries with age, which
correlates with the findings found in the analyzed
studies of patients over 50 years of age, mainly the
incidence of atherosclerosis.
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SUMMARY

Preoperative sphenoid
sinus septa is mandatory for safe endoscopic
endonasal transsphenoidal surgery. This study
aimed at elucidating the variant septation of the
sphenoid sinus using computed tomographic
images of adult patients. This observational study
retrospectively evaluated 336 brain Computed
Tomographic images of adult patients seen in
a Nigerian Teaching Hospital. The study was
approved by the Research Committee of the
Hospital. The presence, number, location and
attachment of the sphenoid sinus septum were
studied and recorded. Statistical Package for
Social Sciences version 23 was used to analyze
the prevalence of the variants and compare them
based on gender and side using the Chi-square
test. The level of significance was considered at
p<0.05.

evaluation of the

The prevalence of a single complete septum
was 179 (53.3%), while double and multiple
septa had a frequency of 88 (26.2%) and 69
(20.5%) respectively. The complete septum was
predominantlylocated inthe paramedian position
(185, 69.3%). The septa attached onto the carotid
canal and optic canalin 91 (27.1%) and 46 (13.7%)
patients respectively. The multiple and double
septa had a high predilection for the carotid (52,

75.4%) and optic (32, 36.4%) canal insertions
respectively. These patterns of septation did not
show any significant relationship with gender or
side (P>0.05). The single septum was the most
prevalentandfrequentinthe paramedianlocation,
while multiple and double septa commonly insert
onto the carotid and optic channels respectively.

Key words: Sphenoid — Sinus — Septum — Canal
— Surgery

INTRODUCTION

The sphenoid sinus (SS) has been described as
the most surgically inaccessible sinus, owing to
its deep location in the base of the skull (Singh et
al., 2019). It is the first paranasal sinus to develop
from the third to the fourth month of intrauterine
life (Omindeetal.,2021). From birth to three years
of age, it exists as a pit in the sphenoethmoidal
recess (Degaga et al., 2020; Singh et al., 2022).
Thereafter, pneumatization begins and proceeds
posteriorly, leading to a visible definitive cavity at
puberty (Fasunla et al., 2012; Wani et al., 2019).
The sinus continues to expand with age, following
the growth of the sphenoid bone. With advancing
age, resorption of its bony walls causes further SS
expansion (Kusch and Garcia, 2019).
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The variant patterns of development and
pneumatization of the SS have led to asymmetry
in its shape, size, and septation (Wani et al., 2019).
The varying aeration consequently contributes
to the differences in number and locality of SS
septa over and above the inconsistent position
of the optic canal that houses the optic nerve and
the carotid canal containing the internal carotid
artery (ICA) (Ominde et al., 2021). The complete
intersinus septum divides the SS into asymmetric
compartments, while the incomplete intrasinus/
partial septa are within the sinus but do not divide
it completely (Kusch and Garcia, 2019; Singh et
al., 2022). The partial septa are a result of resistant
pneumatization at the sites of fusion between
various bone ossification centers (Ngubane
et al., 2018). The SS septa may insert onto the
neighbouring ICA canal or optic nerve canal
(Secchi et al., 2018; Ismail et al., 2018). Studies in
literature have documented the variation in the
number, location and attachment of the SS septa
in various populations (Famurewa et al., 2018;
Wani et al., 2019; Degaga et al., 2020; Dziedzic et
al., 2020; Singh et al., 2022;).

The SS serves as a surgical corridor in accessing
the structures in the middle and posterior cranial
fossa (Singh et al., 2022). Endoscopic endonasal
transsphenoidal surgery is indicated in tumors
within the sellar, suprasellar, and parasellar regions
(Aksoy et al., 2017). During surgery, excessive
traction on the septa may cause avulsion of ICA
and optic canals, consequently damaging the
neurovascular structures (Singh et al., 2019). The
awareness of the number and locality of the SS septa
is therefore mandatory preoperatively to minimize
surgical complications. Computed Tomography (CT)
is the imaging modality of choice for assessing the
variant complex anatomical framework of the SS, in
addition to the presence and extent of sinus disease
(Secchi et al.,, 2018; Ominde and Igbigbi, 2021;
Arutperumselvi et al., 2022). This study, therefore,
aimed at elucidating the variant septation of the SS
in adult patients who underwent CT imaging in a
Teaching Hospital in Delta State, Nigeria.

MATERIALS AND METHODS

This research adopted the retrospective cross-
sectional design of descriptive nature. Using

purposive sampling technique, brain CT images of
336 patients with suspected intracranial tumors
or bleeds and chronic headache, who presented to
the Radiology Department of a Teaching Hospital
within a duration of five years, spanning between 1
June 2015 and 30June 2020 were selected. These
non-contrast brain CT studies were conducted
using a 64-slice CT scanner (Toshiba Aquilon,
Japan, 2009) and stored in the archives of the
Department. The settings for image acquisition
was at 120 kV and 300 mA in 3 mm thick axial
CT slices. According to the protocol adopted by
the Department, the axial slices were taken from
the base of the skull to the vertex, to ensure the
inclusion of the paranasal sinuses, which are also
evaluated for incidental sinusitis in patients with a
history of headache. Ethical approval was granted
(EREC/PAN/2020/030/0371) by the institutions
Research Committee priortoaccessingtheimages.
Images with adequate exposure, symmetry, and
specified age and gender of the patient were used.
The study included images of adults aged 20 years
and above, owing to the fact that the SS reaches
its adult size at 20 years (Ominde et al., 2021).
We excluded all the images of patients below 20
years, images with visible craniofacial fractures
and congenital anomalies, presence of sinonasal
tumors, cystsorinfection and evidence of previous
sinus surgery or skull base surgery.

Using a slice thickness of 1.5mm and table
increment of 1.5mm as the reconstruction
parameters, the axial CT slices were reformatted
into multiplanar coronal and sagittal sections. All
the three views were displayed on bone window to
allow accurate evaluation of the variant SS septa.
The presence, number, and location of septa
in addition to the attachment of the septa onto
the carotid and optic canals on each side were
assessed. A septum running from one wall of the
SS to another and fully compartmentalizing it
was regarded as a complete septum. In addition,
a septum located within the sinus but failing
to completely divide the SS was referred to as a
partial septum (Kusch and Garcia, 2019). Data
were recorded on datasheets and transferred to
Statistical Package for Social Sciences (SPSS),
version 23 (IBM® Armonk, New York), for analysis.
The data were grouped based on side and gender.
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Fig. 1.- Axial CT images depicting the SS septa. A: single complete septum located paramedian B: Single complete septum with

partial septa projecting in the sphenoid sinus bilaterally.

The prevalence of the variants was summarized in
percentages based on the groupings. Thereafter,
group comparisons were assessed using the Chi-
square test, and these were considered significant
at p <0.05.

RESULTS

The study used 199 (59.2%) males and 137
(40.8%) females with a mean age 0f53.29+18.18
years. All the CT images evaluated had at least one
sphenoid sinus septum present. The prevalence
of a single complete septum was 179 (53.3%) (Fig.
1A). Double septa (comprising one complete and
one partial septum) were observed in 88 (26.2%)
patients. The remaining 69 patients (20.5%) had
multiple septa comprising a single complete
septum and >2 incomplete septa (Fig. 1B). The

Table 1. Number of sphenoid septa based on gender.

Total
Number of septa
N %
Single 179 53.3
Double 88 26.2
Multiple 69 20.5
Total 336

76
32

137

number of SS septa had no significant association
with gender (P>0.05) (Table 1).

The single complete septum predominantly
had a paramedian location (185, 69.3%), while a
midline location of the intersphenoid septum was
observed in 82 (30.7%) patients. The partial septa
were more preponderant within the right SS (88,
56.1%) than the left (69, 43.9%) SS. However, this
was not statistically significant (p=0.063).

The attachment of the SS septum onto the
carotid canal was observed in 91 patients
(27.1%), and commonly occurring unilaterally
(62, 18.5%) than bilaterally (29, 8.6%) (Fig. 2A).
The unilateral occurrence was higher on the
right (42, 12.5%) than on the left (20, 6%) carotid
canal. The insertion of the septa onto the optic
canal occurred only unilaterally (46, 13.7%) with

Female Male
P value
% N %
55.5 103 51.8 0.504
23.4 56 28.1 0.421
21.2 40 20.1 0.381
199
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a higher preponderance on the right (29, 8.6%)
than the left (17, 5.1%) optic canal (Fig. 2B). The
insertion of the septa onto the optic and ICA canals
had no association with side or gender (P>0.05)
(Table 2). Table 3 shows the prevalence of septal
attachment onto the optic and carotid canals in

Variant septation of the sphenoid sinus

single SS septum, insertion onto the optic canal
was only observed in one patient (0.6%).

DISCUSSION

A single complete inter-sphenoid septum was

observed in 53.3% of cases, and this corresponded
with the findings of Arutperumselvi et al. (2022)
in India. This frequency was lower than 88.2%
and higher than 46.9%, documented in previous
Nigerian studies in Oyo and the Osun States
respectively (Fasunla et al., 2012; Famurewa et
al.,, 2018). Higher frequencies were documented
in Ethiopia, India, Poland, and Belgium (Ismail et
al., 2018; Wani et al., 2019; Degaga et al., 2020;
Dziedzic et al.,, 2020). Double septa comprising

different study populations. In the evaluation of
the patients with SS septa, the prevalence of the
septa attaching to the carotid canal was highest in
patients with multiple septa (52, 75.4%), followed
by double septa (33, 37.5%), and lastly single
septum (6, 3.4%). On the other hand, optic canal
insertions were predominant in patients with
double septa (32, 36.4%), followed by multiple
septa (13, 18.8%). Out of the 179 patients with a

Fig. 2.- Axial CT images showing the sphenoid sinus septa attaching on: A: ICA canal bilaterally. B: left optic canal.

Table 2. Attachment of the sphenoid septa on to the carotid and optic canals.

Total Female Male

Canal Side *P value
N % N % N %
Right 71 211 28 20.4 43 21.6 0.796
Carotid Left 49 14.6 23 16.8 26 13.1 0.342
IP value 0.184 0.149
Right 29 8.6 12 8.8 17 8.5 0.945
Optic Left 17 5.1 4 2.9 13 6.5 0.138
IP value 0.247 0.396

IP value forthe side differences, * P value for gender differences
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Table 3. Attachment of the SS septa onto the optic and carotid canals in different studies.

