Volume 26 - Number 6 November 2022

Indexed in:

CLARIVATE SCOPUS

« JCR:2020 « SJCR: 2020

» Q4 (21/23) » Q4 (31/39)

« LF.J.CI:0.19 « LF.: 0.162

DIALNET Emerging Sources Citation Index

EMBASE / Excerpta Medica LATINDEX. Catalogo v1.0 (2002-2017)

www.eurjanat.com



T

European Journal of Anatomy

Volume 26 - Number 6 November 2022
ORIGINAL ARTICLES
Morphometry of extensors of the thumb with comprehensive review 605

Dhivyalakshmi Gnanasekaran, Raveendranath Veeramani, Aravindhan Karuppusamy

Modification of alprazolam-induced liver injury by bone marrow-derived
mesenchymal stem cells and the role of miRNA-192 615
Heba M. Ali Labib

Determining nail consistency by quantification of type I keratins 635
Esther Mingorance Alvarez, Rodrigo Martinez Quintana, Ana M? Pérez Pico, Raquel Mayordomo

Microstructural evidence of reversal of PCOS by steroidal saponins of
asparagus racemosus in PCOS iNAUCEA FaLS ......cccccerreercnnerecscsnnricsssnssecssensssesssnsssesssnnssesssanssssssnsasesssns 645
M. Vani, P. Preethi, D.H. Gopalan, S. Manikandan, V. Vijayakumar, C. Swathi Priyadarshini

Effect of carnosine on ovarian follicle in rats exposed to electromagnetic field 659
Ayla Arslan, Esra Balcioglu, Mehtap Nisari, Betiil Yalcin, Menekse Ulger, Emel Giiler, Gokce Bagci Uzun, Niyazi Acer

An exploratory study on the presence of sensory nerves in the caudal part of the trapezius.............. 669
Inge L. Cox, Cindy G.J. Cleypool, Sander J.A. de Ru, Ronald L.A.W. Bleys

Morphometry of the harvestable surface area of quadriceps tendon using
a simple tracing method: A common ACL auto@raft..........ccccccceieenccnericsscnnricsssssicssssnssessssnssssssnsasossons 679
Sabiha Latiff, Oladiran I. Olateju

Morinda lucida and Annona muricata reduced hepatic lipid peroxidation and promoted
melatonin/TNFe/p53-mediated apoptosis in sodium arsenite-induced toxicity in rats........c...... 691
Adelaja Akinlolu, Adeoye Oyewopo, Risikat Kadir, Mubarak Ameen, Victor Owoniyi, Fauzeeyah Adam, Shukrat Okeleye

Retromolar canal: a classic analysis with CBCT in South Indian population 703
Karthikeya Patil, C.J. Sanjay, K.R. Renuka Devi, D. Nagabhushana, S. Viveka, M.S. Girish

The anatomical variations of the hepatic veins in a South African sample 709
Leoné Pretorius, Geney Gunston, Kentse Mpolokeng

Insight into Vietnamese women’s internal iliac artery anatomy 721
Bac Nguyen, Tuan Vo, Tham Nguyen, Hoang Pham, Bao Vo

TEACHING IN ANATOMY

A cross sectional study on the online teaching strategies of gross anatomy

and histology during the COVID-19 pandemicC Periods......ccccveiersercssersssssessessaressassssesssssssssossasossases 731
Divia Paul. A, Manisha R. Gaikwad, Ranajit Das

AUTHOR INDEX TO VOLUME 26, 2022........ccceettteeecssssssnneeceescssssssssseassscsssssssssssssssssssssssssssasssssssssssssssssss 743



ORIGINAL ARTICLE

Eur J Anat, 26 (6): 605-614 (2022)

Morphometry of extensors of the thumb with
comprehensive review

Dhivyalakshmi Gnanasekaran?, Raveendranath Veeramani?, Aravindhan Karuppusamy?

! Dept of Anatomy, Indira Gandhi Medical College and Research Institute (A Government of Puducherry Institution), Puducherry, India
2 Dept of Anatomy, Jawaharlal Institute of Postgraduate Medical Education and Research [JIPMER], Puducherry, India

SUMMARY

This study was aimed to evaluate the anatomical
variations and morphometry of long extrinsic
tendons of the thumb namely, extensor pollicis
longus and extensor pollicis brevis. Fifty-
five upper limbs of formalin embalmed adult
cadavers were dissected. The variation in muscle
belly, tendon, its course within dorsal wrist
compartment and mode of insertion were noted.
The extensor pollicis longus was duplicated in
5.5%. Around 25% tendons were fused with
extensor pollicis brevis and through the extensor
hood insert into the base of the distal phalanx.
The extensor pollicis brevis was absent in 2%
and tendon was also duplicated in 2%. In case
of absent extensor pollicis brevis tendon, one of
the slips from the abductor pollicis longus insert
into base of the proximal phalanx instead of the
extensor pollicis brevis. The extensor pollicis
brevis tendon showed various modes of insertion.
The overall length of the extensor pollicis longus
and extensor pollicis brevis were 121 mm and 90
mm respectively. The thickness of the extensor
pollicis longus at the proximal, middle and distal
level of insertion were 1.25 mm, 0.76 mm and
0.55 mm respectively, whereas for the extensor
pollicis brevis it was 1mm, 0.75 mm and 0.53
mm. The results obtained from this study may be

helpful for the hand surgeons in the management
of extensor tendon injuries of the thumb, its
reconstructive procedures and in differential
diagnosis of dorsal wrist pain.

Keywords: Extensor pollicis longus — Extensor
pollicis brevis — Thumb — Extrinsic tendons -
Extensor of thumb

INTRODUCTION

The extensor pollicis longus (EPL) and extensor
pollicis brevis (EPB) muscles provide dynamic
stability to the thumb along with other muscles
acting on it (Flatt, 2002). The variations in the
extensor muscles of the thumb have numerous
clinical implications. The EPL muscle belly may
be absent (Zadek, 1934) or have an additional
belly with variable origin (Mogensen and Mattson,
1980; Beatty et al., 2000; Papaloizos, 2004; Jscobs
et al.,, 2016). Usually, it has an independent
muscle belly, yet sometimes remains fused
with adjacent muscles like EPB or with both
EPB and abductor pollicis longus (Parsons and
Robinson, 1898). The EPL muscle can rarely have
two tendons, and the additional tendons were
observed to arise either from the single muscle
belly or from the additional muscle belly (Beatty
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et al., 2000; Sawaizumi et al., 2003; De Greef and
De Smet, 2006). Double EPL tendons are formed
rarely due to the splitting of the tendon distal
to its myotendinous junction (Bharambe et al.,
2017; Caetano et al., 2004). Wrist pain and the
inability of thumb extension have been reported
to occur due to the abnormal course of a single
EPL tendon or its additional slips in various dorsal
wrist compartments like first, third, fourth, and
separate compartments (Bharambe et al., 2017
Rosa et al., 2016; Turker et al., 2010; Jscobs et al.,
2016; Sevivas et al., 2009; Tordjman et al., 2018).
Stenosing tenosynovitis of the third compartment
has been reported to occur due to impingement
of the EPL muscle belly within it (Mogensen and
Mattsson, 1980; Beatty et al., 2000). Compression
of the normal-sized EPL tendon in a small dorsal
compartment (Mcmahon and Posner, 1994) or
due to an enlarged EPL tendon in a normal-sized
compartment (Kardashian et al., 2011) have been
implicated as one of the causes of trigger thumb.

The incidence of an absence of the EPB muscle
reported in the literature varies widely between
3.85 to 18.75% (Brunelli and Brunelli, 1992;
Dawson and Barton, 1986). This is because of
controversy in the interpretation of findings on
the EPB. Dawson and Barton (1986) reported that
the EPB muscle, as well as the tendon, was absent,
but a slip of the abductor pollicis longus tendon
inserts into the base of the proximal phalanx of
the thumb instead of the EPB tendon (Dawson
and Barton, 1986). Other authors considered this
slip as an EPB tendon even when EPB muscle was
absent (Nayak et al., 2009 & Kulshreshtha et al.,
2007). The EPB tendon also varies in number
from one to three (Nayak et al., 2008). Knowledge
of duplicated EPB tendon is important in the
differential diagnosis of EPB longitudinal split
tears that present with dorsal wrist pain (Kroonen
et al., 2015). The functional significance of the
EPB tendon is doubtful. The method of insertion
of the EPB tendon decides if it can be harvested for
any reconstructive surgeries on the hand without
affecting the thumb extension (Britto and Elliot,
2002; Matev, 1981; Sakellarides and Deweese,
1976). It also decides the course of surgical plan
in case of a ruptured EPL or EPB tendon (Strauch
and Strauch, 2016; Fujimoto et al., 2009).

Kulshreshtha et al. (2007) observed that nearly
75% of the tendons showed wide variations in the
method of insertion. Dawson and Barton (1986)
considered some of the EPB tendons as thin,
weak, and less or doubtful functional value. Joshi
and Joshi (2002) considered subjectively that the
EPB tendons were mostly very thin or moderately
thick. Brunelli and Brunelli (1992), on the other
hand, had classified the EPB tendon into three
types normal (more than 2mm), thin (1-2 mm),
and very thin (Imm). In this study, the details
of the point of measurement and the technique
adapted were not explained clearly. Kulshreshtha
et al. (2007) compared the thickness of the EPB
tendon with the abductor pollicis longus and
reported that 36% of EPB tendons were relatively
thin and less than 33% of the thickness of the
abductor pollicis longus. However, it is not clear
how the comparison was made. Shigematsu et al.
(2015) measured the thickness and width of the
EPB tendon, yet the length of the tendon, which is
also equally important, was not measured. At the
level of the extensor retinaculum, the extensor
tendon is round in appearance and has enough
strength and bulk to hold a suture. As the tendons
continue into the thumb, they become flat and thin
with longitudinal fibers that do not hold sutures
well (Tsiouri et al., 2009). Thus, the knowledge of
the morphometry of the extensors tendons of the
thumb is essential for the tendon reconstructive
procedures of the hand. Most of the above-
mentioned data are obtained from case reports
and only very few original studies are available
that have documented the morphometry of entire
thumb extensor muscles. The present study was
done to find the incidence of variation in the
muscle belly and the tendons of the EPL and EPB,
and also to document the detailed measurements
of these tendons.

MATERIALS AND METHODS

The study was approved by the Post Graduate
Research Monitoring Committee. Ethical clearance
was obtained from the Institute Ethics Committee.
The study was then carried out in the Department
of Anatomy in the Postgraduate Research Institute.
All embalmed cadavers fit to be dissected were
included, excluding the cadavers with evidence of



damage to the upper limb. 28 formalin fixed adult
cadavers of both genders were taken for the study.
After excluding one hand, a total of 55 upper limbs
were dissected. The dorsal aspect of the distal
forearm and hand was dissected. The extensor
tendons inserted into the thumb were identified
and traced backward. The extensor retinacular
compartment was opened to see the course of
the tendons and to trace the muscle bellies. Any
variation in its muscle attachments was noted. The
dissected specimens were photographed with a
digital camera. All the measurements were taken
by a single investigator using Mitutoyo digital
vernier calliper. The length of the tendon was
measured from the distal end of the muscle fibers
to the site of the insertion of the tendon. Variation
in the insertion of these tendons was documented.
The thickness of the tendon was measured at three
places as follows: proximal — just after the ending
of the muscle fibers at the myotendinous junction,
middle — at the middle of the dorsal compartment
and, distal — just before its insertion. All relevant
data were recorded and analyzed using IBM_PASW
STATISTICS ver. 19.0 (SPSS ver 19.0). For left and
right side, comparison of data of matched pairs
paired t-test was used. For comparison between
the genders, independent student t-test was used.
All statistical analysis was carried out at a 5 % level
of significance and a p-value < 0.05 was considered
statistically significant. The results were expressed
in mean, standard deviation, and range.

RESULTS

Extensor pollicis longus: muscle belly, tendons
and site of insertion

The EPL muscle was present in all the dissected
upper limbs. In all the specimens, the EPL muscle
originated from the posterior aspect of the
middle one-third of the radius and the adjacent
interosseous membrane as a separate muscle
belly. No variation in the number of muscle bellies
was observed. In three cases (5.5%) double EPL
tendon was identified. Of these, in one hand the
EPL tendon was divided into two tendons about
20 mm distal to its origin from the muscle belly,
and in the other two hands a double tendon was
observed from the myotendinous junction itself.

In all three hands, the two tendons were fused
again at the level of the base of the proximal
phalanx, then continued to insert into the distal
phalanx base (Fig. 1a). Similarly, a separate EPB
tendon was also seen in these hands. In the case of
a double tendon, both the tendons passed through
the same third extensor compartment and related
medial to the Lister’s tubercle similar to single
tendon cases.

Regarding the insertion of the single EPL tendon,
in 75% the tendon was inserted independently into
the base of the distal phalanx through the extensor
hood and in 25% the EPL tendon fused with the
EPB tendon and together inserted into the base of
the distal phalanx through the extensor hood. (Fig.
1b) Out of the 55 hands dissected, duplicated EPL
tendon was observed in three hands. Hence in total
measurements of 58 tendons were taken for the
analysis. The overall length of the EPL tendon was
measured to be 120.68 £ 15.61 mm. The thickness
of the tendon at the proximal, middle, and the
distal level of insertion were measured as 1.25 +
0.38 mm, 0.76 * 0.23 mm, and 0.55 + 0.22 mm
respectively. The details of the analysis carried out
to compare the mean length and thickness of EPL
tendons showed no significant difference between
the genders (Independent student t-test). For
comparison between the left and right sides, 27
matched pairs were taken excluding the unpaired
hand. Since duplicated EPL tendon was observed
in three hands, the mean of the values was taken
for each hand and considered as one hand (Paired
t-test). This also showed no significant differences
(Table 1).

Extensor pollicis brevis: muscle belly, tendons
and site of insertion

Out of 55 hands dissected, the EPB muscle was
absent in 2% (1 hand) and no duplicated muscle
belly was observed. Single EPB tendon was seen
in 98% (53 hands) and duplicated tendon in 2%
(1 hand). The tendon was duplicated at its origin
level from the single muscle belly (Fig. 1c). In
the case of a duplicated tendon, the main tendon
joins the EPL tendon and inserts into the base of
the distal phalanx through the extensor hood. But
the accessory EPB tendon was inserted into the
extensor hood (Fig. 1c). In the hand where the EPB
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tendon was absent, it was found that an accessory
tendon from the abductor pollicis longus muscle
inserts into the base of the proximal phalanx
instead of the normal EPB tendon (Fig. 1d). The
separate EPB muscle belly was not seen in any of

the dissected hands (54 hands). It was found to
be fused with the abductor pollicis longus muscle
to a variable extent starting from its origin to till
the tendon arises. However, an identifiable plane
of separation was found between the distal end of

Fig. 1.- a. Duplicated EPL tendons fuses at the level of first metacarpophalangeal joint and insert into the base of distal phalynx.
b. EPB tendon fuses with the EPL tendon at the level of first metacarpophalangeal joint and together inserts into the base of distal
phalynx. c. Duplicated EPB tendon at its origin from single muscle belly. d. Both muscle belly and tendon of EPB is absent. Acces-
sory APL tendon inserts into the base of proximal phalanx instead of the normal EPB tendon. EPB - Extensor pollicis brevis, EPL

- Extensor pollicis longus, APL - Abductor pollicis longus.



Table 1. Morphometry of the extensor pollicis longus tendons (mm); SD - Standard deviation.

si Mean + SD
Parameters (58 tendons)
No
Range

1 Length of the tendon 120.68 £ 15.61

121.89 £17.80

Gender (58 tendons) Side (27 paired hands)
Mean = SD Mean + SD
Male (36) Female (22) Left (27) Right (27)

118.71+£11.24  119.63+£16.08 | 120.51+15.88

87.12-152.68
p  Thickness of the tendon at 1.25+0.38 1.33+0.39 1.14+0.32 1.27+0.37 1.27+0.39
proximal level 0.48-2.31
Thickness of the tendon at 0.76 +0.23
3 the middle 0.44 - 1.49 0.75+0.23 0.77 £0.24 0.78 £0.26 0.74 £ 0.21
Thickness of the tendon at 0.55+0.22
distal level 0.25-1.38 0.57 £0.19 0.51+0.26 0.56 £ 0.24 0.56 £ 0.20
Table 2. Morphometry of the extensor pollicis brevis tendons (mm); SD - Standard deviation.
ol Mean + SD Gender (55 tendons) Side (26 paired hands)
No Farameters (55 tendons) Mean + SD Mean  SD
Range Male (33) Female (22) Left (26) Right (26)
90.00 +14.63
1 Length of the tendon 66.40 - 118.56 92.97 £14.43 85.56 £+14.10 90.27 £13.82 90.64 +£15.64
o Thicknessof the tendon at 1.07:+0.48 115051  0.94+0.40 1.07+0.35 1.09+0.56
proximal level 0.26 - 3.23
Thickness of the tendon at 0.75+0.39
3 the middle 017 -1.68 0.83+0.41 0.64 +0.32 0.81 +£0.40 0.74 +0.38
Thickness of the tendon at 0.53+0.24
distal level 014 -1.45 0.54 £0.27 0.51+0.19 0.54 £0.20 0.54 +0.28

both the EPB and EPL muscles at least in its distal
end in 54 hands. In one hand a small slip of tendon
arose from the EPB tendon about 2 cm from the
distal end of the extensor retinaculum and was
inserted into the base of the first metacarpal
bone. In all the hands where the EPB tendon was
present, it passed through the first dorsal wrist
compartment along with abductor pollicis longus.
Regarding insertion of EPB tendon, the tendons
insert partly to the base of the proximal phalanx
and partly to the hood in 26%, completely to the
proximal phalanx in 28.30%, completely to the
extensor hood in 21%, in 15% the EPB tendon
was fused with the EPL tendon at the level of the
metacarpophalangeal joint and together inserted
into the base of the distal phalanx through the
extensor hood (Fig. 1b). The tendon sometimes
partly inserts into the base of the proximal
phalanx and then joins the EPL tendon to reach
the distal phalanx through the hood in 9%.

The EPB was absent in one hand but duplicated
in another hand. Hence in total 55 tendons’
measurements were taken for the analysis. The

overall length of the EPB tendon was measured
to be 90.00 + 14.63 mm. The thickness of the
tendon at the proximal, middle, and distal level of
insertion was measured as 1.07 + 0.48 mm, 0.75 +
0.39 mm and 0.53 + 0.24 mm respectively. Similar
to the EPL tendon, the EPB tendon also showed no
significant difference between genders and sides.
Out of the 27 matched pairs, the EPB tendon was
absent in one hand. Hence 26 matched pairs
were taken for comparison of the measurements
between the sides. Out of these 26 pairs, in one
hand where the duplicated tendon was observed
the mean of the value was taken for analysis
(Table 2).

DISCUSSION

Extensor policis longus

The EPLis a constant structure found in humans
(Yoshida, 1990). The incidence of double muscle
bellies reported in two separate cadaveric studies
were 2% and 6.6% respectively (Bharambe et al.,
2017; Parsons and Robinson, 1898). The muscle
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can be absent alone or associated with an absence
of EPB muscle (Parsons and Robinson, 1898).
Bilateral absence of the EPL muscle has been also
reported (Zadek, 1934). In the present study, the
EPL muscle was present in all of the dissected
hands. No absent or double muscle belly was
observed. The EPL muscle is seen mostly as an
independent structure, but rarely does it fuse with
other extensor muscles such as extensor indicis
proprius or extensor pollicis indicis accessorius,
or with both EPB and abductor pollicis longus

(Parsons and Robinson, 1898; Yoshida, 1990). In
the present study, the EPL muscle belly was seen
as a distinct structure and there was no fusion
with the adjacent muscles.

The most common numerical variation includes
the double EPL tendon, however, Parsons and
Robinson (1898) reported the triple EPL tendon
in 2.3%. A cadaveric study by Thwin et al. (2014)
reported that the double EPL tendon was observed
in 2 outof10dissected specimens, which accounts
for 20% which is more compared to the other

Table 3. Review on variation in the number and course of the extensor pollicis longus tendon.

Author / year/ sample size/ region/ type of study

Talbot/ 2013/ 1/ USA/ Cadaveric dissection

Sevivas/ 2009/ 1 upper /France/ clinical case

Sawaizumi/ 2003/ 1 upper limb /Japan/ clinical case

Rosa/ 2016/ 2 upper limbs/ Brazil/ Cadaveric
dissection

Papaloizos/ 2004/ 1 upper limb / Switzerland/
Cadaveric dissection

Nishijo/ 2000/ 1/ Japan/ Clinical case
Masada/ 2003/ 1 upper limb/ Japan/ clinical case

Jscobs/ 2016/ 1 upper limb/ Netherland/ Cadaveric
dissection

Hong/ 2013/ 1 case/ Korea/ clinical case

Turker/ 2010/ 3 cases/ USA/ clinical case report

Tordjman/ 2018/ 1 case/ France/ clinical case
Beatty/ 2000/ 1 case/ UK/ clinical case

Greef/ 2006/ 1 case/ Turkey/ clinical case
Chamberlain/ 1997/ 2 upper limbs/ U K/ clinical case

Abe/ 2004/ 2 cases/ Japan/ clinical study

Rubin/ 2011/ 1 upper limb/ Israel/ Clinical case

Kim/ 2015/ Korea/ 1 upper limb/ clinical case

Course of the tendon

The tendon divided into two slips and inserted into extensor indicis and
normal extensor pollicis longus separately. Course in the compartment
not mentioned

Additional tendon passed through the separate compartment between
the 3™ and 4% compartment

15t tendon passed through the separate compartment between 1%t and
the 2" compartment

2rd tendon passed over the extensor retinaculum radial to the Lister’s
tubercle

2 hands - The additional tendon coursed through the 15t extensor
compartment and merged with the extensor pollicis brevis

The additional tendon passed through 4™ compartment. Both the
tendons fuses at the level of metacarpophalangeal joint

The duplicated tendon passed radial to the lister’s tubercle in the 1
compartment

Both the tendons passed through the same 3™ compartment

Both the tendons fuses at the base of the proximal phalanx and
continued to insert into the distal phalanx. Course in the compartment
not mentioned

Only one tendon but the tendon passed through the 3* compartment

at the wrist and at the carpal passed through the 15t compartment and
inserted to the radial side of the base of the proximal phalanx and not to
the distal phalanx

1%t case — Two tendons passed through 3@ and 4 compartment
2nd & 3d case — 15t tendon passed through the 3™ compartment
— 2" tendon, the extensor pollicis et indicis communis
passed through the 4™ compartment

Accessory tendon passed through the 4™ extensor compartment
Both the tendons passed through the 3™ extensor compartment
Additional tendon passed through the 4™ compartment

Both the tendons passed through the 3™ compartment

The extensor pollicis longus tendon ran through the 1%t extensor
compartment and the 3™ compartment was empty

The extensor pollicis longus tendon passed radial to the Lister’s
tubercle and entered through the 1% extensor compartment. Third
compartment was absent

The tendon passed radial to the Lister tubercle and crossed the extensor
carpi radialis in the 27 extensor compartment. The third compartment
was absent



studies cited in the literature. In the present study,
the EPL muscle with double tendons was present
in 5.5%. The duplicated EPL tendons may remain
together in the same third extensor compartment
(Chamberlain and Burke, 1997), or the accessory
tendons may have an unusual course through
the various dorsal extensor compartments
(Bharambe et al., 2017; Papaloizos, 2004; Sevivas
etal., 2009; Thwin et al., 2014; Masada et al., 2003;
Tirker et al., 2010; Rosa et al., 2016; Sawaizumi
et al., 2003). In the current study, the double
tendons observed in the three hands passed
through the same third extensor compartment
and were related medial to the Lister’s tubercle.
The unusual course of the single EPL tendon in
the dorsal wrist compartment has led to dorsal
wrist pain, the inability of thumb extension, and
misdiagnosis of intersection syndrome or de
Quervain’s tenosynovitis when the double tendon
passed through the first compartment (Abe et al.,
2004; Rubin et al., 2011; Kim et al., 2016; Hong et
al., 2013; Nishijo et al., 2000). This study provides
a detailed review on the morphometry of EPL,
which could be taken as reference for tendon
transfer surgeries (Table 3).

McMahon and Posner (1994) reported a
case of trigger thumb due to compression of
normal-sized EPL tendon within a small third
compartment. At the same time, Kardashian et al.
(2011) mentioned a case of snapping of the thumb
due to an enlarged EPL tendon in a normal-sized
third compartment. To the best of our knowledge,
the thickness of the EPL has been the least studied
topic tillnow. From the present study the thickness
of the tendon at the proximal, at the middle of the
extensor compartment, and the distal level of
insertion were measured as 1.25 + 0.38 mm, 0.76
+0.23 mm and 0.55 = 0.22 mm respectively. The
length of the tendon, which is equally important
for planning its reconstruction, is measured to be
120.68 +15.61 mm.

The knowledge of insertion of the EPL tendon
helps in understanding the function of the thumb
extension and planning intervention accordingly
when it gets injured (Alsharif et al., 2017). Parsons
and Robinson (1898) described that the entire
EPL tendon inserts into the dorsal aspect of the
thumb’s distal phalanx in 84.5%, into the terminal

phalanx, after receiving a slip of EPB tendon in
12%, and into the terminal phalanx after giving
off a slip to the proximal phalanx in 3%. In the
present study, about 75% were inserted into the
distal phalanx’ base alone and received fibers of
EPB before insertion into the distal phalanx in
25%. Our study is in accordance with the study by
Parsonsand Robinson (1898). Caetano et al. (2004)
described that the EPL tendon duplicated distal
to the extensor retinaculum but again fused at
the base of the metacarpophalangeal joint before
insertion in 4.8%. The same finding was observed
in one case in the present study. Alsharif et al.
(2017) reported that the EPL tendon was inserted
into the sides of the base of the distal phalanx after
splitting and this altered the thumb motion. Colak
et al. (2017) documented a variation in which the
EPL tendon was inserted into the tuberculum
radii. The EPL tendon rupture occurs if additional
friction force is being imposed on it due to its
course around the Lister’s tubercle and also
this is the most common site of rupture. It often
requires treatment with tendon transfer surgery
for restoring the thumb extension function (Sabat
et al., 2014). The knowledge of the dimension
such as length and thickness of the EPL tendon
could aid in the repair or reconstruction surgery
and enable to resume of optimal thumb functions.

Extensor pollicis brevis

The EPB, a muscle peculiar to or individualized
to a greater degree in humans is sometimes
absent or fused with abductor pollicis longus as in
the primates (Tubbs et al., 2016). The frequency
of absence of EPB muscle belly reported in the
literature varies widely. Dawson and Barton (1986)
reported that the absence of the EPB muscle belly
in 18.75% and Brunelli and Brunelli (1992) in
3.85%. Contrary to this, the frequency of absence
of the EPB muscle found in the present study is
very low (2% only). Dawson and Barton (1986)
reported that in 81.25% the EPB muscle belly was
either distinct or fused with the abductor pollicis
longus muscle. In our study, the EPB muscle belly
was found to be fused with abductor pollicislongus
muscle to a variable extent in 98%. The incidence
of double EPB tendon reported in two separate
cadaveric studies was 2% and 4% respectively
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(Joshi and Joshi, 2002; Shigematsu et al., 2014).
In the present study, double EPB tendons were
found in 2% similar to the study by Joshi and Joshi
(2002). However, in a cadaveric study by Nayak et
al. (2008) double EPB tendons were identified in
11% and such high frequency may be due to their
higher sample size (156 hands) compared to the
present study. The same author has found triple
EPB tendons in 3.85% of the dissected hands
(Nayak et al., 2008). The incidence of the absence
of EPB tendon reported by other studies was

0% (Kulshreshtha et al., 2007), 0% (Dawson and
Barton., 1986), 2% (Brunelli and Brunelli, 1992),
6.25% (Shigematsu et al., 2014) and 7.8% (Joshi
and Joshi, 2002). Such variation in the incidence
is because some authors considered one of the
accessory tendons of abductor pollicis longus
inserted into the base of the proximal phalanx
as EPB tendon and reported no absence of EPB
tendon in their study (Kulshreshtha et al., 2007;
Nayak et al., 2009).

Table 4. Review on variation in the site of insertion of extensor pollicis brevis.

Brunelli
and
Brunelli
(52 hands)

Dawson
and
Barton
(16 hands)

Site of insertion
et al

Partly to the proximal
phalanx and partly to
hood

56.25 % 19.23 % 25%

Completely to the

0, -
proximal phalanx 25%

25%

Completely to the

0,
extensor the hood 18.75 %

69.23 % 2%

To the distal phalanx - 7.69 % -

Partly to the base of
the proximal phalanx
and partly to the
extensor hood and
majority of the fibres
continued along with
the EPL to insert into
the distal phalanx

27 %

Partly to the extensor
hood and remaining
continued to insert
into the base of the
distal phalanx along
with EPL

20%

Joined with EPL to
insert into the distal - - -
phalanx

Both proximal
phalanx and distal - - -
phalanx

Base of the first
metacarpal

Absent tendon 6.25% * #3.85%

Kulshreshtha

(44 hands)

6.8 % *

Authors (Sample size)

Joshi and
Joshi
(50
hands)

Present
study
(55 hands)

Nayak
et al
(156 hands)

Shigematsu
etal
(144 hands)

19.4 % 26.42 %

Single tendon
-85.25%
Accessory

tendon-11 %

76 % 22.2% 28.30 %

28.5% 20.75 %

9.0 % 15.09 %

9.0 % 9.43 %

- 18 % - -

- 2 % - -

3.2% 4% - -

1.2%* 2% #2.1%;5.6%* 1.82%

* Dawson and Barton reported that in a case where EPB muscle belly was absent the accessory abductor pollicis longus tendon was
found to insert into the base of the proximal phalanx instead. Hence in this study both the EPB muscle and tendon was considered

to be absent.

* The same as first was observed but it was considered as EPB tendon arising from the abductor pollicis longus. Hence reported

EPB was not absent.

* The accessory tendon from EPL and Abductor pollicis longus inserts into the extensor hood at the metacarpophalangeal joint.

Hence it is considered as absent EPB tendon
# Absent EPB tendon



The EPB tendon was inserted completely into
the base of the proximal phalanx only in 28.30%
and also completely into the extensor hood in
20.75%. Rest 26.42% inserted partly into the
proximal phalanx and partly into the extensor
hood. Then in 15.09%, part of the tendon was
inserted into the proximal phalanx, and the
remaining continued distally to the distal phalanx
forinsertion along with the EPL. But, in 9.43%, the
tendons reached the base of the distal phalanx for
complete insertion along with the EPL tendon.
The above findings of our study go in accordance
with the study by Shigematsu et al. (2014) and at
the same time differ from others (Table 4), as the
insertion of tendons into the extensor hood or
its relation to the EPL tendon insertion were not
taken into account (Nayak et al., 2008; Joshi and
Joshi, 2002).

The overall length of the EPB tendon was
measured to be 90.00 + 14.63 mm and the
thickness of the tendon measured at proximal,
at the middle of the dorsal compartment, and the
distal level was 1.07 + 0.48 mm, 0.75 + 0.39 mm,
and 0.53 + 0.24 mm respectively. Shigematsu et
al. (2014) measured the thickness and the width
of the EPB tendon at the center of the metacarpal
bone to be 0.93 + 0.20 and 2.63 * 0.61 mm and
of the accessory tendons as 0.66 + 0.17 mm and
1.70 + 0.52 mm. Our study results cannot be
compared with the abovementioned study, as the
measurements were taken at a different level.
The surgeons need to be aware of the presence
or absence of the EPB tendon and variation in
the insertion of the tendon with respect to the
EPL tendon as it helps in planning the repair or
reconstruction of the injured EPB tendon.
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stem cells and the role of miRNA-192
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SUMMARY

The group of drugs known as Benzodiaze-
pines (BDZs) are among the most widely pre-
scribed CNS-depressant drugs. Alprazolam (Alp)
is a member of the BDZs family, commonly pre-
scribed as an antipsychotic and anxiolytic agent.
Induction of oxidative stress, impairment of cog-
nitive functions and psychomotor skills, confor-
mational alterations in hemoglobin structure and
elevation of liver enzymes are among the side ef-
fects reported on the use of alprazolam. Several
studies have found that alprazolam could favor
hepatotoxicity, whereas other studies contradict-
ed those findings. Bone marrow-derived mesen-
chymal stem cells (BM-MSCs) have been studied
as a novel approach for treatment of liver diseas-
es. The current study was designed to assess the
biochemical, histopathological and molecular
liver alterations in response to oral administra-
tion of alprazolam at a dose of 0.3 mg/kg/day for
4 weeks in adult male albino rats and to evaluate
the therapeutic effect of BM-MSCs on the alpra-
zolam-induced alterations. Forty adult male albi-
no rats (Sprague Dawley strain; 170-200 g mean
body weight) were used. Liver enzymes were

measured, isolation and preparation of BM- MSCs
were done, and immunohistochemical staining
for alpha smooth muscle actin and FGF2 were
assessed. Moreover, histological and ultrastruc-
tural liver tissue examination and PCR detection
of SOD, TNF-o and mirNA-192 were investigated.
Animals exposed to alprazolam developed liver
injury characterized by significant increase in
TNF-o and significant decrease in SOD and miR-
NA-192 expression. Histological findings provid-
ed supportive evidence for the biochemical and
molecular analyses. Treatment with stem cells
caused a significant alleviation of the alprazol-
am-induced findings. In conclusion, alprazolam
was found to induce liver injury and oxidative
stress, which were ameliorated by BM-MSCs ad-
ministration.

Key words: Alprazolam — BMSCs — TNF-a — SOD
— miRNA192

INTRODUCTION

Theprospectsofmorbidityandmortalityescalate
with drug abuse of prescription psychostimulants
and depressants. Benzodiazepines (BZDs) are a
group of psychoactive drugs that are recognized
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for their anxiolytic, hypnotic and anticonvulsant
properties and are extensively used in human
pharmaco-therapy (Dinis-Oliveira, 2017).

Alprazolam is a benzodiazepine which is
broadly used as an anxiolytic and an antipsychotic
drug, as well as in the treatment of acute and
sub-chronic insomnia and agitated psychosis
(Zareifopoulo and Panayiotakopoulos, 2019).
Alprazolam is metabolized in the liver, mainly
by the enzyme cytochrome P450 3A4 (CYP3A4).
Its maximum recommended daily dose is 10 mg
per day (Uehara et al., 2017), whereas the median
lethal dose (LD50) of alprazolam is 331-2171 mg/
kg in rats (Golovenko et al., 2020).

Although once considered safe, several reports
have emerged of alprazolam-induced multiple or-
gan impairment. At a dose of 0.5 mg and higher,
alprazolam caused alterations in brain oxidative
metabolism and impairment of cognitive and psy-
chomotor skills such as memory affection, with a
substantial potential to prompt dependence and
abuse. Alprazolam causes cytotoxicity in the vital
organs of rats such as the liver and kidney (Chat-
topadhyay et al., 2019). Alprazolam is considered
to be more toxic than other BZDPs. When co-ad-
ministered with other depressant agents such as
ethanol, alprazolam becomes particularly tox-
ic, causing behavioral irritability and aggression
(Huang et al., 2018). Chronic administration of
alprazolam alone or with central nervous (CNS)
stimulants increases oxidative stress and inflam-
mation in the brain and induces neurobehavioral,
histopathological and neurotransmitters levels’
alterations (Dutt et al., 2020a). By means of spec-
trophotometry, alprazolam was shown to bind
with hemoglobin (Hb), altering the a-helical struc-
ture of Hb-subunits. Alprazolam-induced confor-
mational changes in Hb result in changes of its
function (Maitra et al., 2007).

Micro RNAs (miRNAs) are small non-coding
RNAswhichmoderategeneexpressionbytargeting
3’ UTR of their related messenger RNA (mRNAS),
playing a fundamental role in inflammation,
carcinogenesis and cell death modulation.
Whereas serum-based miRNAs are considered
biomarkers in liver injury, several miRNAs
expressed in liver tissue surpass the accuracy
and sensitivity, as biomarkers, of serum aspartate

transaminase/alanine transaminase (AST/ALT)
levels. miR-192 is proposed as a serum-based
marker for acute liver injury. MicroRNA-192 (miR-
192-5p) is expressed in the liver in a ubiquitous
manner, and its expression has been examined
in inflammation-related cancers. miR-192-5p is
also considered to be a serum-based biomarker
that is highly elevated in several liver diseases.
In contrast, down-regulation of miR-192-5p in
hepatocytes is seen upon liver damage, where its
expression in hepatocytes is regulated by tumor
necrosis factor a (TNF-o) (Roy et al., 2016).

In multicellular organisms, stem cells are
undifferentiated or partially differentiated cells
that have the ability to differentiate into various
cell types and to proliferate indefinitely to
produce more of the same stem cell. They are the
initial type of cell in a cell lineage. They are found
in both embryonic and adult organisms, with
somewhat different properties in each. Stem cells
are different from progenitor cells, which cannot
divide indefinitely, and precursor or blast cells,
which are usually committed to differentiating
into one cell type (Miiller et al., 2016).

Stem cells have the ability of long-term clonal
self-renewal, by going through repetitive cycles of
cell division while maintaining an undifferentiated
state, and the ability of multipotency, with the
capacity of differentiation into more than one
specialized cell type (Kopp et al., 2016). Bone
marrow-derived MSCs (BM-MSCs) are adult
stem cells with multipotency and multilineage
differentiation potential. BM-MSCs have the ability
to differentiate into osteoblasts, chondrocytes,
adipocytes, fibroblasts, endothelial cells, and
smooth and cardiac muscle cells (Scuteri and
Monfrini, 2018). In the adult liver, stem cells have
been suggested to replace tissue cells, particularly
following injury (Kopp et al., 2016).

The tumor necrosis factor (TNF) superfamily is
a protein superfamily of type II transmembrane
proteins containing TNF homology domain,
which form trimers. Members of the TNF
superfamily are freed from the cell membrane by
extracellular proteolytic cleavage and function as
cytokines. They are expressed by immune cells
and they control various cell functions, such as
immune response, inflammation, proliferation,
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differentiation and apoptosis (Aggarwal et al.,
2012). TNF-a-induced liver injury occurs via
TNF-receptor-1 (TNFR1) signaling and TNFR1
inhibition markedly reduces liver steatosis and
triglyceride content. Moreover, inhibition of
TNFR1 reduces activation of the MAP kinase
MKK7 and its downstream target JNK, leading
ultimately to significant improvement in insulin
resistance. Apoptotic liver injury, NAFLD activity
and alanine aminotransferase (ALT) levels, as
well as liver fibrosis are TNF-a-mediated and are
decreased by anti-TNFR1 (Wandrer et al., 2020).

Superoxide dismutase (SOD) is an antioxidant
enzyme that reduces superoxide radicals and
protects against oxidative stress, through break
down of H202 into H20 and 02. In oxidative-
stress-induced liver injury, SOD removes oxygen
radical species and protects the integrity of the
cells reducing production of reactive oxygen
species (ROS) (Lim et al., 2021).

There are seven subfamilies of fibroblast growth
factors (FGFs), FGF1 subfamily (FGF1, FGF2)
being one of them. These subfamilies of FGFs
are tissue specific and have different binding
affinities with FGF receptors (FGFRs). Fibroblast
growth factor 2 (FGF2) (also named basic FGF)
possesses anti-fibrotic effects in liver fibrosis and
enhance tissue regeneration. Activated hepatic
stellate cells (HSCs) are the main cells responsible
for extracellular matrix deposition; the distinctive
feature of liver fibrosis. Among the fibroblast
growth factor receptors (FGFRs), FGF2 chiefly
interacts with FGFR1, highly overexpressed on
activated HSCs, and inhibits HSCs’ activation,
migration and contraction and has thus been
investigated in liver fibrosis. FGF2 also plays
a critical role in numerous cellular processes
including organ development, wound healing and
tissue regeneration (Kurniawan et al., 2020).

Actins are a family of multi-functional proteins
that form microfilaments. Alpha smooth muscle
actin is one of six actin isoforms that are involved
in the contractile apparatus of smooth muscles.
Alpha-smooth muscle actin is related to hepatic
dysfunction and the degree of liver fibrosis. As to
its principal role in liver fibrogenesis, a-SMA is one
of the most useful immunohistochemical markers
indicative of liver fibrosis, and is regarded as a

parameter of liver fibrogenesis. The expression
of cytoplasmic «-SMA is a histopathological
marker for hepatic stellate cells (HSCs) activation
responsible forliver fibrogenesis (Udomsinprasert
et al., 2020).