Septum attachment (%)

Author Country N tl?illt-:li:g:s . .
Carotid canal Optic canal

Singh et al. (2022) India 84 1 mm 29.7 27.4

Fasunla et al. (2012) Nigeria 110 3mm 4.5

Wani et al. (2019) India 591 Rﬁilflttzéés 0.4

Famurewa et al. (2018) Nigeria 320 2.5 mm 31.6

Aksoy et al. (2017) Turkey 347 3 mm 47.7 17.5

Arutperumselvi et al. (2022) India 100 20

Joghataei et al. (2019) Iran 129 76

Sumaily et al. (2018) Saudi Arabia 420 1 mm 16.4 29.4

Current study Nigeria 336 3 mm 27.1 13.7

one complete and one incomplete septum were
observed in 26.2% of cases, and this was higher
than reports by Fasunla et al. (2012) and Wani et
al. (2019) and lower than the 32% documented by
Dziedzic et al. (2020). We observed multiple septa
(single complete with >2 partial septa) in 20.5% of
the patients, and this was lower than the frequency
among the Nigerians of Osun State (Famurewa
et al.,, 2018). Furthermore, this frequency was
higher than the findings in India, but lower than
the reports from Turkey (Aksoy et al., 2017; Wani
et al., 2019). The awareness of multiple SS septa
is important, since they are commonly seen in
acromegaly (Dziedzic et al., 2020). Akin to Aksoy
et al., (2017), we did not observe the absence of
SS septa. This was contrary to Gibelli et al. (2019),
Dziedzic et al. (2020), and Degaga et al. (2020), who
documented the absence of SS septa in 21.9%, 2%,
and 1% of their studied population respectively.

The location of the single complete septum
was predominantly paramedian (69.3%). This
was consistent with the reports by Ismail et al.
(2018), and contrasted with Famurewa et al.
(2018). According to Dziedzic et al. (2020), the low
occurrence of the single midline septum infers
that another midline anatomical landmark is
required during transsphenoidal procedures.
The frequency of the incomplete septa was not
significantly associated with side of the sinus
location. This was conflicting with the findings
in Osun State, where the partial septa were
predominantly on the left (Famurewa et al., 2018).

Similar to the reports by Wani et al. (2019), the
number and position of the SS septa were not
influenced by gender. Therefore, their variance
in the literature could be accredited to differences
in genetics, ethnicity, environmental
and geographical factors which influence the
pneumatization patterns of the SS and ethmoid
sinuses (Ominde et al., 2021). The awareness
of the number of SS septa and their location is
essential preoperatively to inform on the possible
surgical challenges hence plan for a safe surgical
route and technique.

race,

The presence of SS septa attaching onto the
carotid canal was observed in 27.1% of the skull
images, and with a more frequent unilateral
than bilateral occurrence. This prevalence was
comparable to 29.7% documented by Singh et al.
(2019). Our finding was lower than the 31.6% and
higher than the 4.5% documented in previous
Nigerian studies (Fasunla et al., 2012; Famurewa
et al.,, 2018). Additionally, higher frequencies
have been documented by Aksoy et al. (2017),
Joghataei et al. (2019), and Dziedzic et al. (2020),
while Dafalla et al. (2017) and Arutperumselvi et
al. (2022) reported lower frequencies. Insertion
onto bilateral carotid canals was observed in
8.6% of cases and this was slightly higher than
the 6.9% and lower than the 14% reported by
Famurewa et al. (2018) and Dziedzic et al. (2020),
correspondingly.

The frequency of the septum inserting onto the
wall of the optic canal (13.7%) was higher than the
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observations by Wani et al. (2019) and Gibelli et
al. (2019). On the contrary, higher frequencies
in Saudi Arabia and India have been reported
(Aksoy et al., 2017; Sumaily et al., 2018; Singh et
al., 2019). Parallel to the documented reports by
Wani et al. (2019), gender had no association with
the insertion of SS septa onto the neurovascular
canals. Thevarianceinliterature could be ascribed
to race, ethnicity, genetics besides dissimilarities
in the sample size and CT slice thickness used in
evaluating the sinuses (Table 3).

Our study reports a higher tendency of the
multiple septa to be inserted on to the carotid
canal (75.4%), while the double septa are
associated with a higher propensity for optic
canal insertion. Similarly, Dziedzic et al. (2020)
documented that multiple septa of the SS have
a high tendency to insert onto the ICA canal. We
further observed that the single septum rarely
inserts onto the neurovascular canals. From
these findings, this study suggests that, after
the radiological evaluation for the number of
SS septa, it is imperative to evaluate for their
possible insertions to the optic and carotid canal
preoperatively.

The awareness of the SS septa inserting
onto neurovascular canals is important before
endoscopic transnasal sphenoidal surgery to
avoid excessive traction on the septum during
neuro-navigation (Singh et al., 2019). Such septa
require removal via drilling rather than fracture
(Dziedzic et al., 2020). Avulsion of the bone that
forms the canal wall mayrupture the ICA, leading
to massive bleeding which may be fatal. This is
because the complex anatomy and deep location
of the SS make it difficult to control the bleeding
from the adjacent ICA. Subsequently, this causes
retrobulbar hematoma with acute proptosis
(Ominde and Ighigbi, 2021). It is recommended
that the septum attaching on the ICA canal be
drilled at high speed, parallel to the ICA course to
avoid its injury (Dziedzic et al., 2020). Injury of the
optic nerve by an avulsed SS septum may lead to
blindness (Dafalla et al., 2017).

CONCLUSION

The single septum was the most prevalent
and frequent in the paramedian location, while

multiple and double septa commonly insert onto
the carotid and optic channels respectively.
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SUMMARY

The caudate lobe is a vertically elongated
central projection from posterior surface of liver.
It is bordered on the right by the groove for the
inferior vena cava (IVC), on the left by the fissure
for the ligamentum venosum, and on the bottom
by the porta hepatis. It is continuous on the
superior aspect with the upper part of the right
limb of the fissure for the ligamentum venosum.
The morphology of the caudate lobe was studied
in 100 cadaveric human livers (15-70 years
old) stored in 10% formaldehyde, regardless of
gender, obtained from the department of anatomy
at Santosh Medical College in Ghaziabad. The
caudate lobe was observed in a variety of shapes.
Vertical fissures extending upward from the lower
border of the caudate lobe were seen in 52% of the
liver specimens, while accessory caudate fissures
extending downward from the upper border were
seenin 9% and accessory transverse fissures were
seen in 3% cases. Caudate notch was horizontal
in 11% of liver specimens. The papillary process
was visible in 27% of the liver specimens; a hook
shape of the papillary process was seenin oneliver

specimen. Caudate process was present in 18%
of the cases. Linguiform process was observed in
46% of cadaveric liver specimens.

As observed, the incidences of morphological
variations of the caudate lobe are very high, soitis
critical for both radiologists and surgeons to keep
these variations in mind when making diagnoses
and planning surgeries for a favourable clinical
outcome.

Key words: Accessory fissure — Caudate lobe —
Cadaveric liver — Cadaveric morphology — Vertical
fissure — Papillary process — Linguiform process

INTRODUCTION

The fold of peritoneum and ligaments
anatomically separate the liver into four lobes
(Standring et al., 2005), with the caudate lobe as
a left lobe being one of them (Chavan and Wabale,
2014; Sagoo et al., 2018). “Lobus Exiguus” is the
first name of the caudate lobe, given by Adrien
van den Spiegel in 1622; Glisson renamed it
as “Spiegel’s lobe” in 1654; and in 1957 it was
renamed “segment 1” by Couinaud (Gardner
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et al.,, 2019). The caudate lobe is a vertically
elongated midline projection from the posterior
surface of the liver (Sibulesky, 2013). It is bound
on the right by the groove for the inferior vena
cava (IVC), on the left by the fissure for the
ligamentum venosum, on the bottom by the porta
hepatis, and on the top by the superior surface
of the right upper end of the fissure for the
ligamentum venosum (Dodds et al., 1990; Sagoo
et al., 2018). The caudate lobe proper and the
caudate process are two portions of the caudate
lobe that are joined by the caudate isthmus, a
thin parenchymal bridge (Gardner et al., 2019;
Sarala et al., 2015). The first part is Spiegel’s lobe
(Couinaud’s segment 1) to the left of IVC, and
the second part is paracaval portion (caudate
process), which extends anterior and to the right
of IVC and connects the right lobe (Chavan and
Wabale, 2014; Gardner et al., 2019; Sagoo et al.,
2018). The papillary process is a small, rounded
projection formed by the medial inferior part of
the caudate lobe (Joshi et al., 2009). The caudate
lobe gets its name from the fact that it frequently
produces a tail-like process known as papillary
process, rather than because of its caudal location
(Sadanandan and Varghese, 2017). It is a distinct
part of the liver ,with its own vascular and biliary
drainage system (Sarala et al., 2015). It has
intriguing characteristics, especially in a case
of cirrhosis (Sadanandan and Varghese, 2017).
The complex anatomy of the caudate lobe makes
cross-sectional images difficult to interpret,
especially when the papillary process is enlarged
or involved in diseases (Auh et al., 1984; Chavan
and Wabale, 2014; Sadanandan and Varghese,
2017). The development of the caudate lobe is a
complicated process. Both the right and left lobes
of the liver give rise to the caudate lobe. Dodds
and his colleagues proposed a theory to explain
the development of the liver’'s caudate lobe.
According to their findings, as the liver enlarges
in the second trimester, the liver and mesentery
of the ductus venosus rotate rightward, causing
a small portion of the liver, the caudate lobe, to
emerge (Dodds et al., 1990). In another study,
Joshi et al. (2009) discovered rectangular shape
in 58 % of the cases, triangular in 8%, irregular
in 20%, a pear shape in 10%, and other shapes
(square, heart, inverted flask, etc.) in 4%.

For localised benign tumours of the caudate
lobe, lobectomy is the treatment of choice (Xu and
Huang, 2010). Safe resection of the caudate lobe
is still a challenge for surgeons. Thus, knowledge
of the variations in the caudate lobe anatomy aids
anatomists and radiologists in better analysing
CT, MRI, and other imaging studies to avoid
misdiagnosis, as well as surgeons in planning
surgeries with favourable clinical outcomes and
in diagnostic imaging. The goal of this study is to
investigate the morphology of the caudate lobe of
the human liver, as well as its variation.

MATERIALS AND METHODS

This study was conducted on 100 formalin
fixed human livers (15-70 years) irrespective of
sex, obtained from the department of anatomy,
Santosh Medical College Ghaziabad.

Inclusion criteria: all cadaveric liver specimen
included in this study had normal anatomical
features.

Exclusion criteria: liver specimen with diseased
and features of damaged, hepatic surgery or
tumours were excluded from this study.

The shape, variation in the papillary and caudate
processes, the existence of fissures, and the
presence and absence of the linguiform process
were all investigated in the gross anatomy of the
caudate lobe (pons hepaticus). Complete pons
hepaticus occurs when the IVC’s retrohepatic
section is entirely covered from its posterior end.
When the pons hepaticus was partially completed,
it covered the posterior portion of the IVC’s retro
hepatic section.

RESULTS AND OBSERVATIONS

In the present study, a total of 100 embalmed
specimen of cadaveric human liver were studied.
On examining the caudate lobe, it was found
that there were no livers with caudate agenesis.
The majority of caudate lobes in all livers are
rectangular in shape (62%), followed by irregular
(18%), pyriform (12%), triangular (3%), dumbbell
(3%), horse shoe shape (1%), and like slit 1 (1%)
shaped caudate lobes, as mentioned in Table 1.
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Table 1. Representing the caudate lobe’s shape-based classification.

SHAPE OF CAUDATE LOBE
TYPE OF SHAPE NUMBERS OF LIVER SPECIMEN % AGE OF LIVER SPECIMEN

Rectangular 62 62

Irregular 18 18

Pyriform 12 12

Dumbbell 03 03

Triangular 03 03

Horseshoe 01 01

Slit Like 01 01
In Table 2, the characteristics of the cadavers The vertical caudate fissure extending upward
such as age, sex and weight is also described for from the lower border was observed in 62 %
selected liver specimens. of the cadaveric liver specimens (Fig. 1A). The

Table 2. Showing the basic characteristics of the cadavers.

SERIAL NUMBER AGE (IN YEARS) SEX (M/F) WEIGHT(GM)
1. 15 M 1445
2. 23 M 1772
3. 27 M 1680
4. 37 M 1789
5. 37 F 1810
6. 39 M 1867
7. 42 M 1787
8. 44 M 1850
9. 46 M 1759
10. 46 F 1450
11. 47 F 1278
12. 48 M 1800
13. 48 F 1722
14. 49 F 1786
15. 49 M 1789
16. 49 M 1850
17. 50 M 1745
18. 50 F 1590
19. 51 F 1353
20. 51 F 1366
21. 52 M 1484
22. 52 M 1722
23. 52 F 1452
24. 53 F 1588
25. 53 M 1668
26. 53 F 1670
27. 54 M 1737
28. 54 F 1756
29. 55 F 1775
30. 55 F 1637
31. 55 F 1437
32. 56 M 1900
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SERIAL NUMBER AGE (IN YEARS) SEX (M/F) WEIGHT(GM)
33. 57 F 1400
34. 57 F 1345
35. 57 F 1436
36. 57 M 1787
37. 57 F 1638
38. 57 M 1735
39. 57 F 1190
40. 58 M 1762
41. 58 M 1236
42, 58 M 1543
43, 58 F 1735
44, 58 F 1647
45, 58 M 1670
46. 58 M 1785
47. 59 M 1788
48. 59 F 1686
49, 59 M 1432
50. 60 M 1690
51. 60 F 1545
52. 60 M 1715
53. 61 M 1566
54, 61 F 1434
55. 62 M 1764
56. 62 F 1544
57. 63 M 1578
58. 63 M 1732
59. 63 M 1460
60. 64 M 1745
61. 64 F 1230
62. 64 F 1373
63. 65 M 1792
64. 65 M 1800
65. 65 F 1158
66. 65 F 1830
67. 65 F 1120
68. 66 F 1710
69. 66 F 1562
70. 66 M 1570
71. 66 F 1563
72. 66 M 1637
73. 66 F 1379
74. 66 M 1784
75. 67 M 1700
76. 67 M 1745
77. 67 F 1690
78. 67 F 1627
79. 67 F 1162
80. 67 M 1763
81. 68 M 1800
82. 68 M 1764
83. 68 F 1672
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SERIAL NUMBER AGE (IN YEARS)
84. 68
85. 68
86. 69
87. 69
88. 69
89. 69
90. 69
91. 69
92. 69
93. 70
94. 70
95. 70
96. 70
97. 70
98. 70
99. 70
100. 70

accessory caudate fissure (Fig. 1C), which extends
downwards from the upper border, was detected
in 9% of liver specimens, as were the accessory
transverse fissure (Fig. 1B), which was seen
in 3% of liver specimens, and the accessory
oblique fissure, which has been seen in 6% liver
specimens. At the inferior border of the caudate
lobe, 11% of liver specimens had horizontal
caudate notches (Fig. 1G). In 15% of cadaveric
liver specimens, the accessory fissure was visible
between the caudate process and the duodenal
impression. There was a link between the vertical
inferior fissure in the caudate lobe and the
accessory fissure present between the duodenal

1A: The caudate lobe (CL) is shown in its rectangular shape,
with forceps on the papillary process.

SEX (M/F) WEIGHT(GM)
1736
1050
1675
1630
1565
1530
1320
1465
1647
1445
1045
1257
1761
1576
1645
1753
1680
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impression and the caudate process in 5 of the
15 liver specimens. The papillary process (Figs.
1C and 1H) was prominent and visible in 27% of
the livers, with 16 of them being very prominent.
In 18% of the cadaveric liver specimens, a
prominent caudate process (Figs. 1C and 1H) was
also observed. The shape of the papillary process
in one specimen is similar to a hook (Fig. 1I), for
which there is no existing description and no
comparable finding in the literature. As shown in
Table 3, pons hepaticus and linguiform process
were found in 58% of cadaveric liver specimens,
covering the retro-hepatic IVC to varying degrees.

1B: Showing irregular shape of caudate lobe; forceps is on ac-
cessory transverse fissure on caudate lobe.

Fig. 1.- A-B: Represents the cadaveric morphology of the liver’s caudate lobe.

Ruchi Sharma et al.
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1C: Representing pyriform shape of caudate lobe (CL); Prom- 1D: Demonstration of triangular shape of caudate lobe (CL).
inent papillary process (PP); Caudate process (CP); Upper for-

ceps is pointing on accessory caudate fissure (vertical) extend-

ing downward from upper border of caudate lobe.

1E: Showing horseshoe shape caudate lobe (CL). 1F: Representing forceps on vertical caudate fissure.
1G: Displaying the caudate notch. 1H: Representing caudate lobe (CL); Papillary process (PP);
Caudate process (CP).

Fig. 1.- C-H: Represents the cadaveric morphology of the liver’s caudate lobe.
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1I: Representing a papillary process with a hook shape (PP).

1J: Here the arrow is on the linguiform process, which covers
the retro hepatic IVC, and the forceps is inserted into the IVC.

Fig. 1.- I-J: Represents the cadaveric morphology of the liver’s caudate lobe.

Table 3. Representing the caudate lobe’s shape-based classification.

PONS HEPATICUS / LINGUIFORM PROCESS NUMBERS OF LIVERS % AGE OF LIVER
COMPLETE 16 16
PARTIAL 42 42
ABSENT 42 42

DISCUSSION

According to Sagoo and colleagues, the
rectangular shape of the caudate lobe was found
in the majority of cases in NWI population livers,
and it was the least common in UKC population
livers. According to the group, 60 % of NWI people
and 80 % of UKC people have a well-developed
caudate process (Sagoo et al., 2018). Wabale
and his co-workers (Chavan and Wabale, 2014)
discovered a notch at the inferior edge of the
caudate lobe in 54% of livers. In 21.4% of the
livers, Michael and colleagues (Gardner et al.,
2019) observed an inferior caudate notch, and
19.6% of the livers had a vertical caudate fissure.
Sarala and her colleagues revealed a notch
separating the caudate lobe from the caudate
process in 31% of livers, and a vertical fissure
extending upward from the inferior border in
30% of instances (Sarala et al., 2015). Chavan and
his colleagues observed no papillary process in
any of their study groups, but many others have
reported a 52% prevalence of papillary process
in the UKC population (Chavan and Wabale, 2014;
Dodds et al.,, 1990; Gardner et al.,, 2019; Sagoo

et al., 2018; Sarala et al., 2015; Sibulesky, 2013).
In addition, Joshi and co-workers discovered a
vertical caudate fissure in 30% of the livers and
notching along the inferior border of the caudate
lobe in 18% of the livers (Joshi et al., 2009). Auh et
al. (1984) also reported variability in the caudate
process in a North American study. According
to Reddy and his colleagues, rectangular shapes
were found in 78.75% of the livers, pear shapes
in 16.25%, and other shapes in one or two livers.
In 35% of the livers, they discovered a vertical
fissure extending upward from the lower border
of the caudate lobe (Reddy et al., 2017). They
also discovered caudate processes in all of the
examined livers, which were of varying thickness.
Aside from that, they discovered a prominent
papillary processin 46.25 % of the cases; papillary
process is very prominent in 18.9 % of the cases
(Reddy et al., 2017; Sahni et al., 2000).

There have also been reports of the presence
of a caudate notch in 18% of livers and a vertical
caudate fissure in 30% of livers (Mamatha et al.,
2014; Saxena et al., 2016). Mittal and his resear-
chers (2021) observed that the caudate lobes had
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a rectangular shape in the majority of these cases,
a pear-shaped caudate lobe with a crack along its
superior border in 2% of cases, and a small cau-
date lobe in 8% of cases. In 8% of the patients, the
researchers identified a significant papillary pro-
cess. Various investigations have also document-
ed the occurrence of rectangular, irregular, pear-
shaped dumbbell-shaped livers, triangular livers,
and pyriform (Contractor et al., 2019; Mittal et al.,
2021; Singh et al., 2017; Syamala et al.,). The pre-
sence of an accessory lobe or caudate lobe dupli-
cation has also been discovered in various reports
(Aktan et al., 2001; Sadanandan and Varghese,
2017). Notches were also found in 50% of the cau-
date lobe of the liver in patients undergoing hepa-
tectomy, according to Kogure et al. (2000). Several
other researchers discovered a hepatic vein in the
caudate notch. As a result, the caudate lobe proper
can be distinguished from the paracaval portion
by using the caudate notch as a landmark, and the
presence of an underlying vein can be identified in
liver resection surgeries involving the caudate lobe
(Gardneret al., 2019; Kogure et al., 2000). Phad and
their group members reported notch and fissures
separating papillary process from rest of caudate
lobe in 2.5% cases. They also observed enlarge
papillary process in 5% cases (Phad et al., 2014).
A fissure separates the papillary process from the
caudate process of the liver, according to Dev et
al. (2014). The papillary process’s continuity with
the caudate lobe and the characteristics of the liv-
er, on the other hand, make it easier to distinguish
between the papillary process and extrahepatic
paracaval mass (Dev et al., 2014). In the majority
of cases, Syamala and colleagues reported papil-
lary process. They recently discovered prominent
papillary process in 27% of cases, with papillary
process being very prominent in 16% of livers. In
one of the caudate lobes of the liver, the shape of
the papillary process is hook-like. On imaging, the
large papillary process can mimic a mass lesion in
the pancreatic head region or enlarge the peripor-
tal lymph node, and it can also mimic a pancreatic
tumour if it extends to the left and the stomach is
displaced to the anterior side (Syamala et al.). In
various other reports, hepatocaval shunt perfor-
mance is also hampered. In the majority of cases,
different research groups observed a linguiform
process (Chaudhari et al., 2017).

The sound knowledge of normal and variation
in anatomy of liver is important. The incidences
of morphological variations of the caudate lobe are
very high, soitis very important for both radiologist
and for surgeons to keep these variations in mind
while making diagnosis to avoid any confusion,
and in planning surgeries for favourable clinical
outcome. In our study, a prominent caudate process
was found in 18% of the livers. The presence of the
caudate process is important to know in order to
avoid diagnostic ambiguity because it can mimic
neoplastic disease on cross-sectional imaging.
The presence of a well-developed caudate process
may obstruct the hanging manoeuvre, which is
performed during major liver resection surgeries
and involves passing the surgical instrument
through the space anterior to the retro-hepatic
IVC. During liver resection surgeries, the presence
of a linguiform process makes the retro hepatic
approach difficult. Due to the linguiform process,
which makesIVC repair difficultin trauma patients,
surgeries are extremely difficult. The shape of
caudate lobe, presence of caudate fissure and
notch, presence of linguiform process, prominent
papillary process and variable caudate process
have been described in detail in the present study,
and it is expected that it would help surgeons in
hepatobiliary surgeries, liver transplant surgeries,
as well as radiologists in proper interpretation of
CT and USG.