It is probable that all psychopharmacological
agents are accompanied with a
hepatotoxicity. However, the evidence is
inadequate for certain conclusions to be drawn
about the frequency and severity of psychiatric
drug-induced liver injury. Prolonged use of BZDs
is accountable for multiple side effects. The liver
has a primary role in BZDs metabolism and is
particularly prone to BZDs-related toxicity. Few
data are available on the long-term impact of BZD
administration on liver.

risk of

We herein investigate the potential toxic
effects of alprazolam on enzymatic levels of
Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST) in rat serum. In addition,
TNF-0, superoxide dismutase (SOD) and miRNA
192 in liver tissue homogenate are measured
and correlated with liver injury with reference to
molecular, histological and ultrastructural changes.
Moreover, the protective role of mesenchymal bone
marrow-derived stem cells against alprazolam-

induced liver injury is examined.

MATERIALS AND METHODS

Animals

Forty adult male albino rats weighing (170-
200 gm) were obtained from the Animal and
Experimental House, Faculty of Medicine, Cairo
University. Animals were housed in cages under
standard hygienic conditions. All rats were
acclimatized to the laboratory environment for
two weeks prior to the experiment, where they
were adapted to the controlled environmental
conditions at a room temperature of 25+2°C,
relative humidity 60-70% under a 12h light: 12h
dark cycle. All animals were subjected to a 1
hour fasting period prior to drug administration.
Food and water were supplied ad libitum. All
procedures were done in accordance with the
principles of the Ethics Committee, Faculty of
Medicine, Cairo University.
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Experimental design

The duration of the experiment was five weeks.
Rats were equally and randomly divided into four
groups (n=10 for each group); normal healthy
group (group I), where the rats were housed
separately in cages for five weeks without any
manipulation; sham control group (group II), in
which the rats were given a single intravenous
(LV.) injection (3 x 10° cell) of MSCs at the
beginning of the fifth week; alprazolam group
(group III), in which alprazolam was given daily as
a single oral dose of 0.3 mg/kg/day for four weeks;
and alprazaolam+stem cells-treated group (group
IV), in which alprazolam was given in a manner
similar to that of group III, followed by a single I.V.
injection (3 x 10° cell) of BM-MSCs at the beginning
of the fifth week. All rats were sacrificed by the end
of week five. All rats of the experiment were closely
observed and carefully examined daily throughout
the experimental period, in order to record any
apparent behavioral changes and/or signs of
toxicity. The dose for animal experimentation was
calculated by extrapolating the human dose to
animal dose based on the body surface area ratio
following the table of Paget and Barnes (1964).
The dose for alprazolam was recommended by
Elmesallamy et al. (2011) and was assessed in its
maximum therapeutic dose used for treatment of
generalized anxiety disorders.

Chemicals

Alprazolam in the form of white crystalline pow-
der was obtained from Amoun Pharmaceutical
Industries Co., Egypt, freshly prepared for oral
gavage administration by dissolving it in distilled
water (each 0.5 mg dissolved in 5 ml of distilled
water).

Preparation of BM-derived MSCs (BMSCs)

Bone marrow was harvested from 6-week-old
male white albino rats by flushing the tibiae and
femurs with Dulbecco’s modified Eagle’s medium
(DMEM, GIBCO/BRL), supplemented with 10% of
fetal bovine serum (GIBCO/BRL). Nucleated cells
were isolated with a density gradient [Ficoll/Paque
(Pharmacia)] and suspended in complete culture
medium supplemented with 1% of penicillin—
streptomycin (GIBCO/BRL). Cells were incubated

at 37°C in 5% of humidified CO,. When large
colonies developed (80-90% confluence), cultures
were washed twice with phosphate-buffered
saline (PBS, Lonza Company, Switzerland) and
the cells were trypsinized with 0.25% of trypsin
in 1mM EDTA (GIBCO/BRL) for 5 min at 37°C.
Cells were centrifuged and suspended in serum
supplemented medium and incubated in 50 cm?
culture flask (Falcon, Nunc, Roskilde, Denmark).
MSCs were identified by their adherence to the
plastic surface.

Labeling of MSCs with PKH26

PKH26 fluorescent linker dye was used for MSCs
labeling according to Sigma Protocol (St. Louis,
MO). Briefly, cells were centrifuged and washed
twice in serum free medium. Cells were pelleted
and suspended in dye solution and then were
injected intravenously into the tail vein.

Biochemical analysis

The blood samples were collected from the
tail vein for biochemical testing of serum
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) at 8:00 a.m. at the end
of the 5™ week. The blood samples were then
centrifuged at 3000¢ for 10 min using a bench
top centrifuge (KH20R, Kaidalab, China). The
sera acquired from the sample tubes were stored
frozen at -80°C to be used for analysis at a later
time. Afterwards, all animals were anesthetized
by use of sodium pentobarbital (40 mg/kg, i.p.)
and decapitated after reaching full anesthesia
according to the guidelines of the Institutional
Animal Care and Use Committee (IACUC). Serum
activities of ALT and AST were used to evaluate
the liver function.

Histopathological analysis

The liver was rapidly isolated and immersed
in freshly prepared 4% w/v formaldehyde (0.1 M
phosphate buffers, pH7.2) for 48h and then
embedded in paraffin with melting point 55-
57°C. 4um-thick histological
prepared and stained with hematoxylin and
eosin for routine histological study and with
Masson’s trichrome for detection of collagen fiber
deposition. Capturing images for microscopic

sections were



analysis was performed using light microscope
model DM LB2 (Switzerland).

Sections for immunohistochemical study were
mounted on charged slides to help adherence of
sections to the slides during immunostaining.
Immunostaining was done for fibroblast growth
factor 2 (FGF2) and alpha smooth muscle actin
(a-SMA).

Processing of specimens and stains for light
microscopy

Hematoxylin and eosin staining entailed
deparaffinization of sections in xylene followed
by rehydration in descending grades of ethanol.
The sections were stained with hematoxylin for
10 minutes, bluing in tap water was then done,
followed by staining with eosin for 1 minute.
Sections were cleared in xylene then mounted on
slides and covered.

For Masson’s trichrome staining, the fixed
paraffin sections were stained with Trichrome
Stain Kit (Connective Tissue Stain) (ab150686).
Sections were deparaffinized and the slides
were incubated in preheated Bouin’s Fluid
then in Weigert’s Iron Hematoxylin and rinsed
in water. Afterwards, incubation in Biebrich
Scarlet/Acid Fuchsin solution was done and the
slides were differentiated in phosphomolybdic /
phosphotungsticacid solution. Furtherincubation
in Aniline Blue solution for 5-10 minutes and
in acetic acid solution followed. Sections were
cleared in xylene and mounted in permanent
mounting medium.

Fibroblast Growth Factor 2 (FGF2) immunohis-
tochemichal analysis

To perform antibody staining, deparaffinization
and rehydration were initially done, followed
by antigen unmasking. Afterwards, staining
was performed using the chromogenic staining
protocol. To prevent non-specific binding of the
antibody to the tissues, each section was blocked
with 100-400 pl blocking solution for 1 hour at
room temperature in a humidified chamber. The
blocking solution was removed and 100-400 pl of
primary antibody FGF2 Mouse Polyclonal Antibody
(Cat #: PMAb5-15276), ThermoFisher Scientific,

USA, was added. Equilibration with Signal Stain
Boost Detection Reagent and addition of Signal
Stain DAB Chromogen Concentrate and Signal
Stain DAB Diluent were done. The final step was
counterstaining with hematoxylin, which stains
the cell nuclei blue, providing a contrast to the
brown color of the DAB chromogen for better
visualization of tissue morphology.

Alpha smooth muscle Actin (¢-SMA)
immunohistochemical analysis

To perform antibody staining, deparaffinization
and rehydration were initially done. The sections
were mounted on glass slides coated with 0.1%
poly-1-lysine. Subsequent blockage of the
endogenous peroxidase activity, by incubation
in 2.5% methanolic hydrogen peroxide for 30
minutes, was performed. The endogenous biotin
was blocked by Biotin Blocking System (Agilent,
CA, USA), according to the manufacturer’s
instructions. Subsequently, the sections were
washed three times in phosphate-buffered saline
(PBS). The blocking solution was removed and
100-400 ul of primary antibody Mouse Anti-Alpha
Smooth Muscle Actin Monoclonal Antibody (Clone
1A4) (CAT#: NAB201062LS), Creative Biolabs, NY,
USA, was added. After three washings in PBS,
the sections were incubated for 30 minutes with
the appropriate secondary biotinylated antibody
labelled with Avidin-Biotin complex (ThermoFisher
Scientific, USA, code 29339). The sections were
developed with 3-3 diaminobenzidine and finally
counterstained with hematoxylin. Negative
controls were performed using normal house
antiserum instead of the primary antibody, which
uniformly demonstrated no reaction.

Immunohistochemistry data interpretation

The evaluation of immunostaining was
performed using OptikalSView camera software,
Optika, Italy. The immune-positive cells were
counted in each region of interest (ROI) using
a counting grid in relation to their proportion
among the total counterstained cell population.
The stained areas of the ROI were digitally
marked, and the percentage of stained areas was
determined and the staining intensity scored
according to a four-tier system: O, no staining;
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1+, weak; 2+, moderate; and 3+, strong. In brief,
the score of each sample was calculated as the
sum of each intensity (0-3) multiplied by the
percentage of positive cells (0-100%) determined
by immunohistochemistry (IHC). The specimens
were immediately examined then stored at 4°C
protected from light for long term storage. The
microscopic examination was performed by
LABOMED Fluorescence microscope LX400, cat no:
9126000; US. Using the aforementioned staining
scores, the positive areas of positive cells of FGF2
and a-SMA were determined by measuring at least
7-10 randomly selected microscopic fields on
each slide. The number of FGF2 and alpha-SMA-
positive cells was counted under light microscope
at 400 magnifications: only the cells which
displayed nuclei on the section were considered.

Processing of specimens for electron microscopy

Transmission electron microscopy (TEM) lab
was performed at Cairo University Research
Park — Faculty of Agriculture (CURP). Ultra-thin
tissue sections were examined by transmission
electron microscope JEOL (JEM-1400 TEM) at
the candidate’s magnification. Images were taken
by CCD camera model AMT, optronics camera
with 1632 x 1632 pixel format as side mount
configuration which uses 1394 fire wire board for
acquisition. Microtome sections were prepared
at approximately 500-1000 nm thickness with
a Leica Ultracut UCT ultramicrotome. The
sections were stained with toluidine blue (1X),
then sections were examined by Leica ICC50 HD
camera. For tissue processing, specimens were
cut into 1-2 mm?® thick pieces, then instantly
fixed in 3% gluteraldehyde formol (v/v) in 0.1 M
sodium phosphate buffer (pH 7.2-7.4) over night
at 4°C. Specimens were additionally processed
by washing in buffer, post fixed in 1% osmium
tetraoxide, washed in 4 changes of distilled water
and dehydrated in ascending grades of ethanol.
Next, embedding in Epoxy resin and embedding
of the specimens in beam capsules followed. The
specimens were sectioned on LKB ultramicrotome
utilizing glass knives for wultrathin sections.
Ultrathin sections of 0.6-0.8 ym in thickness were
acquired from selected blocks, then mounted
on copper grids and doubly stained with uranyl

acetate and lead citrate. Electron micrographs
were taken with clear linear images and without
angles or artifacts.

Reverse transcription-real time quantitative
PCR for TNF-a, SOD and miRNA 192

Total RNA and miRNA extraction and
purification were done from paraffin-embedded
tissue using the RNeasy FFEP Kit; cat no: 73504
(Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Reverse transcription,
in which cDNA was synthesised by reverse
transcription reaction using miScript RT-II
Transcription Kit; 218160; (Qiagen,
Hilden, Germany) was done. Gene expression
analysis was performed by the quantification of
TNF-a and SOD genes levels, which were amplified
from mRNA using a QuantiTect primer assay
primer assays; [Rn_TNF-a _1_SG QuantiTect
Primer Assay; cat no: 249900, and Rn_SOD_1_
SG QuantiTect Primer Assay, cat no: 249900]
respectively and the QuantiTect SYBR Green PCR
Kit cat no: 204141 (Qiagen, Germany). The ACTB
Primer sequence was used as housekeeper gene.
All samples were analyzed using the 5 plex Rotor-
Gene PCR Analyzer (Qiagen, Germany). The 22*Ct
method was conducted for the analysis of gene
expression levels, using ACTB as an endogenous
reference control for normalization purposes.
miRNA 192 expression analysis was performed
by the quantification of miR-192 expression
level using the SYBR-Green fluorescent-based
primer assay (Rn_miR-192*_1 miScript primer
assay ID: MIMAT0017147, Qiagen,
Germany. The used miRNA sequence was:
5’CUGCCAGUUCCAUAGGUCACAG-3. The RUNG6
primer assay was used as housekeeper gene
for normalization. The gPCR was performed
in the 5-plex Rotor Gene PCR System (Qiagen,
Hilden, Germany). The 20 ul reaction mixture /
reaction consist of 2x QuantiTect syber green PCR
mastermix, 10x miscript universal primer, 2 ul
primer assay and 50pg-3ng cDNA. The thermal
protocol for the target gene consisted of 15 min
for HotStarTag DNA Polymerase activation at
95°C followed by 40 cycles of denaturation at 94°C
for 15 minutes, primer annealing for 30 seconds
at 55°C and extension at 70°C for 30 sec). The

cat no:

assays,



2%Ct method was conducted for the analysis of
miR-192 expression levels, using RUN6 as an
endogenous reference control for normalization
purposes.

Data Analysis

Data were statistically described in terms of
mean + standard deviation (+ SD). Data were tested
for the normal assumption using the Shapiro-
Wilk test. Comparison of the study groups was
done using one way analysis of variance (ANOVA)
test with posthoc multiple 2-group comparisons.
Two-sided p values < 0.05 were considered
statistically significant. All statistical calculations
were done using computer program IBM SPSS
(Statistical Package for the Social Science; IBM
Corp, Armonk, NY, USA) release 22 for Microsoft
Windows.

RESULTS

Biochemical Results

There was no statistically significant difference
in ALT and AST mean serum levels between the
control groups I and II. Also, a non-significant
difference was seen between the controls and
the alprazolam-treated group III. In addition,
there was not sufficient statistical evidence to
suggest a significant difference between the
alprazolam+stem cells-treated group IV and
neither the controls nor the alprazolam-treated
group III (Table 1).

Table 1. Effect of alprazolam and alprazolam+stem cells on
ALT (U/L) and AST (U/L) serum levels as compared to the con-
trols, represented as mean + SD.

Group Mean +SD Versus p-value
Group II 1.000
I 33.92+3.7 Group III 0.080
Group IV 0.087
Group I 1.000
II 34.10+2.4 Group I 0.084
ALT Group IV 0.092
Group [ 0.080
III 35.31+6.9 Group II 0.084
Group IV 0.079
Group [ 0.087
v 34.63+8.1 Group II 0.092
Group III 0.079

Group Mean +SD Versus p-value
Group II 1.000
I 108.13+#11.4 | Group I 0.083
Group IV 0.090
Group [ 1.000
II 108.81+9.3 Group I 0.089
AST Group IV 0.094
Group [ 0.083
III 109.43+7.5 Group II 0.089
Group IV 1.000
Group [ 0.090
v 109.17+3.7 Group II 0.094
Group III 1.000

*p value < 0.05 was deemed statistically significant; SD=stan-
dard deviation.

Fluorescence results

Florescent microscopic examination of the
unstained sections of liver in the sham control
group (II) and in the alprazolam +stem cells
treated-group (IV) displayed homing of PKH26
labeled MSCs in the liver tissue (Fig. 1).

Fig. 1.- PKH26-labeled injected stem cells of the unstained sections of the rat liver in a. sham control group II and b. alprazolam +
stem cells-treated group IV showing engraftment of MSCs and their homing in the hepatocytes.
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Histopathological Results

Hematoxylin and eosin staining

The hepatic parenchyma of the controls’ rats
depicted hepatic lobules separated from one
another by connective tissue septa where portal
areas accommodated the portal triad. Each
hepatic lobule featured a central vein from which
hepatic plates radiated. The portal areas included
ahepatic portal vein, a branch of the hepatic artery
and a bile ductile (Figs. 2a and b, 3a and b and 4).
Treatment with alprazolam caused focal necrosis,
inflammatory cellular infiltration, hepatocyte
vacuolization and nuclear pyknosis with
sinusoidal dilatation (Figs. 1c, 2c and d and 5a, b).
An apparent restoration of hepatic architecture
was noticed in the liver of alprazolam+stem cells-
treated rats (Figs. 2d, 3e and 5c¢).

Masson’s trichrome staining

Normal liver staining was seen in control and
sham control groupsIandII (Fig. 6a,b). Pericentral
and periportal collagen fibers deposition were
seen in alprazolam-treated liver sections (Fig. 6c,
d) as indicated by strong blue staining which was
apparently reduced in the aplrazoalm+stem cells-
treated stained section (Fig. 6€).

Immunohistochemical Staining

Very faint FGF-2 immune-expression was

present in control groups I and II (Fig. 7a, b).
Strong FGF-2 immune-expression was seen in
alprazolam-treated sections (Fig. 7c), as indicated
by strong and diffuse brown staining of hepatic
parenchyma especially noticed pericentrally. A
faint expression was seen in alprazolam+stem
cells-treated liver sections (Fig. 7d).

Fig. 2.- Hematoxylin and eosin-stained sections of rat liver in a. control and b. sham control groups I and II illustrating numerous
hepatic lobules, in the center of each is the central vein (CV). The hepatic sinusoids (arrow) appear between the plates of hepatic
cells that radiate from the central veins toward the periphery of the hepatic lobule. Branches of the interlobular vessels and bile
ducts are seen within the portal areas (tailed arrow) of a hepatic lobule. c. Hematoxylin & Eosin-stained sections in alprazolam-
treated rat liver showing ballooning and vacuolization (V) of hepatocytes. d. Alprazolam+Stem Cells-treated rat liver featuring
central vein (CV), hepatic sinusoids (arrow) and branches of the interlobular vessels and bile ducts within the portal areas (tailed

arrow) of a hepatic lobule. H&E staining, x100. Scale bars = 200 pm.
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Fig. 3.- Hematoxylin and eosin-stained sections of rat liver. a. Liver of control group I and b. of sham control group II exhibiting
normal architecture. Blood sinusoids (S) intervening between regularly arranged plates of hepatic cells radiate from central veins
(CV). Branches of the interlobular vessels; portal vein (PV) and hepatic artery (A), in addition to bile ducts (BD) are seen within
the portal areas. ¢ and d. Liver of alprazolam-treated group III exhibit areas of focal necrosis and intra-lobular mononuclear
inflammatory infiltration (arrow), identified around portal veins (PV), dilatation of sinusoids (S), hepatocyte nuclear pyknosis (P)
vacuolar degeneration and atrophy of hepatocytes (V) with loss of hepatic architecture. e. Liver of alprazolam+stem cells-treated
group IV featuring restoration of normal architecture. Blood sinusoids (S) intervene between plates of hepatic cells which radiate
from a central vein (CV). H&E, x400. Scale bars = 50 pm.

Fig. 4.- Hematoxylin and eosin-stained sections of rat liver in a. control group I and bh. sham control group I showing normal hepatic
architecture. Hepatocytes (H) are arranged in plates, between which the sinusoids (S) are situated. The space of Disse (arrow) is
visible and appears as a thin bright band between hepatocyte cytoplasm (H) and the thinner, darker band which represents the
endothelium (E) where the endothelial cells have flattened nuclei. Glycogen granules are also seen within the hepatocyte cytoplasm
(G). Kupffer cells can be recognized by their several processes and an irregular or stellate outline that protrudes into the sinusoids
closely associated with sinusoidal spaces (zigzag arrow). Cross section in rat liver stained with H&E in c. control and d. sham control
groups I and II showing the portal area of the hepatic lobule. Branches of the portal vein (PV), bile duct (BD) and hepatic artery (A)
are seen as well as space of Disse (arrow). H&E, x1000. Scale bars = 20 pm.
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Fig. 5.- a and b. Hematoxylin and eosin-stained sections of rat liver in alprazolam-treated group III showing loss of hepatic
architecture along with hepatocyte cytoplasmic ballooning and vacuolization (V). Nuclear pyknosis (P) and karyolysis (K) are
also featured. c. Hematoxylin and eosin-stained section of rat liver in alprazolam+stem cells-treated group IV showing partial
improvement of liver architecture with blood sinusoids (S) intervening between hepatocytes (H). H&E, x1000. Scale bars = 20 ym.
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Fig. 6.- Masson’s trichrome staining for collagen in rat liver sections. a. and b. are normal control and sham control groups I and
II. c. and d. Masson’s trichrome staining of liver sections in alprazolam-treated group III showing apparent increase in collagen
accumulation. Pericentral and periportal fibrosis and deposition of collagen fibers in the hepatic parenchyma are featured. e.
Masson’s trichrome staining in alprazolam+stem cells-treated group IV showing minimal reaction; central vein (CV), portal vein
(PV). Masson’s trichrome, x400. Scale bars = 50 pm.



Fig. 7.- FGF-2 immunohistochemical analysis of paraffin-embedded rat liver tissue showing negative expression of FGF2 in a.
control group I and b. sham control group II. ¢. FGF-2 immunohistochemical analysis of paraffin-embedded rat liver tissue in
alprazolam-treated group III. Marked cytoplasmic localization of FGF2 (score 4) was observed and distributed in large tissue
section. d. Alprazolam+stem cells-treated rat liver showing mild cytoplasmic localization of FGF2 (score 2). The sections were
stained with biotin labelled FGF2 polyclonal antibody (cat no: PMA5-15276), ThermoFisherScientific, USA, followed with DAB

staining. Magnification x400. Scale bars = 50 pm.

Very faint alpha-SMA immune-expression was
present in control groups I and II (Fig. 8a, b) along
the sinusoids. Alpha-SMA immunopositivity
markedly increased in alprazolam-treated
sections (Fig. 8c, d) as indicated by strong and
diffuse brown staining of hepatic parenchyma.
A faint expression was seen in alprazolam+stem
cells-treated liver sections (Fig. 8e).

Ultrastructural results

Transmission electron micrographs of liver
tissue sections in control and sham control groups
I and II showed general architecture of normal
hepatocytes. Hepatocytes featured rounded
vesicular nuclei, well-formed rough endoplasmic
reticulum and mitochondria with few lipid
droplets. A regular space of Disse intervened
between the hepatocytes and the endothelial cells
(Figs. 9 and 10). Hepatic cellular necrosis and
vacuolization were seen in alprazolam-treated
liver sections. Nuclear chromatinolysis, increased
number of lipid droplets and dilatation of space

of the Disse were also seen (Fig. 11). Relative
restoration and normalization of hepatocyte
architecture were seen in alprazolam+stem cells-
treated liver sections (Fig. 12).

DISCUSSION

In the present study, a non-statistically
significant difference in ALT and AST mean
serum levels between the control and alprazolam-
treated groups was seen. In agreement with the
present study, Li et al. (2017) recorded a non-
significant difference in alanine aminotransferase
and aspartate aminotransferase serum levels
between controls and alprazolam groups
upon oral alprazolam administration in low,
medium and high doses (5, 10 and 20mg/kg/
day respectively). In contrast to the present
findings, Ibrahim et al, (2017) reported a
significant elevation in serum ALT and AST upon
oral administration of alprazolam at a dose of
0.3 mg/kg/day. Dutt et al. (2020a) recorded a
surge in alanine aminotransferase and aspartate
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Fig. 8.- Immunohistochemical staining of liver sections stained with alpha smooth muscle actin antibody (a-SMA). a and b are
sections of the control and sham control groups I and II showing negative expression of a-SMA. ¢, d. alprazolam-treated group
showing dense brown expression of a-SMA in between hepatic lobules and into hepatic lobules between hepatocytes (score 4). e.
Alprazolam+stem cells-treated group showing faint expression of a-SMA between hepatocytes (score 2). The sections were stained
with Mouse Anti-Alpha Smooth Muscle Actin Monoclonal Antibody (Clone 1A4) (CAT#: NAB201062LS), Creative Biolabs, NY, USA.
Magnification x400. Scale bars = 50 pm.
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Fig. 9.- Transmission electron micrographs of control and sham control rat liver depicting details of hepatocytes (H). Nucleolus
(Nu) in hepatocyte nucleus (N); canaliculus (C); rough endoplasmic reticulum (R); glycogen (G); mitochondria (M); lipid droplets
(Li).; fibroblast (Fi); blood sinusoid (S) with blood cells in some. Magnification: x3,000. Scale bars = 2 pm.
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Fig. 10.- Transmission electron micrographs of control and sham control rat liver depicting details of hepatocyte (H); hepatocyte
nucleus (N); mitochondria (M); blood sinusoid (S) with blood cells in some; endothelial cells (E); space of Disse (D); portion of a
Kupffer cell (Ku); Magnification: x6,000. Scale bars = 2 pm.
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Fig. 11.- Electron micrographs of liver tissue obtained from alprazolam-treated rats showing loss of architecture. Hepatocytes are
necrotic with large areas of cytoplasmic vacuolization (V) and karyolysis of the nucleus (K). Note the dilated sinusoids (S) filled
with red blood corpuscles (RBCs). Necrotic hepatocyte in the centrilobular area with nuclear chromatinolysis (N) and many lipid
droplets (Li). Hepatocyte at the periportal region showing fading nuclei with irregular outlines and clumped chromatin (N), swollen
mitochondria (M), accumulated lipid droplets (Li), vesiculated rough endoplasmic reticulum (R) and dilated space od Disse (D).
Magnification: x3,000. Scale bars = 2 pm.
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Fig. 12.- Transmission electron micrographs of alprazolam+stem cells-treated rat liver depicting normalization of liver architecture
with details of hepatocytes (H). Hepatocyte nucleus (N); mitochondria (M) and lipid droplets (Li). Canaliculus (C); blood sinusoid (S)
with blood cells in some of them; endothelial cells (E) and space of Disse (D). Magnification: x3,000. Scale bars = 2 ym.

aminotransferase serum levels when alprazolam
co-administered with methylphenidate
in high doses, whether administered alone or
in combination. The authors confirmed that
when administered in a low dose, alprazolam
caused a non-significant change in the enzyme
levels. Dutt et al. (2020b) concluded that the co-
administration of alprazolam has augmented
the hepato-toxic effects of methylphenidate as
proven by the elevated markers for oxidative
stress and the reported structural abnormalities
in the liver. Dutt et al. (2020a) reported that low,
medium and high doses of combined alprazolam
and methylphenidate significantly increased
lipid peroxidation and decreased SOD levels in
liver tissue, whereas in contrast with the current
work, the authors stated that individual treatment
with alprazolam caused no significant lipid
peroxidation except when given in a high dose.
According to the authors, the alprazolam-induced
reduction in the endogenous SOD levels has
augmented the toxic effects of methylphenidate
on the liver. The authors suggested that an
intercalation of alprazolam with genomic and
mitochondrial DNA was a cause for activation of
the mechanism involved in cellular death.

was

In this study, a significant elevation of TNF-a
level was seen in the alprazolam-treated
group when compared to the control group. In
agreement, Dutt et al. (2020b) observed marked

increase of neuroinflammation as indicated

by elevated levels of TNF-o following chronic
administration of alprazolam when used alone
and in combination with methylphenidate to
evaluate the extent of damage of both drugs on the
brain cortex and hippocampus (Table 2).

Schueller et al. (2018) emphasized the
diversified role of miRNAs in maintenance of
liver homeostasis, and thus their consequent
involvement in acute and chronic liver diseases.
The authors reported that knockout of DICER1
in hepatoblast-derived cells leads to a significant
downregulation of miRNA-192, among other
miRNAs, where development of hepatocyitc
damage and cellular apoptosis would be seen as a
resultat2-4 monthsofage. MiR-192-5pexpression
isrestricted to hepatocytes. In agreement with the
present results, Schueller et al. (2018) revealed
a downregulation in intrahepatic expression
of miR-192-5p after ischemia and reperfusion
(I/R), as well as after CCl4 induced-liver injury. In
contrast, the authors reported an increase in miR-
192-5p serum levels after I/R, which was linked
with the degree of liver damage and the presence
of hepatic cell death. The authors added that
downregulation of miR-192-5p had a defensive
effect in HepG2 cells after H,O, treatment,
signifying a role of miR-192-5p in preventing liver
injury (see Table 2).

Roy et al. (2016) suggested the involvement of

miR-192-5pinthe control ofliver cell death during
acute liver injury and considered it to be a potent



marker of hepatic injury. The authors reported
a miR-192-5p down regulation in hepatocytes
in acute liver injury, with no alteration in its
expression among other cell types, indicating a
hepatocyte specificity of miR-192-5p regulation
during acute liver injury. The authors discussed
the role of binding of TNF to its receptor in
initiation of signaling cascades which regulate
cell cycle or cell death pathways; NF- xB activation
being the most prominent pathway. The authors
hypothesized that miR-192-5p is regulated by
TNF/NF- «xB-dependent signaling cascades in
hepatocytes and proposed that miR-192-5pis part
of a TNF/LPS-dependent signaling pathway that
mediates de-repression of anti- apoptotic genes
such as Zeb2 defending hepatocytes against cell
death in acute liver injury (Table 2).

In accordance with the present results, Andrade
et al. (2000) conducted a study that described
three patients with benzodiazepines-induced
chronic hepatocellular with findings
that are indicative of hepatotoxicity of the
benzodiazepine, bentazepam. Their findings
showed that a benzodiazepine drug can cause
chronic hepatitis after oral usage of the drug
at a dose of 25 mg twice a day. Percutaneous
liver biopsy showed alteration of the hepatic
architecture with obvious portal-to-portal
fibrosis and transition to cirrhosis as seen with
Masson’s trichrome staining. Masson’s trichrome
staining also showed fibrous expansion of portal
areas and tracts, fibrous bands surrounding
parenchymal regenerative nodes, with bile duct
proliferation and inflammatory infiltration, in
which mononuclear cells (lymphocytes and
plasma cells) dominated. Parenchymal necrosis
with acidophilic bodies, regenerative changes,
and hepatocytic cholestasis were also noted. The
authors hypothesized that bentazepam-related
hepatotoxicity has been rarely detected, despite
its extensive use, because benzodiazepines
are not usually considered as a cause of liver
damage. Moreover, chronic hepatitis may be
symptomless or its clinical manifestations may be
nonspecific, in absence of jaundice. The authors
concluded that their findings, together with two
previously published case reports, propose that
a benzodiazepine can cause chronic hepatitis

injury,

and argue in favor of using liver function tests to
monitor all patients administered the drug.
Table 2. Effect of alprazolam and alprazolam+stem cells on

TNFa, SOD and miRNA192 gene expression as compared to
the controls.

Group Mean *+SD Versus p-value
GroupIl = 1.000
I 0.89+£0.14 GroupIII = *0.000
Group IV | *0.001
Group I 1.000
II 1.13+0.32  Group III | *0.000
RQ-TNF-a Group IV | *0.001
5192 + Group I j0.000
III 0.44 Group Il  *0.000
’ Group IV = *0.000
2.86 + Group I "“0.001
v 0.09 Group Il | *0.001
) Group III | *0.000
Group Mean +SD Versus p-value
0.91 + Group II }.000
I 0.03 Group III = *0.000
’ Group IV | *0.001
110+ Group I }.000
II 011 Group III = *0.000
RQ-SOD ' Group IV *0.001
0.01 + Group I Z‘:0.000
III 0.79 GroupII  *0.000
’ Group IV = *0.000
0.55 + Group I :':0.001
IV 0.83 Group Il  *0.001
’ Group III | *0.000
Group Mean +SD Versus p-value
1.06 + Group II }.000
I 0.71 Group III = *0.000
’ Group IV | *0.001
0.95 + Group I }.000
II 017 Group III = *0.000
RQ-miRNA 192 ’ Group IV | *0.001
Group I *0.000
10| 8'33 * Groupll  *0.000
’ Group IV = *0.000
Group I *0.001
v 8'2‘21 * GroupIl | *0.001
’ Group III = *0.000

*p value < 0.05 was deemed statistically significant; RQ=Re-
verse Transcription Quantitation; SD=standard deviation.

In the present study, homing of MSCs in liver
hepatocytes was verified through the detection
of MSCs labeled with PKH26 by fluorescence
microscopy. In line with the present study, El
Asmar at al. (2011) reported that the generation of

Heba M. Ali Lahib

629



BMSCs modify alprazolam liver injury

630

parenchymaldamageisarequirementforeffective
homingandrepopulationofstemcells. Theauthors
mentioned that although molecular mechanisms
for stem cells mobilization and homing in the
injured liver were poorly understood, possible
pathways have been proposed including; Stromal
Cell-Derived Factor-1 (SDF- 1)/CXCR4 axis, the
proteolytic enzymes matrix metalloproteinases
(MMPs), the hepatocyte growth factor (HGF) and
the stem cell factor (SCF) where the Chemokine
Stromal Cell-Derived Factor-1 (SDF-1) is
considered to be acommanding chemo-attractant
of hepatic stem cellss homing, migration,
proliferation, differentiation and survival. Aliotta
et al. (2007) also discussed the mechanisms
involved in bone marrow-derived cells (BMDCs)
trans-differentiation triggered by tissue injury.
Chemokines produced by tissue injury attract
BMDCs, producing microvesicles which are then
taken up by BMDCs altering the cell phenotype to
mimic resident cells.

Ishikawa et al. (2006) stated that growth factors
affect cell proliferation and differentiation and
allegedly contribute in repair processes of various
organs. The authors reported that transplanted
GFP-positive  bone cells (BMCs)
differentiate into hepatocytes via hepatoblast
intermediates. The authors also reported that
FGF2 assists the differentiation of transplanted
BMCs into albumin-producing hepatocytes via
Liv2-positive hepatoblast intermediates through
the activation of TNF-a signaling. The authors
found that co-administration of FGF2 and bone
marrow transplantation (BMT) improves liver
function and prognosis of mice with liver injury.
Padrissa-Altés et al. (2015) used siRNA delivered
via nanoparticles liver-specific gene
knockout to study Fgfr role in liver regeneration.
The authors reported that normally Fgf15- Fgfr4-
Stat3 signaling pathway is vital for injury-induced
expression of the Foxm1 transcription factor and
consequent cell cycle progression. The authors
observed a failure of liver mass restoration in
case of Fgfr4 knockdown in mice, which was
compensated for by compensatory hypertrophy of
hepatocytes. Knockdown of Fgfr4 in mice lacking
Fgfrl and Fgfr2 in hepatocytes caused liver
failure due to severe liver necrosis and a defective

marrow

and

regeneration. The authors recommend activation
of Fgfr signaling as a promising approach for
the improvement of the liver’s regenerative
capacity. These results prove that Fgfr signaling
in hepatocytes is crucial for liver regeneration
and run in agreement with the results of the
present study. Kurniawan et al. (2020) reported
that FGF2 interacts with FGFR1 which is highly
overexpressed in human liver myofibroblasts.
The authors suggested different FGF2-regulated
signaling pathways including Janus kinase (JAK),
signal transducer and activator of transcription
(STAT), extracellular signal regulated Kkinase
(ERK), mitogen-activated protein kinase (MAPK),
c-jun N-terminal kinase (JNK) and serine/
threonine kinase AKT (also known as protein
kinase B, PKB) pathways. The authors added
that selective inhibitor of phosphatidylinositol
3-kinase (PI3K) and mitogen- activated protein
kinase (MAPKK or MEK) eliminate the protective
effects of FGF2, proposing involvement of PI3K/
AKT and MEK/ERK signaling pathways in FGF2-
mediated effects.

In the present work, alpha-SMA immunopositi-
vity was markedly increased in alprazolam-trea-
ted group III. Caprino et al. (2005) mentioned that
alpha-SMA expression is a dependable marker of
hepatic stellate cells activation, occurring even
prior to fibrous tissue formation in chronic he-
patitis. The authors confirmed that its expression
could be a useful measure for identification of the
earliest stages of hepatic fibrosis and monitoring
the effectiveness of therapy, whereas later in the
disease process, fibrosis deposition would be sus-
tained by other mechanisms. Udomsinprasert et
al. (2020) discussed the mechanisms underlying
the connection of high expressions of Glypican-3
(GPC-3) and a-SMA with liver fibrosis. The authors
stated that GPC- 3 contributes in the regulation of
HSCs viability through interacting with hedge-
hog signaling, which in turn plays a fundamen-
tal role in maintaining HSCs viability and activa-
tion, which are involved in hepatic fibrogenesis.
The authors added that in liver fibrosis, HSCs are
activated and transformed into myofibroblasts
that secrete several cytokines/growth factors and
produce extracellular matrix proteins including
a-SMA. In contrast to the present results, Zhao



et al. (2018) recorded that although present in fi-
brotic skeletal muscles, the expression of a-SMA
by myofibroblasts is not demonstrable by immu-
nostaining. The authors found that the level of
a- SMA expression by intramuscular fibrogenic
cells does not show a positive correlation with the
level of collagen gene expression or the severity
of skeletal muscle fibrosis in mice with muscu-
lar dystrophy. The authors concluded that a-SMA
is not a functional marker of fibrogenic cells in
skeletal muscle fibrosis accompanying muscular
dystrophy.

The histopathological findings of the present
study, associated with alprazolam administration,
provided supportive evidence for the biochemical
and molecular analyses. The present findings
are in line with those of Dutt et al. (2020b), who
observed an increase in hepatocyte cellular
necrosis
alterations in the morphological arrangement of
hepatocytesinliver tissue upon co-administration
of alprazolam. Despite reporting liver cell cord
disorder and liver cell edema, Li et al. (2017)
concluded that alprazolam is not hepatotoxic in
terms of pathological findings.

and vacuolization in addition to

Ishikawa et al. (2006) demonstrated the potenti-
ality of BMCs todifferentiate into various cell types,
including hepatocytes. The authors reported an
elevation of serum albumin level and a reduction
in liver fibrosis, following bone marrow trans-
plantation (BMT). According to the authors, the
mechanism of BMC plasticity involved cell fusion,
nuclear reprogramming or trans-differentiation.
In the early stage following BMT, the authors ob-
served that genes known to control morphology,
such as homeobox, helix-loop-helix transcription
factors, and FGFs were up-regulated. However, in
later stages, upregulation involved genes linked
with hepatocyte differentiation, such as hepato-
cyte nuclear factor-4 and glucose-6-phosphatase
isomerase. Khalil et al. (2021) conducted a study
to assess the therapeutic effect of BM-MSCs in car-
bon tetrachloride (CCl4)-induced liver injury and
fibrosis in male rats, relative to standard drugs
derived from herbal plants. The authors observed
restoration of liver structure and function upon
treatment with stem cells in comparison with the
standard drugs. BM-MSCs significantly decreased

AST, ALT, TNF-o, and increased SOD levels com-
pared to the positive control and the standard
drugs groups, with no significant difference be-
tween the BM-MSCs-treated group and the nor-
mal group. The authors attributed the decrease in
serum level of TNF-a after BM-MSCs treatment to
deactivation of macrophages and hepatic stellate
cells. Histologically, the authors reported a signif-
icant improvement in induced hepatic fibrosis,
as scored by the METAVIR scoring system, with
restoration of normal liver tissue in the BM-MSCs
group. Normal tissue with no collagen prolifera-
tion was recorded in the BM-MSCs group, as seen
with Masson’s trichrome staining. The findings of
the present work are in agreement with the above
findings. Khalil et al. (2021) stated that BM-MSCs
either undergo differentiation in the liver tissue
or release cytokines/chemokines, by means of a
paracrine mechanism, which help reduce inflam-
mation, fibrosis and oxidative stress. The authors
hypothesized that BM-MSCs stimulate hepatic re-
generation in liver damage either by generation of
de novo hepatocytes by means of trans-differen-
tiation and/or cell fusion, paracrine stimulation
of endothelial differentiation and vasculogene-
sis, antifibrogenic modulation of the stromal mi-
cro-environment and secretion of hepatotrophic
growth factors. The growth factors enhance cell
survival, decrease chronic inflammation and di-
minish fibrosis by inhibiting extracellular matrix
(ECM) production and deposition, stimulating my-
ofibroblasts apoptosis. Xiu et al. (2020) discussed
the therapeutic role of BMSCs in the treatment of
acute liver injury in down-regulation of serum
markers such as AST and ALT and reduction of
mortality. The authors confirmed that BMSCs
transplantation markedly attenuated liver injury
and improved the survival of rats in acute liver
injury. The authors also stated that mesenchymal
stem cells (MSCs) are regulated by the stromal
cell-derived factor-1 (SDF-1)/CXC chemokine re-
ceptor-4 (CXCR4) signaling axis, which promotes
stem cells migration to the inflammation-asso-
ciated disease sites consequent to the activation
of PI3K/Akt signaling pathway in BMSCs that is
downstream of CXCR4.
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CONCLUSION

This study investigated the hepatic injury asso-
ciated with oral alprazolam administration and
the role of BMSCs. The changes in levels of TNF-a,
SOD and miRNA192 indicated alprazolam in-
duced-oxidative stress and liver injury, results
that were further supported by the immunohis-
tochemical, histological and ultrastructural find-
ings. There were no significant differences for
ALT and AST between control and alprazolam
groups as regards the biochemical results. The re-
sults indicated a reversal in the previously men-
tioned findings upon administration of BMSCs.
In conclusion, studies investigating frequent and
prolonged administration of alprazolam are fur-
ther needed and administration of BMSCs could
be recommended as a therapeutic option in con-
ditions involving alprazolam-induced liver injury.
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SUMMARY

Nail consistency is a little studied characteristic
of the nail plate. Numerous factors can influence
its determination, including the anatomy of the
nail apparatus, the structure of the nail plate, and
the type and quantity of keratins present. To study
the relationship between nail consistency and the
expression level of type I keratins, a sample was
chosen of 32 individuals in the same age group
(49.94 + 3.38 years), 18 with hard consistency
nails and 14 with soft consistency nails, with
the same number of individuals for each gender.
Two buffers with different concentrations of
reducing agent (50mM and 200mM) and two
antibodies to various type [ keratins were
analyzed by immunoblotting. The mean extracted
protein concentration at 50mM was significantly
higher than 200mM
(p-value<0.001). The expression level obtained
with the AE13 antibody did not vary with gender
or nail consistency (p-values>0.942). With the
cytokeratin 17 antibody (CTK17), no differences
were found by gender (p-value=0.341). However,
significant differences were established between
hard-consistency and soft-consistency nails
(p-values<0.007) for the two concentrations,

the concentration at

and between concentrations for soft consistency
nails (p-value=0.001). Hard-consistency nails
had a higher expression level of K17. Adding to
the elemental analysis between layers and the
flexural behavior of the nail plate studied reported
in previous studies, this work demonstrates that
nail consistency also depends on the quantity of
keratins expressed.