CONCLUSION

In the current study, rectangular shapes were
found in 62 percent of caudate lobes, followed by
irregular shapes (18%) and others (20%). However,
we found no evidence of an accessory caudate
lobe or caudate duplication in our research. We
also found a vertical caudate fissure in 52% of the
livers, and a horizontal caudate notch in 11% of
the cases. The current study found a linguiform
process in 58 percent of patients, with varying
degrees of involvement of the retro hepatic IVC.
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Presence of duodenal diverticula in
cadaveric study
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SUMMARY

The duodenal diverticulum is a common entity,
being the second in frequency among digestive
tract and mostly asymptomatic. It could be found
during endoscopic or surgical procedures, making
procedures on the biliary tract more difficult. The
objective of this study is to assess the prevalence
of duodenal diverticula in cadaveric material and
compare findings with the reviewed literature.
An observational descriptive study was carried
out. 70 in-situ and ex-situ duodenum-pancreatic
blocks were dissected from human adult corpses
previously fixed in formaldehyde solution. The
presence of duodenal diverticula was studied
by establishing its prevalence, number, location
in relation to the duodenal parts and edges, and
the relationship with the major duodenal papilla
(MDP).

Regarding the prevalence, 16 (22,8%) duodenal
diverticula were found in the analysed cases.
These predominated in the descending part of the
duodenum (D2). All of them were unique and were
located on the mesenteric edge. Regarding their
relationship with MDP, there was a predominance
of the intradiverticular papilla. The duodenal
diverticulum is a frequent entity and the
prevalence reported in literature is different
within each type of study (cadaveric, ERCP and
CT). Our results evidence the highest prevalence

if compared to other cadaveric studies analysed.
In our study, as well as in the reviewed literature,
duodenal diverticula are mostly located in the D2,
in relation to MDP.

Key words: Duodenal diverticula —

Periampullary diverticula — Duodenal papilla

INTRODUCTION

Duodenal diverticula were initially described in
the 18th century by Chomen (1710) and Morgagni
(1761) as a finding during cadaveric dissections,
without understanding yet their clinical
implications. The first reports on the living were
made after 1912 in the course of surgery and
duodenal radiological examinations (Gru, 1954).

Duodenal diverticula are a frequent entity, being
the second in frequency among the digestive tract.
Their approximate prevalence varies between 5%
and 27% in cadaveric population and through
endoscopic studies, knowing that they are found
in lower proportion when assessed by imaging
studies (Mahajan et al., 2004; Brunicardi et al.,
2010; Acuna et al., 2002).

They are defined as a sacculation composed of
different layers of the duodenal wall that herniate
due to a parietal defect. There are two types:
congenital and acquired.
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Congenital diverticula are evaginations of the
duodenal wall that form during embryologic
development. They are made up of all layers of
duodenum.

Acquired diverticula can arise by traction
(adhesions to other organs) or by propulsion
(parietal weakness on the point of passage of
the vessels and excretory ducts through the
muscular layers). These are the most frequent
and are formed by mucosa and submucosa, being
predisposed to perforation (Valencia, 2014).

They are mostly asymptomatic; when symp-
tomatic, biliopancreatic symptoms are most fre-
quent and are related to their location, represen-
ting a challenge on their diagnosis. Most frequent
complications are: obstructive jaundice, perfora-
tion, duodenal obstruction and digestive bleeding
(Brinucardi et al., 2010; Mathis and Farley, 2007).
Diverticula can be found during endoscopic or
surgical procedures and their presence implies a
more complex procedure, with greater morbidity.

The aim of this study is to search for duodenal
diverticula in cadaveric material, assess their
prevalence and compare our findings with the
reviewed literature.

MATERIAL AND METHODS

An observational descriptive study was carried
out. It consisted in the dissection in-situ and
ex-situ of 70 duodenum-pancreatic blocks
from human adult corpses previously fixed in
formaldehyde solution. The age of corpses was
in the range from sixty-five to seventy-five years
old. Systematically, we dissected the common
biliary duct and any biliary pathologies found
during dissection were excluded from the sample.
We were not able to identify the sex of each of the
samples because we did ex-situ dissections, for
which we were provided just with the duodenum-
pancreatic block. Therefore, our data do not
allow to consider differences between males and
females.

The duodenum was opened longitudinally at its
free edge and the presence of duodenal diverticula
was assessed.

Duodenal diverticula in cadaveric study

We recorded prevalence of duodenal diverticula,
number (single or multiple), location and relation
to duodenal parts and to its edges (mesenteric
or antimesenteric). To assess the location, the
duodenum was divided in four parts as described
by classic authors. We also considered superior
and inferior duodenal flexure (SDF and IDF
respectively).

Location of the major duodenal papilla
(MDP) in relation to the duodenal diverticulum
(Dd) was also recorded, describing two types:
intradiverticular (MDP within the diverticulum)
or juxtadiverticular (MDP near the diverticulum).
Duodenal diverticula not located in the same
duodenal part as the MDP were excluded from

this classification.

The material used to carry out this work was
donated under a written consent to the Deparment
of Anatomy.

RESULTS

We found 16 (22,8%) duodenal diverticula in
the total of analysed cases (Table 1). All of them
were located at the mesenteric edge, mainly in the
descending part of duodenum (D2) (Figs. 1 and 2).

Table 1. Analysed variables and results are expressed as
absolute frequency and percentual relative frequency. D2:
Descending part of duodenum; IDF: Inferior duodenal flex-
ure; D3: Horizontal part of duodenum; D4: Ascending part of
duodenum; MDP: Major duodenal papilla.

VARIABLE N=70
Prevalence 16 (22,8%)
Unique/multiple Unique: 100%
Location:

D2:13 (81,25%)
IDF: 1 (6,25%)
D3:1 (6,25%)
D4:1 (6,25%)

In relation to duodenum

In relation to duodenal edge Mesenteric edge: 100%

Location of MDP in relation to [ntradiverticular: 8 (62%)

diverticula Juxtadiverticular: 5 (38%)

Of the 13 diverticula situated in D2, the MDP was
located in 8 cases (62%) intradiverticular and in 5
(38%) cases juxtadiverticular.
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Figs. 1 and 2.- Duodenum-pancreatic block. Fig. 1A and 2A: Anterior view of the duodenum-pancreatic block. A duodenal diver-
ticulum is observed in the descending part of duodenum and mesenteric edge. Fig. 1B and 2B: Longitudinal opening of duodenum
was made through the antimesenteric edge of the descending part of duodenum. Orifice of duodenal diverticulum and its relation-
ship with major and minor duodenal papilla can be observed. Dd: Duodenal diverticulum; D1: Superior part of duodenum; MDP:
Major duodenal papilla; mDP: Minor duodenal papilla.
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DISCUSSION

Prevalence of duodenal diverticula varies
according to different types of studies (cadaveric,
ERCP and CT), and also in each type of study
(Table 2).

Regarding the prevalence of duodenal
diverticula in corpses (Baldwin, 1911; Boileau,
1935; Ackermann, 1943; Poppel and Jacobson,
1956; Dowdy et al., 1962; Sakthivel et al., 2013),
there are differences in the reviewed literature,
our study showing the highest prevalence.
Considering that prevalence increases with age
(Boileau, 1935; Motta-Ramirez et al., 2010), our
results may be explained because of the age of the
corpses. Cadaveric studies that report the age of
corpses (Baldwin, 1911; Boileau, 1935; Sakthivel
et al., 2013) have a wide age range, including
young subjects. This could explain their lower
prevalence.

The bibliography that studies duodenal
diverticula with ERCP or CT have biggest series,
but also reports different prevalence.

In ERCP, the prevalence described is among
11%-38% (Acunia et al., 2002; Boix et al., 2006;
Ospina Nieto, 2007; Ozogul et al., 2014;). This
method is biased, because it does not evaluate the
entire duodenum, so duodenal diverticula located
distal from MDP may be not reported.

Concerning prevalence observed in CT studies
(Wiesner et al., 2009; Motta-Ramirez et al., 2010;
Rekha et al.,, 2016; Yilmaz et al., 2019), it is lower
than the other types of studies reviewed. This can
be explained because visualization of duodenal
diverticula with CT is difficult, increasing
diagnostic sensitivity with the use of oral and
2014;
Rangan and Thomas Lamont, 2020). However,
using contrast does not assure their visualization
(Stone et al., 1989). Stone et al. (1989) found 10
duodenal diverticula in 14 abdominal CT with
oral and intravenous contrast in patients that had
a previous diagnosis of duodenal diverticula with
upper gastrointestinal barium examination.

intravenous contrast (Esteban et al.,

Inthediscussed literature, most diverticula were
unique (Table 3) and located predominantly in D2
(Table 4), at least half of them being juxtapapillary
(Boileau, 1935; Dowdy et al., 1962; Ozogul et al.,
2014; Rekha et al., 2016).

ERCP studiesdonotassessthe entireduodenum,
so this could be a bias while registering the
presence of unique or multiple diverticulum and
location of diverticula in the duodenum.

Concerning the location of diverticula in relation
to the duodenal edge, both in the literature review
(Rekha et al., 2016; Ackermann, 1943; Sakthivel
et al.,, 2013; Skandalakis, 2013) and in our results,
these were located in the mesenteric edge. Boileau

Table 2. Prevalence of duodenal diverticula. ERCP: Endoscopic retrograde cholangiopancreatography; CT: Computed Tomography.

Type of study Authors (year)
Baldwin (1911)
Boileau (1935)
Ackermann (1943)
Cadaveric
Poppel (1956)
Dowdy (1962)
Sakthivel (2013)
Acuna (2002)
Boix (2006)
ERCP
Ospina (2007)
Ozogul (2014)
Wiesner (2009)
Motta-Ramirez (2010)
CT
Rekha (2016)

Yilmaz (2019)

Ne° Prevalence
105 14 (13,3%)
133 15 (11,3%)
50 11 (22%)
100 4 (4%)

100 10 (10%)
120 5 (4,2%)
100 11 (11%)
400 131 (38%)
508 122 (24,4%)
2327 274 (11,7%)
1010 33(3,3%)
12704 50 (0,5%)
565 47 (8,3%)
2910 157 (5,4%)



et al. (1935) found 1 of the 15 diverticula in the
antimesenteric edge.

Regarding the location of MDP in relation to
duodenal diverticula, we observed in the reviewed
literature that there is a slight predominance of

juxtadiverticular MDP (Acuia et al., 2002; Boix et
al., 2006; Ospina Nieto, 2007; Ozogul et al., 2014;).
In contrast, our study showed a predominance of
MDP located intradiverticularly (Table 1). This
may have clinical implications in procedures that
involve MDP.

Table 3. Unique or multiple diverticula reported in the reviewed literature. ERCP: Endoscopic retrograde cholangiopancreatogra-

phy; CT: Computed Tomography.