Key words: Epithelial keratin — Hair keratin —
Immunoblot — Nail consistency — Nail plate

INTRODUCTION

The nail apparatus is a complex, versatile
skin appendage (Haneke, 2006; Haneke, 2015)
of epidermic origin (McCarthy, 2004). It is
located dorsally in the distal phalanges of the
fingers and toes, which it protects (Runne et al.,
1981; McCarthy, 2004). In addition to epithelial
components, the nail apparatus includes
vascularization and innervation structures (Bas et
al., 1999; Fleckman et al., 2001; de Berker, 2013;
Haneke, 2015) with important sensorial and
temperature regulating functions (Haneke, 2006;
Haneke, 2015). Anatomically, it comprises the
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following principal elements: nail folds (proximal
and lateral folds), nail matrix, nail bed, nail plate,
eponychium and hyponychium (Fleckman et al.,
2001; Haneke, 2006; de Berker, 2013; Fleckman
et al., 2013; Haneke, 2015).The nail plate is made
up of tightly packed, anucleate keratinized cells
(Runne et al.,, 1981; Haneke, 2006) arranged
in three layers: the dorsal, intermediate and
ventral layers (Runne et al., 1981). The layers are
differentiated by the orientation of the keratin
filaments (Farren et al., 2004), the type of keratins
present, and the relative thickness of each layer
(Kobayachi et al., 1999). These and other factors
influence the mechanical functions of the human
nail plate and its physical characteristics of
toughness, strength, and flexibility (Young et al.,
1965; Finlay et al., 1980; Farren et al., 2004), and
are also likely to influence nail consistency.

Nail consistency is a characteristic of the nail
plate that is not routinely assessed during clinical
examination. However, changes in the color, shape
or thickness of the nail plate are important signs
assessed in podiatry practice, because they can
indicate systemic pathologies or nail disorders
(Shemer et al., 2013; Baraldi et al., 2015; Zaiac et
al 2015). We consider that when examining both
normal and pathological nails, consistency should
beoneofthemainfactorsassessedalongside color,
shape, and other characteristics. Soft, medium,
and hard consistency nails have been identified,
and their relative frequencies have been found to
vary with age, gender, and sports activity (Pérez
Picoetal.,2017; Pérez Pico et al., 2019). Moreover,
studies which develop a predictive mathematical
model for nail consistency based primarily on

Table 1. Keratin expression in human adult nail apparatus.

Typel
Epithelial
Proximal nail fold K10, K16, K17
Eponychium K10, K16, K17
Matrix K10, K14, K16,K17,K18,
Nail bed K10, K14, K16,K17
Nail plate K17
Hyponychium K10, K17
Digit pulp K16,K17

Determining nail consistency by quantification of type I keratins

the level of calcium in the dorsal layer of the nail
plate (Mingorance Alvarez et al., 2021) and which
analyze flexural behavior through fractional
modeling (Traver et al.,, 2021) strengthen the
hypothesis that nail consistency varies.

Keratins form the type of intermediate filament
characteristic of epithelial tissue (Woodcock-
Mitchell et al., 1982). They are very stable
filaments that provide integrity and mechanical
support to the epithelial cells (Runne et al., 1981).
Epithelial keratins are characteristic of epithelial
tissue, while hair keratins are the majority type
in cutaneous appendages (hair and nails). The
structural unit of the fold is the heterodimer
(Hatzfeld et al., 1990), a type I (acid) and a type
II (basic or neutral) amino acid chain (Moll et
al., 1982) assembled by the central a-helical
rod domain. This domain is fundamental in the
development of upper fold levels (coiled-coil
conformation), together with the existence of
disulfide bonds that keep the structure stable,
particularly in hair keratins (Gniadecka et al.,
1998). Human type [ Kkeratins are epithelial
(K9-10, K12-K20, K23-28) and hair (K31-K40),
and human type II keratins are epithelial (K1-
K8, K71-K80) and hair (K81-K86) (Schweizer
et al., 2006). Numerous studies have permitted
characterization of epithelial and hair keratin
expression patterns in the different elements
of the nail apparatus (Baden et al., 1984; Heid
et al.,, 1988; Moll et al.,, 1988; Westgate et al.,
1997; Waseem et al. 1999; de Berker et al., 2000;
McGowan et al., 2000; Perrin et al., 2004; Perrin,
2007; Perrin et al., 2011) some of them in human
adults (Table 1). The nail plate contains both

Type I1
Hair Epithelial Hair
K1, K6
K5, K6
K31, K34,K36,K38 K1, K5, K6, K7, K8, K81, K85, K86

K5, K6, K7,K75

K5
K6

Studies summarized from: de Berker, 2000; McGowan and Coulombe, 2000; Perrin et al., 2004; Perrin, 2007; Perrin et al., 2011.



epithelial and hair keratins (Lynch et al., 1986;
Heid et al., 1988; Kitahara et al., 1991), although
only 10-20% are epithelial, compared to a
majority of hair keratins (Lynch et al., 1986; Heid
etal., 1988).

Several factors may influence nail consistency,
including the anatomy of the nail apparatus, the
structure of the nail plate, and the type, quantity,
and assembly of the keratins present. However,
few studies have addressed nail consistency and
its determining factors. The main objective of this
work is to analyze the relationship between nail
consistency and the quantification of two type I
keratins present in the nail plate (the epithelial
keratin K17 and a 44-46 kDa hair keratin doublet)
and establish a new line of research to determine
whether nail consistency depends on the pattern
and/or relative quantity of the keratins expressed
in the nail plate.

MATERIALS AND METHODS

Permission and sample description

Permission for the study was obtained from
the University of Extremadura Bioethics
Committee (Reg. 116/2016). All participants
signed an informed consent form and after a
physical examination of their feet, they filled in
a questionnaire to provide the necessary health
information. Theinclusion criteriawere:aged 40to
55 years; no diagnosed disease capable of altering
nail structure and/or composition; no prescribed
medication described as altering nail structure
and/or composition; no behaviors or treatments
that alter the structure and/or composition of the
nails; following a Mediterranean diet.

The final sample comprised 32 adult individuals
(16 men and 16 women; 49.94 + 3.38 years), 18
with hard consistency nails and 14 with soft
consistency nails.

Nail consistency and sample collection

Trained personnel determined nail consistency
in vivo by applying manual pressure to the nail
edges in the lateral-medial and dorsal-ventral
axis after the foot had been exposed to room
temperature for 15 minutes, following the

methodology described elsewhere (Pérez Pico
et al., 2017). Nail clippers were used to collect
samples on the free edge of the first toe, without
exceeding the onychocorneal band. Nail samples
were immersed in an ultrasound cleaning bath
(Elma, Singen, Germany) to clean them and
remove skin cells, fibers and nail plate debris, and
samples were stored at -20°C until analysis.

Antibodies

As representatives of type I keratins, AE13 and
CTK17 antibodies were analyzed due to their
traditional use in the study of nail apparatus
keratins, and their relationship with symptoms
in the nail plate associated to hereditary human
diseases as paquioniquia congenita type 2,
respectively.

Mouse monoclonal antibody AE13, kindly
provided by Dr TT Sun (New York University),
recognizes a 44-46 kDa type I human hair keratin
doublet (Lynch et al., 1986). Mouse monoclonal
antibody CTK17 (sc-393091, Santa Cruz
Biotechnology, Heidelberg, Germany) recognizes
46 kDa type I human epithelial keratins. Mouse
monoclonal antibody GAPDH (sc-32233, Santa
Cruz Biotechnology, Heidelberg, Germany) was
used in 50mM 2-mercaptoethanol immunoblots
as loading control. Goat anti-mouse IgG (H+L)
HRP conjugate secondary antibody was obtained
from Advansta (San José, California, USA).

Extraction procedure, protein quantification
and immunoblot

Keratins were extracted following the
methodology described elsewhere (Kitahara
et al.,, 1991) for clipped nails. Because it was a
two-step sequential extraction procedure, two
different buffers were used: buffer I (50mM
Tris-HCI, 9M urea, 2mM phenylmethanesulfonyl
fluoride and 50mM 2-mercaptoethanol, pH 9)
and buffer II (200mM Tris-HCI, 9M urea, 2mM
phenylmethanesulfonyl fluoride and 200mM
2-mercaptoethanol, pH 9). Two extracts were
obtained from each sample with increasing
concentrations of 2-mercaptoethanol, one
containing 50mM, in which the epithelial keratins
were soluble, and the other containing 200mM,

in which the hair keratins were soluble (Kitahara
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et al,, 1991). Three independent repetitions of
the extraction procedure were performed with
each sample analyzed. The protein concentration
present in the extracts was quantified by the
Bradford colorimetric method (Bradford, 1976).

Because the molecular weight of the target
keratins was very similar (44-46kDa: AE13
antibody; 46kDa: CTK17 antibody),
necessary to perform independent immunoblots
for each antibody. A total of 3 ug of protein per
well was loaded in the immunoblots with the AE13
antibody and 10 ug with CTK17, to avoid problems
of membrane saturation and perform the
quantification in the linear range. Sodium dodecyl
sulfate polyacrylamide gel electrophoresis was
performed under denaturing conditions (SDS-
PAGE) (Laemmli, 1970) using gels with 10%
acrylamide and electrophoresis buffer (25mM
Tris, 192mM glycine, 0.1% w/v SDS). Separated
proteins were transferred -electrophoretically
(40mV, for 4h, at 4°C) to nitrocellulose membranes
(GE Healthcare Life Sciences, Freiburg, Germany)
with Mini Trans Blot System (Biorad Laboratories,
Shanghai, China) using transfer buffer (25mM
Tris, 192mM glycine, 20% v/v methanol).

it was

Membranes were treated with blocking solution
(50mM Tris-HCl, 75mM NacCl, 0.2% (v/v) Tween-20,
pH 7.5, containing 10% (w/v) non-fat milk) for 2h
at room temperature, then incubated overnight
with primary antibodies AE13 and CTK17 (diluted
1:500 (v/v) in blocking solution) and GAPDH
(diluted 1:2000 (v/v) in blocking solution) at 4°C.
Because the extraction conditions with buffer II
(200mM) are incompatible with GAPDH protein
extraction, Ponceau S stain was used as loading
control rather than the GAPDH antibody (Fig. 1).
The membranes were then washed (Tris-buffered
saline buffer, pH 7.5, with 0.2% Tween-20) three
times, for 10 minutes each, and incubated with
goat anti-mouse IgG HRP conjugate secondary
antibody (diluted 1:10000 in blocking solution)
for 1h at room temperature. After four 10-minute
washes, HRP chemiluminescent substrate
Pierce ELC (Thermo Scientific, Rockford, Illinois,
USA) was added for the membranes with the
AE13 and CTK17 antibodies, and Clarity Max
(Biorad Laboratories, Segrate, Italy) for GAPDH
membranes. exposed to

Membranes were

Hyperfilm ELC (Amersham, Buckinghamshire,
UK). Developed films were scanned and band
signaling was measured using ImageJ software
(http://rsbweb.nih.gov/ij/).  The
results were obtained from three independent
repetitions.

immunoblot

Statistics and variables

Statistical treatment was performed using
IBM SPSS Statistics for Windows, Version 22.0
(IBM, Armonk, New York, USA). Normality
was assessed by the Kolmogorov-Smirnov and
Shapiro-Wilk tests. The paired sample T-test and
the independent sample T-test were performed.
For the two extraction conditions tested (50mM
and 200mM), the variables analyzed were
mean extracted protein concentration, mean
quantification of the expression level with the
AE13 antibody, and mean quantification of the
expression level with the CTK17 antibody. To
compare the extracted protein concentrations and
the mean quantifications of the expression level
for each antibody, the differences obtained under
each extraction condition tested were analyzed.
In all analyses the significance level was 0.05.

RESULTS

The three independent repetitions of protein
extractions performed at 50mM showed a higher
median (3.07, 3.81 and 4.01) and range (4.03, 3.95
and 4.40) than extractions performed at 200mM
(2.49, 2.56 and 2.54) and (2.09, 2.39 and 2.17),
respectively (Fig. 2). All the variables analyzed
followed a normal distribution (p-values>0.148).
The comparison between the mean protein
concentration extracted at 50mM and 200mM
was independent of gender and nail consistency
(p-values=0.641). At 50mM, the mean extracted
protein concentration was significantly higher
(3.80 pg/ul) than the concentration obtained
at 200mM (2.57 ug/ul) (p-value<0.001) (Fig.
2). Moreover, for each concentration analyzed,
no differences observed either by
gender (p-values>0.167) or nail consistency
(p-values=0.409) (Fig. 2).

were

Comparison of the mean quantification of
the expression level for the AE13 antibody
between the two concentrations tested was also


http://rsbweb.nih.gov/ij/
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Fig. 1.- Expression level detected with the AE13 and CTK17 antibodies under the two extraction conditions tested (50mM and
200mM). (A) extracts obtained at 50mM. (B) extracts obtained at 200mM. (C) comparison of the expression level between nail
consistencies (Hard and Soft). A left, 50mM immunoblot comparing hard- and soft-consistency nails. A right, bar graph comparing
the expression level obtained at 50mM for the two antibodies tested by nail consistency. B left, 200mM immunoblot comparing
hard- and soft-consistency nails. B right, bar graph comparing the expression level obtained at 200mM for the two antibodies
tested by nail consistency. C left, bar graph comparing the expression level obtained for the CTK17 antibody by the two extraction
conditions and the two nail consistencies tested. C right, bar graph comparing the expression level obtained for the AE13 antibody
by the two extraction conditions and the two nail consistencies tested. 50mM, concentration of 2-mercaptoethanol in the extraction
buffer; 200mM, concentration of 2-mercaptoethanol in the extraction buffer; Hard, hard-consistency nails; Soft, soft-consistency
nails; kDa, kilodalton; a.u., arbitrary units; * statistically significant difference (p<0.05); ns, not significant; GAPDH, loading control
at 50mM; Ponceau S, loading control at 200mM.
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independent of gender and nail consistency
(p-values=0.942). Analysis of the results of the
mean quantification of the expression level of the
extracts obtained at 50mM and 200mM did not
show enough evidence to reject that they were
the same (p-value=0.516). For each concentration
analyzed, nosignificant differences were observed
by gender (p-values>0.802) or nail consistency
(p-values=0.437) (Fig. 1).

For the CTK17 antibody, the comparison bet-
ween the mean quantification of the expression
level at 50mM and at 200mM did not vary by gen-
der (p-value=0.341), although it varied by nail con-
sistency (p-value=0.001). The data observed on
comparing the mean quantification of the expre-
ssion level of the extracts obtained at 50mM and
at 200mM in hard consistency nails did not show
enough evidence to reject that they were the same
(p-value=0.958). However, significant differences
were found on comparing the mean quantification
of the expression level in the extracts obtained
at 50mM and at 200mM in soft consistency nails
(p-value=0.001). For each concentration, no diffe-
rences were observed in relation to gender (p-val-
ues>0.187), although differences were observed
by nail consistency (p-values<0.007) (Fig. 1).

Quantification of the expression level obtained
forthe AE13 antibody therefore did not vary either
by gender or nail consistency (p-values>0.942).
However, the results obtained with the CTK17
antibody showed significant differences between
soft consistency nails and hard consistency nails
under each extraction condition tested (at 50mM
and at 200mM) (p-values<0.007) and between soft
consistency nails for extracts obtained at 50mM
and at 200mM (p-value=0.001).

DISCUSSION

The nail plate is a highly keratinized tissue,
given that 90% of the total proteins in the nail
plate are keratins or keratin-associated proteins
(Rice et al., 2010) and 80-90% of these are hair
keratins (Heid et al., 1988; Lynch et al., 1986).
However, the extractions performed under less
reducing conditions (50mM) showed a higher
total protein concentration than extractions at a
higher concentration of reducing agent (200mM),
in which hair keratins are more soluble than ep-
ithelial keratins. Therefore, under more gentle
extraction conditions, not only are the epithelial
keratins soluble (Kitahara et al., 1991), but other
types of proteins (membrane or intracellular) also

Fig. 2.- Principal results obtained from the extraction experiments. (A) Box and whisker plot of the three independent repetitions of
the extraction procedure. (B) Bar graph comparing the mean extracted protein concentration under the two extraction conditions
tested (50mM and 200mM). (C) Bar graph comparing the mean extracted protein concentration under the two extraction
conditions tested by nail consistency (Hard and Soft). 50mM, concentration of 2-mercaptoethanol in the extraction buffer; 200mM,
concentration of 2-mercaptoethanol in the extraction buffer; Ext. 1, independent extraction number 1; Ext. 2, independent
extraction number 2; Ext. 3, independent extraction number 3; * statistically significant difference (p<0.05); ns, not significant;

Hard, hard consistency nails; Soft, soft consistency nails.



solubilize, producing a higher extraction yield
than under more reducing conditions (Rice et
al., 2010). This is the case of the protein glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH),
which participates in glycolysis and was detect-
ed only in extracts performed at 50mM, where it
was used as loading control. Moreover, the results
obtained in the three independent repetitions of
protein extraction showed greater variability in
extractions performed at 50mM than at 200mM.
These results support the hypothesis that a high-
er diversity of proteins is extracted under less re-
ducing conditions, whereas under more reducing
conditions the type of proteins solubilized is more
homogeneous and variability is lower. However,
the nail plate is not characterized as a very active
tissue from a metabolic point of view, because it
is made up of cells with pyknotic nuclei or largely
denucleated cells (Runne et al., 1981). It is likely
that, together with the minority non-keratin pro-
teins present in the nail plate, some hair keratins
are also extracted under less reducing conditions
(Rice et al., 2010), even though they are almost in-
soluble in these conditions (Kitahara et al., 1991).

The AE13 antibody was not useful for differen-
tiating between hard- and soft-consistency nails,
because its expression level did not vary either by
nail consistency or extraction conditions. Previ-
ous studies with this antibody reported exclusive
staining in extracts obtained under more reduc-
ing conditions (Kitahara et al., 1991). However,
we cannot state that only hair keratins will be ex-
tracted under these conditions, which would ex-
plain the expression level of the extracts obtained
at 50mM. A minor tendency was observed in the
slightly higher expression level in soft-consisten-
cy nails, which was higher under the more reduc-
ing extraction conditions. Although the results
were not statistically significant, the extracts from
soft consistency nails may contain a higher rela-
tive concentration of target hair keratins of the
AE13 antibody than the extracts from hard con-
sistency nails.

The results showed that hard-consistency nails
express more K17 than soft consistency nails. K17
has been detected in the nail matrix associated
with precursor cells, in the nail bed (McGowan et
al., 2000) and in the nail plate (Heid et al., 1988). It

has also been associated with epithelia subjected
to high physical stress, with high cell turnover
rates (Swensson et al., 1998). Nails are constantly
subjected to bending forces by activities of daily
living (Forslind et al., 1980). It seems logical that
hard-consistency nails would be less adapted to
these forces than soft-consistency nails, which
are probably more flexible and adaptable. These
less adaptable nail plates would be subjected to
greater stress, which could cause an increase in
K17 synthesis and, therefore, a greater presence
of this keratin in the nail plate of hard-consistency
nails. Moreover, this difference in expression by
nail consistency is independent of the extraction
conditions, although in soft consistency nails the
expression level is higher under less reducing
extraction conditions, supporting an earlier
description of keratin solubility and reducing
power (Kitahara et al., 1991).

Nail consistency varies by age, gender, and
sports activity. Adult males and young people
who do sport have a higher frequency of hard-
consistency nails than adult
sedentary young people, whose most frequent nail
consistencies are medium and soft (Pérez Pico et
al., 2017; Pérez Pico et al., 2019). In developing
a predictive model of nail consistency, gender
was not shown to be a good predictive variable
(Mingorance et al., 2021), and neither were the
results obtained with the two antibodies tested,
because no relation was established between nail
consistency and gender. Therefore, although the
frequency of each nail consistency varies in the
population, hard- and soft-consistency nails show
no differences by gender.

females and

CONCLUSIONS

This study provides experimental evidence
to show that hard-consistency nails and soft-
consistency nails have different expression
levels of K17, a type I epithelial keratin, and that
expression is greater in hard-consistency nails.
The role of K17 in healthy nail plates strengthens
the hypothesis that nail consistency varies and
establishes differences at molecular level. With
greater knowledge of the characteristics of the nail
plate, health professionals will be better equipped
to prevent, diagnose, and treat numerous nail and
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systemic diseases. We consider nail consistency
to be one of the key characteristics that health
professionals during clinical
examination. However, more studies are needed,
both to define the determining factors of nail
consistency and to associate this characteristic
with the most common nail and systemic diseases.

should assess

ACKNOWLEDGEMENTS

We thank Dr TT Sun for kindly providing the
AE13 antibody, and Jane McGrath for assistance
with the translation and final language review.
This research was funded by the Extremadura
Regional Government and the European Regional
Development Fund (ERDF) through a grant to
the research group [code CTS020, reference
GR18182].

REFERENCES

BADEN HP, KUBILUS J (1984) A comparative study of the
immunologic properties of hoof and nail fibrous proteins. J Invest
Dermatol, 83: 327-331.

BARALDI A, JONES SA, GUESNE S, TRAYNOR MJ, MCAULEY WJ,
BROWN MB, MURDAN S (2015) Human nail plate modifications
induced by onychomycosis: implications for topical therapy. Pharm Res,
32:1626-1633.

BAS H, KLEINERT JM (1999) Anatomic variations in sensory
innervation of the hand and digits. J Hand Surg Am, 24(6): 1171-1184.

BRADFORD MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem, 72: 248-254.

DE BERKER D, WOJNAROWSKA F, SVILAND L, WESTGATE GE,
DAWBER RP, LEIGH IM (2000) Keratin expression in the normal nail
unit: markers of regional differentiation. BrJ Dermatol, 142: 89-96.

DE BERKER D (2013) Nail anatomy. Clin Dermatol, 31: 509-515.

FARREN L, SHAYLER S, ENNOS AR (2004) The fracture properties
and mechanical design of human fingernails. J Exp Biol, 207: 735-741.

FINLAY AY, FROST P, KEITH AD, SNIPES W (1980) An assessment of
factors influencing flexibility of human fingernails. Br J Dermatol, 103:
357-365.

FLECKMAN P, ALLAN C (2001) Surgical anatomy of the nail unit.
Dermatol Surg, 27(3): 257-260.

FLECKMAN P, JAEGER K, SILVA KA, SUNDBERG JP (2013)
Comparative anatomy of mouse and human nail units. Anat Rec
(Hoboken), 296(3): 521-532.

FORSLIND B, NORDSTROM G, TOIJER D, ERIKSSON K (1980) The
rigidity of human fingernails: a biophysical investigation on influencing
physical parameters. Acta Derm Venereol, 60: 217-222.

GNIADECKA M, NIELSEN OF, CHRISTENSEN DH, WULF HC (1998)
Structure of water, proteins, and lipids in intact human skin, hair, and
nail. J Invest Dermatol, 110: 393-398.

HANEKE E (2006) Surgical anatomy of the nail apparatus. Dermatol
clin, 24: 291-296.

HANEKE E (2015) Anatomy of the nail unit and the nail biopsy. Semin
Cutan Med Surg, 34(2): 95-100.

HATZFELD M, WEBER K (1990) The coiled coil of in vitro assembled
keratin filaments is a heterodimer of type I and II keratins: use of site-
specific mutagenesis and recombinant protein expression. J Cell Biol,
110:1199-1210.

HEID HW, MOLL I, FRANKE WW (1988) Patterns of expression
of trichocytic and epithelial cytokeratins in mammalian tissues. II.
Concomitant and mutually exclusive synthesis of trichocytic and
epithelial cytokeratins in diverse human and bovine tissues (hair
follicle, nail bed and matrix, lingual papilla, thymic reticulum).
Differentiation, 37: 215-230.

KITAHARA T, OGAWA H (1991) The extraction and characterization
of human nail keratin. J Dermatol Sci, 2: 402-406.

KOBAYACHI Y, MIYAMOTO M, SUGIBAYASHI K, MORIMOTO Y (1999)
Drug permeation through the three layers of the human nail plate. J
Pharm Pharmacol, 51:271-278.

LAEMMLI UK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227: 680-685.

LYNCH MH, O'GUIN WM, HARDY C, MAK L, SUN TT (1986) Acidic and
basic hair/nail (“hard”) keratins: their colocalization in upper cortical
and cuticle cells of the human hair follicle and their relationship to
“soft” keratins. J Cell Biol, 103: 2593-2606.

MCCARTHY DJ (2004) Anatomic considerations of the human nail.
Clin Podiatr Med Surg, 21: 477-491.

MCGOWAN KM, COULOMBE PA (2000) Keratin 17 expression in the
hard epithelial context of the hair and nail, and its relevance for the
pachyonychia congenita phenotype. J Invest Dermatol, 114:1101-1107.

MINGORANCE ALVAREZ E, MARTINEZ QUINTANA R, PEREZ PICO
AM, MAYORDOMO R (2021) Predictive model of nail consistency using
scanning electron microscopy with energy-dispersive X-ray. Biology
(Basel), 10: 1-17.

MOLL R, FRANKE WW, SCHILLER DL, GEIGER B, KREPLER R (1982)
The catalog of human cytokeratins: patterns of expression in normal
epithelia, tumors and cultured cells. Cell, 31: 11-24.

MOLL I, HEID HW, FRANKE WW, MOLL R (1988) Patterns of
expression of trichocytic and epithelial cytokeratins in mammalian
tissues. III. Hair and nail formation during human fetal development.
Differentiation, 39: 167-184.

PEREZ PICO AM, VERJANO E, MAYORDOMO R (2017) Relation
between nail consistency and incidence of ingrown toenails in young
male runners. JAm Podiatr Med Assoc, 107: 137-143.

PEREZ PICO AM, MINGORANCE ALVAREZ E, CABALLE CERVIGON N,
MAYORDOMO ACEVEDO R (2019) Importance of preexisting physical
factors in the development of dermatological and muscular lesions
during hiking. Int J Low Extrem Wounds, 18: 161-170.

PERRIN C (2007) Expression of follicular sheath keratins in the
normal nail with special reference to the morphological analysis of the
distal nail unit. Am J Dermatopathol, 29: 543-550.

PERRIN C, LANGBEIN L, SCHWEIZER J (2004) Expression of hair
keratins in the adult nail unit: an immunohistochemical analysis of
the onychogenesis in the proximal nail fold, matrix and nail bed. BrJ
Dermatol, 151: 362-371.

PERRIN C, LANGBEIN L, SCHWEIZER J, CANNATA GE, BALAGUER
T, CHIGNON-SICART B, GARZON JM, BENCHETRIT M, MICHIELS
JF (2011) Onychomatricoma in the light of the microanatomy of the
normal nail unit. Am J Dermatopathol, 33: 131-139.

RICE RH, XIA Y, ALVARADO RJ, PHINNEY BS (2010) Proteomic
analysis of human nail plate. J Proteome Res, 9: 6752-6758.

RUNNE U, ORFANOS CE (1981) The human nail. Structure, growth
and pathological changes. Curr Probl Derm, 9: 102-149.



Esther Mingorance Alvarez et al.

SCHWEIZER J, BOWDEN PE, COULOMBE PA, LANGBEIN L, LANE EB,
MAGIN TM, MALTAIS L, OMARY MB, PARRY DAD, ROGERS MA, WRIGHT
MW (2006) New consensus nomenclature for mammalian Keratins. J
Cell Biol, 174:169-174.

SHEMER A, DANIEL CR 3R° (2013) Common nail disorders. Clin
Dermatol, 31: 578-586.

SWENSSON O, LANGBEIN L, MCMILLAN JR, STEVENS HP, LEIGH IM,
MCLEAN WH, LANE EB, EADY RA (1998) Specialized keratin expression
pattern in human ridged skin as an adaptation to high physical stress.
BrJ Dermatol, 139: 767-775.

TRAVER JE, TEJADO I, MINGORANCE ALVAREZ E, PRIETO-ARRANZ
J, MAYORDOMO R, PEREZ-PICO AM, VINAGRE BM (2021) Fractional
modelling of flexural properties of toenail plates: first step for clinical
purposes. Med Eng Phys, 90: 23-32.

WASEEM A, DOGAN B, TIDMAN N, ALAM Y, PURKIS P, JACKSON S,
LALLI A, MACHESNEY M, LEIGH IM (1999) Keratin 15 expression in
stratified epithelia: downregulation in activated keratinocytes. J Invest
Dermatol, 112: 362-369.

WESTGATE GE, TIDMAN N, DE BERKER D, BLOUNT MA, PHILPOTT
MP, LEIGH IM (1997) Characterization of LHTric-1, a new monospecific
monoclonal antibody to the trichocyte keratin Hal. Br J Dermatol, 137:
24-30.

WOODCOCK-MITCHELL J, EICHNER R, NELSON WG, SUN TT (1982)
Immunolocalization of keratin polypeptides in human epidermis using
monoclonal antibodies. J Cell Biol, 95: 580-588.

YOUNG RW, NEWMAN SB, CAPOTT RJ (1965) Strength of fingernails.
J Invest Dermatol, 44: 358-360.

ZAIAC MN, WALKER A (2013) Nail abnormalities associated with
systemic pathologies. Clin Dermatol, 31: 627-649.

643



Determining nail consistency by quantification of type I keratins

644



ORIGINAL ARTICLE

Eur J Anat, 26 (6): 645-657 (2022)

Microstructural evidence of reversal of
PCOS by steroidal saponins of asparagus
racemosus in PCOS induced rats

M. Vanil, P. Preethi?, D.H. Gopalan?, S. Manikandan?, V. Vijayakumar3, C. Swathi Priyadarshini*

Department of Anatomy, Tagore Medical College and Hospital, Rathinamangalam, Chennai, India

?Department of Physiology, Tagore Medical College and Hospital, Rathinamangalam, Chennai, India

*Department of Anatomy, Saveetha Medical College and Hospital, Saveetha University, Chennai, India

SUMMARY

The purpose of this study is to investigate
the histological and hormonal observations
in fructose-fed, letrozole-induced polycystic-
ovarian-syndrome (PCOS)
various doses of extract of asparagus racemosus
(EAR) and Steroidal saponin (SAPO). 48 female
Wistar albino rats were divided into 8 groups,
including Vehicle Control (VC); PCOS; EAR 400
mg/kg; SAPO 40 mg/kg; PCOS + EAR 200 mg/kg;
PCOS + EAR 400 mg/kg; PCOS + SAPO 20 mg/
kg; PCOS + SAPO 40 mg/kg. PCOS group was
administered letrozole at a concentration of 1
mg/kg dissolved in 1% CMC per oral(p.o.) once
daily for 28 days. Along with these, rats were
allowed free access of 10% fructose solution daily.
Calculated dosages of EAR and SAPO were given
with oral gavage for 30 days. During experimental
period, vaginal smears were collected daily for
estrus cycle determination. Rats were sacrificed
and blood samples were collected for hormonal
assay. Ovaries were removed to proceed with
histopathological study. Slides were stained
using hematoxylin and eosin (H&E) stains. When
compared to the vehicle control group, PCOS
ovaries had a higher incidence of ovarian cysts,

rats treated with

incomplete luteinization, and a lower number
of corpus lutea. Although serum estradiol,
progesterone, and Follicle-stimulating hormone
(FSH) levels were lower in the PCOS group,
testosterone and luteinizing hormone (LH) levels
were higher. The findings of this study indicated
that taking EAR 400 mg/kg and SAPO 40mg/kg
orally could alleviate PCOS-related symptoms. It
appears that consuming SAPO 40mg/kg reduces
LH and testosterone levels while increasing FSH,
estrogen, and progesterone hormone levels.
Because of the hormonal balancing nature of
these drugs, EAR 400mg/kg- and SAPO 40mg/
kg-treated rats had a lower number of cystic
follicles and a higher number of corpora lutea.
In PCOS rats, this results in a normal process of
folliculogenesis and ovulation. In the current
study, we observed that SAPO 40mg/kg is better
compared to EAR 400mg/kg treatment.
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INTRODUCTION

PCOS has a complex etiology that includes a
number of reproductive and metabolic factors.
There is no single etiology that can explain the
prevalence of PCOS. Furthermore, no single
etiological gene or inheritance pattern for PCOS
has been identified. The pituitary gland secretes
an abnormally large amount of LH into the
bloodstream in PCOS, disrupting the normal
menstrual cycle. As a result, follicle maturation
and ovulation are delayed, which can result
in anovulation. The immature follicles that do
not mature remain as fluid-filled sacs or cysts.
Because of an increased amount of testosterone,
these cysts cause hormonal imbalances. In
addition, there is an increased level of insulin
hormone produced by the pancreas (Anadu et al.,
2013).

Polycystic ovaries are many times the size
of a normal ovary. There are a lot of immature
follicles (subcortical cysts) that cause the ovary
to change shape. The ovary turns whitish in color,
with multiple cystic follicles surrounded by a
dense fibrous capsule. There is hyperthecosis
as well as thickening of the tunica albugenea
(Krishnamurthy et al., 2009). PCOS women’s
ovarian and adrenal glands are typically sites
of increased androgen production. It is also
suggested that PCOS women have an increase in
the production of the CYP17 enzyme, which is
responsible for the formation of androgens in the
ovaries and adrenal glands (Haywood et al., 2004).
The ovaries produce a variety of androgens, the
most prominent of which is testosterone. Other
androgens produced by the ovaries include
androstenedione and DHA. The stroma and theca
cells produce an excess of testosterone, which is
a common and significant feature of polycystic
ovary (Nagarthna et al., 2014).

Asparagus racemosus (AR) is a tropical
and subtropical Indian plant with medicinal
properties. This plant was traditionally used as a
fertility tonic. AR’s primary active constituents are
steroidal saponins (Shatavarins—IV) found in the
roots. Shatavarin IV is a sarsasapogenin glycoside
composed of two rhamnose molecules and one
glucose molecule. RP-HPLC methods were used
to isolate five steroidal saponins, shatavarins

VI-X, as well as five known saponins, from AR
roots (Hayes et al., 2008). AR is best known for
its phytestrogenic properties. As people become
more aware of the dangers of synthetic estrogens,
there has been a surge in interest in plant-derived
estrogens, making AR especially important. The
molecular structures of the major phytestrogens,
isoflavones and coumastans, are compared
to 17-estradiol, the most powerful naturally
occurring estrogen. The structural similarities
between phytestrogens and 17-estradiol are
sufficient to allow phytestrogens to occupy the ER,
but affinity for the receptor is significantly lower
when compared to 17-estradiol (Sharma et al.,,
2013). Its beneficial uses in correcting menstrual
irregularities are mentioned in ancient literature,
and they are still prescribed by ayurvedic
physicians to correct menstrual irregularities
with products available in the market. Clearly,
more research is required to define the effect of
phytestrogens from AR while also standardizing
and characterizing formulations and/or isolated
phytestrogens. Furthermore, developing an
understanding of the effects of phytestrogens
derived from AR versus human estrogens holds
great promise for future research (Verma et al.,
2014).

Manystudieshavefoundthatsaponinreducesthe
harmful effects of chemotherapy on reproductive
organs. Saponins also possess
properties (Zhang et al., 2008). The current study
was conducted to assess the effect of ethanolic

antioxidant

extract of AR roots and steroidal saponins on
hypothalamic-pituitary-gonadal axis hormones
and histological observations in PCOS rats due
to the presence of many compounds affecting
gonadotropic and ovarian hormones in asparagus
extract, such as steroidal saponins, vitamins, and
amino acids.

MATERIALS AND METHODS

Animals

6-week-old Adult female Wistar albino rats (180-
225 g) with regular estrus cyclicity were obtained
from TANUVAS, Chennai. They were housed in
polypropylene cages with paddy husk bedding,
standard rat pellets, and ad libitum drinking



water, and acclimatized on a 12-hour light and 12-
hour dark schedule in temperatures ranging from
23 to 25°C. The cages are categorized with the
group, the animal’s weight, and the drug dosage.
Before beginning the study, each group of animals
was given an average of one week to acclimatize.
The experimental study protocol was approved by
Tagore Medical College and Hospitals Institutional
Animal Ethics Committee (TMC/IAEC/02/003,
dated 12.01.2015; TMC/IAEC/01/002, dated
03.12.2016).

Collection and preparation of plant material

AR fresh roots were obtained from Kolapakkam,
Vandalur, Chennai, Tamil Nadu, India between
July and September and authenticated by the
Department of Botany, National Institute of
Siddha, Chennai (Voucher no. NISMB1492014,
dated December 29, 2014) The specimen was
stored at the National Institute of Siddha in
Chennai, India, for future use. For a week, AR roots
were shade dried. The dried roots were powdered
using an electric blender before being subjected
to a 48-hour Soxhlet extraction with 99 % ethanol.
A rotary flash evaporator was employed to dry the
mixture, and the condensed extract was stored in
the refrigerator before being used for preliminary
phytochemical screening (Harborne, 1973).

Chemicals

Letrozole was purchased from sun pharmaceu-
tical, (Mumbai). Carboxmethlycellulose (CMC)
and fructose were purchased from southern India
scientific corporation, (Chennai).

Experimental design

The animals were divided into eight groups
with each group having 6 animals. Group 1 -
1% CMC administered p.o., for 28 days (Vehicle
control). Group 2 -Letrozole 1 mg/kg in 1% of
CMC (2 mL/kg) administered p.o., with free
access of 10% solution of fructose for 28 days
(PCOS). Group 3 - 400 mg/kg of EAR treated p.o.,
for 30 days (EAR 400). Group 4 - 40 mg/kg of
SAPO treated p.o., for 30 days (SAPO 40). Group
5 - PCOS rats +200 mg/kg of EAR treated p.o., for
30days (PCOS + EAR 200). Group 6 - PCOS rats +
400 mg/kg of EAR treated p.o., for 30 days (PCOS

+ EAR400). Group 7 - PCOS rats +20 mg/kg of
SAPO treated p.o., for 30 days (PCOS + SAP020).
Group 8 - PCOS rats+ 40 mg/kg of SAPO treated
p.o., for 30 days (PCOS +SAP040). Throughout
the entire study period vaginal smears were
taken daily and evaluated microscopically for
estrous cycle determination.

Column and thin layer chromatography

A small plug of cotton was pushed at the bottom
of the glass column after it had been cleaned and
dried vertically. The fractions were eluted with
different ratios of solvents such as hexane (low
polar), chloroform (middle polar), ethyl acetate
(polar), and ethanol (highly polar) in the order
of increasing polarity. The fractions collected
were then concentrated for use in thin-layer
chromatography. TLC plates 20 x 20 cm, 1 mm
thick, were taken and cut into appropriate sizes
so that samples could be loaded. The column
chromatography fractions were used as samples,
and individual spots were placed in the TLC plates
using a capillary tube. After that, the TLC plate was
placed in the solvent chamber for elution. When
the sample reached the desired height, the TLC
plate was removed from the chamber and stored
for drying. The vanillin sulphuric acid solution
was prepared, and the TLC plate containing the
sample was dipped in it and allowed to dry. The
spots obtained were the AR’s active compounds
known as steroidal saponins (SAPO) (Marston et
al., 1997) (Fig. 1 a,b,c,d).

Administration of drugs

Oral gavage was performed using an 18-gauge
cannula (feeding tube) with a bulb tip attached to a
syringe. The drugs were loaded into a syringe and
administered orally. To avoid volume-induced
changes, all animals received the same volume
of fluid. The cannula was designed to be slightly
longer than the distance between the animal’s
mouth and the last rib. Following the roof of the
mouth, the flexible cannula was slowly advanced
into the esophagus and then to the stomach, with
no resistance. This was accomplished by gently
restraining the rats by grasping the loose skin of
the neck and back and immobilizing the head.
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Fig. 1.- a, b, c and d show the visible light, short UV, long UV and vanillin dyed TLC sheet of the crude, fraction and compound AR

respectively.

Vaginal smears

Throughout the study, vaginal secretions were
collected with a plastic pipette every morning
between 9:00 and 10:00 a.m. by inserting the
tip into the rat’s vagina and filling it with 10 ul of
normal saline. On each glass slide, one drop of
collected vaginal fluid was placed. Each animal
received its own glass slide and pipette tips. The
collected vaginal fluid was fixed on slides using
a slide warming table and examined under a
light microscope (40x). There were three types of
cells identified: round and nucleated cells were
epithelial cells, irregular cells without a nucleus
were cornified cells, and small round cells were
leucocytes; their mutual proportion was used for
determining different phases of the estrus cycle
(Fig. 2).

Blood collection and hormonal assay

After CO2 inhalation, blood samples are taken
from the heart via cardiac puncture, which can
be accessed via the left side of the chest, through
the diaphragm, from the top of the sternum,
or by performing a thoracotomy. By inhaling
C0O2, blood is slowly withdrawn from the heart
to prevent it from collapsing while under deep
anesthesia. Blood samples were quickly collected
into plain sample bottles, allowed to clot, and then
centrifuged at 3,000 RPM for 15 minutes to obtain
clear serum samples, which were then frozen

(-20°C) until hormonal assays were performed.
The serum was tested for LH, FSH, testosterone,
progesterone, and estrogen levels, among other
things. ELISA Kit was used for hormone analysis
(Elabscience).

Perfusion of animals

Following CO, deep inhalation, rats were cut
open through the midline thoraco-abdominal
incision and transcardial perfusion with 4%
paraformaldehyde in 0.1 M phosphate buffered
saline on the left ventricle and the right atrium.
When limbs flicker, tissues blanch, and the
animal’s entire body hardens, this indicates that
perfusion has been completed. The ovaries and
uterus were carefully dissected and collected as
per standard procedure (Gandhare et al., 2013).
The organs were washed with cold saline solution
and weighed immediately before being fixed in
formalin (10% paraformaldehyde solution) for 48
hours. Tissue samples were collected from each
organ, processed and stained according to the
standard procedure outlined below.

Histological techniques

The ovaries were cut in the equatorial plane
and fixed for 48 hours in Gendre’s fluid. The fixed
ovaries were dehydrated for 2-4 hours using
70% alcohol, 90% alcohol, absolute alcohol, and
absolute alcohol II. The dehydrated ovaries were



Fig. 2.- Stages of estrous cycles in rats pipette smears unstained with original microscope (x100). A. Estrous: large cornified cells
inclumps. B. Metaestrous: large numbers of leucocytes with smaller numbers of non- nucleated epithelial cells. C. Diestrous: mainly
leucocytes but with small number of epithelial and cornified cells. D. Proestrous: epithelial cells - mostly rounded but some cells

showing early stages of cornification of approaching estrous.

then cleared twice in xylene for 3 hours before
being impregnated in molten paraffin wax at
60°C for 3 hours with two changes of wax. The
ovaries that had been impregnated with wax
were now embedded in paraffin wax. The ovaries
were embedded by inserting one half from above
and the other half from below. Three 5 ym thick
sections were taken at different levels in each
half of the ovaries using a rotary microtome, then
mounted on slides and dried in a hot plate at 40°C.
The ovaries section slides were dewaxed with
xylene, then removed with absolute alcohol I and
I1, 95% alcohol, 70% alcohol, and finally water for
staining (Culling, 1975).

Haematoxylin and Eosin staining

After hydration, ovarian sections were trans-
ferred to haematoxylin and held for 10 minutes,
then slides were transferred to a slide washing
tray and washed until blue, then placed in flow-
ing tap water for around 10 minutes at pH 8. Af-
ter bluing the sections, they were dipped in acid
alcohol for a few seconds, agitated, and then re-
turned to the slide washing tray until they turned

blue again. The slides were counter-stained for
2 minutes in 1 percent eosin and then washed
in water to separate the eosin stain. The stained
slides are now dehydrated for 10 to 15 seconds in
various grades of alcohol, then cleaned for 10 to
15 seconds in xylene, then mounted with DPX and
a cover slip (Culling, 1975). Following that, the
slides were examined under a light microscope
and photomicrographs (Olympus BX51, Japan)
were obtained at various magnifications for study.

Statistical analysis

All the results were expressed as Mean + SEM.
The statistical analysis was carried by one-way
ANOVA followed by Tukeys multiple comparison
tests using SPSS 20.0 version, P < 0.05 was
considered as significant.

RESULTS

In the present study the values of LH, FSH, es-
tradiol, testosterone, progesterone and histolog-
ical observations of all the experimental groups
were compared with vehicle control group and
PCOS group animals.
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Follicle stimulating hormone (mIU/mL)

The mean + SEM of serum concentration of FSH
level was noted and shown in the Fig. 3, PCOS
group rats shown significant (p<0.001) reduction
in the level of FSH when compared to vehicle
control group. EAR 400 mg/kg and SAPO 40mg/
kg alone treated group rats’ FSH level was found
to be similar to that of the vehicle control group.
EAR 200 mg/kg treated to PCOS rats had shown
that FSH level was increased but not significant,
compared with PCOS group. Treatment with EAR
400 mg/kg, SAPO 20 mg/kg and SAPO 40 mg/kg to
PCOS rats showed significant (p<0.001) increased
FSH level when compared to the PCOS group
rats. One-way ANOVA showed that there was a
statistically significant difference between the
groups (F=16.60, p<0.001).

Luteinizing hormone (mIU/mL)

The LH serum level mean + SEM are shown in
Fig. 4; in PCOS group rats there was a significant
increase (p<0.001) in the level of LH compared
to vehicle control group. EAR 400 mg/kg and
SAPO 40 mg/kg alone treated rats LH level was
found to be similar that of vehicle control group.

Treatment with EAR 400 mg/kg (p<0.001), SAPO
20 mg/kg (p<0.01) and SAPO 40 mg/kg (p<0.01) in
PCOS-induced rats showed significant decrease
in the level of LH when compared to the PCOS
group. EAR 200 mg/kg treated to PCOS-induced
rats had shown that the LH level was altered but
not significant compared to the PCOS group and
vehicle control group. One-way ANOVA showed
that there was a statistically significant difference
between the groups. (F=5.717, p<0.001).

Estrogen (pg/mL)

It can be seen from the Fig. 3, mean + SEM of
estrogen levels. It can be noticed that in PCOS
group there is significant (p<0.001) reduction in
the level of estrogen when compared to vehicle
control group. EAR 400 mg/kg and SAPO 40 mg/
kg alone treated group rats’ estrogen was found
to be similar compared to the vehicle control
group. Treatment with EAR 400 mg/kg, SAPO 20
mg/kg and SAPO 40 mg/kg in PCOS rats showed
significant (p<0.01) increase in the level of
estrogen when compared to the PCOS group. One-
way ANOVA showed that there was a statistically
significant difference between the groups
(F=12.99, p<0.001).

Fig. 3.- The effect of ethanolic extract of Asparagus racemosus (EAR) and its active component saponin (SAPO) in fructose and letrozole
induced poly cystic ovary syndrome (PCOS). 20, 40, 200 and 400 are doses per kilogram body weight. Values are mean + SEM (n = 6
each). Follicle stimulating hormone (FSH) (IU/mL); Estrogen (ngl/mL); Progesterone (ngl/mL). The ‘F’ and ‘P’ values are by one way
ANOVA with Tukey multiple comparison test. 2 significantly different from vehicle control,  significantly different from PCOS.



Testosterone (g/dL)

Fig. 4 shows the mean values of testosterone
across the study groups. The serum testosterone
level increased significantly (p<0.001) in PCOS
group compared to vehicle control group. EAR
400 mg/kg and SAPO 40 mg/kg alone treated
group rat’s testosterone were found to be similar
compared to the vehicle control group. EAR 200
mg/kg treatment to PCOS rats has not significantly
decrease the level of testosterone compared to
the PCOS group. Treatment with EAR 400 mg/
kg, SAPO 20 mg/kg and SAPO 40 mg/kg to PCOS
rats showed significant (p<0.001) decrease in the
level of testosterone when compared to the PCOS
group. One-way ANOVA showed that there was a
statistically significant difference between the
groups (F=9.086, p<0.001).

Progesterone (ng/mkL)

The mean values of progesterone were shown
in Fig. 3. In PCOS group there was a significant
(p< 0.001) reduction in the level of progesterone
compared with vehicle control group. Treatment
with EAR 200 mg/kg was not statistically
significant with PCOS group. Treatment with EAR

400 mg/kg, SAPO 20 mg/kg and SAPO 40 mg/kg in
PCOS rats showed significant (F=15.32, p<0.001)
increase in the level of progesterone when
compared to the PCOS group.

Effect of ethanolic extract of AR and SAPO on
histology of ovaries

Light microscopic images (40x and 10x) of
ovary sections from the vehicle control group,
EAR 400 and SAPO 40 (Fig. 5) showed congested
vascular spaces with spindle-shaped cells in
the medulla. The cortex showed primary and
secondary follicles with aggregation of granulosa
cells and scanty follicular antrum; few follicles
showed intact oocyte; the corpus luteum contains
uniform round cells with abundant eosinophilic
cytoplasm. In PCOS group (Fig. 6) the medulla
and cortex showed multiple follicular cysts of
varying sizes with diminished granulosa cells and
increased follicular antrum, some atretic follicles
and few follicles contain degenerated oocytes.
The corpus luteum also showed atrophic changes.
After-treatment with EAR and SAPO leads to
disappearance of cysts and appearance of corpus
luteum and healthy follicles. Sections of EAR 200
mg/kg treatment in PCOS rats exhibited follicles

Fig. 4.- The effect of ethanolic extract of Asparagus racemosus (EAR) and its active component saponin (SAPO) in fructose and
letrozole induced polycystic ovary syndrome (PCOS). 20, 40, 200 and 400 are doses per kilogram body weight. Values are mean *
SEM (n = 6 each). Luteinizing Hormone (LH) (IU/mL);Testosterone (ngl/dL). The ‘F’ and ‘P’ values are by one way ANOVA with Tukey
multiple comparison test.  significantly different from vehicle control, Psignificantly different from PCOS.
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Fig. 5.- Hematoxylin and Eosin-stained microscopic images of vehicle control and drug control group. a. congested vascular spaces
with spindle shaped cells in medulla. The cortex showed b. primary and c. secondary follicles with d. aggregation of granulosa cells
and e. scant follicular antrum few follicles showed intact oocyte. Scale bars: a, d = 50 pm.; b, ¢, e = 200 pm.

larger in size and few corpora lutea (Fig. 7). Cysts kg and SAPO 40 mg/kg administered PCOS rats

were absent and normal-sized healthy follicles at show many corpora lutea and antral follicles with
different developmental stages with oocytes were clearly differentiated oocyte, granulosa cell layer,
found in section from EAR 400 mg/kg treated corona radiate, cumulus oophorus and thecal

PCOS rats (Fig. 7). Sections from SAPO 20 mg/ cells were observed (Fig. 8).

Fig. 6.- Hematoxylin and Eosin-stained microscopic images in PCOS group. a. medulla and cortex showed multiple follicular cysts
of varying sizes, b. with diminished granulosa cells, e¢. some atretic follicles and few follicles contain degenerate oocyte and d.
increased follicular antrum. Scale bars: a, b = 200 um.; ¢, d = 50 pm.
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Fig. 7.- Histopathological changes of ovary after treatment with EAR200 and EAR400 in PCOS rats. a. appearance of corpora lutea,
b. appearance of new follicle, ¢. decreasing follicular cyst. Scale bars: a, b = 200 ym.; ¢ = 50 um.

Fig. 8.- Histopathological changes of ovary after treatment with SAPO20 and SAPO40 in PCOS rats. a. appearance of numerous
corpus luteum, b. cortex with many new follicles, c. cortex with varying no of corpora lutea, d. decreasing of pyknotic granulosa
cells, e. disappearance of cyst, and f. visible granulosa cell layer. Scale bars: a, d, f = 50 um.; b, ¢, e = 200 pym.

DISCUSSION AND CONCLUSIONS

PCOS has a wide range of clinical manifesta-
tions, including oligomenorrhea and hyperandro-
genism, which can lead to metabolic dysfunction
(Dickerson et al., 2010). The phenotype PCOS was
created in this study, and the effects of EAR roots
on the development of follicular growth and the
improvement of this disease were investigated
using hormonal and histological observations.
The current study measured five hormonal pa-
rameters: FSH, LH, estradiol, progesterone, and
testosterone. The current study found that PCOS
increased testosterone and LH levels while de-

creasing FSH, estrogen, and progesterone levels
in PCOS rats. Treatment with EAR and SAPO can
increase serum levels of FSH, estrogen, and pro-
gesterone while decreasing serum levels of LH and
testosterone. In addition, the number of ovarian
follicles was found to be lower in the PCOS group
of rats. According to the findings, dose-dependent
EAR and SAPO treatment restores the hypotha-
lamic-pituitary-gonadal axis hormone imbalance
in PCOS rats. Among the various drug doses, the
most effective is SAPO 40 mg/kg, which caus-
es an increase in FSH, estrogen, and progester-
one while decreasing LH and testosterone levels.
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One of the most important diagnostic criteria for
PCOS is a change in hormone levels. In some cas-
es, the serum FSH level in PCOS does not change
(Durant et al., 2009), and hyperandrogenism and
increased serum LH levels are very common (Ari-
fet al., 2016). In the case of PCOS, it could be an
increase in testosterone and LH secretion and a
decrease in FSH hormone secretion (Karampoor
etal., 2014). One possible explanation for sex hor-
mone changes in PCOS is a lack of aromatase en-
zyme in the ovary, which could increase androgen
concentration (Requena et al., 2008).

We used fructose and letrozole to create a PCOS
model in rats for 28 days in this study. Letrozole
inhibitsaromataseactivity,resultinginanincrease
in ovarian androgens by preventing androgens
from being converted to estrogens, resulting in
hyperandrogenism, a defining feature of PCOS
with clinical manifestations of elevated levels of
testosterone, increasedlevelsof LH,and decreased
levels of FSH. It should also be noted that serum
progesterone and estradiol levels were reduced
nearly two-thirds of the time in the PCOS group in
the current study. Letrozole inhibits testosterone
aromatization to estradiol, as previously reported
(Gnanadesigan et al., 2014). Letrozole-induced
hormonal imbalance resulted in an irregular
and/or prolonged estrus cycle in our study. Other
studies have found similar results, which support
our findings (Maharajan et al., 2010). In light of
these findings, female rats were given letrozole,
a non-steroidal aromatase inhibitor, along
with fructose, which causes increased insulin
resistance and hyperinsulinemia. Compensatory
hyperinsulinemia is a major contributor to the
development of metabolic abnormalities and high
androgen levels in women with PCOS (Legro et al.,
2013). As a result, our PCOS rat model exhibited
all hormonal imbalances that occur in PCOS
women, and it is the first model that mimics the
real-life situation.

Anovulation is also characterized by low
progesterone and estrogen levels, which results
in irregular menstrual cycles (Srivastava et al.,
2008).Inour study, progesterone levels decreased,
but treatment with EAR and SAPO increased
progesterone and estradiol levels in a dose-

dependent manner. Both SAPO 40 mg/kg and EAR

400 mg/kg are extremely effective at increasing
progesterone and estradiol levels. AR’s previously
reported phytestrogenic activity was confirmed
by this discovery (Gopumadhavan et al., 2005).
Phytestrogens are plant-derived compounds
that have estrogen-like properties. The presence
of phytestrogens such as phytosterol, saponins,
phenols, and flavonoids was discovered in the
phytochemical analysis of EAR, demonstrating
the efficacy of AR in the treatment of PCOS. This
phytestrogenic activity is shared by the active
components of AR of steroidal sapogenins such as
diosenin, gitogenin, chlorogenin, and ruscogenin;
thus, saponins with hormone-like
actions in the body (Anderson et al., 1997).
These results indicated that EAR and SAPO had
phytestrogenic activity.

steroidal

Phytestrogens have been shown to bind to two
types of estrogen receptors ERa and ERpB, and
acts as a pure estrogen antagonist by stimulating
Gonadotropin releasing hormone
(Osaki et al., 2003) Steroid saponins such as
sarsaponin, protodioscin, and diosgenin are the
most likely estrogenic components extracted
from asparagus roots (Shao et al.,, 1997). The
mechanism of action of the EAR and SAPO may be
due to the presence of phytoestrogen. It is thought
to be similar to the standard drug clomiphene
citrate in normalization of the hormonal level
and induction of ovulation. Thus, the current
study suggested that the SAPO and EAR both
promote regularity of ovarian cycle by correcting
hypothalamus pituitary axis function, which in
turn may reduce ovarian cyst in rats having PCOS
this finding was well supported by (Barton, 2013).
Studies on plants with similar compositions to
EAR found that plants containing flavonoids and
phenolic compounds could help to maintain a
natural balance of estrogen and progesterone
during the ovarian cycle, and that these plants
have specific pharmacological-physiological
effects on rebalancing increased or decreased
levels of sex hormones. As a result, it is possible
that EAR and SAPO could restore estrogen and
progesterone hormone balance in PCOS-induced
rats via flavonoids and antioxidant activity of AR,
which contradicts previous research findings
(Liu et al., 2004). As a result, there was a dose-

secretion



dependent increase in progesterone and estrogen
levels in the groups that received EAR and SAPO.

The positive effects of AR root extract on the
folliculogenesis process were reported in a study
performed in young females with a dose of 100
mg/kg; it may increase ovarian weight, increase
FSHhormones, and may enhance folliculogenesis,
as evidenced by a histological study of immature
(Kalia et al., 2003).
Researchers have linked the stimulatory effects of
EAR on the ovary to the presence of compounds
such as glycosidal flavonoids, saponins, alkaloids,
and steroidal compounds (Sharma et al., 2013).
Previous research on LH and FSH levels changes
in PCOS found a link between an increased level
of LH and a decreased level of FSH. Increased
LH hormone levels stimulate ovarian theca cells,
which in turn stimulates androgen production.
(Loffler et al.,, 2000). Furthermore, androgens
may increase the number of FSH receptors in
PCOS, resulting in a decrease in the concentration
of this hormone and an increase in the level of
LH (Requena et al., 2008). In the current study,
increased LH levels and a significant decrease in
FSH levels were observed in PCOS group rats due
to excess antigen production, which causes LH
levels to rise and FSH levels to fall. Furthermore,
these changes are most likely the result of a
mutation in the aromatase enzyme (Requena
et al.,, 2008). Treatment with SAPO 40 mg/kg
improved the level of LH and FSH, resulting in
an increase in weight and the number of ovary
follicles. This study found that SAPO 40 mg/kg
improved folliculogenesis when compared to the
PCOS group. SAPO 20 mg/kg and EAR 400 mg/
kg treatment of PCOS rats was also significant
in restoring LH, FSH levels and improving
folliculogenesis. EAR and SAPO were found to
have a positive and dose-dependent effect on
serum LH and FSH levels in PCOS.

female rats’ ovaries

AR are high in amino acids and aspartic acid
and arginine derivatives. Aspartic acid stimulates
gonadotropin-releasing hormone and LH
secretion. Tests revealed that this amino acid
regulates LH synthesis via looped guanosine
monophosphate as a second messenger in the
pituitary gland (Pinilla et al., 2001). Asparagus
arginine is also converted to nitric oxide, which is

one of the most important factors controlling LH
and FSH release (Sato et al., 2000). These findings
were robustly supported. AR may also act through
its amino acid content, eventually resolving the
hormonal imbalance.

There was a significant increase in testosterone
levels in the PCOS group in the current study.
Letrozole inhibited the conversion of androgen
substrates into estrogen, resulting in androgen
accumulation. This increased testosterone
concentration in peripheral blood may be the
cause of the rats’ prolonged diestrous phase and
increased body weight in the study (Abdulghani
et al., 2012). Serum testosterone levels were
normalized after treatment with EAR 400 mg/
kg, SAPO 20 mg/kg, and SAPO 40 mg/kg. The
decrease in testosterone concentration in
SAPO 40 mg/kg treated rats reflects decreased
androgen biosynthesis by the ovary and resulted
in a lower percentage of vaginal diestrous days
and body weight in PCOS rats, which could be
attributed to their ability to lower testosterone
concentration in the peripheral blood. Reduced
estrogen production caused by aromatase
inhibition can result in increased LH secretion in
the hypothalamus and pituitary, most likely due
to estrogen negative feedback. Previous research
has shown that AR reduces testosterone levels in
male rats by interfering with steroid production
in the adrenal glands (Mishra et al., 2013). SAPO
40 mg/kg treatment resulted in significant
testosterone recovery, a good anti-androgenic
effect by lowering elevated androgen levels, and
prevention of ovarian cell dysfunction in PCOS to
improve fertility.

Aside from the positive effects of restoring
hormonal balance between gonadotropin and
ovarian hormones in alleviating PCOS symptoms,
the administration of various antioxidants such
as vitamin E and selenium is also regarded as a
common treatment approach for this syndrome
(Amini et al., 2015). EAR is high in natural
antioxidants, including vitamins and minerals
like zinc and selenium (Karmakar et al., 2012).
According to research findings, polycystic ovary
syndrome causes an increase in reactive oxygen
species (ROS) in ovarian tissue, and the balance
between the oxidant and antioxidant systems is

M. Vani et al.

S


https://www.tandfonline.com/doi/full/10.1080/13880209.2016.1258425

Microstructural evidence of reversal of PCOS

656

disrupted. Natural growth of theca interstitial
layer is required for normal ovarian function, and
oxidative substances and free radicals interfere
with regular growth and apoptosis in this layer.
It has been established that there is a direct link
between reduced oxidative stress and increased
oocyte maturation in PCOS and infertile women
(Shirsath et al., 2015).

Histopathological examination of ovaries from
the PCOS group revealed sub-capsular cysts
lined with a thin layer of granulosa cells and
hyperplasia of theca cells, which was strikingly
similar to human PCOS. Increased intra-ovarian
androgen levels have been linked to abnormal
follicular growth and an increase in follicular
atresia. The PCOS group had a lower number of
corpus luteum and developing follicles. Cystic
follicles were significantly larger in size than
other ovarian follicles with a clear antrum but no
oocyte. When comparing PCOS follicles to control
follicles, the thickness of the peripheral granulosa
layer was reduced while the thickness of the
theca layer was increased. Cysts were absent,
and normal sized healthy follicles with oocytes
were found in sections from the EAR 400 mg/kg,
SAPO 20 mg/kg, and SAPO 40 mg/kg treatments,
which resulted in the disappearance of cysts and
a decrease in the incidence of pyknotic granulosa
cells. Ovulation and normal estrous cyclicity were
indicated by the presence of a variable number
of corpora lutea. Follicles with oocytes and clear,
visible granulosa cell layers at various stages of
development were observed. The ovarian cortex
appeared to be normal, with numerous follicles.
Thesehistological findings pointed to the presence
of biologically active levels of FSH and LH in the
PCOS group, as well as a lack of interplay between
granulosa and theca cells, which would otherwise
result in ovulation. Another study on the effects of
AR extract on ovary tissue found that it increases
the number of primary, secondary, and graafian
follicles while decreasing the number of atretic
follicles in rats (Verma et al., 2014).

Asparagus roots are high in calcium,
magnesium, phosphorus, and zinc (Joham et al.,
2015). Minerals found in follicular fluid regulate
follicle growth and steroidogenesis. Minerals

not only act as cofactors in various enzymatic

activation for oocyte growth and
maturation, but also influence ovarian function
and fertility. Histological analysis in this study
revealed an increase in the number of ovarian
follicles and corpus luteum, as well as an increase
in the number of atretic follicles in the SAPO-
treated groups. This finding corresponds to an
increase in hypothalamic-pituitary-gonadal axial
hormones.

systems

FSH influences the growth and development
of ovarian follicles through the proliferation and
differentiation of granulosa cells. Granulosa cells
proliferate slowly in the early stages of follicular
development, but granulosa cells in preantral
follicles respond to FSH stimulation and secrete
large amounts of estradiol. As aresult, an increase
in estrogen due to an increase in follicle number
was not unexpected in the current study. The
greatest increase in Graffian follicles was seen in
the experimental group that received 40 mg/kg of
SAPO. This group also had the highest estrogen
level. LH affects theca corpus luteum cells, which
increases progesterone hormone synthesis
(Krishnamurthy et al., 2009). As a result of the
increased number of corpora lutea, an increase
in progesterone levels was not unexpected
according to increased number of corpora lutea in
this study. The findings of this study indicated that
oral administration of EAR 400 mg/kg and SAPO
40 mg/kg could alleviate PCOS-related symptoms.
It appears that consumption of SAPO at a dose of
40 mg/kg reduces levels of LH and testosterone
while increasing levels of FSH, estrogen, and
progesterone hormones. Because of the hormonal
balancing nature of these drugs, EAR 400 mg/
kg and SAPO 40 mg/kg treated rats had a lower
number of cystic follicles and a higher number
of corpus luteum. In PCOS rats, this results in a
normal process of folliculogenesis and ovulation.
In the current study, we discovered that SAPO 40
mg/kg is superior to EAR 400 mg/kg treatment.
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SUMMARY

The electromagnetic field (EMF) has an effect on
various organs, including the female reproductive
system. The purpose of this study was to evaluate
the impact of carnosine on ovarian follicle
number and diameter in rats exposed to a 900
Megahertz (Mhz) electromagnetic field. In this
study, six different groups were used. 40 female
rats divided into groups were evaluated. The
ovaries of the rats were removed at the end of
the study. Routine histological procedures were
performed on ovarian tissues. Follicle number
and diameter of all groups were calculated and
evaluated under the light microscope. When
primary follicle number and diameters were
compared statistically among the groups, there
was a remarkably meaningful difference between
the EMF group and the control, 20 mg carnosine
and EMF+20 mg carnosine groups (p<0.05). There
were significant irregularities in the structure of
the oocyte and the granulosa cells surrounding
the oocyte, especially in the EMF-treated groups.
However, the structure of the oocyte and the
granulosa cells surrounding the oocyte in the
EMF+20 mg carnosine group showed a more

regular structure compared to the EMF group. In
this study, it can be concluded that the number
and diameter of ovarian follicles decreased in
rats exposed to electromagnetic field and 20 mg
of carnosine may prevent damage caused by EMF.

Key words: Electromagnetic field — Ovarian —
Follicle number - Follicle diameter — Carnosine

INTRODUCTION

With the advancement of technology, the
electromagnetic field (EMF) effect of many
facilitate daily life and the
widespread use of these devices adversely affect
human health (Feychting et al., 2005). People are
constantly exposed to harmful environmental
agents, including electromagnetic fields from
household appliances (e.g., television, Wi-Fi and
microwaves), diagnosis equipment (e.g., magnetic
resonance imaging, tomography), industrial tools,
smartphones and electronic devices. Also, the
recent use of 6 billion mobile phones suggests
that EMF is perhaps one of the most hazardous

devices that
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environmental factors for humans (Davis et al.,
2013). Studies on the impacts of mobile phones
on human health have reported that EMF, which
is often associated with mobile phone use, causes
sleep problems (Huber et al.,, 2002), fatigue,
headaches, and loss of concentration (Oftedal
et al., 2000). Cell phones are the most common
sources of EMF used near the human body.
Kilgallon and Simmons (2005) found a significant
reduction in sperm motility in men who kept their
mobile phone on their hip or waist field, compared
to those who kept their mobile phone elsewhere
or did not use one. According to this study, it
can be thought that the tissues close to the EMF
resources are more impressed. In addition, some
studies have shown that EMF causes oxidative
stress and DNA damage, leading to deterioration
of the structure and function of the cell (Odac1 and
Ozyilmaz, 2015).

In some animal studies, it was concluded that
long-term cell phone use may cause a decrease in
sperm development and production, thus reducing
fertility in men (Kesari et al., 2011). In their study,
researchers found that there was a decrease in
Leydig cell numbers in male rats (Saygin et al.,
2011). Some researchers have noted that exposure
to EMF can lead to embryonic developmental
disorders or infertility issues. In one study, it was
found that exposure to EMF was associated with
miscarriage in women (Belyaev et al., 2016). It has
been noted that exposure to radiofrequency EMF
during and after pregnancy and breastfeeding
does not cause developmental abnormalities in
offspring (Shirai et al., 2017). In animal studies,
it was shown that EMF decreases the number of
follicles in the ovaries (Gul et al., 2009), causes DNA
damage in the endometrium and ovary (Diem et
al., 2005), increases apoptosis and oxidative stress
(Nikolova et al., 2005; Oral et al., 2006).

Carnosine is a histidine derivative, a multifunc-
tional dipeptide synthesized endogenously in the
body. It is found in high concentrations in tissues
such as heart muscle, skeletal muscle, and brain
(Yay et al., 2013). Studies have reported that car-
nosine has a protective effect on cells against oxi-
dative damage, and that carnosine has antioxidant
properties by binding metal ions and scavenging
free radicals (Bakardjiev and Bauer, 2000; Brown-

son and Hipkiss, 2000; Kohen et al., 1988). Also,
it has been indicated that carnosine has protec-
tive effects against ischemia in tissues and organs
such as kidney, brain, myocardium, skeletal mus-
cle and spinal cord (Albayrak et al., 2015; Aydin et
al., 2015). In vivo studies, it has been reported that
carnosine reduces ischemia-reperfusion injury
in organs such as testis, brain and kidney (Fujii et
al., 2005; Dobrotvorskaya et al., 2011).

Although various frequencies have been
used on the ovarian follicles of EMF as a result
of the literature review, there is no study yet
investigating the effects of 900 Megahertz (MHz)
EMF with carnosine application (Khoshbakht
et al., 2021; Altindag et al., 2017). The Global
Mobile Communication System (GSM)-900
communication system, which is generally, it
has an operating frequency of 880-960 MHz, as
in Europe and Turkey. Therefore, the purpose of
the study was to evaluate the effect of carnosine
on ovarian follicle number and diameter in rats
exposed to a 900 Mhz electromagnetic field.

MATERIALS AND METHODS

Ethical procedures, Work Plan, Animals and
Groups

The work protocol was evaluated and confirmed
by the Erciyes University Experimental Animals
Ethics Committee (Kayseri, Turkey) (approval
number: 2013/82). After getting approval
from Erciyes University, the procedures were
implemented. Forty female Wistar Albino rats
weighing 200-250 g, 16 weeks old, were provided
by Erciyes University Experimental Animals
Research Center (DEKAM, Kayseri, Turkey). Rats
were held in a normal 22 + 2 °C and 50% + 5%
humidity environment for 12 hours on a light/
dark cycle and ventilated with an aspirator. Rats
were fed a balanced diet and unlimited water.
Rats were placed in normal clear polycarbonate
cages. All described experimental and surgical
procedures were performed at Erciyes University
Experimental Animals Research Center (DEKAM,
Kayseri, Turkey).

The animals used were divided into 6 groups
without any discrimination. The groups were
created as follows.



1. Control group (K): Not exposed to any
treatment, EMF, or carnosine injection (n = 10).

2. 2 mg Carnosine group (2 mg car): Rats were
not exposed to EMF, but only to carnosine
injection (n=5). The rats in this group were
injected intraperitoneally with carnosine
between 11:00 and 12:00 every day.

3. 20 mg Carnosine group (20 mg car): Rats were
not exposed to EMF, but only to carnosine
injection (n=5). The rats in this group were
injected intraperitoneally with carnosine
between 11:00 and 12:00 every day.

4. Electromagnetic field group (EMFG): Rats were
exposed to EMF 1 h daily over 28 days (900
MHz) (Onger et al., 2016) (n = 10). Rats were
exposed to EMF between 11:00-12:00 every
day (Turedi et al., 2016). The specific energy
absorption rate (SAR) was approximately
0.008 W/kg for the whole body and 2 W W/kg
locally for the head. In addition, the positions
of the rats were changed daily during the
exposure period (Ulubay et al., 2015).

5. EMFG +2 mg carnosine (EMFG+2 mg car):
exposed to EMF (900 MHz) 1 h daily over 28
days (Kerimoglu et al., 2016) (n = 5). During
the experimental period, 2 mg intraperitoneal
carnosine was administered to this group
30 minutes before EMF exposure (Bae et al.,
2013).

6. EMFG +20 mg carnosine (EMFG+20 mg car):
exposed to EMF (900 MHz) for 1 hour per
day for 28 days (Kerimoglu et al., 2016) (n =
5). During the experimental period, 20 mg
intraperitoneal carnosine was administered
to this group 30 minutes before EMF exposure
(Bae et al., 2013).

After the experimental procedure, the rats were
sacrificed and the number of ovarian follicle cells
was counted by performing histological studies.

Exposure System

In the current study, the same exposure system
design was used as in last studies (Bas et al.,
2009). The exposure system used and the EMF
application are explained in detail (Kerimoglu
et al., 2016; Ragbetli et al., 2007). A special EMF

exposure system consisting of a dipole antenna
and a circular cage was used (Aslan et al., 2017).
The electromagnetic power unit producing 900
MHz continuously regulated EMF (2 W peak
output power and 1 + 0.4 mW/cm? power volume)
was made in TEKNOPARK Conformity Laboratory
(Kayseri, Turkey). The average SAR rate was 2
W/kg and the peak SAR was calculated based on
the model with force density indicators made
using an EMF meter (Kayseri Technopark) (Bas
et al., 2009). Rats were exposed to EMF using a
dipole antenna (Bas et al., 2009). The heads of
the rats were placed in the direction of the dipole
antennae. The gap between the rat and antenna
was 1 cm when the rat was placed perpendicular
to the antenna. The longitudinal axis of the rats
was placed perpendicular to one of the antennae
(Bas et al., 2009). All reviews were blinded to the
unbiased results obtained.

Histological Procedures

At the end of experimental work, right and left
ovaries were removed under anesthesia (Ketolar
50 mg, Pfizer, Turkey). For histopathological
examination, ovarian tissues obtained from
control and experimental groups were fixed in
10% formaldehyde solution. After fixation, the
tissues were embedded in paraffin. Hematoxylin
Eosin routine histological (Table 1) follow-ups
were performed by taking 5 um thick sections
from the paraffin blocks with a microtome. In
order to see the general histological structure, the
sections were stained with Masson’s trichrome
(MT) (Table 2) and examined under the Olimpus
BX51 microscope and photographed. Evaluation
parameters of follicles were evaluated according
to Table 3.

Statistical analysis

All statistical analyses were done in SPSS
22 program. After testing the normality
(Kolmogorov-Smirnov and Shapiro-Wilk) of the
research data, comparisons between groups were
made using the OneWay Analysis of Variance
(ANOVA) for normally distributed variables, and
multiple comparisons were made with the Tukey
test in case of difference. In the variables that
did not show normal distribution, comparisons
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between groups were made using the Kruskal-
Wallis Analysis, and in case of difference, multiple

comparisons were made with the Mann Whitney U

Table 1. Light microscopy tissue preparation technique.

Sequence
1

2

Action taken
Tap water
50% Alcohol
%70 Alcohol
%80 Alcohol
%96 Alcohol

Absolute Alcohol

Duration

1 hour

1 hour

1 hour

1 hour

1 hour

1 hour

Table 2. Masson’s trichrome dyeing technique.

Sequence

1

O 0N o O s W N

I T ™
A W N R ©

15
16

17

Transaction Time
Oven (60°C)
Xylene I

Xylene I1

Xylene III
Absolu Alcohol I
Absolu Alcohol II
%96 Alcohol
%80 Alcohol
%70 Alcohol
%50 Alcohol
Stream
Hematoxylin

Stream
%1 acid alcohol

Stream
Asit fuksin

Distilled water

Duration
2 hours
10 min
10 min
10 min
5 min

5 min

5 min

5 min

5 min

5 min

2 min
5-8 min

5 min

1-2 sec

1 min
5 min

2-3 min

Table 3. Evaluation parameters of ovarian follicles.

Follicles to be counted

meaningful.
Sequence Action taken

7 Absolute Alcohol

8 Absolute Alcohol

9 Xylene

10 Xylene

11 Xylene

12 Melted paraffin (60 °C)

Sequence Transaction Time

18 Phosphomolybdic acid
19 Drying
20 Aniline blue
21 Distilled water
22 %1 lyacetic acid
23 %50 Alcohol
24 %70 Alcohol
25 %80 Alcohol
26 %96 Alcohol
27 Absolu Alcohol I
28 Absolu Alcohol II
29 Absolu Alcohol III

30 Xylene I

31 Xylene II

32 Xylene III

33 Closure (Canada Balsam)

test. A p value of <0.05 was considered statistically

Duration

1 hour

1 hour

20 minutes
20 minutes
20 minutes

1 night

Duration

5 min

2-5min
2-3 min
2 min
5 min
5 min
5 min
5 min
1 min
2 min
2 min

20 min
20 min

20 min

Primordial follicle: oocyte with a prominent nucleus and a squamous granulosa cell layer around it

Primary follicle: oocyte with a prominent nucleus and a layer of cubic granulosa cells around it

Preantral follicle: oocyte with a prominent nucleus and several layers of granulosa cells around it

Secondary follicle: oocyte with a prominent nucleus, several layers of granulosa cells around it, and

antrum within granulosa cells

Tertiary follicle: oocyte with prominent nucleus observed pushed aside in the antrum



RESULTS

The statistical results of primary, preantral,
secondary and tertiary follicle numbers of the
experimental and control groups were given in
Table 4. When the mean primary follicle numbers
were compared statistically, it was determined
that there was an important dissimilarity among
the control group and both the 20 mg carnosine
group and the EMF group (p<0.05). There was no
dissimilarity among the mean primary follicle
numbers of the groups given 2 mg carnosine
and the groups given EMF+20 mg carnosine
(p>0.05). But there was a statistically significant
difference between the two groups and the
EMF group (p<0.05). When the mean preantral
follicle numbers were compared statistically, it
was determined that there was no meaningful
dissimilarity between the control and 20 mg
carnosine groups and the other groups (p<0.05).
But there was an important dissimilarity between
the group exposed to 2 mg carnosine and the
EMF group (p<0.05). When the mean secondary
follicle numbers of the control and experimental
groups were compared statistically, there was no
dissimilarity among the groups (p>0.05). When

a comparison was made between the groups
in terms of tertiary follicle numbers, it was
determined that the only dissimilarity was among
the control group and the EMF group (p<0.05).

The statistical results of primary, preantral,
secondary and tertiary follicle diameters of the
experimental and control groups were given in
Table 5. When primary follicle diameters were
compared statisticallyamong groups, there was an
important difference among the control group and
the EMF and EMF+2mg carnosine groups (p<0.05).
There was no significant dissimilarity among the
group given 2 mg carnosine and the other groups
(p>0.05). However, when the group given 20 mg
carnosine was compared with the other groups,
it was determined that the only dissimilarity was
with the EMF group (p<0.05). In addition, there
was a statistically significant dissimilarity among
the EMF group and the control, 20 mg carnosine
and EMF+20 mg carnosine groups (p<0.05). When
the preantral follicle diameter was compared
statistically between the groups, there was no
meaningful dissimilarity among the control and
experimental groups (p>0.05). It was defined that
there was a statistically important dissimilarity

Table 4. Primary, preantral, secondary and tertiary follicle numbers of control and experimental groups.