Variable Type of study
Cadaveric
Unique/multiple diverticula ERCP
CT

Authors Results (%)
Unique: 93%
Baldwin (1911)
Multiple: 7%
Unique: 72,7%
Ackermann (1943)
Multiple: 27,3%
Unique: 81,8%
Acuna (2002)
Multiple: 18,2%
Unique: 83%
Ospina (2007)

Multiple: 17%

Unique: 86%
Motta-Ramirez (2010)
Multiple: 14%

Unique: 89,3%
Rekha (2016)
Multiple: 10,7%

Table 4. Location of duodenal diverticula. ERCP: Endoscopic retrograde cholangiopancreatography; CT: Computed Tomography.
SDF: Superior duodenal flexure; D2: Descending part of duodenum; IFD: Inferior duodenal flexure; D3: Horizontal part of duode-

num; D4: Ascending part of duodenum.

Type of study Authors

Baldwin (1911)

Boileau (1935)

Cadaveric

Ackermann (1943)

Dowdy (1962)

Sakthivel (2013)

Acuna (2002)
ERCP
Ozogul (2014)

CT Rekha (2016)

N° of diverticula Location

D2: 9 (60%)
D3:5(33,3%)
D4:1 (6,7%)
SDF: 1 (5%)
D2:14 (70%)
IDF: 2 (10%)
D3:3 (15%)
D2:5 (35,7%)
IFD: 1 (7,1%)
D3:5(35,7%)
D4: 3 (21,5%)

15 (14 specimens)

20 (15 specimens)

14 (11 specimens)

10 D2:10 (100%)
D2: 3 (60%)

> D3: 2 (40%)

11 D2:11 (100%)

274 D2: 274 (100%)

D2: 47 (90,4%)
D3:5(9,6%)

52 (47 patients)
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We highlight that we found 2 duodenal diverti-
cula in relation to minor duodenal papilla which
were located on the edge of the diverticulum (Figs.
1B and 2B). Baldwin (1911) also found in 1 spec-
imen 2 diverticula in relation to minor duodenal
papilla.

Asforthelimitations, we were not able toidentify
the sex of each of the samples, and our data do not
allow to consider differences between both sex.
We emphasize that greater series have been made
in living subjects, with the bias that ERCP and CT
have, previously commented.

CONCLUSIONS

Duodenal diverticula are a frequent entity.
Prevalence differs according to different types
of studies (cadaveric, ERCP and CT). Our results
evidence the highest prevalence compared to
cadaveric studies reviewed. In our study, as well as
in the reviewed literature, they are mostly located
in D2 inrelation to MDP, with a similar distribution
of intradiverticular/juxtapapillar MDP.
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SUMMARY

Cerebral vascular anatomical variations are
not uncommon in the human population. Their
prevalence is not exactly known, as most of
them are incidentally diagnosed on angiography
or postmortem dissections. We present a rare
fenestration of the Al segment of the anterior
cerebral artery presenting with a ruptured
saccular aneurysm.

A 42-year-old hypertensive patient presented
unconscious following a ruptured saccular
aneurysm. The computer tomography
angiography showed a fenestration of the right A1
segment of the anterior cerebral artery (ACA). The
medial segment of the A1 was communicating
with the left ACA via the Anterior communicating
artery, while the lateral segment was directly
joining the A2 segment of the same side.
Intraoperatively, the two segments were identified
as separate vascular structures not sharing
adventitia, and of equal caliber. The aneurysm
arising from the bifurcation was clipped. The
patient recovered with no neurological deficits.
Many vascular anomalies like fenestrations and

bifurcations are underdiagnosed, as many of
them remain asymptomatic and are discovered
incidentally on postmortem dissection or
angiography for other pathologies. This has led
to a paucity of cases to determine the prevalence
in the human population. Good knowledge of
the vascular anatomy variations and associated
risk of aneurysm is important for the vascular
neurosurgeons.

Keywords: Anterior cerebral
Fenestration — Bifurcation — Anatomical variants
— Vascular anatomy

artery -

INTRODUCTION

Many different vascular anomalies have been
described in the brain, some of which can be found
in the arteries that form the circle of Willis and are
related to congenital disorders (Enyedi et al., 2021;
Dumitrescu et al., 2021). One of these rare variants
is fenestration, or partial duplication.
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Fenestrations, according to the literature, are
more frequent in the posterior circulation (Nyasa et
al.,2021; Tanaka, 2017). Theyare usually silentand
asymptomatic, and as a result are most commonly
discovered incidentally on cadaver dissections and
angiography for other pathologies (Fredon et al.,
2021; Krystkiewicz et al., 2021). Fenestration, or
partial duplication of the anterior cerebral artery,
is almost always accompanied by the presence of
an aneurysm. Fenestrations have been described
in the Al segment of the anterior cerebral
artery, although the most frequently affected
segment of the anterior circulation is the Anterior
communicating artery (Acom) (Mamadaliev et
al., 2019; Trandafilovic et al., 2021). As with all
other vascular disorders, cerebral angiography is
invaluable in their accurate diagnosis (Mahajan et
al., 2020).

The incidence of arterial fenestrations in the
brain ranges from 0.3% to 0.9% in angiography
and 0.14% in cadaver dissections, according to
the literature (Guo et al., 2018; Igbal, 2013). Its
prevalence in the A1l region is 0-4%, as described
in anatomical studies, and 0.058%, as described
in angiographic studies (Makowicz et al., 2013).
The distal A1 segment is described as the most
frequently associated with fenestrations in
dissections of cadavers. Various theories have

been reported to explain the association between
aneurysms and fenestrations, including: Vascular
wall weakness (Iwabuchi et al., 2018), and failure
of fusion of the plexiform multi-channel network
of vessels that develop into major arteries during
fetal life (Krystkiewicz et al., 2021; Kwon et al.,
2013; Mahajan et al., 2020; Makowicz et al., 2013).

In this article, we present a case of a rare Al
fenestration terminating in the A2 segment with
a proximal saccular aneurysm. To the best of
our knowledge, this type of fenestration has been
described once in a cadaver dissection without
an associated aneurysm. The case report below is
presented according to the CARE checklist.

CASE DESCRIPTION

A 42-year-old female patient presented to
the emergency department with sudden loss of
consciousness following a severe headache. She
was a known hypertensive on medication, with a
history of recurrent headaches. On examination,
her GCS was 9, BP 165/100mmHg. She had left
hemiparesis. An urgent CT showed intracerebral
and intraventricular hemorrhage with no midline
shift (Fig. 1A). CTA showed a fenestrated left Al
with a saccular aneurysm at the proximal end of
the fenestration (Fig. 1B).

Fig. 1.- A- Preoperative CT brain showing a right frontal intracerebral hematoma (blue arrow) and Fischer grade 4 subarachnoid
hemorrhage. B- Preoperative CTA shows a fenestrated right A1 connecting to the right A2 (blue arrow) with a saccular aneurysm

(black arrow) arising from the origin of the fenestration.



The patientwasstabilized intheintensive care unit
for 48 hours. On the second day post admission, she
underwent aneurysm clipping. Intraoperatively,
the partial duplication of the right A1 was visualized
(Fig. 2A) with an aneurysm arising at the origin of
the partial duplication (Fig. 2B).

The aneurysm was successfully clipped with no
intraoperative complications (Fig. 2C).

The post-operative period was uneventful, and
the patient was discharged on the fourteenth
day post-operative with no neurological deficit.
At 3-month follow-up, the patient remained
asymptomatic without any restriction to daily
activities.

There were no diagnostic challenges faced in
this patient, as the neuroimaging performed was
adequate.

Endovascular services at the time the patient
presented were not available at the institution.
As a result, an endovascular approach was not an
option.

DISCUSSION

Thomas Willis in 1664 described the complete
cerebral vascular circuit, the so-called circle of
Willis, and described it as a network of arterial
vascular anastomosis, located at the base of the
skull (Nyasa et al., 2021; Dumitrescu et al., 2021).

The cerebral arterial circulation is divided
into an anterior and posterior system. The
anterior circulation includes the internal carotid

arteries, which give rise to the anterior cerebral
arteries, which are connected via the anterior
communicating artery, and the middle cerebral
arteries. The posterior circulation includes the
paired vertebral arteries, which merge giving
rise to the basilar artery. The basilar artery gives
rise to the anteroinferior and superior cerebellar
arteries, and the posterior cerebral arteries
(Tanaka, 2017). The posteroinferior cerebellar
arteries arise directly from the vertebral arteries
before they form the basilar artery. The anterior
and posterior systems communicate through the
posterior communicating arteries (Makowicz et
al., 2013).

The anterior cerebral artery (ACA) presents both
clinically significant and incidental variations
in its anatomy. Previous studies have found a
significant difference in the prevalence of these
anatomical variants amongst different ethnic
groups (Jiménez Sosa et al., 2017).

A study by Makowicz et al. (2013) revealed that
the presence of these atypical variants of cerebral
vessels is associated with an increased risk of
ischemic event and/or aneurysm formation. The
typical complete variant of ACA is seen in only 30-
57 % of the population (Lopez-Sala et al., 2020).

Almost all the variants of ACA and its branches
have been described in the literature. Several
authors have classified variants of ACA and its
branches: Al, Acom, and A2 (Jiménez Sosa et al.,
2017; Kayembe et al.,1984). Some of the described
variants are illustrated in Fig. 3. We have added

Fig. 2.- A- Intraoperative exposure of the A1l segment after placement of temporary clip (black arrow). Notice the abnormal
bifurcation of A1 (blue arrow). B- The saccular aneurysm (black arrow) seen arising posteriorly at the A bifurcation. C- Shows the
view after aneurysm clipping with the 2 branches of A1 clearly visible.
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the variant described in this case report: i.e., Al-
A2 fenestration.

in the ACA include:
in caliber (Hypoplasia), complete
(aplasia), the artery with
different and independent origin (Duplication,
triplication),
when vessels duplicate forming two channels
corresponding to a single path, with each channel
having its own endothelium and tunica media but
possibly sharing the tunica adventitia and, most
importantly, reuniting distally (Lopez-Sala et al.,
2020). Fenestration is also referred to as partial
duplication (Guo et al., 2018).

The variations seen
reduction
absence same

and fenestration, which occurs

A duplication occurs with two distinct arteries
with separate origin that do not converge distally.
[t is most often seen in MCA variants. Duplication
of A1 segment of ACA occurs in up to 4% of normal
subjects in cadaveric studies (Perlmutter and
Rhoton, 1976). ACA Trifurcation is the occurrence
of 3 segments and prevalence in A2 with the third
branch arising from Acom in 2-13% of cases.
Hypoplasia of ACA and Aplasia both account for
31.2% and 10.6% respectively (Lopez-Sala et al.,
2020; Makowicz et al., 2013).

We describe a relatively rare variant of ACA,
complete fenestration or partial bifurcation of the
right A1l. The term bifurcation is used cautiously
instead of fenestration, as the two segments did
not share an adventitia and connected to the A2
segment, as opposed to the classic fenestration,
which merges with the same arterial segment and
shares an adventitia.