Control 2 mg .
carnosine
Number of Primary Follicles 245+33,56* | 216+26,42%®

Number of Preantral Follicles = 73+17,55%¢  80+13,57%
Number of Secondary Follicles 58+5,872 56+9,522
Number of Tertiary Follicles 7+1,442 9+1,89%

The same letters on the same line indicate the similarity between the groups, and different letters indicate the difference.

Table 5. Primary, preantral, secondary and tertiary follicle diameters of the control and experimental groups.

Control 2mg .
carnosine
Primary Follicle Diameter 0,41£0.17%  0,37+0,12%%¢

(n=70)

Preantral Follicle Diameter

abc a
(n=70) 0,61+0,17 0,64+0,23
Secondary Follicle Diameter 1,4540,46°  1,19+0,45"
(n=70)
Tertiary Follicle Diameter 3,0940,60° | 2,80+0,45°

(n=30)

The same letters on the same line indicate the similarity between the groups, and different letters indicate the difference.

20 mg EMF EMF+2 mg EMF+20 mg
carnosine carnosine carnosine p
202+19,34% | 172+34,00¢ 210+30,972¢  214+38,30®> ,000
69+12,07%¢ | 59+9,96P 66+17,98¢ 73+13,742> ,058
53+7,962 50+6,192 52+20,562 58+16,892 ,509
7+3,77 3+3,37° 7+3,522 611,662 ,002
20 mg EMF EMF+2mg  EMF+20 mg
carnosine carnosine carnosine P
0,38+0,15*  0,31+0,09° 0,33%0,13®  0,38+0,10 ,000
0,61+0,212>¢  (0,54+0,12>  0,55+0,11¢ 0,60+0,142 | 004
1,33+0,49% 1,19+0,49>  1,34+0,47%° 1,30+0,51% | ,012
3,15+0,712 2,18+0,36" @ 2,84+0,58? 3,06+0,67? ,000
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among the 2 mg carnosine group and the EMF
and EMF + 2 mg carnosine groups (p<0.05). When
the mean secondary follicle diameters were
compared between the groups, it was determined
that the statistical dissimilarity occurred among
the control group and the group given 2 mg
carnosine and the EMF group (p<0.05). But there
was no dissimilarity among the EMF group and
the groups given EMF+2 mg carnosine (p>0.05).
When the mean tertiary follicle diameters were
compared statistically, it was found that there was
a statistically remarkable dissimilarity among the
EMF group and all other groups (p<0.05).

Photomicrography of primary, preantral, sec-
ondary and tertiary follicles of the experimental
and control groups were given in Figure 1. When

the light microscopic images of primary, preant-
ral, secondary and tertiary follicles of the control
and experimental groups were examined, the his-
tological images of the control, 2 mg carnosine
and 20 mg carnosine groups showed similar
structures. There were important irregularities
in the structure of the oocyte and the granulosa
cells surrounding the oocyte, especially in the
EMF-treated groups. However, in the EMF+2 mg
carnosine group, there were irregularities in the
oocyte and granulosa cells around the oocyte, es-
pecially in the secondary and tertiary follicles, as
in the EMF group. But the structure of the oocyte
and the granulosa cells surrounding the oocyte in
the EMF+20 mg carnosine group showed a more
regular structure compared to the EMF group.

Fig. 1.- Photomicrography of primary, preantral, secondary and tertiary follicles of control and experimental groups (x20).



DISCUSSION

This study demonstrated that exposure to EMF
can reduce the mean ovarian follicle count and
that this reduction can be ameliorated with higher
carnosine dosages. Our findings showed that rats
exposed to EMF had a notable lower number of
ovarian follicles compared to the control group.
Additionally, the structure of the oocyte and the
granulosa cells surrounding the oocyte in the
groups administered 20 mg carnosine showed
a more regular structure compared to the EMF
group. The scientists noted that prenatal exposure
to 900 MHz EMF could cause pathological
changes in the seminiferous tubules in 60-day-
old rats and compromise the spermatogenic
cycle. They observed that the diameters and
epithelial thickness of the seminiferous tubules
decreased (Odaci et al., 2016). Studies have
shown that environmental electric and magnetic
fields can cause deoxyribonucleic acid (DNA)
damage and prolong the life of free radicals (Lai
and Singh, 2004). Ahmadi et al. (2016) pointed
out that EMF radiation has detrimental effects on
the implantation of the ovule and the formation of
ovarian follicles. Agarwal et al. (2009) examined
whether exposure to mobile phones for 1 hour
affected human ejaculation of sperm. They
concluded that mobile phone may cause male
infertility by affecting sperm. Sepehrmanesh
et al. (2017) have indicated that exposure to
EMF leads to an increase in testicular proteins
of adults associated with reproductive damage.
Yan et al. (2007) studied the effect on sperm cells
of 6 hours a day exposure to EMF from mobile
phones for 18 weeks. As a result, they found an
increase in sperm cell death in rats. Alchalabi et
al. (2015) explained that exposure to 1800 MHz
EMF decreasing ovarian follicular development
and numbers. Gl et al. (2009) studied the toxic
effect of EMF emitted from mobile phones on rat
ovarian follicles.

Pregnant rats were exposed to EMF for 11 hours
and 45 minutes with mobile phones in standby
mode, followed by 15 minutes/12 hours in talk
mode with phones during 21 days of gestation.
They examined the ovaries of the female offspring.
Theresearchersfound a decrease in the number of
follicles in the EMF group compared to the control

group. Studies in female animals have shown that
EMF can cause functional and structural changes
in the reproductive system. They reported that
EMF exposure can reduce the number of follicles
and disrupt the structure of oocytes and follicles
inthe ovary (Turedi et al., 2016; Khaki et al., 2016;
Roshangar et al.,, 2014). Al-Akhras et al. (2001)
significantly reduced fertility was observed in
female rats exposed to 50-Hz EMF. Electron
microscopy studies have reported that 50 Hz
EMF exposure causes degenerative changes in
follicle and oocyte cells. Electron microscopy
studies have indicated that 50 Hz EMF exposure
causes degenerative changes in follicle and
oocyte cells (Khaki et al., 2016; Roshangar et al.,
2014). Bakacak et al. (2015) reported that ovarian
primordial follicle numbers of rats exposed to
EMF were notable lower than the control group.
Roshangar et al. (2014) investigated the ovarian
tissues of 2-day-old mouse pups obtained from
mother animals exposed to 50 Hz EMF. They
found less developed primordial follicles. In
addition, they reported that the integrity of the
zona pellucida was disrupted and thinning was
observed in the zona pellucida in adult groups.

According to Tiiredi et al. (2016), rat pups
exposed to 900 MHz EMF during prenatal periods
were found to show a reduction in the number
of primordial and tertiary follicles in the ovarian
tissuesexamined atday 34 postnatally. In addition,
they reported an increase in atretic follicle and
atretic index, increase in follicle, fibrosis and
vasocongestion, albeit at a low level, in the stroma
(Turedi et al., 2016). Okatan et al. (2018) stated
that there was no dissimilarity among the groups
in terms of the number of primordial follicles,
primary follicles and Graafian follicles in the EMF
group compared to the control group, and only the
number of secondary follicles decreased. They
reported that exposure to 900 MHz EMF during
middle and late adolescence caused changes in
ovarian morphology and deterioration in follicle
quality. They also concluded that EMF increases
oxidative stress and causes a reduce in mitotic
activity and secondary follicle numbers. The
researchers experimentally analyzed the sepsis-
ameliorating therapeutic potential of carnosine
against sepsis-induced male albino rats. In their
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studies, carnosine was administered in 2 different
doses, 25 mg/kg and 50 mg/kg, for 30 sequential
days. They reported that
treatment, the intensity of sepsis was significantly
reduced, as evidenced by histopathological
analysis (Sun et al., 2017). Oral use of carnosine
over a three-month period has been proven to
improve the overall appearance of the skin and
reduce age-related wrinkles (Babizhayev et al.,
2012). In their study, scientists reported that
carnosine and vitamin E protect the ovaries
from ischemia-reperfusion damage in ovarian
torsion, and that carnosine may be especially
useful in the treatment of ovarian torsion (Sarac
et al., 2018). Studies have shown that carnosine
supplementation improves markers of metabolic
syndrome in obese diabetic patients (De Courten
et al., 2016). One study concluded that carnosine
administered intravenously at 100, 500, 1000 and
2000 mg/kg for 14 days was not toxic and reduced
cell death (Rajanikant et al., 2007). After reviewing
the available literature, we decided to administer
2 mg and 20 mg of carnosine before exposure
to EMF for 28 days (Rajanikant et al.,, 2007).
Another study conducted on 75 adult chronic
schizophrenia patients aged 18-65 years who
were given 2 g of carnosine per day for 3 months
showed that carnosine should be considered as an

after carnosine

adjunct therapy to improve executive dysfunction
in patients with schizophrenia (Chengappa et al.,
2012). Khoshbakht et al. (2021) investigated the
protective effects of selenium in rat testis tissue
exposed to electromagnetic field. They found
that serum LH, FSH, GnRH, testosterone level,
sperm count, germinal epithelial thickness and
seminiferous tubule diameter were significantly
decreased in the EM group compared to the
control group. In addition, they reported that
sperm count, germinal epithelial thickness,
seminiferous diameters, serum LH, FSH and
GnRH and testosterone levels increased in the
EM/SE group compared to the EM group, and
sperm abnormality, leptin receptor and apoptotic
cells were significantly decreased. Altindag et
al. (2017) examined the effects of cell phone
exposure on testicular tissue and the protective
effects of melatonin use. In the group receiving
2100 MHz radiation, the regular structure of the
seminiferous tubules was disrupted, and edema

occurred between the seminiferous epithelial
cells; they also reported that the seminiferous
tubule structure was highly protected in the
radiation and melatonin group against the
radiation group.

At the end of this study, follicle numbers and
diameters were found to be lower in the EMF group
and higher in the EMF+20 mg carnosine group.
There were marked irregularities in the structure
of the oocyte and the granulosa cells surrounding
the oocyte in rats exposed to EMF. However, in the
EMF+20 mg carnosine group, the oocyte and the
granulosa cells surrounding the oocyte exhibited
a more regular structure. It was observed that
carnosine, which was used as a therapeutic in the
experiment, reduced the damage caused by the
electromagnetic field. Although we determined
thatcarnosinehasasignificanteffecton preventing
electromagnetic field damage, we think that larger
studies are needed in terms of long-term effects
and possible side effects.
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SUMMARY

Intramuscular  onabotulinumtoxinA  (BTX)
injections and nerve decompression surgery both
aim to release compressed sensory nerves and
are used in the treatment of migraine/headaches.
Although for many BTX injection sites, sensory
nerves and their potential entrapment sites have
beenestablished, forthetrapeziusthisinformation
is incomplete. and microscopic
cadaveric study was performed in which the
suprascapular part of the trapezius was explored
for the presence of piercing or penetrating nerves
and whether these nerves contained sensory
nerve fibers. One side of six human cadavers were
dissected to reveal trapezius-associated nerves
in its suprascapular part. Schematic overview
drawings were made of nerves either piercing or
penetrating the trapezius in this region. Piercing
or penetrating cervical nerves were resected
and microscopically studied for the presence of
sensory nerve fibers.

A macro-

For this suprascapular region, correlating
potential entrapment sites of the supraclavicular
nerves were detected. In all specimens, plexus-
like connections between the accessory nerve

and branches of the cervical plexus, varying
between CII-CV, were observed to innervate the
trapezius at locations that showed overlap with
BTX injection sites. Moreover, all these nerves
contained sensory nerve fibers as confirmed by
immunohistochemical staining with the sensory
nerve marker CGRP. The presence of potential
entrapment sites for supraclavicular nerves and
other cervical nerve branches might explain
why BTX injection in the suprascapular part of
the trapezius show therapeutic effectivity in the
treatment of migraine/headaches.

Key words: Cervical plexus — Supraclavicular
(scapular) nerves — Entrapment — Migraine
headache — Trapezius — OnabotulinumtoxinA -
BTX
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INTRODUCTION

Migraine headache is a debilitating clinical
condition which is associated with a high
socioeconomic burden (Cady and Dodick, 1999;
Stovner et al., 2018). Migraine headache affects
both sexes and all age groups, although migraine
headachesmostlyoccurinyoungadultand middle-
aged women (Stovner et al., 2018). Migraine
headaches can be divided into two subgroups;
1) episodic migraine, which is characterized by
patients suffering from headaches during 14
days or fewer a month, and 2) chronic migraine
in which patients have headaches during at least
15 days a month (Schwedt, 2014). Each year,
2.5% of episodic migraine patients turn into
chronic patients (Schwedt, 2014). Frequent use
of abortive migraine drugs has been associated
with this disease progression (Schwedt, 2014).
Due to the high disease burden caused by
migraine, and because preventive and abortive
medication is ineffective or poorly tolerated in
a relatively large group of patients, alternative
therapies are desired. Migraines are classically
considered to represent a central phenomenon;
however, various peripheral nerves have been
identified as extracranial trigger sites (Guyuron
et al., 2000, 2005; Behmand et al., 2003; Mosser
et al., 2004; Austad, 2005; Totonchi et al., 2005;
Blumenfeld et al.,, 2010, 2017; Gfrerer and
Guyuron, 2017; Muehlberger, 2018; de Ru et al.,
2019). Both intramuscular onabolinumtoxinA
(BTX) injections causing paralysis of the muscles
that are probably strangling the nerves, and
decompression surgery were proven to diminish
headache burden (Janis et al., 2014). Therapeutic
BTX injections result in a significant reduction of
up to 9 headache days as described in the PREEMT
study (Diener et al.,, 2010). Furthermore, more
recent studies confirm these findings and observe
reduction in the use of abortive migraine drugs
(Aicua-Rapun et al., 2016; Bilgic et al.,, 2021).
For most commonly used BTX injection sites
— the temporalis region, the frontal region, the
occipital region, and cervical paraspinal muscles
— the involved sensory nerves and their potential
entrapment sites in the pericranial musculature
have been identified (Guyuron et al., 2000,
2005; Behmand et al., 2003; Mosser et al., 2004;

Austad, 2005; Totonchi et al., 2005; Blumenfeld
et al., 2010, 2017; Gfrerer and Guyuron, 2017;
Muehlberger, 2018; de Ru et al., 2019; Yi et al.,
2021). Especially, the anatomy and possible
nerve entrapment sites of the occipital nerves
in the upper part of the trapezius were studied
extensively (Mosser et al.,, 2004; Austad, 2005).
However, information on potential entrapment
sites in the suprascapular part of the trapezius,
a region described as additional injection site
by Blumenfeld et al., is incomplete. So far,
three suprascapular BTX injections sites were
described: 1) in the center between the acromion
and the necklaceline, 2) between the first injection
site and the acromion and 3) between the necklace
line and the first injection site (Blumenfeld et al.,
2017). When reviewing literature on trapezius-
associated nerves in this region, potential nerve
entrapment sites have been previously observed.
These nerve entrapment sites involved the
medial, intermediate and lateral supraclavicular
nerves, which pierced the muscle or the clavicle
(Macalister, 1871; Le Double, 1897; Jelev and
Surchev, 2007). Furthermore,
hypothesized the existence of a supraclavicular
entrapment syndrome, resulting in anterior
shoulder girdle pain (Gelberman et al.,, 1975;
Douchamps et al., 2012). How these entrapment
sites correlate to the earlier mentioned injection
sites is unclear. Therefore, the objective of this
study was to confirm the previous observations
and to explore the additional injection sites
for the presence of sensory nerves piercing
or innervating the suprascapular part of the
trapezius. The presence, origin, and course of
trapezius piercing and innervating nerves were
determined by means of cadaveric dissections. If
these piercing or penetrating nerves represented
other nerves than the supraclavicular nerves
(and hence it was unknown if these contained
sensory nerve fibers), samples of these nerves
were collected and subsequently microscopically
studied for the presence of sensory nerve fibers.

some studies

MATERIALS AND METHODS

Six human cadavers were used for this study;
five males and one female with an age varying
between 64-94 years. These bodies entered



the Department of Anatomy of the University
Medical Center Utrecht through a body donation
program. Written informed consent was obtained
during life allowing the use of these bodies for
educational and research purposes. No signs of
head and/or neck surgery were observed. Whole
body preservation was accomplished by arterial
perfusion with 3% formaldehyde. Dissections
were performed on the right side of the head and
neck area only. Skin, platysma and subcutaneous
adipose tissue were removed, revealing the
sternocleidomastoid, trapezius, and trapezius-
associated nerves which were represented by
branches of the supraclavicular nerves, the
accessory nerve and direct branches of the
cervical plexus. Both the sternocleidomastoid
and trapezius were dissected and lifted, allowing
a better view on relevant neural structures. Small
blood vessels were removed if they disturbed
the view. Each location where nerves pierced or
penetrated the trapezius was documented by both
photographs and schematic anatomical drawings.

If these nerves represented nerves other than
supraclavicular nerves, they were resected and
preserved in 70% ethanol until they were further
processed for microscopy (the location of the
samplesisindicated in Fig.1). Quantification ofthe
relative contribution of sensory nerve fibers was
performed on tissue sections of one level of each
nerve only. All samples were placed in increasing
percentages of ethanol and xylene, whereafter
they were embedded in paraffin and cutinto 5 um
thick sections on a microtome (Leica 2050 Super
Cut, Nussloch, Germany). Transverse sections of
nerves were collected on glass slides, air-dried
and subsequently heat fixed for two hours on a
slide drying table of 60°C (Medax, 14801, Kiel,
Germany). Sections of each sample were routinely
stained with hematoxylin/eosin (HE) to provide a
general tissue overview and to identify nerves.
An adjacent section of each nerve was incubated
with antibodies raised against calcitonin gene-
related peptide (CGRP) to determine the presence
of sensory nerve fibers in these nerves.

Fig. 1.- Schematic overview of the accessory nerve (AN) forming an accessory-cervical plexus with different branches (CII-CIV) in
all six cadavers. In some figures the lesser occipital nerve (LON) is displayed to clarify when AN and CII are already merged. The
numbered branches enter the trapezius. In this schematic overview the trapezius has been detached from the clavicle and turned
open laterally to reveal a view of the deep surface of the muscle. The muscle is still attached at the level of the acromioclavicular
joint. The samples of nerves, which were taken for histochemical analysis are indicated by a red circle. The relative contribution of

sensory nerve fibers are expressed as area%.
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Immunohistochemistry

Sections were dewaxed in xylene and rehydrated
in graded alcohols, followed by 20 min of antigen
retrieval in citrate buffer (pH6.0) at 95°C. After
washing in Tris-buffered saline (TBS) with 0.05%
Tween20 (TBS-T), sections were pre-incubated
with 5% Normal Human Serum in TBS for 10
min, followed by incubation with mouse anti-
CGRP (Sigma C7133, Saint Louis, USA) 1:1500
overnight at 4°C) in TBS with 3% bovine serum
albumin (BSA). Sections were washed with TBS-T
several times and incubated for 30 minutes at
room temperature with Brightvision Poly-AP
Goat-anti-Mouse (ImmunoLogic, Duiven, the
Netherlands). After washing with TBS, sections
were incubated with liquid permanent red (DAKO,
Glostrup, Denmark) for ten minutes. Tissue
sections were then washed with distilled water
and counterstained with hematoxylin, airdried
at 60°C for 90 minutes and cover-slipped using
Entellan (Merck, Darmstadt, Germany). Negative
controls were obtained by incubation of one
additional section with TBS-3%BSA without
primary antibodies. Vagus-nerve sections were
included as a positive control.

Microscopic imaging

All samples were studied by brightfield (HE) and
fluorescent microscopy (CGRP). Stitched overview
images (also known as tile scans) of CGRP stained
slides were captured with a 10x objective using
fluorescent Image acquisition
was performed using a DM6 microscope with a
motorized scanning stage, a I3 fluorescent filter,
a DFC7000 T camera and LASX software (all from
Leica, Nussloch, Germany).

microsocopy.

Image analysis

Tile scans of CGRP stained nerve sections were
analyzed for theirrelative amount of sensory fibers
with respect to the total area of a nerve using Fiji
(Schindelin et al., 2012). The outer lining of the
neural tissue (thereby excluding the epineurium)
was manually selected in each slide and its total
area was determined (Fig. 2). A threshold was set
allowing to select all CGRP-immune reactive (IR)
tissue inside these areas. The pixel area of CGRP-
IR nerve tissue was then calculated for each nerve

and its amount was then expressed as area%
with respect to the total tissue area of the nerve.
If a nerve appeared to be composed of multiple
smaller nerves, each small nerve was analyzed
independently and the results were added up.

RESULTS

All cadavers showed various nerves piercing
and/or innervating the These
represented supraclavicular nerves or branches
of the cervical plexus that were joined by branches
of the accessory nerve, respectively.

trapezius.

Macroscopic observations
Supraclavicular nerves

In two out of six specimens, three branches of
both the lateral and intermediate supraclavicular
nerves pierced the trapeziusvia separate foramina
(Fig. 3B, C, and Fig. 4). These foramina correspond
with the first two BTX injection sites described
by Blumenfeld et al. (2017). Fig. 3A shows the
location of BTX injection sites 1-3. All branches
originated from ventral rami of the third or fourth
cervical spinal nerve. Furthermore, in one of these
two specimens the medial supraclavicular nerve
pierced through a tendinous arch of the trapezius
(Fig. 3B) at a location which might correspond
with the third injection site.

Cervical plexus branches and branches of the
accessory nerve

Noisolated cervical plexus branchesorbranches
of the accessory nerve entered the trapezius in
the studied region. In all six specimens several
connections between the branches of the cervical
plexus (CII-CV) and branches of the accessory
nerve were formed prior to entering the trapezius.
Each specimen showed an early connection
betweentheaccessorynerveand CII. Furthermore,
three out of six showed a connection between the
accessory nerve and CIII. Lastly four out of six
showed connections between the accessory nerve
and CIV (Fig. 1). All of them entered the trapezius
in the middle portion between the necklace line
and the acromion, locations which correspond
with the first two injection sites. Unfortunately,
some nerves of the sixth dissected cadaver were
not preserved due to frailty.
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Fig. 2.- Microscopic images of nerves with relative high and low amount of sensory nerve fibers. A: Nerve CII of cadaver 1 has a
relative high density of senosory nerve fibers. B: Nerve CIII/CIV of cadaver 2 has a relative low densitiy of sensory nerve fibers. C, D:
Grey dotted lines: selection of neural tissue in which the density of sensory nerve fibers is determined.

Fig. 3.- Drawing of supraclavicular nerves (lateral (LSN),intermediate (ISN), medial(MSN)), accessory nerve (AN), great auricular
nerve, transverse nerve and lesser occipital nerve. a) Cadaver 5- male 75 years. Without any potential entrapment sites of the su-
praclavicular nerves. Thee arrows indicate the location where the BTX injection are commonly placed. b) Cadaver 2- male 64 years
with potential entrapment sites of the lateral and medial branches of the supraclavicular nerves. ¢) Cadaver 4- male 72 years, with
similar entrapment site of the intermediate and lateral branches of the supraclavicular nerve.
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Fig. 4.- Left: Photographic overview of the posterior triangle of the neck in cadaver 2: 1. Great auricular nerve, 2. External jugular
vein, 3.Lesser occipital nerve, 4. Accessory nerve, 5. Lesser occipital nerve, 6. CIV, 7.a,b,c Lateral supraclavicular nerve, 8. Medi-
al supraclavicular nerve, 9.CIV, 10. Superficial branch of the transverse cervical artery, 10a Superficial branch of the transverse
cervical artery, 11. Clavicle, 12. Trapezius, 13. Sternocleidomastoid, 14.Tendinous arch. Right: Enlargement of region of interest.

Microscopic observations

The neural identity of all sampled nerves
was confirmed in HE-stained slides as they
all represented nerve specific morphological
characteristics (Fig. 1).
composed of various fascicles within one
surrounding epineurium (Fig. 1), whereas other
nerves were composed of multiple discrete
fascicles, each with their own epineurium. All
nerves contained sensory nerve fibers but their
number was highly variable (Table 1). The median
amount of sensory nerve fibers was 2.34% with an
interquartile range of 0.91-2.84.

Some nerves were

Quantitative microscopic data on the presence
of CGRP-IR nerve fibers in non-supraclavicular
nerves are expressed in Table 1. For each nerve
the % area of CGPR-IR nerve fibers with respect
to the total area of neural tissue is listed. If a
nerve was composed of multiple smaller nerve
branches, each smaller branch was analyzed
separately and the data was pooled and then the
%area was calculated.

DISCUSSION

This study shows that in two out of six cases,
lateral and intermediate supraclavicular nerves

pierced the trapezius. Additionally, in one of
these two cadavers, the medial supraclavicular
nerve pierced through a tendinous arch formed
by the trapezius. These potential entrapment
locations of the lateral, intermediate and medial
supraclavicular nerves correspond with the
second, first and third additional BTX injection
site (Blumenfeld et al., 2017), respectively. Since
supraclavicular nerves contain sensory fibres
(Drake et al., 2014), entrapment of these nerves
by the surrounding muscle tissue might result
in a pain trigger. This might explain some of the
effectivity of BTX injections at these locations;
the muscle relaxes and the nerve is no longer
entrapped. The occurrence of supraclavicular
nerves piercing muscles has been described
previously (Macalister, 1871; Le Double, 1897;
Jelev and Surchev, 2007). In these studies, nerves
piercing the trapezius were mainly observed in
conjunction with anatomical variations. These
variations comprised a broader attachment of
the trapezius to the clavicle which forces the
supraclavicular nerves to pierce through it, or a
tendinous arch formed over the supraclavicular
nerves (Macalister, 1871; Le Double, 1897; Jelev
and Surchev, 2007). Jelev and Surchev (2007)
solely found one nerve piercing the lateral



part of the trapezius without any anatomical
anomalies in one cadaver. Both previous and
current findings show that supraclavicular nerve
entrapment sites are rare, and, if present, they are
mostly located in the medial or more lateral part
of the trapezius, close to the acromion and above
the clavicle. It is interesting to note that branches
of the plexus-like formation consisting of cervical
nerve branches and the accessory nerve were
found entering the trapezius in all six cadavers.
Immunohistochemical analysis confirmed that
the cervical nerve branches of these plexus
contained sensory nerve fibers, more specifically
nociceptive fibers, since CGRP is known for
staining nociceptive nerves (Patil et al., 2018).
The presence of sensory nerve fibers in cervical
branches has been described previously in both
animals (Zhao et al., 2006) and humans (Tubbs
et al., 2011). Both articles consider the fibers to
be proprioceptive, although both studies did not

use a specific proprioceptive staining. Based on
the immunostaining used in the current study,
we hypothesize that these nerves are potentially
nociceptive and might detect pain within the
trapezius region. Consequently, the muscle
paralysis caused by BTX injections might result
in less compression of these nerves. In this way,
additional migraine/headache trigger reduction
due to BTX injections in this region becomes
plausible. The relief of migraine headaches after
therelease ofextracranial sensory nerves mightbe
explained by a theory on convergence mechanism
(Piovesan et al., 2003). This theory suggests that
pain registered by a CI or CII branch can excite
the caudal part of the spinal trigeminal nucleus
via the lateral cervical nucleus (Piovesan et al.,
2003). This could explain why pain registered in
the neck (by CI or CII branches) can be perceived
as referred pain in areas normally innervated by
the trigeminal nerve (Piovesan et al., 2003).

Table 1. Study measurements, including gender, age, length (*head till toe), width (**left acromion till right acromion).

Cadaver Nerve % Area CGRP-IR tissue # nerve branches Area neural tissue Area CGRP-IR tissue
CII 2.57 1 84260 2169
1 CIII 4.8 1 247575 10189
2 114133 7171
2 CIII/CIV 0.93 1 244570 2268
AN/CII 0.9 1 22235 167
2 45793 346
3 160183 1734
3 4 18367 282
5 11345 16
CIv 2.07 1 177382 3022
2 54396 1776
AN 2.35 1 43954 969
2 196799 3841
3 89505 2762
* 4 32712 975
CIII 3.64 1 130363 4791
2 88768 3194
AN/CII 0.28 1 61749 172
2 142682 541
5 3 8836 18
4 49724 12
CIV 1.05 1 98059 1034
6 CIII 2.2 1 130671 2880
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Recommendations

As this study on a relatively small group of
specimens was just an exploratory study, more
anatomical dissection is needed in this region
of interest. Moreover, clinical studies using BTX
injections in patients who specifically point out
the trapezius as additional trigger site should
be performed to further evaluate its efficacy.
Furthermore, next to evaluation of subjective
symptom advanced imaging
techniques might be used to objectify the degree
of nerve compression. For example, using
functional magnetic resonance imaging (fMRI)
in patients before and after administrating BTX
could be of great interest.

improvement,

Limitations

The low number of included study specimens
might be considered a limitation. However, even
with this low number, this study clearly underlines
previous observations on the heterogeneity of
trapezius-piercing nerves. Another limitation
was caused by the fragility of some small nerve
branches, which resulted inless sampling. Despite
these limitations, this exploratory study is a first
step in identifying possible treatment options
for pain triggers in the trapezius and provides
support for further studies on the functional
efficacy of trapezius BTX injections.
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Morphometry of the harvestable surface
area of quadriceps tendon using a simple
tracing method: A common ACL autograft
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SUMMARY

Several tendons can be used as autografts
for anterior cruciate ligament reconstruction,
and the choice often depends on the surgeons’
preferences. The quadriceps tendon is a
commonly used autograft. This study presented,
for the first time, the morphometry of the
harvestable area of the QT using a simple tracing
method. Adult cadavers of South Africans of
European Ancestry were carefully dissected to
expose the tendon. Then the tendon outline (pre-
marked to enhance visibility) was then traced on
a firmly secured wax paper which assumed the
curvature of the tendon in situ. The tracing was
then scanned (with its inscribed scale bar) and the
morphometrics were measured on the digitized
images using an imageJ software. The limb length
was also measured in order to normalize all the
measurements. Despite the observable difference
inthesurfaceareaofthequadricepstendonineach
individual, there was no significant difference.
For the other measurements, there were no side
or sex differences except for the straight distal
width which is sexually dimorphic. Some paired
parameters showed a strong correlation but the
correlation between the limb length and other

measurements was weak. These data will be useful
for pre-operative planning of anterior cruciate
ligament reconstruction and will shed more light
into the usability of the quadriceps tendon as a
graft with respect to healing at the donor site and
the return of knee function.

Key words: Quadriceps tendon — Morphometry
— Harvestable area — Tendon tracing — Anterior
cruciate ligament reconstruction

INTRODUCTION

The knee joint is a stable joint owed to the
menisci and ligaments that provide structural
stability to the joint. The two fibro-cartilaginous
menisci act as shock absorbers and improve
knee joint congruency by aligning the femoral
and tibial condyles during joint movement.
Ligaments such as the extra-capsular (e.g., medial
and lateral collateral ligaments) and the intra-
articular (e.g., anterior and posterior cruciate
ligaments) aid knee function and also stabilize it.
Despite its stability, the medial collateral ligament
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and the anterior cruciate ligament (ACL) are the
most injured with the ACL requiring a surgical
reconstruction using a graft (Hurley et al., 2018;
Lalwani et al., 2020).

The harvested graft must closely match the
size and biomechanical strength of the ACL.
Factors such as the length of the harvestable
graft, location, post-surgery recovery of the donor
site must be considered when choosing a graft
(Hamada et al., 1998; Shelton and Fagan, 2011;
Reboonlap et al., 2012; Janssen et al., 2013; Sun et
al., 2020). Grafts come in a variety of options, e.g.,
synthetic graft, allograft or autograft (Legnani et
al., 2010; Macaulay et al., 2012; Hulet et al., 2019).
Consequently, the choice of graft often depends on
the surgeons’ preferences based on their clinical
trainings and experiences (Mall et al., 2012). No
ideal graft exists for ACL reconstruction, so the
search for an optimal graft continues. Each graft
has its own advantages and disadvantages and
may differ extensively in everyone (Romanini
et al,, 2010; Cerulli et al., 2013; Dhammi et al.,
2015). From an anatomical point of view, there are
morphological differences amongst individuals of
different sexes, race and ethnicity, which means
that the choice of graft in an individual may
not be solely based on a surgeon’s preference
(Xerogeanes et al.,, 2013; van Zyl et al., 2016;
Gupta et al., 2017; Vadgaonkar et al., 2018). This
study explored the morphometric profile of the
QT, a commonly used autograft (Frank et al.,
2017), with the aim that it could serve as a guide
to surgeons when choosing autografts.

Restoration to the native anatomical footprint
is the most important factor in the ACL
reconstruction which entails that the graft being
1) biomechanically similar to the ACL; 2) easily
harvestable; 3) easily secured surgically and 4)
able to have a rapid healing process (Iriuchishima
et al., 2013; Dhammi et al., 2015). In addition, the
graft size should be customizable to the patient’s
native ACL morphometry (Hulet et al., 2019). The
QT is one of the strongest tendons in the human
body situated on the anterior compartment of the
thigh, where it serves as a conjoint tendon for the
quadriceps femoris muscles (i.e., rectus femoris,
vastus intermedius, vastus medialis and vastus
lateralis). The QT with its muscles flexes the hip,

extends the knee joint and keeps the knee from
buckling when standing — an action that enables
walking (Ilan et al., 2003; Slone et al., 2015).

The QT has gained popularity for use as a graft
because of its favourable biomechanics, low
donor-site morbidity, large cross-sectional area,
predictability of healing outcome and ease of
harvest (Slone et al., 2015; Heffron et al., 2019).
To increase the QT graft effectiveness, the central
QT-bone construct is recommended for the ACL
reconstruction providing low donor site morbidity,
adequate size and high tensile strength (Fulkerson
and Langeland, 1995; Harris et al., 1997; Staubli
et al.,, 1999; DeAngelis and Fulkerson, 2007;
Geib et al., 2009; Slone et al., 2015; Shani et al.,
2016). The QT is considerably thick and wide and
provides abundant harvestable tissue (Fulkerson
and Langeland, 1995) but little information on
the extent of the harvestable tendon area exists
in the literature. Thus, this study presents data on
the morphometric profiles (i.e., the surface area,
length and widths) of the harvestable area of the
QT using a simple tracing method. Correlation of
paired parameters was also performed to reveal
any relationship. It is envisaged that this study
will shed more light, and create an awareness
on, the suitability and usability of the QT graft
in individuals. Knowledge of this may further
strengthen its popularity as an autograft.

MATERIALS AND METHODS

Demographic of samples

Lower limbs of adult formalin—fixed cadavers of
South Africans of European ancestry were used in
the study. This study assumed a mean of 73.5 mm
(standard deviation = 12.3 mm) for females and a
mean of 81.1 mm (standard deviation = 10.6 mm)
for males for the length of the QT (measured from
the musculotendinous junction of rectus femoris
to the superior aspect of patella) (Xerogeanes et
al., 2013) to determine the sample size required
for the present study. At 80% statistical power and
a significance level of 5%, the minimum sample
size required was 74 cadavers (i.e., 37 cadavers
per sex). Consequently, the final sample size was
40 female (79 lower limbs assessed) and 39 male
cadavers (77 lower limbs assessed). The QT in



both limbs of each cadaver was measured, and
any cadaver limb with obvious physical scars or
deformities was excluded from the study. The
cadavers were housed in the School of Anatomical
Sciences at the University of the Witwatersrand,
Johannesburg, South Africa for teaching
purposes. This study was performed in line with
the principles of the Declaration of Helsinki.
Waiver was granted by the Human Research
Ethics Committee (Medical) of the University of
the Witwatersrand (Ethics Waiver Number: W-CJ-
140604-1). The mean age of the male cadavers
was 76.2 years (range: 53 — 96 years) while that
of the female cadavers was 75.3 years (range: 46
— 96 years).

Dissections

To expose the QT, the cadaver was placed
in a supine position with the lower limbs
fully extended. For the dissection (by S.L. and
0.1.0. — anatomists with experiences in human
morphometry), a longitudinal incision on the
anterior surface of the lower limb was made
extending from midway of the thigh to midway
of the leg and passing through the centre of the
patella.
to the longitudinal incision were made at the
proximal end, at the level of the patella and at
the distal end to expose the region of interest and
to allow for adequate space for observation and
morphometric measurements. Subsequently,
the skin, subcutaneous fascia, fat, fascia lata,
and crural fascia were carefully removed without
altering the QT morphology.

Transverse incisions perpendicular

Table 1. Parameters for the quadriceps tendon.

Morphometry of QT

For the QT morphometry (by S.L. and 0.1.0.), the
knee was flexed at an angle of about 45° and then
the QT was carefully wiped with a dry absorbent
cloth. A non-elastic transparent wax paper
(dimension: 5 cm x 5 cm x 19 pm; superior wax
paper — donated by Superhaze Trading Company,
Tongaat, South Africa) was then carefully placed
sothatitassumed the curvatures of the underlying
QT (Fig.1). The wax paper on the tendon was firmly
secured with pins. Subsequently, a permanent
marker was used in order to trace out the margins
of the tendon onto the wax paper. To further
enhance visibility and accuracy of the tracing, the
margins of the tendon were pre-marked with a
permanent marker before placing the wax paper
onto the QT.

Thewax paperwas removed after the tracing and
a known scale bar was drawn on it. The wax paper
with its inscribed scale bar was then scanned
at 300 dpi using an Epson workforce DS-50000
scanner. From the digitized image, the surface
area (SA), straight distal width (SDW), curved
distal width (CDW) and length of tendon (LOT) for
the QT were measured from the digitized image
using an ImageJ 1.47v software (NIH, USA). Each
parameter was measured twice and the average of
the two measurements was used for the analyses.
The parameters for the QT are described in Table
1. In order to normalize the data, the length of
each lower limb at full extension from the anterior
superior iliac spine to the medial malleolus was
also measured using a measuring tape (Sabharwal
and Kumar, 2008; Gupta et al.,, 2017). The raw
data of the measurements were normalized by

Area of tendon which is defined by the margins of the tendon i.e. infero-medial border — vas-

tus medius; infero-lateral border — vastus lateralis; inferior border — tendon attachment on

the base (superior border) of patella using the medial and lateral borders of the patella as the

Measurement taken as ‘a crow flies’ at the inferior border of QT using the medial and lateral

Measurement taken along the curvature of the inferior border of QT using the medial and

Parameter Acronym Description
Surface area SA
landmarks
Straight distal width | SDW borders of the patella as landmarks
Curved distal width = CDW

lateral borders of the patella as landmarks

Length of tendon LOT

Maximum height from the highest peak at the musculotendinosus junction of QT to the half-
way of the CDW at the inferior border of the tendon
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Fig. 1.- Illustrations of the QT tracings on the anterior compartment of the thigh showing (a) the exposed QT after removing the su-
perficial structures, (b) the highlighted QT margins (i.e. its extent) with a permanent marker in order to improve visibility and trac-
ing accuracy, (c) the QT tracing on a superimposed wax paper secured by coloured pins to assume the curvature of QT and (d) the
digitized image of the traced tendon on the wax paper from which parameters were measured. VM — Vastus medialis, VL — Vastus
lateralis, P — patella, QT — Quadriceps tendon, WaxP — Wax paper, LOT — length of tendon, CDW — curved distal width, SDW — straight
distal width, Prox — proximal; Med — medial.
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dividing the obtained values of the SA, SDW, CDW
and LOT by the corresponding lower limb length
(LLL).

Statistical analyses

An intra-observer reliability test was conducted
(by S.L) at the beginning of the data collection
where two independent sets of measurements
were taken from the same cadavers at two weeks
apart. ALin’s Concordance test (pc) was performed
to determine the level of precision and accuracy
between the test and retest measurements. Data
collection was then carried out after the reliability
test revealed that the level of agreement was
substantial (i.e. pc > 0.95) (Landis and Koch, 1977,
McBride, 2005). To test for normality, a Shapiro-
Wilk test was carried out for each measurement.
All the normalized data were not normally
distributed thus a Mann-Whitney U test was
used for sex or side comparison. To determine
a possible correlation between any two paired
parameters, a Pearson’s correlation was used for
normally distributed raw data, while a Spearman’s
correlation was used for not normally distributed
raw data. All statistical analyses were performed
using a SPSS software (version 22.0; IBM, US).
Statistical difference of 5% was regarded as
significant for all the statistical analyses.