Fenestration of the right A1 resulted in two
separate A1 branches, a medial and lateral
segment, with the medial segment connecting to
the left A2 via the Acom and the lateral segment
directly connecting into the A2 on the same
side. Sonda and Basso (2015) reported a similar
type of partial bifurcation of Al in a cadaveric
dissection, but in their case it was associated
with a duplication of Acom. The association of
fenestration with aneurysms has been described
in literature. Makowicz et al. (2013) attribute this
to a focal smooth muscle defect in arterial intima
media at a bifurcation site, a so-called “medial”
defect. This, in addition to hemodynamic
turbulences at the bifurcation site, increases
the risk of aneurysm formation and subsequent
rapture.

Fig. 3.- Pictural presentation of the many anatomical variations of the Anterior Cerebral Arteries (ACA). They have been grouped

into A1, ACom, and A2 (Drawings by Dr. Musa Gerald).



Many cases of fenestrations are asymptomatic
and go undiagnosed. Our patient presented with a
raptured saccular aneurysm, which was managed
with standard microsurgical techniques with very
good neurological outcome.

CONCLUSION

Many vascular anomalies like fenestrations
and bifurcations are underdiagnosed, as many of
them remain asymptomatic and are discovered
incidentally on postmortem dissection or
angiography for other pathologies. This has led to
paucity of cases to determine the prevalence in the
human population. A good knowledge of the vascular
anatomy variations and associated risk of aneurysm
is important for the vascular neurosurgeons.
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SUMMARY

Active learning strategies were gradually
implemented in the veterinary anatomy course
at the University of Antioquia. In the cohort of
the second semester of 2018, in the first module
(musculoskeletal system), we used the traditional
methodology (master classes both in theory and
in practice), and active teaching strategies were
used in the rest of the course. Faculty perceived
some dissatisfaction among the students with
this change. The objective of this work was to
understand the perceptions of students and
teachers about the traditional and active didactic
strategies of the course, during this academic
period through semi-structured
and focus group. The students perceived the
combination of traditional learning strategies
with active strategies as ideal. The traditional
approach seems more comfortable to them,
because the teacher provides all the information.
However, they saw rote learning and the large
amount of information as a disadvantage. They
perceived that formative assessment allows for
the consolidation of knowledge. The teachers
highlighted the importance of using several

interviews

methods that allow for adapting to the different
learning styles of the students. In addition, they
considered that their role is to guide students
so that, through analysis, interpretation and
research processes, they learn to build their
knowledge. We conclude that students are highly
dependent on traditional learning strategies, so it
isnecessaryto stimulate the use of tools supported
by constructivism. Also, more administrative
support should be given for faculty to have the
training and enough paid time for the preparation
and application of active learning strategies.

Keywords: Veterinary anatomy — Traditional
class —Anatomy education — Active methodologies
— Teaching strategies

INTRODUCTION

The new educational approaches that are based
on active learning theories and outcomes have
generated the need to implement new pedagogical
practices that allow for a deeper understanding
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of veterinary anatomy, where students put
into practice their knowledge and skills to
solve anatomical problems (Van Ginneken and
Vanthournout, 2005). Active learning methods
based on constructivist strategies outperform
passive strategies, at least in the initial stage
of learning (Kooloos et al., 2020), making them
effective learning tools for teaching veterinary
medicine (Diamond et al., 2020). Active learning
methods include all the learning activities that
engage students in the educative process and
that make them reflect continuously about their
learning (Bonwell and Eison, 1991), which allows
the development of higher order abilities in the
students, increase retention of knowledge and
enable better performance in tests (Bristol et al.,
2019). On the other side, traditional strategies
include all the activities in which the student is
a passive receptor of the knowledge, while the
teacher has the active role in the teaching and
learning process (Vitorino et al., 2020).

The Veterinary Anatomy course at the Faculty of
Agrarian Sciences of the University of Antioquia
has a systemic approach, with a simultaneous
study of the comparative anatomy of domestic
animals (canines, equines, swine and ruminants).
The teaching and learning process has historically
been characterized by the use of a traditional
approach. However, as of the 2015 curricular
reform, other teaching strategies began to be
gradually introduced, since the new curricular
guidelines are based on outcomes and are based
on active learning.

During the second academic semester of 2018,
active learning methodologies were implemented
with greater intensity in all modules, except for
the first module (locomotor system), in which only
the traditional methodology was used, consisting
in lectures and demonstrative explanations in
practical sessions (Fig. 1). During this period, some
of the students expressed certain dissatisfaction
with the strategies used, since they were adapted
to traditional methodologies in which the student
does not challenge himself to have an active
attitude during learning.

Within the teaching methodologies supported
by the active learning tools, the following were
included: the reviewing of a reading material
by the students prior to the class, elaboration of
concept maps in small groups of students, briefing
sessions (Lachman and Pawlina, 2015), formative
assessment and dissection —the latter because
it allows the students to integrate knowledge, to
solve problems and to develop logical thinking
through doing (Cake, 2006).

In addition, at the end of each class session,
feedback was given to the students, with the help
of the results of the formative assessment. Also,
teachers presented the learning objectives at the
beginning of each module, so the students could
be clear about what is intended for them to learn.

In order to change the rote memory approach,
activities of formative assessment were set up.
Students were allowed to review the results of
the quiz, study and present them again, until
obtaining clarity in the anatomical concepts

1.  Lecture in the classroom * Theoretical evaluation in the classroom 0
2. Practical sessions in the based on multiple choice questions and
Traditional . .
thodol = laboratory directed by the open questions
methedology teacher with a descriptive * Practical evaluation in the laboratory based
approach on the recognition of structures
Teaching strategies in the
veterinary anatomy course -
1 Introductory readings ~
2. Socialization of learning objectives ) )
3 Briefi . * Formative evaluation
Active : rieting .SESSIOHS * Teacher feedback
. 4 Preparation of concept maps ) ) R
methodologies . N . * Theoretical-practical evaluation
5 Self-directed practical sessions in ) L
. . focused on learning objectives
the laboratory with an applied Y,

approach

Fig. 1.- Flow chart showing the teaching strategies and assessment tools used in the course.
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through constant feedback from the teacher. The
partial exams were replaced by an evaluation
focused on learning objectives and theoretical-
practical questions (objective structured practical
evaluation -OSPE- type) with 3 minutes for the
resolution of the questions (Yaqginuddin et al.,
2013), and the implementation of extended
matching items was part of the changes.

During the practical sessions, students were
asked to search the structures that were related to
the topics addressed during the theoretical class
in the cadavers and other anatomical specimens,
making use ofanatomy texts and a study guide. The
teacher guided the students in the identification
of the structures when there are difficulties or
doubts in the recognition. Finally, a review of
the structures was carried out on the cadaver, in
which students and teachers participated at the
same time, relating each structure to its specific
function.

In order to inquire the students and teachers’
interpretations regarding the new methodologies,
it was proposed to understand the perceptions
of students and teachers about the didactic
strategies of the veterinary anatomy course of the
Faculty of Agricultural Sciences during the second
academic period of 2018.

MATERIALS AND METHODS

Qualitative descriptive research oriented in
the hermeneutical paradigm for understanding
the perceptions about the didactic strategies
of the veterinary anatomy course was carried
out with a group of students and teachers of
the undergraduate veterinary medicine of the
University of Antioquia. This study was approved
by the Bioethics committee of the Faculty of
Medicine, University of Antioquia.

The potential participants were 52 students who
took the Veterinary Anatomy course during the
second academic semester of 2018 and 5 teachers.
A call was made via email to all students, inviting
them to participate in the research on a voluntary
basis, they were made aware of the dynamics of
the research and the objectives of the project. The
sample was intentionally non-probabilistic based
on the interest of the researcher. The inclusion

criterion was to have finished the course during
the indicated academic period and the exclusion
criterion was to be a repeating student. Semi-
structured interviews and a focus group were
carried out. Of the total population, 13 students
were interviewed (25%). The number of students
was determined according to the concept of
theoretical saturation, that is, the point at which
data collection and information analysis did not
generate new information (Victoroff and Hogan,
2006). The focus group was carried out with 3
students (5.8%).

Three of the teachers (60%) voluntarily partici-
pated in this research. The principal investigator
(RBM) was excluded from the interviews to avoid
bias.

All participants filled out the informed consent
form endorsed by the Bioethics committee of the
Faculty of Medicine, University of Antioquia. There
was no financial remuneration for participation
in this study.

The interviews were conducted by a veterinary
medicine student with knowledge in qualitative
research (SQZ), who was previously trained by
one of the research advisors (NCM, Magister in
higher education in health with experience in
qualitative studies). The training was focused
on theoretical and practical aspects of the semi-
structured interview.

At the beginning of the interviews, each
participant was
objectives, the definition of perception and
a contextualization related to the learning
strategies used, where the traditional didactic
strategy was called methodology 1 and the
active methodological strategies were called
methodology 2. All interviews and the focus group
were duly recorded.

informed of the research

After collecting the information, each interview
was transcribed verbatim in Microsoft Word. Each
participant was assigned a code in order to protect
his/her identity. Using the Atlas.ti version 7.5.4
program, the information collected was analyzed
to categorize the perceptions of the participants
from three pre-established categories: traditional
method, active method and perception. The pre-
established categories were defined based on

Ricardo A. Barreto-Mejia et al.

91



Perceptions of teaching in veterinary anatomy

the literature review. An open categorization was RESULTS
carried out, from which new categories emerged
that made possible to deepen the understanding of
perceptions. Finally, the results were triangulated
by comparing the data from the interviews of the
students and teachers, the focus group, and the
scientific literature (Fig. 2).

The data obtained shows that, although students
had a greater predilection for the use of the
traditional learning methodology, it seemed ideal
for them to learn in a veterinary anatomy course
that also alternates the use of active strategies.
Similarly, teachers stated that anatomy teaching

The validity of this research is supported by should use various methods that allow adapting to
the textual transcription of each interview and the different learning styles of students.
the exhaustive categorization and triangulation
of the information from the collected data and
documents from the scientific literature.

Regarding traditional teaching, four main
categorieswereidentified:lectures, memorization,

Fig. 2.- Flow chart showing the collection and analysis of the information.
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density of the topics and assessment. Lectures
were valued positively; in general, the students
expressed that this is a learning strategy that
allows for the explanation of detailed theoretical
aspects of a structure or a topic in depth. In
addition, they considered that it is comfortable,
since the teacher provides all the necessary
information. However, they considered rote
learning, the amount of information handled in
the development of the lecture and the assessment
to be the main drawbacks in this methodology.

For teachers, lectures allowed for a good
handling of the information, because it makes
possible to present a topic in an orderly manner,
it provides quick information to the student and
it allows for the presentation of concepts that
may be complex for the student. However, it is an
unattractive teaching methodology, in which the
learner becomes a very passive individual and
gets used to being given facts without the need
to do any learning effort. They stated that it is
one of the most frequently used methodological
strategies, but it is necessary to select its content
and make appropriate use of it, since students
lose their attention when a lecture becomes too
extensive. Teachers also considered thematic
density to be one of the main difficulties of
lectures. Related to active learning strategies, in
the open categorization of student interviews,
four main categories emerged: formative
assessment, concept maps, briefing sessions,
and clarity of concepts. The students considered
that the formative assessment allowed them to
consolidate their knowledge or reinforce concepts
not yet understood.

Regarding the concept maps, this tool was
identified as favorable for the learning process,
although there were some negative comments
related to the time given for the completion of
the task (approximately 20 minutes), difficulties
in relation to team work and, finally, a personal
factor related to the learning style (one student
that thought that in this way he does not learn).

Briefing sessions were also evaluated positively,
since they tended to give context to the anatomy by
integrating anatomical knowledge with common
basic clinical aspects of veterinary medical
practice. Finally, in this type of strategy, the lack of

understanding of anatomical concepts stood out
as the main difficulty, since the students felt that
the teacher did not offer them a theoretical class
as such. Although most students considered that
active strategies are based on the construction of
knowledge autonomously, the general perception
is that with the traditional method they obtained
greater learning.

Teachers considered that the implementation
of new didactic strategies other than lectures
requires adequate training in pedagogical aspects
and that experience is a fundamental aspect for
the proper development of these methodologies.
They also mentioned that it helps arouse student
interest. They considered that when teaching
strategies have specific learning objectives, the
student is clear about what to learn and what
can be assessed. Explicit learning objectives
also guide the teacher in the teaching (content
prioritization) and assessment process. Teachers
believed that it was satisfactory to work with these
teaching and learning strategies, and considered
that their role is to act as a guide so that students,
through a process of analysis, interpretation
and research, learn to build their knowledge.
However, they stated that the time required for
the implementation of active learning strategies
is one of the most challenging aspects. Although
the opinion of the teachers about the briefing
sessions agrees with that reported by the students,
they highlighted that the strategy is difficult to
elaborate.

DISCUSSION

In this study we analyzed the perception of
studentsand teachersaboutthe didactic strategies
that were used during the second academic period
of 2018 in the veterinary anatomy course of the
Faculty of Agrarian Sciences of the University of
Antioquia.

The preference of students for the traditional
didactic strategies are in accordance with a
previous study in which a large part of students
perceived that they learn better with lectures than
with teaching activities based on active learning
(Vitorino et al., 2020), although constructivism-
based learning methods have been shown to
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improve student performance on short-term
exams compared to traditional teaching methods
(McGreevy and Church, 2020; Michael, 2006).
In addition, it has been observed that students
give less educational value to teaching strategies
that generate anxiety and some active learning
techniques tend to generate more anxiety than
lectures (Hood et al., 2020), and a perception of
increased workload (Silverthorn, 2020). However,
other studies have shown that active learning
strategies improved student satisfaction with
positive effects on student learning (Dooley et
al., 2018; Keegan et al., 2012; Monahan and Yew,
2002). Anatomy students perceived team-based
learning as a more rewarding and enjoyable
learning strategy than regular lectures-based
teaching (Inuwa, 2012; Ozkadif and Ekencastn,
2012).

The reasons that support the predilection of
traditional methodologies for learning anatomy
could be related to the limited experience and
pedagogical training of the teachers in charge
of the course in the implementation of active
methodological strategies (Morzinski, 2005;
Moore et al., 2002).

Students have a resistance to change to new
learning methods, even more when traditional
teaching approaches are the main strategy used
in primary and middle education (Schwerdt
and Wuppermann, 2011). Lectures are the most
frequently used methodology in the teaching
of students in higher education (Schmidt et al.,
2015) and, in the case of veterinary anatomy, this
approach prevails today (Ozkadif and Ekencastn,
2012). Student resistance to new teaching
methods is one of the challenges when trying to
migrate from a traditional to a student-centered
teaching model (Silverthorn, 2020). It is necessary
that students take greater responsibility in their
learning process, however, some of them decide
to assume a passive role (Bohaty et al., 2016).

Regarding the benefits of multimodal teaching
for different learning styles perceived by teachers
in this study is consistent with Hauer and Quill
(2011),whostatedthatseveralteachingapproaches
facilitate the achievement of knowledge, skills
and attitudes in students. In addition, when
veterinary anatomy students combined various

study methods, they obtained better academic
performance (Ward and Walker, 2008), and when
lectures were used in conjunction with active
learning strategies, students paid greaterattention
to classes (Bunce et al., 2010). Likewise, medical
students considered that learning was carried
out actively with group interactions with the use
of a multimodal teaching strategy for learning
anatomy (structured practical sessions) (Akeel,
2021). This author highlighted the importance of
incorporating multimodal teaching strategies in
contemporary curricula, since these adapt more
easily to the learning styles of students (Edgell,
2011) and help to maintain student interest
(McGreevy and Church, 2020).

In contrast, the perceptions of the students are
immersed in a dependence on traditional learning
methods. All this supports the idea of continuing
on focusing the teaching of veterinary anatomy
through a great variety of didactic strategies
that promote the autonomy of the student in the
acquisition of their knowledge (Sugand et al.,,
2010; Dooley et al. 2018).

Among the main difficulties perceived by
students about the traditional strategies, learning
by rote stands out, in accordance with what has
been reported in other studies, which reported
that the main method for the appropriation of
anatomical terminology is memorization (Santos-
Treto et al.,2010; Ortiz and Merchan, 2012),
mainly because they are required to reproduce
verbatim in assessments (Ortiz and Merchan,
2012). Memory learning hinders long-term
retention process, much more when functional
and practical relationships with veterinary
practice that provide context and application
are not established (Ward and Walker, 2008).
Learning by rote has been related with negative
aspects in academic performance in contrast
with deep learning approaches (Ward and Walker,
2008; Castanieda, 2015). Therefore, we highlight
the need for implementing different teaching
strategies in veterinary anatomy courses to
stimulate deep learning approaches that are
related to the understanding of information and
long-term learning.

Formative assessment without a rote memori-
zation approach helps to reduce the tension and



stress of the students. The fact that the teachers
keep learning objectives in mind, allows assess-
ment methods to remain aligned with the teaching
strategies (Biggs and Tang, 2015). Our positive
students’ perceptions on formative assessment
are in accordance with Bhattacharjee (2020), who
reported the creation of formative evaluation
strategies in veterinary anatomy course through
the use of social networks. Formative assessment
allows the teacher to know the difficulties in stu-
dent learning or the objectives not yet reached
(Ruze et al., 2020).

The negative opinions of the students regarding
the use of concept maps agree with the study
reported by Diwakaretal. (2007), due to the limited
time for its elaboration and the predilection for
individual work. Sufficient time (on average 3
hours) is required for the process to develop in an
analytical and conscientious way to obtain quality
results and favor meaningful learning (Diwakar et
al., 2007).

In accordance to Vitorino et al. (2020), the lack of
comprehension of the anatomical concepts when
active strategies were used could be attributed to a
high dependence on learning through traditional
methods, due to a difficulty in recognizing the key
concepts in content.

The positive perception of the use of the briefing
sessions for both students and teachers lies in
the benefit of giving context to the anatomical
knowledge by the integration with common
basic clinical aspects of veterinary medical
practice. Veterinary anatomy students have
considered the necessity to implement clinical
aspects as a teaching strategy (Kiiciikaslan et
al.,, 2019). Briefing sessions seek to develop
clinical reasoning skills in students through
clear objectives based on the understanding
of basic anatomical concepts, reflection and
critical thinking (Lachman and Pawlina, 2015).
Veterinary medicine students need to develop
higher-order skills such as reflection and critical
thinking from the most basic courses, such as
anatomy, to achieve a deeper learning (Bohaty et
al., 2016; Kim et al., 2013).

Finally, although the purpose of the focus
group was to expand the amount of information

collected to ensure better understanding of the
topic, the number of participants could limit
the discussion regarding the perceptions of the
students and the possibility of obtaining more
significant information in terms of diversity and
quality that could be of interest for the study.
For Mishra (2016), although focus groups with
only three participants can be successfully
implemented, there is a risk of having a limited
discussion. Otherwise, having large focus groups
could interfere with the amount of information
collected.

CONCLUSION

We conclude that students are highly dependent
on traditional teaching strategies for learning
anatomy, which makes necessary to diversify the
teaching strategies that allow for the adaptation
to the different learning styles of the students.
This would help to stimulate the development of
autonomy in students so that they can assume
a true commitment in their learning process;
motivation to seek information in a variety of
literature sources, even beyond those reported by
the teacher; inquiry and discussion among peers,
so that the acquisition of knowledge becomes a
construction rather than a one-way transmission.

Likewise, this research showed the importance
of reflection about pedagogical and curricular
aspects by teachers, implementing new didactic
strategies in order to strengthen the teaching
and learning process. This endeavor must be
supported by an administrative commitment
focused on the implementation of policies that
strengthen pedagogical training programs and
including extra hours for preparation of classes in
the work plans.

Study limitations

Fromthe methodology proposedinthisresearch,
it was thought to carry out 3 focus groups to have a
better understanding of the studied phenomenon.
However, due to the quarantine decreed by the
National Government of Colombia since March
2020 for the Covid-19 pandemic, a single focus
group could be carried out. It was not possible to
interview the teachers who taught the traditional
methodology due to time constraints. It would
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have been interesting to know their position on
traditional and active teaching strategies. In this
study, the perceptions of a group of students
and teachers about the didactic strategies of the
veterinary anatomy course at the University of
Antioquia were assessed, so it is necessary to
take precautions when generalizing the results.
Not all teachers had the same level of training
in teaching and assessment strategies related to
active modalities.
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SUMMARY

The use of e-assessment has increased in
higher education over the last two decades, which
means that medical teachers are required to work
by adapting to the increasing usage of technology.
Because of the automated marking and feedback,
online tests are viewed as highly efficient, fast,
and reliable. The online assessment was not used
for formative/summative assessment except in
fewer renowned institutions in our country. But
it had increased recently in all educational setups
because of the COVID-19 pandemic. This study
aims to know the perception of preclinical faculty
on the advantages and disadvantages of using
online internal assessment when compared to
the traditional method. A cross-sectional survey
was done using Google form with standard and
validated questionnaires with Likert scale scoring
(1- strongly disagree, 2- disagree, 3- neutral,
4- agree, and 5- strongly agree) for preclinical
medical faculty to assess their perception of
online vs traditional assessment method. The
result was analyzed by descriptive statistics. Out
of 45 responses, only 50% were competent

to handle the online assessment, but the other
50% were confident though not competent due to
lack of training. 96% of faculty agreed that paper
correction load is reduced in online aptitude
tests. But nearly 40% agreed that aptitude tests
can assess only the student’s knowledge in the
cognitive domain. In our study, we found that
not all the faculty preferred to switch from the
conventional method. However, they show their
willingness to adopt a blended teaching and
assessment method.