RESULTS

Test of reliability of measurements

The pcvalues for the measurements of the QT are
shown in Table 2. The pc values ranged from 0.969
for SA to 0.999 for LOT. Based on these results, all
the measurements of the QT are considered to
have an error low enough to be acceptable.

Table 2. Lin’s concordance correlation of reproducibility for
the measurements of the quadriceps tendon.

Parameter pc

SA 0.969
LOT 0.999
SDW 0.995
CDW 0.989
LLL 0.997

SA —surface area; LOT —length of tendon; SDW — straight distal
width; CDW — curved distal width; LLL — length of lower limb

Morphometry of the lower limb

To reiterate, the measurements for the QT
in each cadaver were normalized using the
corresponding LLL. There was no significant
side difference (p > 0.05) in the LLL in both sexes
(Table 3). In both limbs, the mean LLL of the male
cadavers was significantly higher than the mean
LLL of the female cadavers (p < 0.05).

Morphometry of the quadriceps tendon

The descriptive analyses of the data for each
side and according to sex for the QT are shown
in Table 4. For all the measurements from
the female or the male cadavers, there was no
statistically significant difference in sides (i.e.
left vs right). Similarly, no significant difference
was obtained when the measurements in the
female cadavers were compared with the male
cadavers except for the SDW of the male left limb
which was significantly higher than the female
left limb (p = 0.033). Despite the non-significant
difference between the measurements from both
limbs, the SA measure of one limb was different
from the other limb in most of the individual
cadavers assessed (Fig. 2). This is an indication
that the surface area of the QT in both limbs are
morphometrically different in some individuals
compared to the similarity of the measurements
for the LLL (for illustrative purposes) in both
limbs of the same cadaver (Fig. 2).

Correlation analyses on the measurements of
the quadriceps tendon

The correlations between any paired QT
dimensions showing a clear detail about the
strength of their relationships are shown in
Table 5. Only paired measurements that revealed
moderate (range 0.4-0.69) or strong correlations
(range0.7-1.0) (Schoberetal.,2018) are presented.
Using the Pearson’s or Spearman’s correlation (R),
strong correlations were observed between the
paired measurements of SDW and CDW (R > 0.7)
in both limbs of the female and the male cadavers.
A strong correlation was also observed between
SA and LOT (R = 0.7) except for the left lower limb
in the female that showed a moderate correlation
(R > 0.6). In addition, the relationship of the LLL
(male or female) with each measurement was

Sahiha Latiff, Oladiran I. Olateju

683



Quadericeps tendon harvestable area

684

Table 3. Comparison between the measurements of the left and the right lower limb lengths.

Left
Number of Mean (median)
. SD
limbs assessed (mm)
Female 40 860.6* (857.5) 50.21
Male 39 926.7* (925.0) 35.88

*Significant difference p = 0.0000 (M > F). SD — standard deviation

SA (mm?)

1000

900

LLL (mm)

800

Right
Number of Mean (median) SD
limbs assessed (mm) p
39 860.846* (865.0) 48.39 0.979
38 927.474* (920.5) 38.06 0.926

...... Left limb
—Right limb

700

123456 7 8 91011121314151617 181920 21 2223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77

Female

Male

-

Fig. 2.- Line graphs showing patterns of variation in SA of QT or LLL of both limbs for each individual cadaver. The measurement of
SA of one limb is visibly different from the other limb in the cadavers assessed compared to the measurements of LLL in both limbs

that are visibly similar.

determined. Only moderate correlation was
observed in the paired parameters of LLL vs SA or
LLL vs CDW for the male right limb.

DISCUSSION

In the event of an ACL injury, repair of the
ligament is necessary to restore the anatomical
and functional biomechanics of the damaged
ligament(Macaulayetal.,2012). Poormanagement
or treatment plan will lead to unbearable pain,
knee function impairment, deterioration of the
surrounding cartilage as well as increasing the
chances of developing osteoarthritis (@iestad
et al.,, 2010; Hijazi et al., 2015; Shultz, 2015;
Sayampanathan et al., 2017). Surgical repair

using an autograft sourced from the patient is the
commonly used approach for ACL reconstruction.
Various tendons can be used as an autograft
however the preference for an autograft often
depends on the clinical training and experience
of the surgeon.

Generally, human height is a useful parameter
for stature in anthropometry and morphometry
studies (Xerogeanesetal.,2013; Guptaetal.,2017;
Krebs et al., 2019). However, when the height of
the subject cannot be accurately measured as in
the case of cadavers due to post-mortem variation
in body sizes (Cardoso et al., 2016; Ferorelli et
al., 2017), the lower limb is often used to indicate
stature (Treme et al., 2008; Chiang et al., 2012;



Table 4. Comparison of the measurements of the left and right quadriceps tendon.

Left
Raw Normalized
) Number of Mean Mean Mean SD
limbs assessed (mm) (mm?)

Female
SA 40 21.23 | 0.025 0.003
LOT 40 78.77 0.092 = 0.016
SDW 40 49.96 0.058* ' 0.007
CDW 40 53.18 0.062 = 0.008
Male
SA 39 23.44  0.025 @ 0.003
LOT 39 86.51 0.093 = 0.013
SDW 39 57.24 0.062* = 0.006
CDW 39 60.74 0.066 0.006

*Significant difference p = 0.033 (M > F). SA , — surface area; LOT, - length of tendon; SDW,,, — straight distal width; CDW, -

curved distal width; SD — standard deviation

Table 5. Correlation coefficient between measurements of the left and right quadriceps tendon.

Female

SA LOT SDW
Left
SA 0.6
LOT
SDW
CDW
LLL
Right
SA 0.7
LOT
SDW 0.5"
CDW

LLL

CDW

1.0°

0.4"

1.0°

Right
Raw Normalized
Number of Mean Mean Mean SD
limbs assessed (mm) (mm?) p
39 21.90 0.025 0.002 @ 0.440
39 84.75 0.099  0.014 0.052
39 51.58 0.060 | 0.008 @ 0.735
39 54.75 0.064 0.008 @ 0.344
38 23.74  0.026 0.003 @ 0.421
38 91.23 0.098 0.013 ' 0.104
38 56.15 0.061 0.006 @ 0.544
38 60.63 0.065 0.007 | 0.442
Male
SA LOT SDW CDW
0.7 0.4™
0.9
0.8 0.4
0.8
0.5™ 0.4™

“p < 0.0001."p<0.01. "p<0.05.SA - surface area; LOT - length of tendon; SDW — straight distal width; CDW — curved distal

width; LLL — length of lower limb

Sundararajan et al., 2016; Mohd Asihin et al,,
2018; Sakti et al., 2019; Dziedzic et al., 2020). Even
though the LLL parameter used in the present
study is consistent with the previous studies, the
focus of this study was not to determine stature
in this population group. Instead, LLL was used to
normalize the measurements and to determine
the relationships between the LLL and other
measurements. On another note, limb length was

significantly higher in the male cadavers than
in the female cadavers, which is consistent with
previous reports that measured limb length in
different population groups: e.g., an American
population (Treme et al, 2008), a Chinese
population (Chiang et al.,, 2012) and a South
Sulawesi population (Sakti et al., 2019).

In morphometric studies of structures (e.g.,
tendons or ligaments in the lower limb), some
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measurements may indicate a leg dominance
when a measurement on one limb is significantly
different from a similar measurement of the other
limh: e.g., in semitendinosus tendon (Pichler et
al., 2008; Bundi et al., 2016) and patellar ligament
(Olateju et al., 2013). Factors such as age, sex,
lifestyle and activity level of an individual may
contribute to leg dominance as well as tendon
pathology arising from injuries (Latiff et al.,,
2021). In a study by Gupta et al. (2017), the limb
length of both sides was not significantly different
and is consistent with the findings of the present
study. This means that leg dominance may not be
associated with limb length but may be directly
linked to the tendon or ligament morphometries
as is the case in Pichler et al. (2008), Olateju et al.
(2013) and Bundi et al. (2016). In this study, none
of the measurements exhibited a leg dominance
as there were no significant differences when the
measurements from both limbs were compared.
This is also consistent with the cadaveric studies
by Hijazi et al. (2015) and Tanpowpong et al.
(2019).

The morphometric profile of the QT provides
useful information that is beneficial to ACL
reconstruction (Lippe et al.,, 2012). The large
harvestable tissue area of the QT is an important
feature that makes it a commonly used autograft.
Other advantages of the QT is that it can be reliably
harvested (Sheean et al., 2018), and that it has a
similar ultrastructure to other graft sources: e.g.,
patellar tendon and hamstrings (Macaulay et al.,
2012). This study presents data on the surface
area of the QT which have not been collected
before. The surface area of the QT was similar in
both sexes and in both limbs in the population
group assessed. Unfortunately, there is no report
in the literature to compare with the present
findings, so it is not discussed further. The data
on the surface area of the QT may be of benefit to
the rate of recovery at the harvest site, since the
QT has been shown to have more collagen content
(Hadjicostas et al., 2007) which contributes to its
tensile strength (Shani et al., 2016; Krebs et al.,
2019; Latiff and Olateju, 2022). The implication
of this is that the remaining collagen content
after the harvesting of a graft should be sufficient
for the QT to recover quicker and function more

satisfactorily than the patellar tendon, which
has a lesser collagen content (Hadjicostas et al.,
2007) and a smaller surface area than the QT
(unpublished report). It is thus suggested that
the surface area of the QT should be considered
in pre-operative planning where the QT is being
considered as a graft in an individual.

Morphologically, the QT of the population group
assessed was similar to a previous study (Lippe et
al., 2012). Some cadavers exhibited a dual peak
(51%) while others had a single peak (49%). The
dual peaks are because the vastus lateralis and
vastus medialis become tendons (i.e., the QT)
before inserting at the base of the patella (Lippe
et al., 2012). Understanding and acknowledging
this characteristic feature of the QT is important
during harvesting in order to avoid harvesting
from the short peak (which is mostly positioned
medially) instead from the long peak that provides
adequate graft tissue (i.e., the maximum tendon
length) for harvesting (Lippe et al., 2012). In this
study, the maximum tendon length was taken
from the more prominent peak in the case of
dual peaks (Lippe et al., 2012; Tanpowpong et al.,
2019).

The average maximum tendon length for both
limbs in this study was 81.76 mm in the female
and 88.87 mm in the male. Due to differences
in morphometric approaches and other factors
such as age, race and ethnicity (Gupta et al.,
2017), other studies report a lower maximum
tendon length. Yamasaki et al. (2021) reported a
QT length of about 59.5 mm in a MRI study on a
Japanese population, while a QT length of 61 mm
was reported in cadavers by Harris et al. (1997)
and a length of 63 mm in a Thai population by
Tanpowpong et al. (2019). However, other studies
reported a maximum tendon length within the
range observed in the present study. For example,
Staubli et al. (1999) reported an average tendon
length of about 86 mm for both limbs, Krebs et al.
(2019) reported an average of about 83 mm in a
cadaveric study while Thiand Ha (2021) and Lippe
etal. (2012) reported averages of about 79 mm and
88 mm respectively. With similarities in the mean
QT length, it seems that the in-situ tendon tracing
and methodologies used in the present study
were adequate. Likewise, the QT length in the



present study was not sexually dimorphic despite
the observed higher tendon length in the male
than in the female. This however contradicts the
MRI study by Xerogeanes et al. (2013) that found
a significant higher tendon length in males (~81.1
mm) than in females (~73.5 mm). A cadaveric
study in a Saudi Arabian population also reported
a significantly higher QT length in males (Hijazi et
al., 2015).

To give a further detailed morphometry that
could be used pre-operatively, the straight
and curved distal widths (SDW and CDW) were
measured on the tracings. The tendon tracings
provided an additional advantage in that the
actual/curved widths can be easily measured
unlike in radiological records: e.g., MRI. One or
both measurements may be adequate for pre-
operative investigation and planning when a QT
autograft is being considered. The study however
did not find a significant difference between the
straight and curved distal widths in the population
group assessed. In addition, the SDW or the CDW
did not reveal a side difference. However, SDW
(not the CDW) exhibited a sex dimorphism where
the male QT width was wider than the female. This
is consistent with the report by Hijazi et al. (2015)
despite the narrower widths reported compared
to this study. The present study found SDW to be
about 50.8 mm in the female and about 56.7 mm
in the male (left and right limbs combined), while
the QT widths of about 26.7 mm in the female and
about 28.5 mm in the male (left and right limbs
combined) were reported by Hijazi et al. (2015).
Thi and Ha (2021) reported a narrower QT distal
width (~ 36.0 mm) as well. On the other hand,
Lippe et al. (2012) (~43.3 mm), Krebs et al. (2019)
(~44.8 mm) and Tanpowpong et al. (2019) (~46.2
mm) reported QT distal widths in cadavers within
the range observed in the present study.

One advantage the QT has over the other
commonly used autografts (e.g., semitendinosus
and patellartendons)isthatthe area ofharvestable
tissue is high. Harvesting a standard 10-mm wide
(Adams et al., 2006; Shelton and Fagan, 2011;
Iriuchishima et al., 2013; Hijazi et al., 2015) and a
70-mm long (van Eck et al., 2010) QT tissue for an
ACL reconstruction means that there is sufficient
tissue that can be harvested and at the same time

leave sufficient tissue for tendon functionality and
healing at the harvest site. This is also highlighted
in other reports (Xerogeanes et al., 2013; Krebs
et al., 2019; Yamasaki et al., 2021). Based on the
observed morphometries of the tendon length
(female: 52.1 —116.7 mm and male: 67.3 - 121.8
mm) and width (female: 35.8 - 68.9 mm and male:
48 — 70.1 mm) of the QT in the present study,
about 8% (i.e., 6 limbs out of 77) of the male limbs
and about 17% (i.e., 13 limbs out of 79) of the
female limbs fall short of the required dimensions
of a QT autograft, and thus these individuals may
not qualify for an ACL reconstruction using the
QT autograft. Interestingly, these observations
were found bilaterally in 3 cadavers (i.e., 1 male
and 2 females). This means that the QT would not
be suitable as an autograft in these individuals if
they were to undergo an ACL reconstruction. In
comparison to Tanpowpong et al. (2019), about
61% of the Thai population group assessed were
considered not suitable for a QT autograft due
to their short QT length. In these individuals, a
bone—patellar tendon—-bone autograft could be an
alternative (Yamasaki et al., 2021). Predicting the
size of the autograft for use in surgery may be a
difficult task (Krebs et al., 2019) but this is where
morphometric studies have become useful (Helito
et al., 2015; Zakko et al., 2017).

It may be possible that the QT of one limb may
be adequate but not the other limb. Depending
on the strategies or plans of the surgeon, the QT
may be harvested from the limb with a damaged
ACL or from the undamaged limb (Shelbourne
and Urch, 2000; von Essen et al., 2021). However,
there is a need for caution as there are individuals
with observable differences in the morphometry
of the QT of both limbs. For these individuals and
depending on which leg is injured, the surgeon
must be cautious in choosing which graft to use.
Thus, the preference of the surgeon based on
the surgical training and experience may not be
applicable but rather by an informed decision
provided by tendon morphometry. It is not
advisable to harvest a graft from an injured limb,
asthereisahigh risk of compounding the problem
in this limb. In the event of harvesting a graft from
the contralateral limb, as explained by Shelbourne
and Urch (2000), the trauma of the surgery is
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divided between the limbs, and this allows the
patient to focus on the rehabilitation process for
each limb. For the recovery of both knees and the
return of knee functions, patients may not have to
worry about a major loss of strength in the limb
where the ACL was reconstructed as the graft
was harvested from the non-injured limb. Even
though a non-injured limb is being ‘disturbed’,
this proves to be advantageous for recovery of
both limbs (Shelbourne and Urch, 2000).

In the present study, correlation between paired
parameters of the QT was tested to determine
the relationship between them. A strong
correlation was found between the distal width
(i.e., straight and curved) in both limbs and for
both sexes. A strong correlation was also found
between the SA and LOT (except for the female
left limb that was moderate). This relationship
is another important factor to consider during
pre-operative investigation of the QT. Correlation
was also extended to determine the relationship
between the LLL and other QT measurements. It
is important to note that the height of a subject
and the length of limb in the same subject may
not be directly related. Interestingly, none of
the parameters paired with the LLL showed a
strong correlation unlike in previous reports by
Xerogeanes et al. (2013) and Krebs et al. (2019)
that found a strong correlation between the height
of individual and the tendon length.

In conclusion, the cadaveric approach used in
this study is considered reliable and reproducible,
evident by the results of the test of reliability.
It is true that a cadaveric approach has many
limitations, e.g., sample size, tissue shrinkage,
population representation, etc., but it provides
a 3—-dimensional structure from which several
measurements can be obtained in situ (Olateju
et al, 2013). The QT provides an abundant
harvestable tissue which is superior to other
tendons (e.g., patellar or semitendinosus tendon),
but surgeons must be cautious as the QT in some
individuals may not be adequate as an autograft.
When it comes to faster healing and integration
of graft, the benefits of the bone—patellar tendon-
bone autograft cannot be matched by the QT. This
makes the patellar tendon a popular graft choice,
especially when a faster return to activity level

is desired. However, a bone—patellar tendon-
bone autograft may be inadequate in a surgical
approach, like in an all-inside ACL reconstruction,
whereitbecomesdifficulttoappropriately shorten
the graft length (Slone et al., 2016). In a procedure
like this, a QT graft is preferred because of its large
harvestable area and accessibility. The discussed
morphometric data of the QT will contribute to
knowledge and will be beneficial for pre-operative
planning for ACL reconstruction.
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SUMMARY

Arsenic-induced carcinogenesis can result in
cancers of the liver in exposed organisms. This
study evaluated anticancer potentials of MLF1
and AMF1 extracted from Morinda lucida and
Annona muicata leaves respectively in Sodium
arsenite (SA)-induced toxicity in rats.

Sixty adult female rats were randomly divided
into 12 groups (n = 5). Group 1 was control.
Group 2 received 5-weeks administrations of 10
mg/kg bodyweight of SA. Groups 3-6 received
SA-dose for 2 weeks followed by 3-weeks post-
treatments with MLF1-doses and AMF1-doses
respectively. Groups 7-10 received only 5-weeks
administrations of MLF1-doses and AMF1-
doses respectively. Groups 11 and 12 received
5-weeks co-administrations of SA-dose with high-
doses of MLF1 and AMF1 respectively. Drugs/
extracts were administered orally. Liver histo-
pathology (Heamatoxylin and Eosin) and ELISA
concentrations of sera Melatonin and TNF-alpha
were evaluated. Malondialdehyde (thiobarbituric-

acid assay) and p53 (ELISA) levels were evaluated
in liver homogenates. Data were statistically
analysed.

Results showed normal liver histology in Groups
1-12. Post-treatments of SA-induced toxicity with
MLF1 and AMF1 resulted in significant (P<0.05)
and non-significant decreased levels (P>0.05)
of Malondialdehyde, TNF-alpha and p53, but
significant (P<0.05) and non-significant increased
Melatoninlevels (P>0.05) in Groups 3-12 compared
with Group 2. MLF1 and AMF1 possess anticancer,
antioxidant, pro-Melatonin, anti-inflammatory
and hepato-protective potentials.

Keywords: Annona muricata—Lipid peroxidation
— Melatonin — Morinda lucida — p53 — TNF-alpha

INTRODUCTION

Arsenic compounds are ubiquitously present in
nature and are dissipated into the environment
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through agricultural and industrial processes and
medical applications (World Health Organization,
2001; International Agency for Research on
Cancer, 2012; Aliyu et al., 2015). Arsenic-induced
cytotoxicity is a via of increased generation of
free radicals and further confinement of oxidative
stress in body organs resulting in damages to
DNA, proteins and lipids (Jomova et al.,, 2011),
as well as increased micronuclei frequency and
chromosomal aberrations. Arsenicis a carcinogen
and can lead mainly to cancers of the skin, lung,
bladder, liver and kidney in exposed organisms
(Jomova et al., 2011; Singh et al.,, 2011). The
resolution of carcinogenesis in experimental
studies is assessed via activities of biomarkers of
lipid peroxidation (Malondialdehyde) (Akinlolu et
al., 2012; Lampiao and Du Plessis, 2013), oxidative
stress/DNA damage (Melatonin) (Lampiao and Du
Plessis, 2013; Zamfir et al., 2014; Mohammadi et
al., 2016), inflammation/immune-response (TNF-
alpha) (Liu et al., 2004, Zahr et al., 2010; Chu,
2013) and apoptosis (p53) (Chang et al., 2010;
Toshinori and Akira, 2011; Xiao et al., 2013).

The ubiquitous environmental presence and
pro-carcinogenic potentials of SA make the
search for possible plant diets or anticancer com-
pounds that may prevent or counteract SA-in-
duced toxicity quite relevant. Morinda lucida (ML)
is an ethno-medicinal plant often grown in Nige-
ria. The leaf extract of ML possesses trypanocidal,
antimalarial activities, aortic vaso-relaxant effect,
oral hypoglycemic property (Adejo et al., 2014;
Adeleye et al., 2018) and antioxidant potentials
(Akindele and Obi, 2020). Annona muricata (AM) is
a member of the Annonaceae family with a long
history of ethno-medicinal use (Moghadamtousi
et al., 2015; Agu and Okolie, 2017). AM possess-
es anticancer, anticonvulsant, anti-arthritic, anti-
parasitic, antimalarial, hepato-protective and an-
tidiabetic potentials (Moghadamtousi et al., 2015;
Agu and Okolie, 2017). In addition, AM leaf extract
was reported to have antioxidant potential, as well
as capacity to reduce lipid peroxidation (Justino,
2018).

Rats, mice and humans share about one third
of the genome. This includes the majority of
coding regions and significant non-coding DNA
regions under neutral selection, potentially

containing regulatory regions. In addition, some
hormones and genes associated with antioxidant
defense mechanism and human cancers, such
as Melatonin, TNFa and p53 seem to be highly
conserved across mammalian evolution, and
have counterparts in the rat genome (Simon,
2004; Akinlolu and Shokunbi, 2010). Therefore,
this study evaluated the effects of fractionated
and isolated compounds from Morinda lucida
leaves (MLF1) and Annona muricata leaves (AMF1)
on lipid peroxidation and immuno-modulations
of Melatonin, TNF-alpha and p53 proteins in
Sodium arsenite (SA)-induced oxidative stress,
hepato-toxicity, inflammation and mutagenesis
in rats.

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 (NIH
publication #85-23, revised in 985).

Collection, authentication and deposition of Mo-
rinda lucida and Annona muricata leaves

Freshly cut leaves of Morinda lucida (ML) and
Annona muricata (AM) were obtained locally from
forest reserves in Ilorin and samples identified,
authenticated and deposited at the herbarium
of the same Department of Botany, Faculty of
Life Sciences of the study institution. ML and AM
leaves were assigned Herbarium Identification
Numbers UITH/004/1103 and UITH/003/1106
respectively.



Preparations and ethanolic extractions of
Morinda lucida and Annona muricata leaves

ML and AM leaves were air-dried at the
laboratory unit of the Department of Chemistry,
Faculty of Physical Sciences of the study
institution. The dried leaves of ML and AM were
grround to powder form and extracted with
ethanol. Thereafter, ethanol was separated from
ML and AM and Column chromatography was
done to get different fractions of ML. and AM.

Column chromatography fractionation of
ethanol extracts of Morinda lucida and Annona
muricata leaves

The ethanol extracts of ML and AM leaves
were fractionated in a silica gel open column,
using n-hexane, dichloromethane, ethyl acetate
and ethanol in an increasing order of polarity
(N-hexane: Dichloromethane[3;1,3:2,1:1,1:2,1:3];
Dichloromethane; Dichloromethane: Ethylacetate
[3:1,3;2, 1:1, 1:2, 1;3]; Ethylacetate; Ethylacetate:
Methanol [3:1, 3:2, 1:1, 1:2, 1:3] and Methanol.
Thirty-six eluents of 250 ml each of ML, and
thirteen eluents of 250 ml each of AM. The
resulting eluents were pooled based on the color
of the solvents that elute them to give a total of
9 combined ML and 5 combined AM fractions.
MLF1 and AMF1 fractions which had the best
preliminary antioxidant potentials were used for
testing anticancer potentials of plants’ extracts in
this study.

Chemicals and Reagents

Sodium arsenite was a product of Sigma-Aldrich
Japan Co. (Tokyo, Japan), and was purchased
from Emed Ejeson enterprises in Ilorin, Kwara
State, Nigeria. Normal Saline was obtained from
MOMROTA pharmaceutical company in Ilorin,
Kwara State, Nigeria.

Animal Care and Feeding

A total number of sixty (60) female Wistar rats
with an average weight of 200 g were used in
this study. The rats were acclimatized for 5 days,
received water ad libitum and kept in the animal
house of the Faculty of Basic Medical Sciences of
the study institution. The animals were fed daily

with standard diet. The animals were grouped
into twelve with five animals each in a wire gauzed
cage. The total number of rats and the number of
rats per group were as determined and approved
by the policy guidelines of laboratory animal
use and care of the University Ethical Review
Committee of the study institution. The animals
were kept under a normal room temperature of
37°C and double-crossed ventilation.

Experimental Procedures and Drugs
Administration

Group 1 received physiological saline. Group
2 received 10 mg/kg bodyweight of Sodium
arsenite (SA) for 5 weeks. Groups 3 and 4 received
10 mg/kg bodyweight SA for 2 weeks followed by
treatments with 7.5 and 15 mg/kg bodyweight of
MLF1 respectively for another 3 weeks. Groups
5 and 6 received 10 mg/kg bodyweight SA for 2
weeks followed by treatments with 7.5 and 10 mg/
kg bodyweight of AMF1 respectively for another
3 weeks. Groups 7 and 8 received 7.5 and 15
mg/kg bodyweight of MLF1 respectively for 5
weeks. Groups 9 and 10 received 7.5 and 10 mg/
kg bodyweight of AMF1 respectively for 5 weeks.
Group 11 received co-administrations of 15 mg/
kg bodyweight MLF1 and 10 mg/kg bodyweight SA
for 5 weeks. Group 12 received co-administrations
of 10 mg/kg bodyweight of AMF1 and 10 mg/kg
bodyweight SA for 5 weeks. All drugs and extract
were administered orally. Bodyweights (g) of all
rats were measured on Day 1 of experimental
procedure and at the end of each week.

Histopathological evaluations of the Liver

At the end of the experimental procedures,
following animal sacrifice, the liver of each
rat was excised and a lobe fixed in 10% formal
saline of at least five times of its volume. Liver
tissues were processed for light microscopy
using conventional histological procedures.
Tissue sections were stained via Haematoxylin
and Eosin method as previously described by
Akinlolu et al. (2017).

Evaluations of Lipid peroxidation

The thiobarbituric acid assay (TBARS assay)
method was used to quantify Malondialdehyde
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concentrations in liver homogenates of all rats of
Control and Experimental Groups as previously
described by Akinlolu et al. (2017).

Sera Melatonin, Sera TNFao and Liver tissues’
p53 proteins concentrations using Enzyme
Linked Immunosorbent Assay (ELISA)

The thoracic cavity of each rat was exposed and
5 mls blood sample collected via the ventricles of
the heart into Lithium heparinized bottles. The
blood samples were centrifuged and the serum
was used for ELISA analyses of concentrations of
Melatonin and TNFa proteins in all rats of Control
and Experimental Groups using ELISA technique.
In addition, liver tissues were isolated immediately
after animal sacrifice and then subjected thorough
homogenization using porcelain mortar and
pestle inice-cold 0.25 M sucrose, in the proportion
of 1 g to 4 ml of 0.25 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 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 p53 protein in the liver tissues
of all rats using ELISA technique.

Statistical Analyses

Statistical analyses were conducted using
the 2019 Statistical Package for the Social
Science software Version 23.0. Computed data
of concentrations of biomarker was expressed
as arithmetic means *+ standard deviation and
were subjected to statistical analyses using One-
way Analysis of Variance to test for significant
difference amongst Groups 1-12. Degree of
freedom (df): (between groups and within groups)
and F-values were computed. Scheffe Post-hoc
analysis was used for separation of Mean values
amongst Groups 1-12. Significant difference
was confirmed at 95% confidence interval with
P<0.05.

RESULTS

Histopathological evaluations of the Liver

Histopathological evaluations showed normal
histoarchitectures of the liver in rats of Groups
1-12 (Figs. 1-12). There were normal cellular den-
sity and staining characteristics of hepatocytes,
hepatic sinusoids, and central veins. The nuclei
of hepatocytes were well characterized with no
apparent large vacuolations around them.

Table 1. Malondialdehyde (MDA) concentrations (mean+SD) (umol/ml) in liver tissues of rats.

P<0.05:
MDA Group-2
Groups G
Doses of drug/extract administered (Mean+SD) versus
of rats
(umol/ml) Groups 1
and 3-12
1 Physiological saline (5 weeks) 2.22+0.39 0.16
2 10 mg/Kg bodyweight Sodium arsenite (SA) (5 weeks) 2.99+0.10
3 10 mg/Kg bodyweight SA (2 weeks) + 7.5 mg/Kg bodyweight Morinda lucida (3 weeks) 2.43+0.79 0.52
4 10 mg/Kg bodyweight SA (2 weeks) + 15 mg/Kg bodyweight Morinda lucida (3 weeks) 2.34+0.79 0.39
5 10 mg/Kg SA (2 weeks) + 7.5 mg/Kg bodyweight Annona muricata (3 weeks) 2.95+0.89 0.96
6 10 mg/Kg bodyweight SA (2 weeks) + 10 mg/Kg bodyweight Annona muricata (3 weeks) 2.31+0.78 0.45
7 7.5 mg/Kg bodyweight Morinda lucida (5 weeks) 2.43+0.38 0.20
8 15 mg/Kg bodyweight Morinda lucida (5 weeks) 2.34+0.37 0.26
9 7.5 mg/Kg bodyweight Annona muricata (5 weeks) 2.35+0.39 0.20
10 10 mg/Kg bodyweight Annona muricata (5 weeks) 2.44 +0.37 0.99
11 Co-administration of 15 mg/Kg bodyweight Morinda lucida + 10 mg/Kg bodyweight SA 2394061 0.38
(5 weeks)
12 Co-administration of 10 mg/Kg bodyweight Annona muricata + 10 mg/Kg bodyweight SA 252+ 0.63 0.49

(5 weeks)
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Malondialdehyde (MDA) concentrations in Liv- 13). In addition, results showed statistically non-
er tissues of rats significant lower (P>0.05) MDA levels in rats of
Groups 3-12 when compared with Group 2 (Table

Results showed statistically non-significant )
1 and Fig. 13).

higher (P>0.05) MDA levels in rats of Group 2
when compared with Group 1 (Table 1 and Fig.

Fig. 1.- Liver of rat of control group 1, which received normal saline. Haematoxylin and Eosin (x 100). H = Hepatocytes, S = Blood
sinusoids and CV = Central Vein. Histopathological evaluations showed normal histoarchitecture of the liver components. Fig. 2.-
Liver of rat of experimental group 2, which received 100 mg/kg bodyweight of lead acetate only. Haematoxylin and Eosin (x 100). H
= Hepatocytes, S = Blood sinusoids and CV = Central Vein. Histo-pathological evaluations showed normal histoarchitecture of the
liver components. Figs. 3. and 4.- Liver of rat of experimental groups 3 and 4, which received 100 mg/Kg bodyweight lead acetate
(2 weeks) + 7.5 and 15mg/Kg bodyweight Morinda lucida (3 weeks) respectively. Haematoxylin and Eosin (x 100). H = Hepatocytes, S
= Blood sinusoids and CV = Central Vein. Histopathological evaluations showed normal histoarchitecture of the liver components.
Figs. 5 and 6.- Liver of rat of experimental groups 5 and 6, which received 100 mg/Kg bodyweight lead acetate (2 weeks) + 7.5 and
10mg/Kg bodyweight Annona muricata (3 weeks) respectively. Haematoxylin and Eosin (x 100). H = Hepatocytes, S = Blood sinusoids
and CV = Central Vein. Histopathological evaluations showed normal histoarchitecture of the liver components. Figs. 7 and 8.- Liv-
er of rat of experimental groups 7 and 8, which received only 7.5 and 15 mg/Kg bodyweight Morinda lucida (3 weeks) respectively.
Haematoxylin and Eosin (x 100). H = Hepatocytes, S = Blood sinusoids and CV = Central Vein. Histopathological evaluations showed
normal histoarchitecture of the liver components. Figs. 9 and 10.- Liver of rat of experimental groups 9 and 10, which received
only 7.5 and 10 mg/Kg bodyweight Annona muricata (3 weeks) respectively. Haematoxylin and Eosin (x 100). H = Hepatocytes, S =
Blood sinusoids and CV = Central Vein. Histopathological evaluations showed normal histoarchitecture of the liver components.
Fig. 11.- Liver of rat of experimental group 11, which received co-administration of 100 mg/Kg bodyweight lead acetate + 15 mg/Kg
bodyweight Morinda lucida (5 weeks). Haematoxylin and Eosin (x 100). H = Hepatocytes, S = Blood sinusoids and CV = Central Vein.
Histopathological evaluations showed normal histoarchitecture of the liver components. Fig. 12.- Liver of rat of experimental group
12, which received co-administration of 100 mg/Kg bodyweight lead acetate + 10 mg/Kg bodyweight Annona muricata (5 weeks).
Haematoxylin and Eosin (x 100). H = Hepatocytes, S = Blood sinusoids and CV = Central Vein. Histopathological evaluations showed
normal histoarchitecture of the liver components.
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Fig. 13.- Concentrations of Malondialdehyde (umol/nl) in liver homogenates of rats.

Sera Melatonin concentrations in rats

Results showed statistically significant lower
(P<0.05) levels of Melatonin in rats of Group 2
when compared with Group 1 (Table 2 and Fig.
14). In addition, results showed statistically
significant higher (P<0.05) levels of Melatonin in

rats of Groups 4 - 10 when compared with Group
2 (Table 2 and Fig. 14). However, there were
statistically non-significant higher (P>0.05) levels
of Melatonin in rats of Groups 3 and 12 when
compared with Group 2 (Table 2 and Fig. 14).

Table 2. Melatonin concentrations (mean+SD) (ng/ml) in sera of rats.

P<0.05:
Groups Melatonin Group-2
PS | poses of drug/extract administered (MeantSD) versus
of rats
(ng/ml) Groups 1
and 3-12

1 Physiological saline (5 weeks) 0.29£0.01 0.05*

2 10 mg/Kg bodyweight Sodium arsenite (SA) (5 weeks) 0.21 +£0.08

3 10 mg/Kg bodyweight SA (2 weeks) + 7.5 mg/Kg bodyweight Morinda lucida (3 weeks) 0.26 +0.03 0.94

4 10 mg/Kg bodyweight SA (2 weeks) + 15 mg/Kg bodyweight Morinda lucida (3 weeks) 0.31 +0.04 0.04*

5 10 mg/Kg SA (2 weeks) + 7.5 mg/Kg bodyweight Annona muricata (3 weeks) 0.39 +£0.02 0.03*

6 10 mg/Kg bodyweight SA (2 weeks) + 10 mg/Kg bodyweight Annona muricata (3 weeks) = 0.36 +0.03 0.03*

7 7.5 mg/Kg bodyweight Morinda lucida (5 weeks) 0.42 +0.04 0.02*

8 15 mg/Kg bodyweight Morinda lucida (5 weeks) 0.43 +£0.07 0.02*

9 7.5 mg/Kg bodyweight Annona muricata (5 weeks) 0.33+0.03 0.03*
10 10 mg/Kg bodyweight Annona muricata (5 weeks) 0.58+0.07 0.02*
11 Co-administration of 15 mg/Kg bodyweight Morinda lucida + 10 mg/Kg bodyweight SA 0.21 +0.08 0.99

(5 weeks)
12 Co-administration of 10 mg/Kg bodyweight Annona muricata + 10 mg/Kg bodyweight SA 0.24 +0.07 0.95

(5 weeks)

‘= Statistically significant difference
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Fig. 14.- Melatonin concentrations (ng/ml) in sera of rats.

Sera TNFa concentrations in rats lower (P<0.05) levels of TNFa in rats of Group 11
when compared with Group 2 (Table 3 and Fig.
15). However, there were statistically non-sig-
nificant lower (P>0.05) levels of TNFa in rats of
Groups 3 —10 and 12 when compared with Group
2 (Table 3 and Fig. 15).

Results showed statistically significant higher
(P<0.05) levels of TNFa in rats of Group 2 when
compared with Group 1 (Table 3 and Fig. 15). In
addition, results showed statistically significant

Table 3. Sera TNF-o concentrations (mean+SD) (ng/ml) in rats.

TNFa P<0.05: Group-2
Groups

of rats Doses of drug/extract administered (MeantSD) versus Groups 1
(ng/ml) and 3-12

1 Physiological saline (5 weeks) 5.73 +6.58 0.03*

2 10 mg/Kg bodyweight Sodium arsenite (SA) (5 weeks) 20.19 +4.40

3 10 mg/Kg bodyweight SA (2 weeks) + 7.5 mg/Kg bodyweight Morinda lucida (3 16.85+4.34 0.46
weeks)

4 10 mg/Kg bodyweight SA (2 weeks) + 15 mg/Kg bodyweight Morinda lucida (3 13.35+4.44 0.19
weeks)

5 10 mg/Kg SA (2 weeks) + 7.5 mg/Kg bodyweight Annona muricata (3 weeks) 16.94 + 4.69 0.34

6 10 mg/Kg bodyweight SA (2 weeks) + 10 mg/Kg bodyweight Annona muricata (3 14.38 +4.23 0.22
weeks)

7 7.5 mg/Kg bodyweight Morinda lucida (5 weeks) 16.94 + 6.88 0.62

8 15 mg/Kg bodyweight Morinda lucida (5 weeks) 14.38 + 6.57 0.86

9 7.5 mg/Kg bodyweight Annona muricata (5 weeks) 13.88+6.58 0.92

10 10 mg/Kg bodyweight Annona muricata (5 weeks) 13.98 + 6.56 0.91

11 Co-administration of 15 mg/Kg bodyweight Morinda lucida + 10 mg/Kg bodyweight 474+ 4.26 0.02*
SA (5 weeks)

12 Co-administration of 10 mg/Kg bodyweight Annona muricata + 10 mg/Kg body- 13.35+4.44 0.24
weight SA (5 weeks)

‘= Statistically significant difference
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Fig. 15.- Sera concentrations (ng/ml) of TNF-alpha in rats.

p53 concentrations in Liver tissues of rats lower (P<0.05) levels of p53 in rats of Groups
3-11 when compared with Group 2 (Table 4 and
Fig. 16). However, there were statistically non-
significant lower [P>0.05] levels of p53 in rats of
Group 12 when compared with Group 2 (Table 4
and Fig. 16).

Results showed statistically significant higher
(P<0.05) levels of p53 in rats of Group 2 when
compared with Group 1 (Table 4 and Fig. 16). In
addition, results showed statistically significant

Table 4. p53 concentrations (mean+SD) (ng/ml) in liver tissues of rats.

P<0.05:
Groups p53 Group 2
PS poses of drug/extract administered (Mean+SD) versus
of rats
(ng/ml) Groups 1
and 3-12

1 Physiological saline (5 weeks) 6.74+1.92 0.02*

2 10 mg/Kg bodyweight Sodium arsenite (SA) (5 weeks) 45.75+2.76

3 10 mg/Kg bodyweight SA (2 weeks) + 7.5 mg/Kg bodyweight Morinda lucida (3 weeks) 24.40+3.19 0.04*
4 10 mg/Kg bodyweight SA (2 weeks) + 15 mg/Kg bodyweight Morinda lucida (3 weeks) 16.5+2.65 0.03*

5 10 mg/Kg SA (2 weeks) + 7.5 mg/Kg bodyweight Annona muricata (3 weeks) 26.20 +2.88 0.03*

6 10 mg/Kg bodyweight SA (2 weeks) + 10 mg/Kg bodyweight Annona muricata (3 weeks) 25.21+2.73 0.03*

7 7.5 mg/Kg bodyweight Morinda lucida (5 weeks) 17.58 +0.38 0.04*

8 15 mg/Kg bodyweight Morinda lucida (5 weeks) 13.41 +1.80 0.03*

9 7.5 mg/Kg bodyweight Annona muricata (5 weeks) 22.1+3.16 0.04*
10 10 mg/Kg bodyweight Annona muricata (5 weeks) 20.72 +4.45 0.04*
1 Co-administration of 15 mg/Kg bodyweight Morinda lucida + 10 mg/Kg bodyweight SA 3113 +2.89 0.05%

(5 weeks)
12 Co-administration of 10 mg/Kg bodyweight Annona muricata + 10 mg/Kg bodyweight SA 3098 + 5.44 0.07

(5 weeks)

‘= Statistically significant difference
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Fig. 16.- Concentrations of p53 (ng/ml) in liver homogenates of rats.

DISCUSSION

Histopathological evaluations showed normal
histoarchitectures of the liver in rats of Groups
1-12 (Figs. 1-12). This implied that administra-
tions of 10 mg/kg bodyweight of sodium arsenite
(SA), 7.5 and 15 mg/kg bodyweight of MLF1 (ex-
tracted from Morinda lucida leaves) and 7.5 and
10 mg/kg bodyweight of AMF1 (extracted from
Annona muricata leaves) to rats did not result in
evident histopathology of the liver after 5 weeks
of exposure.

Lipid peroxidation results in compromised cell
membrane and cellular damage, and it is impli-
cated in inflammation and carcinogenesis (Akin-
lolu et al., 2012). Malondialdehyde is a resultant
mutagenic aldehyde product of lipid peroxidation
(Akinlolu et al., 2012). Hence, increased Malon-
dialdehyde levels imply increased oxidative
stress. Results showed statistically non-signifi-
cant higher (P>0.05) Malondialdehyde levels in
rats of Group 2 when compared with Group 1 (Ta-
ble 1 and Fig. 13). This implied that the adminis-
tration of 10 mg/kg bodyweight of SA resulted in
increased oxidative stress in rats of Group 2.

Do MLF1 and AMF1 have cyto-protective and
antioxidant potentials against SA-induced oxi-
dative stress? Post-treatments of SA-induced ox-

idative stress with MLF1-doses and AMF1-doses
resulted in decreased Malondialdehyde levels in
rats of Groups 3-6 when compared with Group 2
(Table 1 and Fig. 13). Hence, MLF1 and AMF1 pos-
sess cyto-protective and antioxidant potentials.

Do MLF1 and AMF1 have chemo-preventive
and antioxidant potentials against SA-induced
oxidative stress? The co-administrations of SA-
dose with 15 mg/kg bodyweight of MLF1 and 10
mg/kg bodyweight of AMF1 resulted in decreased
Malondialdehyde levels in Groups 11 and 12 when
compared with Group 2 (Table 1 and Fig. 13).
Therefore, MLF1 and AMF1 possess chemo-pre-
ventive antioxidant potentials.

Melatonin is a mitochondria-targeted antioxi-
dant (Russel et al., 2016), which inhibits lipid per-
oxidation by directly scavenging resulting alkoxyl
radical and by maintaining cellular glutathione
levels (which is otherwise reduced in oxidative
stress) (Lampiao and Du Plessis, 2013; Zamfir
et al.,, 2014; Mohammadi et al., 2016; Russel et
al., 2016). Melatonin also inhibits the release of
pro-inflammatory cytokines and downregulates
cyclooxygenase-2, resulting in anti-inflamma-
tion and inhibition of cancer growth and metas-
tasis (Lampiao and Du Plessis, 2013; Zamfir et al.,
2014). Melatonin is mainly metabolized in the liv-
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er (Lampiao and Du Plessis, 2013), hence its strong
involvement in the resolutions of hepato-toxici-
ty, hepatic oxidative stress and mutagenesis. In-
creased melatonin levels are thus associated with
reduced DNA and cellular damage, decreased oxi-
dative stress, inflammation and proliferation.

Results showed statistically significant lower
(P<0.05) levels of melatonin in rats of Group 2
when compared with Group 1 (Table 2 and Fig.
14). This implied that the administration of 10
mg/kg bodyweight of SA resulted in prominent
reduction in the antioxidant system in rats of
Group 2.

Do MLF1 and AMF1 have -cyto-protective
and antioxidant potentials against SA-induced
prominent reduction in the antioxidant system?
Post-treatments of SA-induced prominent reduc-
tion in the antioxidant system with doses of MLF1
and AMF1 resulted in increased Melatonin levels
in rats of Groups 3-6 when compared with Group
2 (Table 2 and Fig. 14). Hence, MLF1 and AMF1
possess pro-melatonin, cyto-protective
prominent promotion of the antioxidant system
potentials.

and

Do MLF1 and AMF1 have chemo-preventive
and antioxidant potentials against SA-induced
prominent reduction in the antioxidant system?
The co-administration of SA-dose with 10 mg/kg
bodyweight of AMF1 resulted in increased Mela-
tonin levels in Groups 11 and 12 when compared
with Group 2 (Table 2 and Fig. 14). Therefore,
AMF1 possesses pro-Melatonin, chemo-preven-
tive and prominent promotion of the antioxidant
system potentials.

TNF-alpha (TNFa) is a pro-inflammatory cyto-
kine and its upregulation resulted in induction
of necrosis and consequent apoptosis (necropto-
sis) in animal models (Liu et al., 2004, Zahr et al.,
2010; Chu, 2013). Hence, TNFa is a biomarker of
interest in the evaluation of inflammation, tumor
progression and cancer cells survival. Results
showed statistically significant higher (P<0.05)
levels of TNFa in rats of Group 2 when compared
with Group 1 (Table 3 and Fig. 15). Therefore, this
implied that the administration of 10 mg/kg body-
weight of SA resulted in induction of cancer-asso-
ciated inflammation and upregulation of TNFa in
rats of Group 2.

Do MLF1 and AMF1 have cyto-protective and
anti-inflammatory potentials against SA-induced
cancer-associated inflammation? Post-treat-
ments of SA-induced cancer-associated inflam-
mation with doses of MLF1 and AMF1 resulted in
the downregulation of TNFa levels in Groups 3-6
when compared with Group 2 (Table 3 and Fig.
15). Hence, MLF1 and AMF1 possess cyto-protec-
tive, anti-inflammatory and anticancer potentials.

Can MLF1 and AMF1 protect the organism and
prevent SA-induced cancer-associated inflamma-
tion? The co-administrations of 10 mg/kg body-
weight of SA with 15 mg/kg bodyweight of MLF1
and 10mg/kg bodyweight of AMF1 resulted in
decreased TNFa levels in Groups 11 and 12 when
compared with Group 2 (Table 3 and Fig. 15), and
thus protected the rats against SA-induced can-
cer-associated inflammation. This suggests that
MLF1 and AMF1 possess chemo-preventive an-
ti-inflammatory potentials.

p53 trans-activates several apoptotic and
cell-cycle arrest-induction genes in response to
inflammation, DNA damage, chromosomal aber-
rations, mutagenesis and carcinogenesis. p53 is
usually expressed as a functionally latent form
at a very low level in normal condition as medi-
ated majorly by proteasomal degradation actions
of RING-finger type E3 ubiquitin protein ligase
MDM2. However, in response to DNA damage,
there is upregulation, accumulation and activa-
tion of p53 in the cell nucleus via post-transla-
tional modifications such as phosphorylation and
acetylation. Following successful repair of DNA
and cellular damage, p53 level returns to normal
low level (Chang et al., 2010; Toshinori and Akira,
2011; Xiao et al., 2013).

Results showed statistically significant high-
er (P<0.05) levels of p53 in rats of Group 2 when
compared with Group 1 (Table 4 and Fig. 16). This
result implied that administration of 10 mg/kg
bodyweight of SA resulted in mutagenesis with
consequent upregulation of p53 in rats of Group
2. It must be noted that with increased upregula-
tions of Malondialdehyde and TNFa levels, and re-
duced Melatonin levels, in only the rats of Group 2
(Tables 1-3 and Figs. 13-16), the characteristic ex-
pected immune response and DNA/cell-damaged
repair mechanism is induction of apoptosis and



upregulation of p53 pro-apoptotic gene (Chang et
al., 2010; Toshinori and Akira, 2011; Xiao et al.,
2013). In the absence of cancer treatment, the
sustained upregulation of p53 in rats of SA-only
treated Group 2 at the end of the 5-week exper-
imental procedure implied rapid and sustained
SA-induced mutagenesis. This will gradually in-
hibit and prolong the DNA repair mechanism of
p53 until its actions are spent out in-order to al-
low for un-inhibited mutagenesis. Consequently,
cancer-cells survival and tumorigenesis will pre-
vail.

Do MLF1 and AMF1 have cyto-protective and
anticancer potentials against SA-induced muta-
genesis? Post-treatments of 10 mg/kg bodyweight
of SA-induced p53 upregulation with doses of
MLF1 and AMF1 in rats of Groups 3-6 resulted in
significant downregulations of p53 levels when
compared with Group 2 (Table 4 and Fig. 16). This
implied that MLF1 and AMF1 possess pro-apop-
totic, tumor suppression and anticancer poten-
tials that will bring p53 to normal levels after the
resolution of mutagenesis.

Can MLF1 and AMF1 protect the organism and
prevent SA-induced mutagenesis? The co-admin-
istrations of 10mg/kg bodyweight of SA with 15
mg/kg bodyweight of MLF1 and 10mg/kg body-
weight of AMF1 resulted in decreased p53 levels
in Groups 11 and 12 when compared with Group
2 (Table 4 and Fig. 16), and thus protected the rats
against SA-induced mutagenesis. This suggests
that MLF1 and AMF1 possess chemo-preventive,
pro-apoptotic and anticancer potentials.

Overall, the observations of this study suggest
that post-treatments with doses of MLF1 (ex-
tracted from Morinda lucida leaves) and AMF1
(extracted from Annona muricata leaves) follo-
wing exposure to sodium arsenite resulted in
decreased malondialdehyde, TNF-alpha and p53
levels, and increased melatonin levels. This in-
dicates that MLF1 and AMF1 conferred a degree
of cyto-protective, antioxidant, pro-melatonin,
hepatoprotective, anti-inflammatory and anti-
cancer potentials against sodium-arsenite-in-
duced toxicity, and are recommended for further
evaluation as potential drug candidates for the
treatment of cancers.
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SUMMARY

The Retromolar canal (RMC) is an anatomic
variation, the identification of which has become a
clinical obstacle as the demand for surgical proce-
dures in the retromolar area of the mandible has
increased. The inferior alveolar nerve innervates
the third molar and some of the muscles around
the posterior region of the mandible, making
surgical treatments in the retromolar area more
challenging. The aim of this study was to evalu-
ate the incidence of RMC using Cone Beam Com-
puted Tomography (CBCT) and to evaluate the
prevalence, course, and pattern of occurrence of
RMC. CBCT images of 160 patients were collected
and screened in the three spatial planes on both
right and left sides for the presence of RMC. The
incidence rates were determined according to
gender, location, and type of RMC. Obtained data
were subjected to statistical analysis. Out of the
160 subjects examined, 116 (72.5%) subjects pre-
sented with RMCs. It was found that 44 out of 72
males (45%) and 72 of 88 (68%) females present-
ed with retromolar canals. Type B was the most
common type. Based on the results of this study,
retromolar canal should be considered as a nor-
mal anatomical variation rather than a rare find-

ing. CBCT is suggested for a detailed evaluation
and identification of the course of RMC before any
surgical procedures to avoid post-operative com-
plications. Very few studies have been conducted
in Indian population and this study analysed the
incidence of the RMC using CBCT images of South
Indian population.

Key words: RMC — Cone beam computed to-
mography — Mandibular canal — Third molar

INTRODUCTION

Anatomical variations may influence predispo-
sition to clinical examination, investigation and
patient management. Inability to recognise the
anatomical alterations may result in a fatal com-
plication. Such an anatomical variation is RMC.
RMC is an unusual anatomic variant in the retro-
molar triangle, which is a tiny triangular-shaped
area in the jaw posterior to the third molar tooth
following a course, and curves in posterosuperi-
or direction to open into the retromolar fossa. It
comprises neurovascular bundles which provide
innervation to third molars. (Patil et al., 2013)
Olivier postulated two types of inferior alveolar
nerve (IAN) main trunk arrangements based on
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50 mandible dissections in 1927 (Olivier, 1928).
Type I: the dental branches emerge from the un-
divided trunk just posterior to the roots that would
supply the teeth (66 percent). Type II: The nerve
divides into two sections shortly after entering the
mandibular canal; a larger mental branch leaves
the mandible at the mental foramen without pro-
viding any dental branches to the teeth, while a
smaller branch forms a plexus and supplies the
teeth (34 percent). According to the research in
the late 1980’s Ossenberg et al. (1987) identified
three different patterns of RMCs due to inade-
quate fusing of distinct mandibular canal nerves
from the incisors, primary molars, and perma-
nent molars during embryonic development.
(Kawai et al., 2012; Von Arx et al., 2011; Lizio et
al., 2013). The evaluation of the RMC is required
to minimize traumatization of the contents of
this canal during tooth extraction, bone harvest-
ing procedures, and implant insertion (Jablons-
ki et al., 1985; Pannalal et al., 2021; Kikuta.et al.,
2018). Cone beam computed tomography (CBCT)
made substantial effect on determining RMC than
other imaging modalities. (Han et al., 2014). Only
a very few studies discussed the RMC evaluation
in the Indian population. This study used CBCT
scans to impart knowledge about the frequency
and prevalent type of retromolar canal course in
the South Indian population.

MATERIALS AND METHODS

This is a cross sectional study of subjects who
had undergone CBCT examination of posterior
mandible during the period of September 2020
to September 2021 from the Department of Oral
medicine and radiology. Retrospective and pro-
spective CBCT images were acquired and exam-
ined for the presence of RMCs. This study was ap-
proved by the Ethical Committee of the Institution
(IEC protocol number: 96/2020).

CBCT Images of 160 patients aged between 21-
86 years were selected by quota sampling meth-
od. CBCT images with optimum diagnostic quality
showing retromolar regions were selected. Radio-
graphs having posterior mandibular dental im-
plants, those with clinical or radiographic signs of
any pathologies, and those with a history of trau-
ma to the posterior mandibular region and who

had been treated with surgical intervention were
all excluded. Images of the selected subjects were
made using a Planmeca Promax 3D Mid CBCT
machine. The tube voltage was set at 90 kVp, the
tube current at 5.6 mA and the exposure time at
9.0 s. The height of the field of view (FOV) and the
diameter both were 4 cm, and the voxel size was
0.08 mm. All RMCs evident on CBCT were includ-
ed in the study irrespective of their diameter. The
visibility of the retromolar area scan slice was
inspected bilaterally in all three sections (sagit-
tal, coronal, axial). All measures were assessed
twice by both examiners, with a one-week break
between each measurement. The inter- and in-
tra-examiner reliabilities were assessed using
Cohen’s kappa by examining 10% of the subjects
by both the examiners in each survey. The kappa
values for the inter- and intra-examiner reliability
was 0.82-0.88.

Eventually, RMC was classified into three groups
for the purpose of the study — A, B, C based on its
origin, course, and relationship to the coronal re-
gion of the third molar and the retromolar fossa.

Based on the hypothesis of Patil et al. (2013),
RMC was classified into the following three types:

« Type A: RMC branched off the mandibular ca-
nal distal to the 3rd molar and proceeded su-
periorly to open into the retromolar fossa.

« Type B: canals ran between the retromolar
fossa and the radicular part of the third molar.

« Type C: the canal originated from the man-
dibular foramen in the ramus region, coursed
anteroinferiorly and then anterosuperiorly to
open into the retromolar fossa.

Statistical analysis

The data were recorded into a Microsoft Office
Excel Sheet (version 2019) and analyzed with
the Statistical Package for Social Sciences (SPSS
22.0) A comparison of gender and age groups was
made. To determine whether there was a statis-
tically significant difference between the means
in groups, descriptive statistics, and Pearson
Chi-Square tests were applied to the data. Kappa
statistics was adopted to determine the inter and
intra examiner reliability in assessment of RMC.



RESULTS

Of the 160 subjects examined, 116 (72.6%)
subjects presented with RMCs, among which 78
(48.8%) subjects presented with unilateral RMC
and 38(23.8%) presented with bilateral RMC. On
comparing both genders it was found that 44 out
of 72 males and 72 out of 88 females_presented
with RMCs. Hence females had higher incidence
on statistical comparison among the genders in
occurrence of RMCs and were found to be statisti-
cally significant. (p=0.00) (Table 1).

Table 1. Distribution of subjects among genders with unilat-
eral/bilateral occurrence of retromolar canals.

is type B (31.8%), followed by type A (11.4%) and
type C (2.3%). The difference in distribution of
RMC among gender was found to be statistically
significant (p=0.00).

Among different age groups on the right side,
type B was the most common in patients aged 20-
30 years (29.7%), in 31-40 years (26.7%), in 41-
50 years (44.4%), in 51-60 years (35.7%). Patients
aged above 60 years had both type A and Type B
in equal incidence in our study (Figs. 1, 2). Type C
(Fig. 3) was the least common type occurred in dif-
ferent age groups. Among different age groups on
left side, type B was the most common in patient
aged 20-30 years (40.5%), in 31-40 years (40.0%),

Unilateral Bilateral Absent iIl 41-50 yeaI‘S (22.2%), il’l 51-60 yeaI‘S (35.7%).
MALE 30(41.7%)  14(19.4%)  28(38.9%) Table 4 depicts the bilateral distribution of RMC
FEMALE 48(54.5%) | 24(27.3%) | 16(18.2%) among gender. Among males, combination types
TOTAL 78(48.8%) | 38(23.8%) 44(27.5%) A+B (50.0%) and B+C (50.0%) had equal incidence.

The distribution of subjects with different types
of RMCs based on age groups is described in Ta-
bles 2, 3. The most common type of RMC in male
is type B (30.6%), followed by type A (11.1%) and
type C (2.8%). The common type of RMC in female

Type B+C had higher incidence in females (77.8%).
Type A+C was found only in males in our study.
Other combination patterns, such as A+A, B+B, and
C+C, include the remaining frequencies. Table 5
shows the prevalence of retromolar canal in diffe-
rent populations, as published in previous studies.

Karthikeya Patil et al.

Table 2. Distribution of types of RMC in different age on right side.

TYPE 20-30YR 31-40 YR 41-50YR 51-60 YR ABOVE 60
A 10(13.5%) 4(13.3%) 0 2(7.1%) 2(20.0%)
B 22(29.7%) 8(26.7%) 8(44.4%) 10(35.7%) 2(20.0%)
C 2(2.7%) 2(6.7%) 0 0 0
TOTAL 74 30 18 28 10

Table 3. Distribution of types of RMC in different age on left side.
TYPE 20-30YR 31-40 YR 41-50YR 51-60 YR ABOVE 60
A 8(10.8%) 4(13.3%) 2(11.1%) 0 0
B 30(40.5%) 12(40.0%) 4(22.2%) 10(35.7%) 4(40.0%)
C 4(5.4%) 2(6.7%) 2(11.1%) 0 0
TOTAL 74 30 18 28 10

Table 4. Distribution of bilateral type of RMC among gender.

A+B B+C A+C

MALE 4(33.3%) 4(22.7%) 2(100.0%)
FEMALE 8(66.7%) 14(77.8%) 0
TOTAL 12(100.0%) 18(100.0%) 2(100.0%)
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Fig. 1.- Sagittal section of CBCT illustrating Type A- retrc ar canal branched off the mandibular canal distal to the 3" molar and
proceeded superiorly to open into the retromolar fossa.

Fig. 2.- Sagittal section of CBCT illustrating Type B- canals ran between the retr ar fossa and the radicular part of the third molar.

Fig. 3.- Sagittal section of CBCT illustrating Type C-the canal originated from the mandibular foramen in the ramus region, coursed
anteroinferiorly and then anterosuperiorly to open into the retromolar fossa.
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Table 5. Prevalence of retromolar canal in different populations as reported in previous studies.

AUTHOR YEAR POPULATION NUMBER OF SUBJECTS % PREVALENCE
Patil et al. 2013 JAPAN 171 75.4

Lizio et al. 2013 ITALY 233 14.6
Muinelo-Lorenzo et al. 2014 SPAIN 225 36.8

Han and Hwang 2014 SOUTH KOREA 446 8.5

Rashsuren et al. 2014 SOUTH KOREA 755 11.5

Sisman et al. 2015 TURKEY 947 26.7

Jamalpour et al. 2016 IRAN 179 12.8

Ahuja et al. 2018 INDIA 80 20

Badry et al. 2020 EGYPT 214 11.2

Oliveira de Gringo 2021 BRAZIL 200 24.5

Present Study 2022 INDIA 160 72.5

DISCUSSION continuing forward and upward to penetrate

The RMCis an anatomic variation that originates
behind the third molar in the mandibular canal
and goes anterosuperiorly to the retromolar
foramen (RMF) in the retromolar fossa (Fig. 4).
Carter et al. (1971) discovered that the IAN or the
retromolar branch that travels through the RMC
give rise to a neural branch to the mandibular
molars. However, Jablonski et al. (1985) identified
an aberrant buccal nerve arising from the IAN
within the mandible’s ramus, travelling through
the RMC, emerging through the RMF, and then

Fig. 4.- CBCT sagittal section showing retromolar canal.

the buccinator muscle. On CBCT research, RMC
is now highly recognized. The RMC, however,
comprises the retromolar nerve, which is a normal
branch of the TAN, as revealed in prior anatomical
investigations. Iwanaga et al. (2022) in their study
concluded that RMC should beregarded the typical
anatomy or normal variant of the inferior alveolar
canal. However, few other researchers in their
studies concluded that RMC is a branch of inferior
mandibular canal. (Naitoh et al., 2009; Langlais
et al., 1985). But still there exists a controversy
in differentiating the mandibular canal and RMC
and hereby in our study we suggest a word forum
for consensus in support of the various literatures
that are tabulated in Table 5.

Myelinated nerve fibers are present, along with
multiple venules and an artery confirmed by his-
topathological examinations. During embryologic
development, three different mandibular canals
appeared in each hemimandible, and from each
canal different inferior dental nerves emerged
and innervated the three mandibular regions,
according to an anthropological study by Chavez
et al. (1996). These three canals combine to form
a single canal during the fetal growth period of
bone remodeling and apposition. Bifurcation or
trifurcation is an anatomical variation caused by
incomplete union of these three channels.

Anatomical variations such as the supplemental
foramen, which acts as an escape route for the im-
pulse to transmit pain, were noted by Rood (1976)
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in a case of failure to attain mandibular anesthe-
sia. Some writers have also documented failures
in attaining mandibular anesthesia and the exis-
tence of a bifid mandibular canal on radiological
examination. For the categorization of RMCs in
this study, we used Patil et al. (2013) approach.
It proved to be the most practical categorization.
The type B canal that begins at the RMF and termi-
nates in the radicular section of the 3rd molar was
not included in Ossenberg (1987) or Jamalpour et
al. (2016) classifications.

CONCLUSION

In conclusion, knowledge of this anatomical
variance and its assessment before surgery in-
volving the posterior mandible like extraction of
an impacted third molar, bone harvesting as a
donor site for bone graft surgery and sagittal split
osteotomy may warn the clinician about possible
inadequate pre-surgical anesthesia, unexpected
bleeding or local altered sensation post-opera-
tively through damage to the vessels and nerves
through the RMC. It is, therefore, important to
confirm the course and location of the RMC prior
to surgical procedures. Since there is no compre-
hensive study that includes all types of retromolar
canals in the Indian population, this study can be
considered as the standard incidence of the RMC
using CBCT images of South Indian population.
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SUMMARY

A preoperative understanding of the anatomy
of the hepatic veins and any variation thereof is
pivotal for successful hepatic surgeries, as these
vessels serve as a hepatic field guideline in living
donor liver transplantations (LDLT) and hepat-
ic resections. To date, numerous morphological
variations in different populations other than a
South African population have been published
and thus the following research study was con-
ducted to investigate and document morpholog-
ical variations in a South African population. The
following descriptive study aimed to contribute
to a better preoperative understanding of hepatic
vein anatomy impacting surgeries conducted in
South Africa. This research study was conducted
on 40 livers from donated bodies of 20 females
and 20 males, used for academic purposes in the
Department of Human Biology, at the University
of Cape Town. The age range was between 33 to
105 years old with an average age of 75. The livers
were removed, and the liver tissue was scraped
away to expose the hepatic veins from their origin
of the inferior vena cava (IVC) to their terminat-
ing branching points within the various hepatic
segments. All the livers presented all three major
hepatic veins, 90.0% of the livers had a common
trunk (n = 36), and the remaining 10.0% had no
common trunk (n = 4). The major and minor he-
patic veins were observed for all the livers. This

study found various morphological variations
in a South African population that are of clinical
significance with a high prevalence of accessory
right hepatic veins.

Key words: Blood supply — Hepatic veins — Liver
— Hepatic resection — LDLT

INTRODUCTION

A preoperative comprehension of the anatomy
ofthe hepatic venous system is essential for ensur-
ing successful hepatic surgeries and the preser-
vation of hepatic venous drainage postoperatively
(Singh et al., 2012; Nayak et al., 2016; Brentjies et
al., 2018). This is seen to be true in advances in
new surgical procedures such as living donor liv-
er transplantations (LDLT), which was developed
due to the need for donor livers exceeding the
existing cadaveric supply and hepatectomies for
patients with end-stage liver disease or cirrhosis
(Cheng et al., 1997; Orguc et al., 2004; Uchida et
al., 2010).

During the embryological gestation period, the
hepatic diverticulum (liver primordium or liver
bud) forms as a ventral outgrowth from the caudal
portion of the endodermal wall of the foregutin the
first three to four weeks (Bodzin, 2019; Mcpher-
son and Anthony, 2019; Sureka et al., 2019). The
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hepatic diverticulum then continues to enlarge,
with the right lobe developing at a quicker rate
than the left lobe and continues to divide into a
cranial and caudal portion, forming the liver pa-
renchyma and gallbladder respectively (Mcpher-
son and Anthony, 2019). During this period the
liver receives its blood supply from the portal and
umbilical veins, with the primordial portal veins
developing from the caudal portion of the vitelline
veins and the cranial portion forming the primor-
dial hepatic veins (Bodzin, 2019).

Vitelline or omphalomesenteric veins are re-
sponsible for the transport of blood from the yolk
sac to the sinus venosus (Ashworth, 2020). These
veins mature to form the portal vein, anastomose
across the duodenum, and traverse the septum
transversum (Ashworth, 2020).

During the fifth week, the left cranial portion of
the vitelline vein deteriorates, leaving the right
proximal vitelline vein to merge with the cranial
portion of the primary hepatic vein and gives ori-
gin to the three major hepatic veins, together with
the hepatic portion of the inferior vena cava (IVC)
(Sureka et al., 2019).

The major hepatic veins commonly consist of
the right hepatic vein (RHV), middle hepatic vein
(MHV), and left hepatic vein (LHV), which are re-
sponsible for draining the liver of deoxygenated
blood through the suprahepatic portion of the IVC
(Abdel-Misih and Bloomston, 2010; Sureka et al.,
2019; Standring, 2021). The MHV and LHV com-
monly merge to form a common trunk, and the
RHYV is generally known to be the largest vein of
the three major hepatic veins (Abdel-Misih and
Bloomston, 2010). These veins are responsible
for draining the different liver segments as classi-
fied by the Couinaud system which is founded on
the anatomy of the biliary vasculature and surgi-
cal resectable sections (Mcpherson and Anthony,
2019; Standring 2021). Minor hepatic veins may
consist of one to five vessels, exist in addition to
the three major hepatic veins, and mostly drain
the caudate lobe independently within the IVC
(Standring, 2021).

The hepatic veins generally serve as a guide for
the hepatectomy plane during surgery (Nayak et
al., 2016). This is seen during hepatic surgeries

such as LDLT where either the right or left liver
segments as required by the recipient are re-
moved and harvested from the living donor (Orguc
et al., 2004). Anatomical variations should be con-
sidered to ensure the preservation of the hepatic
venous outflow in both the recipient and donor as
these variations could alter the hepatectomy field
and surgical procedures accordingly (Cheng et al.,
1997; Paspulati, 2017).

To date, numerous morphological variations
within these hepatic veins have been studied in
different populations, e.g., China, India, Turkey,
etc. but studies regarding a South African popu-
lation have not yet been found in the published
literature. This study was performed to investi-
gate and document morphological variations in a
South African population and to analyze if sex or
age was a contributing factor for the variations ob-
served. This study ultimately aimed to contribute
to a better preoperative understanding of hepatic
vein anatomy that could impact surgeries con-
ducted in South Africa.

MATERIALS AND METHODS

This was a cross-sectional observational study
with a descriptive analysis within a cadaver-
ic sample and was conducted in the dissection
halls in the Department of Human Biology at the
University of Cape Town. The sample consisted
of 45 formalin preserved bodies. The livers were
pre-dissected or removed from these bodies by
undergraduate medical and postgraduate hon-
ors students during their academic training. The
abdomen and relevant structures were dissect-
ed with the IVC dissected close to the diaphragm
superiorly and close to the liver inferiorly. The
attachments of the coronary, falciform, and trian-
gular ligaments and surrounding fascia had also
been dissected to freely retrieve the liver from the
abdominal cavity during these dissections.

After removal, the livers were soaked in buckets
of warm water and fabric softener — a fluid gen-
erally used to soften the fabric of clothes when
washed (Britannica Dictionary), between 24-72
hours preceding the scraping of the liver tissue.
The livers were submerged in a mixture of 10 li-
ters warm water and a cap (75 ml) of liquid fabric



softener that was mixed into the bucket of water
to prevent the tissue from drying out and to help
soften the liver tissue. The method of using fabric
softener was utilized, as some liver tissue proved
to be tougher compared to other livers and was
sought to facilitate the softening of those liver tis-
sues. Using the fabric softener together with the
soaking process helped to ease the scraping and
dissection of the liver tissue to expose the hepatic
veins. The use of fabric softener has not yet been
seen mentioned in the previous cadaveric studies
such as those conducted by Shilal and Tuli (2015),
Nand and Rai (2020), and Vinh Tran et al. (2020)
to help with the ease of dissection to expose the
hepatic veins under investigation.

After soaking, each liver was removed individ-
ually and placed on a block where the IVC, which
was still intact, was cut open posteriorly. The
exposed hepatic portion of the IVC served as a
landmark for the origin and course for scraping
the hepatic veins. The visceral peritoneum was
removed by hand whereafter the superficial sur-
face of the liver was scraped by a blunt scalpel to
loosen the hepatic tissue. The tissue was then fur-
ther scraped with both ends of a teaspoon and for-
ceps which served as a curette, tracing the hepatic
veins from their origin from the IVC to their termi-
nating branches while taking care not to damage

these vessels. Any vessels, hepatic arteries, portal,
and biliary system or tissue that did not form part
of the hepatic veins and obscured their course
were removed by cutting them free with dissec-
tion scissors.

Five bodies were excluded after the livers from
these bodies were investigated, and it was found
that the hepatic veins were damaged. Of the re-
maining 40 bodies, that presented with intact and
unaltered hepatic vein morphology; 50.0% (n=20)
were adult female individuals and the other 50.0%
(n = 20) were adult male individuals that were in-
cluded in this study. The age range of the sample
was between 33 to 105 years old, and the average
age was 75 with + 14 standard deviations (SDs).

After dissection the hepatic veins were inves-
tigated to observe if all three major veins were
found to be present, if the LHV and MHV drained
via a common trunk into the IVC, which vein was
observed to be the largest, and how many major
and minor hepatic veins were found to be present
together with any variations within these vessels.
The vessels were classified using the Couinaud
system. The MHV and Cantlie boundary-field
amid the IVC and gallbladder fossa, divided the
liver into a right and left lobe that was used to fur-
ther classify hepatic veins as being the LHV, MHV,
and RHV (Fig. 1, Mcpherson and Anthony, 2019).

Fig. 1.- lllustration for the classification of hepatic veins documented in this research study. (a) Presents the anterior view of the
liver separated into a left and right lobe by Cantlie’s line and hepatic veins (RHV - right hepatic vein, MHV - middle hepatic vein,
LHV - left hepatic vein) with relation to the inferior vena cava (IVC) and falciform ligament. Figure 1 b and c, represent the posterior
and interior view of the liver and hepatic portion of the IVC, respectively. (b) Illustrates the nomenclature used for the minor he-
patic veins found in relation to the MHV (RAS — right anterior superior veins, RAM — right anterior middle veins). (c) Illustrates the
nomenclature used for the minor hepatic veins found in relation to the RHV and right posterior hepatic segment (SRHV — superior
right hepatic vein, MRHV — middle right hepatic vein, IRHV — inferior right hepatic vein, CT — Common trunk of the LHV and MHV).
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A common trunk for the LHV and MHV was iden-
tified and classified as such where the two vessels
were seen to join and drain as one vessel within
the IVC (Fig. 1), as opposed to the absence of a
common trunk where these vessels were seen to
drain separately into the IVC.

The major and minor hepatic veins were clas-
sified as per the description by Standring (2021)
and counted. The minor hepatic veins that were
smaller than the back tip of a dissection probe or
those in which the origin and the course could not
be traced were excluded.

Classification of any minor hepatic veins orig-
inating from the IVC and terminating within the
hepatic tissue was achieved through the segmen-
tation and sectioning of the liver. Vertical and hor-
izontal planes exist that divide the right lobe into a
right anterior and posterior section with four seg-
ments (V, VI, VII, & VIII) and the left lobe into a left
medial and lateral section with three segments (II,
[T, 1V; Couinaud system; Yip and Fenwick, 2013;
Mcpherson and Anthony, 2019). These vessels
that were found with the MHV were classified ac-
cording to the section of the liver they were found
to drain, namely the right anterior superior (RAS)
and right anterior middle (RAM) segments (Fig. 1).

Minor hepatic veins that were found regarding
the RHV and the right posterior section of the
liver respectively were identified and classified
when present as per the literature as the superi-
or RHV (SRHV), middle RHV (MRHV), and inferior
RHV (IRHV, Fig. 1). Any minor hepatic veins that
drained the caudate lobe (hepatic segment I) were
classified as the caudate veins (Fig. 1, Yip and Fen-
wick, 2013). Digital photographs were taken of the
anterior and posterior aspects of the livers before
and after dissections were carried out as part of
the documentation for this study.

Statistical analysis

The statistical program IBM SPSS Statistics (ver-
sion 27) was used to input and run statistical ana-
lysis for the data obtained. To test the significance
within the categorical data for the incidence of
the largest hepatic vein and the formation of a co-
mmon trunk against sex of the population under
study a Chi-Square Test was performed. Similarly,

testing the significance of categorical and continu-
ous variables; sex against age, the incidence of the
largest hepatic vein against age, or the incidence of
minor hepatic veins observed against sex, a One-
Way ANOVA test was performed. Testing the sig-
nificance within continuous variables such as the
incidence of minor hepatic veins against age was
achieved through performing a One-Sample T-Test.

A p-value < 0.05 and a confidence interval of
95.0% was used for all three of these tests to de-
termine if the results were significant. These tests
were mainly performed to test the significance
of morphological findings when compared to the
sex and age of the sample under study. For data to
be tested for its significance with sex and age, no
data had to be missing and the number of valid
cases observed had to be five or more. Thus, data
that did not meet the criteria together with obser-
vations that presented as a constant could not sta-
tistically be analyzed.

No ethical approval was needed as permission
to use the bodies had already been granted by the
Inspector of Anatomy in the Western Cape Gov-
ernment to the University of Cape Town for med-
ical and research activities. All the bodies were
handled ethically as outlined in the body donation
program of the University and by strictly adhering
to the Human Tissue Act of 2003.

RESULTS

For the 40 livers included in this study, all ma-
jor hepatic veins (RHV, MHV, & LHV) were found
to be intact and present. The formation of a com-
mon trunk between the MHV and LHV was found
in 36 livers out of the 40 and in the remaining four
livers these vessels drained separately into the
suprahepatic portion of the IVC (Fig. 2). Variation
for the length of the common trunk was seen and
any junction even in the form of a common ori-
fice (Fig. 2) of the MHV and LHV was classified as
a common trunk.

The RHV was observed to be the largest hepatic
vein followed by the MHV (Table 1; Fig. 3). It was
seen that in three livers the LHV formed the larg-
est hepatic vein, and there was one liver in which
the RAM hepatic vein formed the largest hepatic
vein (Table 1).



Fig. 2.- Occurrence and variation of a common trunk between the middle hepatic vein (MHV) and left hepatic vein (LHV). (a) Pres-
ents a common trunk between the MHV and LHV which drain as a single vessel into the suprahepatic portion of the inferior vena
cava (IVC). (b) Indicates the absence of a common trunk between the MHV and LHV seen in this study and can be seen draining as
two separate vessels into the IVC. (c and d) represent the incidence of variation for the length of a common trunk between the MHV
and LHV and show these vessels sharing more of a common orifice. Arrow key: A — anterior; R- right; P — posterior; L- left.

The major hepatic veins were made up of two,
three, or four vessels (Fig. 4) and were seen in 52.5%
(n=21),32.5% (n=13),and 15.0% (n = 6) respective-
ly. Out of these vessels, accessory veins were found
in 7.5% (n = 3) through an additional LHYV, in 2.5%
(n=1) through the presence of a RAM hepatic vein,
in 10.0% (n = 4) through the presence of a single
MRHYV, and in 5.0% (n = 2) through the presence of a
single IRHV. The presence of these accessory veins
contributed to a higher incidence of vessels classi-
fied as major hepatic veins than expected when a
common trunk was present or absent.

Table 1. The largest major hepatic veins.

Hepatic vein Frequency Percentage
LHV 3 7.5%

MHV 13 32.5%

RHV 23 57.5%

RAM 1 2.5%

Total 40 100.0%

The minor hepatic veins ranged from two to
nine with one incidence of 13 veins (Fig. 5a). A
large proportion of livers presented with two to
five minor hepatic veins, followed by seven and
eight minor hepatic veins, and the remaining
numbers of hepatic veins (6, 9, 13) were observed
for a smaller proportion of the livers investigated
(Fig. 5a). The further subdivision and classifica-
tion of the minor hepatic veins revealed that: cau-
date veins were present in all livers, 12.5% (n = 5)
had RAS hepatic veins, 55.0% (n = 22) had RAM
hepatic veins, 60.0% (n = 24) presented the SRHV,
57.5% (n = 23) presented the MRHV, and 55.0% (n
= 22) presented the IRHV.

Theveinsthatoriginated fromthe IVC and coursed
to terminate within the caudate lobe ranged from
one to five vessels (Fig. 5b). The highest incidence
was recorded for one to two veins seen in 77.5% (n
=31), followed by the remaining vessels being three
to four in count seen in 17.5% (n = 7), and lastly five
vessels in count seen in 5.0% (n = 2).
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Fig. 3.- Representation of the largest hepatic vein observed for this research study. (a) Representing the incidence of the right he-
patic vein (RHV) as the largest hepatic vein for the respective liver, draining into the inferior vena cava (IVC) in relation to the middle
and left hepatic veins (MHV & LHV). (b) Representing the incidence where the middle hepatic vein was observed to be the largest.

Arrow key: S — superior; L — left; I — inferior; R — right

Fig. 4.- (a-c) Presence of the major hepatic veins (M) seen in this research study. These vessels can be seen to drain individually into
the inferior vena cava (IVC) posteriorly and were counted as M1, M2, M3, or M4. Arrow key: S — superior; R — right; I — inferior; L — left.

Out of the 22 livers that had RAM hepatic veins
(Fig. 5¢), the veins were mostly present as one sin-
gle vessel in 30.0% (n = 12) of the livers, followed
by two to three vessels present in 12.5% (n = 5,
respectively) of the livers. The presence of one
single RAS hepatic vein was only seen in 12.5% (n
= 5) of the livers included in this research study
(Fig. 6). Most livers 87.5% (n = 35) did not have any
RAS hepatic veins.

The presence of accessory right hepatic veins
was observed for most of the livers and was either
seen together as SRHV, MRHV, & IRHV; SRHV &
MRHV; SRHV & IRHV; MRHV & IRHV respectively,

or as one single vessel (Fig. 7). The presence of the
SRHYV out of the accessory right hepatic veins ob-
served was present in 50.0% (n = 20) of the livers
as one single vessel or as two vessels in 10.0% (n =
4) of the livers (Table 2).

Observations for the MRHV ranged from one to
three vessels with the majority seen to have only
one single vessel in 37.5% (n = 15) of the livers,
followed by two vessels in 17.5% (n = 7) of the liv-
ers, and only one liver had three vessels (Table
2). The presence of the IRHV was mostly seen for
47.5% (n =19) of the livers as one single vessel or
two vessels in 7.5% (n = 3, Table 2).