Keywords: Online assessment — Traditional
assessment — ICT — Google form survey

INTRODUCTION

In this digital era, several changes are emerging
in education, because technology is being used in
human activities other than education. The need
for technology integration in education becomes
the core factor of quality education. Computer
Assisted Learning/ Teaching/Instruction/Assess-
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ment, e-learning, e-assessment, online/virtual
learning environment, education apps, and Al in
education have emerged steadily (Zafar and Hu-
ssain, 2020). In addition, the delivery method
in online learning environments also allows for
opportunities in assessment which are unique to
this type of learning environment (Baleni, 2015).
The use of e-assessment/online tests has in-
creased in education over the last 20 years. This
is due to decreased resources for teaching and
increased student numbers, meaning that aca-
demics are required to do more with less while
adapting to the increasing usage of technology
in teaching (Nicol, 2007; Donelly, 2014). The po-
tential of technology has been employed to bene-
fit the challenge of heavy academic workloads in
teaching and for assessment, with the use of e-as-
sessment providing a way to avoid disjunction
between teaching and assessment modes (Gipps,
2005). In other words, the growth in the use of In-
formation and communication technology (ICT)
as a teaching mode necessitates their growth as
a mode of assessment. Because of the automa-
ted grading and instant feedback, online tests are
viewed as highly efficient, fast, and reliable, ma-
king them useful where large numbers of learners
are concerned (Bakerson and Rodriguez-Campos,
2006); online tests specifically ask for computer-
assisted assessment where the deployment and
marking are automated (Davies, 2010). Online
tests have been used within learning management
systems (LMS) either purely online or in mixed-
mode delivery extensively during Covid-19 lock-
down time to medical students in our institution.
So, it is important to know the faculty’s views re-
garding changes in educational techniques, and
it should be taken into serious consideration to
ensure a smooth and successful transition, which
was the aim of our study. Because their percep-
tions remain critical, technological measures ta-
ken to solve problems in education may end up as
substandard solutions.

MATERIALS AND METHODS

The study subjects of this project were
preclinical medical faculty in our institution. It
was a cross-sectional type of study. It was done
for the duration of 1 month from the date of

Institute Human Ethical Committee approval
by the volunteer recruitment process. The
online Google form survey questionnaire was
distributed to all 60 preclinical medical faculty
of our university(Anatomy, 22; Physiology, 20;
Biochemistry, 18), and the data were obtained.
A universal sampling method was used and
whoever responded to the questionnaire within
the duration of the study project was taken as a
study sample.

This study’s purpose was explained in detail
to the study participants at the beginning of
the questionnaire. A set of valid questionnaires
used earlier by Baleni (2015) was used in this
survey with modifications, and the newly added
questions were validated by face validation,
peers and subject expert validation. The survey
questions were grouped under two categories: 1)
Demographic details and 2) Perception of faculty
on the advantages and disadvantages of online
assessment compared to the traditional method.
Pre-defined questions were asked to know their
experience in handling online assessments and
the type of training they underwent to handle
it. Close-ended questionnaire (15) was scored
by the Likert scale ranging from Strongly Agree
(SA), Agree (A), Not Sure (NS), and Disagree (DA)
to Strongly Disagree (SDA) using the descriptive
and inferential statistics. Advantages of online
assessment were assessed in Q. No. 1,3,4,5 & 7.
Disadvantagesofonline assessmentwere assessed
in Q. No. 2,6,8,12,13 & 14. Perception of faculty
in handling newer technology was assessed in
Q. No. 9,10,11 & 15. The anonymity of the faculty
and the confidentiality of the results were strictly
maintained. All data were entered into an online
Google form questionnaire sheet and then into an
Excel spreadsheet (MS Excel 2011).

RESULTS

At the end of the one month, out of 60 preclinical
faculty members, 45 (Anatomy- 20, Physiology- 15
and Biochemistry-10)i.e., 75%, gave their consent
and responded to both predefined and close-
ended questions. Out of 45 responses, only 35
faculty members had disclosed their age, ranging
from 28-52 years. There was equal participation
from both male and female faculty. There was



equal participation of faculty from tutors to
professors in all 3 preclinical departments
(Professor, 7; Associate Professor, 14; Assistant
Professor, 17; and Tutor, 7). Participation ranged
from junior faculty with less than one year of
experience in teaching to senior faculty who had
more than 20 years of experience.

Experience and training to conduct online
assessments

Pre-defined questions were asked to know their
experience in handling online assessments and
the type of training they underwent to handle
them, and out of 45 responses 98% of faculty
agreed that they had experience in conducting/
handling a minimum of 3 online tests. 50% of
faculty mentioned attending various Faculty
Development Programs (FDP). 63% felt that they
need to have a trial assessment (Table 1).

Table 1. Questions for experience and training to conduct
online assessment.

No Questions YES NO

1. Conduc.ted/handled a minimum 98% 2%
of 3 online tests

2. Rece}ved any fo.rrnal tra1p1ng in 50% 50%
medical education practices

3. Competent to har}dle the newer 50% 50%
technology first time
Is the online trial test comfortable

4. in handling the newer 63% 37%

technology?

Advantages of online assessment

Q. No. 1, 3, 4, 6 and 7 stated the advantages of
online assessment and 40.7% of faculty have
positively responded (A and SA) to reduced
paper correction load and grading the paper
was easy in aptitude test by 96.1% of faculty.
33.4% of faculty were feeling comfortable using
online assessments. 74.1% of faculty agreed that
constructive and immediate feedback is possible
(Table 2).

Table 2. Advantages of Online assessment.

Likert Scale Scoring
No Questionnaires

SA A NS DA SDA

Online assessment
1. | paper correction 7.4
load reduced

33.3 222 371 -

2. | Easy for Aptitude test  40.7  55.6 3.7 - -

3. Time is reduced in 74 407

grading the online test 22.2129.6 | 7.4

4 Comfortable to use 38

. 29.6
online assessment

259 29.6 11.1
Timely, constructive
and personalized
feedback can moti-
vate the students

148 593 185 39 3.5

SA- Strongly Agree, A- Agree, NS- Neutral, DA-Disagree,
SDA-Strongly Disagree

Disadvantages of online assessment

Q.No.2,6,8,12,13and14stated thedisadvantages
of online assessment over traditional methods,
like difficulty to download and correcting essay
questions. 62.9% agreed to it and 88.9% agreed
that they lacked personal connection with students
during the online assessment. 40.7% of faculty
agreed that online assessment can test only the
knowledge component in the cognitive domain,
that the major disadvantage was cheating, and that
more time is required by the faculty to develop a
standard online test — this was agreed by nearly 95-
98% of faculty (Table 3).

Table 3. Disadvantages of Online assessment.

Likert Scale Scoring
No Questionnaires

SA A NS DA SDA

Challenging to grade

. 148 481 7.5
essay questions

29.6 -
Students have taken

2 | preparation for on- - -
line tests seriously

111 70.4 185

Lack of Personal

3 | connection with 185 704 3.7 7.4 -

students

4 Assessonlylow- 3.7 37 296 296 -
er-order thinking
Cheating is a major

5 | drawback in online 59.3  40.7 - - -

assessment

Additional time is
6 required to design
quality test items

48.1 481 3.8 - -

SA- Strongly Agree, A- Agree, NS- Neutral, DA-Disagree,
SDA-Strongly Disagree
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Perception of faculty in handling newer
technology

Q.No0.9,10,11 & 15 concerned the perception of
pre-clinical faculty on the reliability of the newer
technology and also the willingness to update and
adapt to the new digital world. Only 11% of faculty
agreed on the reliability of the newer technology.
70% felt that lack of training would make them
incompetent in handling the digital era. 75% did
not prefer online assessment over the traditional
method. But 80% showed their willingness to
adapt the blended teaching and assessment
methodology (Table 4).

Table 4. Perception of faculty in handling newer technology.

Likert Scale Scoring
No Questionnaires

SA A NS DA SDA
1.  [hetechnology -~ 111 444 296 148
used is reliable
Is it necessary
2. | tobecompetent @ 18.5 51.9 11.1 14.8 3.7
inICT
Prefer to use the
online assess-
3. | ment method - 15.4 7.6  46.2  30.8

over the tradi-
tional method?

Adoption of the
blended method

4.  of assessment
is essential at
present

29.6  59.3 111 - -

SA- Strongly Agree, A- Agree, NS- Neutral, DA-Disagree,
SDA-Strongly Disagree

DISCUSSION

COVID-19 pandemic situation has made all
health science universities develop effective
online teaching and assessment tools (Kumar,
2018) Faculty’s perception of online assessment
compared to the conventional method is very
important, because they were the one who was
planning, scheduling, and conducting the online
assessment during this COVID 19 pandemic time
and are also experienced in conducting multiple
conventional assessment methods to the students.

The majority of faculty agreed that they had
experience in conducting/handling a minimum
of 3 online tests. The question was asked to know
about their training to handle newer technology

and received a positive response from the half
of faculty. And this faculty (mostly Professors,
Associate Professors and Senior Assistants) were
attending various Faculty Development Program
(FDP) organized by the institution, Medical
Education Unit (MEU) of their parent institute, or
another nodal and regional center. But the other
half of the faculty group had not received any
training. This may be due to the selection process
where senior faculty were always picked up for
any training. Because of the lack of training, most
of the faculty were not feeling competent to handle
the newer technology.

Advantages of online assessment

From the perception of our faculty, the
advantages of online assessment where paper
load
aptitude is easy and immediate constructive

correction is reduced, grading online
feedback will motivate the learner to perform
well, which were in accordance with the study by
Zafar and Hussain (2019), which stated that the
technology integration by faculty is becoming
important and vital in all kinds of education; and
also in accordance with the study done by Baleni
(2015), which stated that the benefits of online
assessment were student commitment, faster
feedback, and lecturers also benefited with less
marking time.

Disadvantages of online assessment

Assessing low order thinking, extra time and
effort is needed to prepare a well-designed
online test, lack of personal connection, cheating
and plagiarism by students were very common
disadvantages of an online assessment, which
was in accordance with the study results of Baleni
(2015), Khan and Khan (2019) and Mukhtar
et al. (2020). In the cognitive domain, only the
knowledge component was tested, and more time
is required by the faculty to develop a standard
online assessment to test the higher-order
thinking of the students, which was agreed upon
by nearly 50% of the faculty; and this result was in
accordance with the study result of Boitshwarelo
et al. 2017).



Perception of faculty in handling newer
technology

Lack of training and updates in ICT would
make them incompetent in handling the digital
era. Our result was in accordance with a study
done by Khan and Khan (2019), which stated that
when teachers lacked the technological skills and
confidence to conduct online assessments, it had
a negative influence on students.

So, from our study, we found that it was difficult
for the important stakeholders of education
like teachers, who did not prefer the switch
from conventional to online methods in the
form of learning or assessment, even though
the advantages of online methods overweigh
the traditional method. But they show their
willingness to adapt to the blended learning
method, and it can change their mindset to accept
the 215'-century outcome-based education.

Thelimitations of our study were questionnaire-
based, as it gave us only the percentage of people
who agreed or disagreed in Likert scale scoring.
Including other types of tools in educational
research like Focus Group Discussion (FGD)
and In-depth interviews might have given more
insight into the advantages and disadvantages
of online assessment by the faculty. Besides, the
study was done only on preclinical faculty. Thus,
the result may not truly reflect the perception of
all medical faculty in clearer and broader aspects.

But from our study, we would like to recommend
that online assessment can be acceptable for
teachers if they are trained and equipped in
handling newer technology. The administrations
should: 1) improve their
technical aspects and standardize them; 2) set up
online monitoring committee and employ tracking
software to check the progress of the program; 3)
train the faculty in ICT by conducting FDPs for all
the faculty involved in the process. And faculty
should have: 1) professional responsibility to
update themselves by attending FDPs, and also 2)
to plan and design online proctored examinations
with Standard Operating Procedure (SOP).
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