Table 2. The prevalence of the accessory right hepatic veins.

DISCUSSION

The sample size presented to be a confounding
factor that could have influenced the observations
and frequencies obtained. Although, the sex of the
sample was evenly distributed, and no significant
difference was found between the sex and age of
the sample. The study was subject to the author’s
interpretations and observations that could have
altered the classification of variations, although
classification systems were sought and utilized to
minimize any bias. Furthermore, the fact that the
major hepatic veins that were found to be present
and intact for all the livers were beneficial in iden-
tifying accessory veins in this study. This is sup-
ported when compared to studies such as Nand
and Rai (2020) where two specimens had no LHV
for the 50 livers investigated.

2 3 4 5 6 7 8 9 13

Number of minor hepatic veins

Number of
Veins Frequency Percentage
Superior
0 16 40.0%
1 20 50.0%
2 4 10.0%
Middle
0 17 42.5%
1 15 37.5%
2 7 17.5%
3 1 2.5%
Inferior
0 18 45.0%
1 19 47.5%
2 3 7.5%
Total 40 100.0%
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Fig. 5.- The occurrence of the specific hepatic veins under investigation for this research study, recorded as frequencies. (a) The
frequency for the number of minor hepatic veins present in the livers investigated for this study. Figures 5b and 5c, illustrate the sub-
division of the minor hepatic veins of figure 5a. (b) The frequency for the number of caudate veins present in the livers investigated
for this study. (¢) The frequency for the number of right anterior middle hepatic veins present in the livers investigated for this study.
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Fig. 6.- The incidence of the right anterior superior (RAS) hepatic veins observed in this study. (a) Presents the RAS hepatic vein
indicated by the red arrow for the corresponding liver. It was seen to drain separately into the inferior vena cava (IVC) and course
between the right hepatic vein (RHV) and middle hepatic vein (MHV) within the right anterior hepatic segment. (b) Shows a closer
view of this vessel. Arrow key: S — superior; L — left; I — inferior; R — right.

Fig. 7.- Representation of the accessory right hepatic veins observed in this research study. The veins were either all seen to be
present as in (a), with the superior right hepatic vein (SRHV), middle right hepatic vein (MRHV), and inferior right hepatic vein
(IRHV) or only one of these vessels were present as in (b) with the inferior right hepatic vein (IRHV). Arrow key: S — superior; R —

right; I — inferior; L — left.

Morphological variations

The largest hepatic vein for this study was co-
mmonly found to be the RHV which agrees with
the literature and general classification of the ma-
jor hepatic veins (Abdel-Misih and Bloomston,
2010). For the LHV and MHYV, contradictory results
were found in this study when compared to that of
Nand and Rai (2020). This study found the MHV to
be the second largest vein to be observed and then
the LHV, where Nand and Rai (2020) had opposite
results with the LHV being the second largest (n =
10) and no observations for the MHV (n = 0).

Cheng et al. (1996) stated that the formation of
a common trunk between the MHV and LHV is of
significance during the resection of the left lateral
segment of the left lobe together with the general
incidence of the formation of a common trunk be-
tween the LHV and MHV. This is further supported
by the results obtained from this study as well as
other studies (Table 3). The major and minor veins
accounted for were in line with the description by
Standring (2021) and studies such as Nayak et al.
(2016). However, Nayak et al. (2016) found six li-
vers (7%) out of the 88 livers investigated that did



Table 3. Literature review results for the formation of a common trunk between the middle hepatic vein and left hepatic vein in

cadaveric and clinical studies.

Common trunk
Author/s & Year Study type Sample size Study Setting  Yes No
Soyer et al. (1995) Imaging (CTAP) 69 France 57 (95%) 3 (5%)
Cheng et al. (1996) Imaging (ultrasound) 200 Taiwan 140 (70%) 60 (30%)
Wind et al. (1998) Cadaveric 64 France 54 (84%) 10 (16%)
Singh et al. (2012) Cadaveric 60 North India 4 (7%) 56 (93%)
Kalayc1 et al. (2014) Imaging (CT) 100 Turkey 70 (70%) 10 (10%)
Ulziisaikhan et al. (2014) = Cadaveric 40 Mongolia 31 (76%) 9 (24%)
Sureka et al. (2019) Imaging (MDCT) 500 India 405 (81%) 95 (19%)
Nand and Rai, (2020) Cadaveric 50 India 38 (76%) 9 (18%)
Vinh Tran et al. (2020) Cadaveric 20 Vietnam 18 (90%) 2 (10%)
Total 1303 - 32*% =1271 939 (74%) 332 (26%)

*Number of livers excluded due to vessels being absent or undetectable.

not have any minor hepatic veins and were sole-
ly drained by major hepatic veins, whereas for
the current study all the livers were found to be
drained by minor and major hepatic veins.

Most minor hepatic veins for this study com-
prised accessory right hepatic veins where one or
more of either one or all the SRHVs, MRHVs, and
IRHVs were present. The presence of these veins
was supported by previous studies in other pop-
ulations (Table 4). For this study, the accessory
right hepatic veins were mostly equally observed
within the liver samples with the SRHV observed
to have a slightly higher incidence level (60%), fol-
lowed by the MRHV (58%) and IRHV (55%) respec-
tively. This observation varies when compared to
previous studies where the IRHV is found to great-
ly contribute to the right accessory hepatic veins
(Table 4).

Morphological variation and clinical significance

Ensuring the preservation of the hepatic venous
drainage after surgery proves to be of significance
as venous obstruction and deferred hemorrhage
have been noted (Fang et al., 2012). In the cas-
es where the hepatic veins are partially or fully
obstructed; Budd-Chiari syndrome, congestive
hepatomegaly, and veno-occlusive diseases can
develop (Fang et al., 2012). Thus, any variations
encountered within the hepatic veins that could
alter the hepatic venous outflow and drainage vol-
ume are of importance, especially in cases where

the RHV is used as a graft and the presence of ac-
cessory veins and tributaries exist (Uchida et al.,
2010).

The presence of accessory veins or tributaries
from the RHV or MHV is of significance during
resections of the right anterior or posterior seg-
ments of the right lobe (Sharma et al., 2019; Wata-
nabe et al., 2020). This occurrence of accessory
hepatic veins or tributaries is of importance as
they could traverse the hepatectomy field and cre-
ate a source of bleeding and graft ischemia when
these vessels are damaged during surgery, lead-
ing to cardiac arrest or the origin of an air embo-
lism (Shilal and Tuli, 2015; Paspulati, 2017). Fur-
thermore, during the resection of the left lateral
segment of the left lobe, the formation of a com-
mon trunk between the MHV and LHYV is of sig-
nificance as resection of the LHV should either be
performed above or at the level of formation of the
common trunk (Cheng et al., 1996).

The incidence of accessory right hepatic veins
can be attributed to the embryological develop-
ment where the ductus venosus and hepatic sinu-
soids are in direct contact with one another (Shilal
and Tuli, 2015). As the gestation period comes to
an end, this point of contact between the vessels
generally atrophies, but it is believed that some
regions maintain their connection and thus lead
to the formation of accessory right hepatic veins
such as the MRHV, IRHV, and SRHV (Shilal and
Tuli, 2015).
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Table 4. Literature review results for the incidence of accessory right hepatic veins in cadaveric and clinical studies.

Author/s & Year Study type Sample size

Cheng et al. (1997) Imaging (ultrasound) = 400

De Cecchis et al. (2000) Cadaveric 110
Akgul et al. (2004) Imaging (CEHCT) 308
Orguc et al. (2004) Imaging (CT) 100
Koc et al. (2007) Imaging (MDCT) 1120
Uchida et al. (2010) Imaging (CT) 223
Fang et al. (2012) Imaging (CT) 200
Kalayc1 et al. (2014) Imaging (CT) 100
Shilal and Tuli (2015) | Cadaveric 60
Sharma et al. (2019) Imaging (CECT) 224
Sureka et al. (2019) Imaging (MDCT) 500
Nand and Rai (2020) Cadaveric 50
Watanabe et al. (2020) ' Imaging (CT) 307
Yang et al. (2020) Imaging (CT) 299
Cawich et al. (2021) Imaging (CECT) 118

Total

4119 - 2473* = 1646

*Number of livers excluded due to vessels being absent or undetectable.

When all these points are not taken into con-
sideration, obstruction or ineffective hepatic re-
sections or transplantations can occur and com-
plications such as liver atrophy, infarction, septic
shock, and diminished or no hepatic restoration
have been seen to occur (Uchida et al., 2010).

CONCLUSION

The findings from the current research study
revealed various morphological variations with a
high prevalence of accessory right hepatic veins
within a South African population. These mor-
phological variations prove to be of clinical sig-
nificance and contribute to the preoperative un-
derstanding of these vessels. Sex and age were not
found to be contributing factors to the variations
observed and future studies are recommended to
further investigate specific aspects of these vari-
ations. Future studies could include a biomet-
ric study with different scraping techniques and
casting or corrosion methods to better represent
and measure these veins or an investigation into
the relationship of the diameter of the RHV in
comparison to that of the IRHV.

Accessory vein

Setting MRHV IRHV SRHV
Taiwan 22 (6%) | 72 (18%) -
Slovenia - 23 (21%) -
Turkey - 65 (21%) -
Turkey - 60 (60%) -
Turkey - 356 (32%) -
Japan - 90 (40%) -
China - 42 (21%) -
Turkey 36 (36%) 58 (58%) 44 (44%)
India - 46 (76%) -
North India - 126 (56%) -
India - 185(37%) -
India - 27 (54%) 11 (22%)
Japan - 197 (64%) 25 (8%)
China - 103 (34%) -
gg‘;ggd and 5(4%)  53(45%) -

63(4%) 1503 (91%) 80 (5%)
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SUMMARY

This study aims to assess the characteristics
of the internal iliac artery and to examine
correlations between the internal iliac artery
and other anatomic structures in the pelvis. A
cross-sectional study was conducted in the period
between October 2019 and May 2020. Eighteen
samples of the left and right internal iliac arteries
were taken from formaldehyde-embalmed female
cadavers at the Ho Chi Minh City University
of Medicine and Pharmacy Department of
Anatomy. The study showed that the origins of
most internal iliac arteries were located by the
lumbar vertebrae 4-5. The mean distance from
the origin of the internal iliac artery origin to
the sacral promontory was 33.95 + 3.35 mm (on
the left), and 31.70 + 4.64 mm (on the right). The
internal iliac artery always had two big branches
— anterior and posterior. A third branch was an
ilio-lumbar artery, often seen by 43.33%. The
diameters of those internal iliac artery branches
were comparable on both sides, and the branches
of similar name had a little larger diameter on the
left than on the right.

The internal iliac artery always has two large
anterior and posterior branches; in some cases,
it has a third branch called ilio-lumbar artery.

The internal iliac artery’s length from its origin to
the initial branch division is comparable for both
right and left sides. The distance from the internal
iliac artery’s origin to the sacral promontory is
suggestive for surgeons to find the internal iliac
artery after determining the sacral promontory.

Key words: Post-partum haemorrhage -
Internal iliac artery — Anatomy

ABBREVIATIONS:
Postpartum hemorrhage (PPH)

World Health Organization (WHO)

The American College of Obstetricians and
Gynecologists (ACOG)

Obstetrics and Gynecology (OB/GYN)

Digital Subtraction Angiography (DSA)

INTRODUCTION

Obstetrics and Gynecology is a medical domain
that raises a considerable interest from experts
over the world. Post-partum hemorrhage (PPH)
currently remains one of the leading obstetric
complications that cause maternal deaths in the
world and in Vietnam (Say et al., 2014). There are
about 14 million women over the world annually
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incurring PPH (Miller et al., 2004). The risk of
maternal mortality due to hemorrhage is one per
thousand live births in developing countries (100
over 100,000 live births). Almost all maternal
deaths (about 99%) are due to PPH occur in low-
and middle-income countries as compared to 1%
in industrialized countries (Knight et al., 2009). As
per ACOG statistics, it is estimated that there are
about 140,000 maternal deaths due to PPH every
year (Casanova, 2018). Currently, the leading
cause of maternal mortality is still PPH (Lalonde
etal., 2006). As per the World Health Organization
(WHO) statistics of 2012, maternal mortality rate
due to PPH accounted for 25% in Africa, 43% in
Indonesia, and 53% in the Philippines (WHO,
2012). On average, there is a PPH maternal death
every four minutes in the world. As per statistics
in the United States, PPH rate increased by 26%
during the period between 1994 and 2006.

In Vietnam, at TuDu hospital alone, there are
60,000 — 68,000 births per annum, and PPH
rate was reported 5.18% (TuDu Hospital, 2018)
in 2018. Medical and surgical treatment have
been applied for PPH. Surgical intervention
such as pressing balloon, hypogastric artery
ligation, B-Lynch suture stitch, and uterine artery
embolism are contributing to maternal mortality
rate reduction (Dilly, 2006).

The internal iliac artery provides blood to
nearly all internal and external female genitals.
Therefore, the emergency management of
bleeding complications such as PPH, placenta
accrete, or uterine rupture has a close relation to
the internal iliac artery and its branching. Internal
iliac artery blockage is one of various treatment
approaches to this obstetric accident. There is a
considerable amount of literature describing the
anatomy of the internal in general and the uterine
artery in particular over the world, but there are
many inconsistent points overall, and domestic
documents are very limited. Clinical practitioners
often refer to international documents. The issue
is “What characteristics do the internal iliac
artery and relevant anatomic changes have in
Vietnamese females?”

To answer that question, a study on the anatomy
of the internal iliac artery in Vietnamese women
was conducted to have a panorama of the

characteristicsofthe Viethamesewomen’sinternal
iliac artery for clinical reference. The study also
wishes to visibilize references to the internal iliac
artery, preluding many other studies on anatomy
in the future. The main objective of this study is to
define the internal iliac artery in relation to other
anatomic structures in formaldehyde-embalmed
female cadavers at Ho Chi Minh City University of
Medicine and Pharmacy, Department of Anatomy.

MATERIALS AND METHODS

A cross-sectional study was conducted from
October 2019 to May 2020. The target population
was Vietnamese females aged over 18 years.
Study subjects were formaldehyde-embalmed
female cadavers who met inclusion criteria such
as bilateral internal iliac arteries in dissected
bodies to conveniently serve academic training
at the University of Medicine and Pharmacy of Ho
Chi Minh City.

All cases showing evidence of anatomical
damages in the pelvic artery system during
dissection process, or signs of pelvic distortions,
or evidence of pelvic surgery, or tumor presence
might cause changes in pelvic artery network
structure. Those were exclusion criteria, as they
could change the original vascular structure of
interest.

Sample size

Estimated sample size for a mean

C

T /o)

with 95% confidence interval, power 0.8, then C
=7.85

Estimated error in the study was selected 7 mm.
Sample size for left internal iliac artery was 15
cadavers. The sample size for right the internal
iliac artery was of 18 cadavers.

Sampling method

Random selection of cadavers was conducted
at convenience over 23 cadavers dissected for
research and training. All selected cadavers met



inclusion criteria.; Once the sample size was
completed, the recruitment was stopped. The
number of female cadavers available at dissection
time was 23 of which 18 were selected (78%).

Data collection

Examination was conducted with dissecting
instruments, and measuring was conducted with
an electronic ruler of Mitutoyo, model 500-776.
The ruler audit on its accuracy was certified and
stamped by an independent auditor. The ruler
accuracy unit was 0.01 mm. Abdominal viscera
were displayed via lower laparotomy.

Fig. 1 describes how to explore the pelvis and
the iliac artery system by dissecting and moving
internal organs aside. Fig. 2 shows how to measure
the artery diameter at its origin. Fig. 3 shows how
to measure the distance between the internal iliac
artery’s origin and the sacral promontory. Fig. 4
shows how to measure the internal iliac artery’s
length. A thread was placed along and adjusted in
form of the artery pathway from the origin to its
end, and then two markers were defined on the
thread; the distance between two markers was

measured, in accordance with Le’s method (Le et
al., 2020). Fig. 5 shows how to dissect to find the
anterior and posterior trunks of the internal iliac
artery, and then to separate the branches of the
anterior and posterior trunks. it also shows how to
dissect external female genitals to the transverse
perineal layer; and then determinesthe branches
of uterine artery for external genitals. Dissections
around to explore uterine artery features was
made following Le’s method (Le et al., 2020).

Data entry were conducted with Excel program,
and coded and processed with IBM SPSS Statistics
20.

Ethics License

The study was approved by the Ethics Council
for Bioresearch of the HoChiMinh City University
of Medicine and Pharmacy, approval no. 562/
DHYD-HDDD, dated 28/10/2019.

Fig. 1.- Dissecting and moving internal organs aside to explore internal iliac artery.
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Fig. 2.- Measuring the internal iliac artery diameter at its origin.

Fig. 3.- Measuring the distance between Internal iliac artery origin and sacral promontory.
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Fig. 4.- Measuring the Internal iliac artery length.

Fig. 5.- Dissecting to find the anterior and posterior trunks of internal iliac artery.
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RESULTS

The mean age of cadavers was relatively high
70.50+17.86years. Theyoungest age was 33 years
and the oldest 99 years. Cadaver preservation
period ranged between 1 and 7 years. Causes of
death and maternal parity were not available.

The origin of the internal iliac artery was mostly
found at lumbar vertebral levels 4-5. The mean
distance from the internal iliac artery origin to
sacral promontory was 33.95 + 3.35 mm (on the
left) and 31.70 * 4.64 mm (on the right) (Table 1).

Table 1. Origins of internal iliac artery.

- . N of cases
Internal iliac artery origin by
vertebral level Left Right
L3 1(5.56%) 0 (0%)

Inter-vertebral disc L3 — L4 2(11.11%) 1 (5.56%)

L4 5(27.78%) @ 3(16.67%)

Inter-vertebral disc L4 — L5 2(11.11%) 1 (5.56%)

L5 8 (44.44%)  13(72.22%)

The internal iliac artery always had two large
branches — anterior and posterior. A third branch
was an ilio-lumbar artery, also frequently found
by 43.33% (Table2).

Table 2. Number of Internal iliac artery branches.

N of branches N of cases Percent
2 17 56.67%
3 13 43.33%

The diameter of the anterior internal iliac artery
branch ranged within 4.74-11.85 mm on the left,
and 4.08-11.08 mm on the right. The diameter of the
posterior branch ranged within 3.6-10.16 mm on
the left, and 2.3-12.16 mm on the right. Ilio-lumbar
branch had the diameter range of 1-2 mm (Table 3).

Table 3. Mean diameter of Internal iliac artery branches.

Mean Largest Smallest
diameter diameter diameter
(mm) (mm) (mm)
Left Right Left Right Left Right
Anterior 7.29+ 7.03 +
branch 1.91 1.78 11.85 11.08 4.74 4.08
Posterior 6.03+ 5.93+
branch 1.86 291 10.16 12.16 3.60 2.30
Ilio-lumbar 1.49+ 1.31+
branch 0.29 0.23 2.08 1.68 1.08 1.02

The internal iliac artery’s length ranged 30-50
mm (Table 4).

Table 4. Mean length of internal iliac arteries.

Mean Largest Smallest
length (mm) length length
Artery Left | Right | Left | Right Left Right
Internal 42.62  42.28
iliac +298 +431 47.85 50.10 38.06 31.52

Most of uterine arteries had an origin compatible
with vertebral levels S2 to S3. The mean diameter
of the uterine artery was measured at its origin
3.03 + 0.85 mm (on the left), and 2.95 + 0.79 mm
(on the right) (Table 5).

Table 5. Origin of uterine artery.

g;:::gf;ﬁ:;?; CHE LY N of samples Percent
S1 1 3.33%
S2 16 53.33%
Intervertebral S2 — S3 2 6.67%
S3 8 26.67%
S4 3 10%

The largest distance to the sacral promontory
was measured 68 mm, and the smallest 33 mm.
The largest distance to the vaginal artery was 115
mm, and the smallest 31 mm.

Table 6. Correlation of uterine artery origin.

.M ean Largest Smallest
distance . .
distance distance
(mm)
Left Right Left Right Left Right
o intosacr};l + 6854 68.02 3540 32.76
g 9.74  9.99
promontory

Distance from
uterine artery | 60.63 64.28

origin to + + 1 96.32 115.60 32.43 31.30
vaginal artery = 1.71 25.16
origin

The distance between the uterine artery and the
ureter by the cervical edge was within 3.5-18 mm.
The distance of the uterine-artery-ureter crossing
point to cervical edge was 11-33 mm (Table 7).



Table 7. Correlation between uterine artery and ureter.

Mean

. Largest Smallest
distance . .
distance distance
(mm)
Left | Right | Left Right| Left Right
wtorime artery | 771 938
to ureter b y + + 18.12 16.90 3.56 @ 4.40
cter by 351  4.16
cervical edge
Distance from
crossing point | 19.28 19.87
of uterine ar- + + 26.10 33.16 11.12 13.70

tery and ureter = 4.01 5.12
to cervical edge

The other branches (i.e., iliolumbar artery,
lateral sacral artery, superior gluteal artery,
inferior gluteal artery, middle rectal artery,
obturator artery, inferior vesical artery, superior
vesical artery, obliterated umbilical artery,
internal pudendal artery) were also examined.
However, those branches’ characteristics will be
assessed in another article with further study
objectives.

DISCUSSION

The origin of the internal iliac artery in this
study is comparable with those from the study ny
Mamatha et al. (2015), in which 72% of internal
iliac artery’s origins came by vertebral level S1,
24% by L5-S1, and 4% by L5. The rates by Naveen
et al. (2011) were 58.3% (S1), 40% (L5-S1), and
1.7% (L5), respectively.

As per Jean-Pierre Pelage et al., the internal iliac
artery ended in two large trunks — anterior and
posterior —in 77% of cases, 14% had three trunks,
3% had more than 3 trunks, and 4% had a unique
trunk. In this study, all internal iliac arteries had
two large branches, anterior and posterior. In
some instances, an ilio-lumbar branch deviated
ahead of the origins of the other two branches
and became the third branch. The cases with a
unique branch or more than 3 branches are rare
in literature, and in our study, such rare cases
were not detected (Pelage et al., 1999).

The internal iliac artery’s diameter in this study
was measured at 5 mm away from the artery’s
origin to obtain the most real size and to avoid
false increase. The value was 9.69 + 1.4 mm.
According to Fatu et al. (2006), the internal iliac

artery’s mean diameter in females was 9.83 + 1.57
mm, within the range of 4-11 mm. That study’s
results look quite comparable with theirs.

The uterine artery originates from the anterior
branch of the internal iliac artery. Some authors
considered the uterine artery an anatomic detail
to identify the anterior branch of the internal iliac
artery (Lipschitz, 2018). The uterine artery had
its origin by sacral vertebral levels S2-S3 in about
87% of cases in the study.

At its origin, the uterine artery often sprang
ahead of the sacral promontory with a mean
distance of 48.77 + 10.22 mm on both sides, in
which the left distance was 51.86 + 9.74, and
the right 45.67 + 9.99 mm. Almost all previous
studies compared the uterine artery’s location
with the mid-sagittal plane. The selection of the
sacral promontory as an anatomical correlation
landmark of artery location is the new point of
this study.

The ureter is the important mark in Ob/Gyn
operations in the pelvis. The mean distance
between the uterine artery’s origin and the ureter
was 8.34 + 2,90 mm, in which the distances
were 8.62 + 3.33 mm (on the left), and 8.07 +
2.47 mm (on the right). The ureter often crosses
in front of or behind the uterine artery by the
upper endocervical level. Eighty percent of cases
had a uterine artery crossing the ureter by the
upper edge of the cervix. The crossing point was
19.28 + 4.01 mm away from cervix. This result is
quite comparable with the value of 2 cm by other
authors (Le et al., 2020).

The quick identification of artery origins has a
great meaning in emergency management for PPH
(Greenwood, 1987) and other uterine surgeries.
The anatomical positions
with surrounding structures provide surgeons
with further information for quick and precise
manipulation.

and correlations

Limitations of the study: the anatomical assess-
ment of embalmed cadavers is not as precise as
those on fresh ones or by real clinical practice.
The study should be conducted on fresh cadavers
with better quality. It will be better to assess and
measure the internal iliac artery conducted on
DSA film, and then to compare results obtained
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between formaldehyde-embalmed and fresh ca-
davers.

CONCLUSION

The internal iliac artery is an important artery
providing blood to the pelvis and female genitals.
The internal iliac artery always has two large
branches, anterior and posterior, and in some
cases, it has a third branch — an iliolumbar artery.

The length of the internal iliac artery from its
originto the first division site is equivalent for both
sides. The distance from the internal iliac artery’s
origin to the sacral promontory suggests how
to find the internal iliac artery after identifying
sacral promontory.

The branches of the internal iliac artery are
comparable between the left and right ones, in
which uterine artery is an important one. The
anatomical correlation of the ureter crossing the
unternal iliac artery and the uterine artery, as well
as the distance and crossing position are essential
to locate the ureter in Ob/Gyn operations.
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SUMMARY

The subsequent implementation of social
distancing during the COVID-19 pandemic has
forced universities to keep the students away
from the institutions. The aim of the study was to
conduct a survey through medical colleges among
anatomy teachers along with an exploration of
optimization of the transitions which can assist
to improve the quality of online teaching. The
objectives were to identify the virtual learning
interventions implemented by different medical
colleges in India during Covid-19 pandemic
periods, and to identify suitable technological
intervention for teaching anatomy from the
educator’s point of view. A cross sectional study
was conducted by convenience sampling method.
A differential rating scale questionnaire study
was conducted. A hundred participants from the
department of anatomy of 100 medical colleges
with a minimum of 3 years of experience in
teaching in the field were the samples. Faculty
other than anatomy department of medical

colleges was excluded. Consents were taken from
each participant and participant information was
shared by email.

The teachers were from both from Government
and from Private Institutions. For most teachers,
the biggest difficulty in implementing online
teaching during the initial year of online teaching
at 2020 was the unstable online teaching
environments, platforms and tools (47%), followed
by their unfamiliarity with online teaching
techniques, platforms and tools (26%). Further,
17%had problemsduetoinsufficient training and
management of online teaching from college. This
study assists to improve the design and quality of
online teaching by suggesting for the change in
infrastructure by arranging online portal hands-
on coaching for rendering online education.
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transitions — Nationwide survey — Technological
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INTRODUCTION

Anatomy is the subject that describes the
identification as well as the concepts of the
body structures of living things. Gross anatomy
includes the study of major body structures
by dissection and close observation of its
narrowest sense, especially when concerned
with the human body. Medical students do
the dissection of human bodies themselves in
anatomy laboratories. This is considered as the
most effective method to deliver anatomical
knowledge to medical students (Snelling et al.,
2003). Web-based anatomy education has used
various technologies, such as three-dimensional
(3D) computer models (Fellner et al.,, 2017) but
the educational worth and efficacy of these
technologiesremainscontroversial (Ghebreyesus,
2020). The subsequent implementation of social
distancing during the COVID-19 pandemic has
forced colleges and universities to empty their
classrooms and keep the students away from
the institutions (Kamenetz, 2020). Consequently,
there has been a general shift from traditional
face-to-face instruction to online teaching. Most
institutions have switched to distance learning in
the simplest and most convenient ways possible,
including conferencing platforms, email, and
phone (Lederman, 2020).

As we know, the achievement of online teaching
depends on various technologies, including
the appreciation of broadband and teaching
platforms (Krenacs et al., 2010). Commonly used
appreciative techniquesincludes synchronouslive
broadcasting teaching platforms, simultaneous
live broadcasting software, teaching management
platforms, virtual labs projects, screen capture
and postproduction units and social media apps.
These appreciative techniques were insufficient
to meet the basic needs of online education caused
medical college closures, as there were few other
choices during the pandemic outbreak.

In India, as of 21 May 2020, there are 542
medical colleges recognized by the National
Medical Commission (NMC). A nationwide survey
among Indian professional anatomy teachers is
required to assess the general situation of medical
education online during the pandemic periods in
India. This can provide teachers with some facts

regarding effective online teaching. The aim of
the study was to conduct a survey through medical
colleges among anatomy teachers along with the
optimization of the transitions which can assist
the improvement of the quality of online teaching.
The objectives were to identify the virtual learning
interventions implemented by different medical
colleges in India during Covid-19 pandemic
periods, and to identify suitable technological
intervention for teaching anatomy from the
educator’s point of view.

METHODOLOGY

A cross-sectional study was conducted from
October 2021 to March 2022 and convenience
sampling methodwasadopted. Adifferential rating
scale questionnaire study was conducted.In order
to get the correct representation, a multi-center
study was conducted for data collection in which
centers were selected by randomization from the
different states of India. Based on information
and queries with faculties working at different
medical colleges, the researcher developed the
tool for the study. Approval of the Institutional
Ethics Committee of parent University, as well
as prior permission from the authorized college
in-charges of the concerned medical college
were obtained. Informed consent was taken from
each participant and participant information was
shared to the concerned participants via email.

The confidentiality of the participants was
maintained and they were assured that their
participation and nonparticipation in the
study would have no benefits. Faculties from
the departments of anatomy from the medical
colleges across India with teaching experience
of more than 3 years were included in the study.
Faculty of anatomy from different colleges other
than medical colleges and faculty other than
anatomy department of medical colleges were
excluded. A hundred participants from 100
medical colleges with a minimum of 3 years of
experience in teaching the field were the samples.

The tool consisted of 29 items on multiple
choice questions type scale with open-ended
answers. Questions were descriptive in nature.
There were no negative statements. The items



in the questionnaires were focused on clinical
medicine programs. The participants from each
college were contacted previously to acquaint
them with the study and to check their willingness
to participate in it by personal contacting
measures. Sample collection is by questionnaire
method provided via Google forms and sent to
the participant by link to personal email. The
researcher developed demographic proforma
and online teaching strategies scale based on
key variables. The demographic proforma
had three items including name of the medical
College and university of current employment,
current designation at present place of work
and years of experience in teaching the field.
The online teaching strategies scale based on
key variables included 6 major orientations:
namely principle implementation tools, mode of
delivery, student-teacher interaction methods,
perceptions and effectiveness, active learning,
problems encountered and success rates. There
were questions separately for theoretical and
practical sections, which included gross anatomy
and histology sections of anatomy based on key
variable section.

The questionnaire adopted commonly used
synchronous live broadcasting teaching platforms
for the development of the tool more effectively.
This includes simultaneous live broadcasting
software, such as SWAYAM PRABHA (launched
by MHRD under NMEICT INFLIBNET centre,
Gandhinagar, Gujarat), CLOUDATOMY (Gurugram,
haryana, Google suite (Google LLC, Mountain
View, California, U.S.), Youtube live stream etc
(Google LLC, Mountain View, California, U.S.),
along with Zoom (Zoom Video Communications
Inc., San Jose, CA), which is also popular in other
parts of the world.

Based on various teaching management
platforms, there were sections in the tool, such
as Microsoft teams, (Microsoft Corporation,
Redmond, Washington, U.S.), Google classroom
(Google LLC, Mountain View, California, U.S.),
Google Hangouts (Google LLC, Mountain View,
California, U.S.), Google meet (Google LLC,
Mountain View, California, U.S.),, Facetime (Apple
Inc. , Cupertino, California, U.S.), etc., which are
the most popular choices for anatomy teachers

working in India to upload and issue their teaching
materials, which includes videos, presentations,
exercises, etc. A few teaching management
platforms, for example, Google Classroom and
Microsoft teams, have upgraded their functions to
support live broadcasting teaching.

Theopenfreeonlinecoursesanddetailswerealso
used for formulating the questionnaire such asthe
virtual labs project (SWAYAM PRABHA) launched
by MHRD under NMEICT INFLIBNET centre,
Gandhinagar, Gujarat), the virtual simulation
experiment teaching center: for example, 3D
ORGANON VR ANATOMY(Medis Media Pty Ltd,
Australia), VR Anatomy- Digital Solutions-
Manipal Digital (India Partner & Distributor for
3D Organon to help you to transform Medical
Education ), ACTS-YEN (Yenepoya university,
Mangalore) are also well- recognized on different
course platforms as content providers for medical
courses in India.

Screen capture and postproduction software,
including Adobe premier - Adobe Inc., San Jose,
California, U.S, Adobe after effects - Adobe Inc.
San Jose, California, U.S, final cut -Apple Inc.,
Cupertino, California, U.S. are extensively used
worldwide. In addition, some social media apps,
for example, WhatsApp (WhatsApp LLC (Facebook
Inc.), Mountain view, California, U.S) and Telegram
(Telegram FZ LLC, London, United Kingdom),
also provided important knowledge about live
broadcasting tools in India and helped to finalize
the assessment section.

Data were collected by attached excel sheet
along with the Google forms. All the 100
participants returned the answered Google
questionnaire forms. The tools were pretested
among 10 participants of a selected institution.
The reliability of the tool was measured by using
Crohnbach alpha formula. The calculated ‘r’
value is 0.8> o >0.7 and tool was found reliable
and acceptable for assessment. Analysis of the
data was done using the Statistical Package for
the Social Sciences (SPSS) software package for
Windows version 22.0 (SPSS Inc., Chicago, IL).
This is to assess the feasibility and predictability
of the tool by interpretation of data.
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RESULTS

The given questionnaire was completed by
faculties of various designations, ranging from
lecturers, early-career Assistant Professors
with three years of teaching experience to
senior Professors with 25-27 years of teaching
experience. The teachers were from both
Government and Private Institutions. Overall,
>90% teachers were used to face-to-face lectures
from lecture halls before the COVID-19 pandemic
set in and only ~8% teachers had experience
in some sort of online teaching (Fig. 1). The
scenario changed drastically during the pandemic
with ~65% teachers moved to simultaneous live
broadcasting where the teacher delivered the
sessions live and another 24% opted for a mixed
method of simultaneous broadcasting with some
recorded broadcasting (Fig. 2).

For teacher and student interactions during
simultaneous broadcasting of online
theoretical sessions, the majority (69%) opted
for real-time voice communication on platforms

live

such as Google Classroom and Microsoft Teams.
Interestingly, only 9% teachers incorporated
online assignment questions in PowerPoint
presentations based on teaching management
platforms.  During the simultaneous live
broadcasting of online theoretical sessions, 58%
teachers talked most of the scheduled time and
kept the last 10 minutes for clearing any doubts.
However, ~34% teachers stressed more on
teacher-studentinteractions than on pure didactic
lectures. While 16% of them kept more than half
of the scheduled time for the teacher-student
interaction, another 18% kept little less than half
of the scheduled time for the same. Unfortunately,
8% teachers did not schedule any interaction
time during the simultaneous live broadcasting of
online theoretical sessions.

For separate recorded broadcasting of online
theoretical sessions, 25% teachers said that
they opted for screen capture software to record
only the slides and sound of the PowerPoint
presentation, and he/she did not appear in the

Fig. 1.- Before the Covid-19 pandemic, how were the theoretical sessions(lectures) for gross anatomy and histology conducted in
your medical college. The Pie chart was plotted in GraphPad Prism v9. The plot shows that before the pandemic almost all theoret-

ical sessions (>90%) used to be conducted on face-to-face basis.



recorded session. ~29% teachers had access to
video cameras to record the session with 13% or
without 16% post-production facilities.

However, 33% faculties had no experience
of delivering recorded lectures. In terms of the
content of the teaching materials, most of the
teachers 29% kept the content the same as those
for face-to-face teaching and did not change
anything to suit online teaching. However, 50% o f
teachers did reworking for improving the course
content. While 25% of them made slight changes
in the content, others completely redesigned
the teaching materials to suit online teaching.
Intuitively, before the COVID-19 pandemic,
>90% of the practical sessions for gross anatomy
and histology were conducted via face-to-face
teachings from the dissection halls and histology
labs.

During the COVID-19 pandemic, the format of
the online practical sessions on gross anatomy
and histology changed. Expectedly, ~94% medical
colleges increased the use of visual media in the

practical sessions. Thirty-four percent of teachers
opted for broadcasting,
where teacher delivers the sessions live for
gross anatomy and histology and another 34%
explored the mixed methods with some sessions
by simultaneous live broadcasting and some by
separate recorded broadcasting for gross anatomy
and histology practical. During the COVID-19
pandemic, only 17% medical colleges employed
some sort of virtual lab or virtual simulation
experiments such as Swayam Prabha, 3D Organon
virtual anatomy etc. for gross anatomy and
histology practical sessions. Unfortunately, 83%
medical colleges had no experience of delivering
online practical sessions.

simultaneous live

Similar to theoretical sessions, during the
simultaneous live broadcasting of online practical
sessions of gross anatomy and histology, most
(44%) teachers talked most of the scheduled time
and kept only the last 10 minutes for clearing
any doubts. However, 43% teachers focused
more on teacher-student interactions during

Fig. 2.- During the Covid-19 pandemic, what is the format of the online theoretical sessions followed for gross anatomy and histol-
ogy at your medical college. The Pie chart was plotted in GraphPad Prism v9. The plot shows that during the pandemic almost all
theoretical sessions (>88%) moved to some sort of online mode of teaching.
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practical. While 20% of them kept more than half
of the scheduled time for the teacher-student
interaction, another 23% kept little less than half
of the scheduled time for the same. Unfortunately,
12% of teachers did not schedule any interaction
time during the simultaneous live broadcasting
of online practical sessions, which might have
impacted the holistic learning of these students.

During the COVID-19 pandemic, 26% of medical
colleges implemented problem-based learning,
45% initiated an online small group discussion,
13% initiated microteaching and individualized
tutoring, and 6%
learning as means of active online learning for
gross anatomy and histology. For the majority
of the medical colleges (36%), the active learning
program was implemented before the pandemic
andhascontinuedtobeusedduringthe pandemic.
For another 16% medical colleges, some sort of
active learning measure was implemented before
the pandemic but was used only at selected time
intervals and slots.

introduced term-based

However, for 32% colleges it was not
implemented before the pandemic and only
implemented during the same. Further, during
the COVID-19 pandemic, most medical colleges
(42%) employed platforms for online courses to
implement active learning of gross anatomy and
histology. Well-known online platforms such as
WhatsApp and YouTube were close second (41%)
in terms of being implemented as the means of

active learning.

The main pattern of online assessment at most
medical colleges (73%) during the pandemic was
online theoryand practical tests, distantly followed
by individual online assignments and seminars
(12%). Interestingly, 5% of medical colleges did
not have any online assessments of students
while 6% of colleges employed assessment only
by recording the attendance for online sessions.
While for 63% of medical colleges, this online
assessment was not implemented before the
pandemic, 17% of colleges already implemented
this, and it continued to be used during the
pandemic.

Interestingly, while most teachers (55%) believe
that 30-60% of learning outcomes are achieved

through online teaching, 23% believe that less
than 30% of learning outcomes are achieved and
17% think that 60-80% of learning outcomes are
achieved. Only 5% teachers think that 80-100%
of learning outcomes are achieved. Overall, 50%
of teachers are dissatisfied with the effectiveness
of online learning during the COVID-19 pandemic
and 38% are neutral about it. Only 13% of them
are satisfied about it. According to most teachers
(45%), the biggest gain from the online teaching
during the COVID-19 pandemic in 2020 was
the diversity of teaching methods, followed by
the opportunity for developing novel teaching
methods (37%) and novel contents (13%).
However, in 2021, the biggest gain from the online
teaching during the COVID-19 pandemic was the
enhancement of interaction between teachers
and students (30%) and the development of more
individualized instruction (30%), closely followed
by expediting the feedback process for students
(27%).

For most teachers, the biggest difficulty in
implementing online teaching during the initial
year of online teaching at 2020 was the unstable
online teaching environments, platforms and
tools (47%), followed by their unfamiliarity with
online teaching techniques, platforms and tools
(26%). Further, 17% believe that the main problem
was insufficient training and management for
online teaching from college. However, for 2021
the biggest difficulty in implementing online
teaching was the difficulty in grasping student
progress and results of learning (46%), followed
by difficulty in efficient interaction with students
(36%). Further, 13% of teachers thought that
it takes much longer time for preparing online
teaching than traditional teaching. Given the
current insufficient and inadequate infrastructure
for online teaching, unsurprisingly most teachers
(68%) prefer returning to traditional face-to-face
classes as soon as the pandemic is over. However,
33% teachers are willing to continue some form
of online teaching especially, or some theoretical
classes even after the pandemic is over. Only
2% teachers want to continue to conduct both
theoretical and practical classes online after
COVID-19 pandemic.



DISCUSSION

The world has responded to a pandemic of
contagious respiratory disease caused by a
novel coronavirus, named COVID-19 by different
approaches (Jernigan et al., 2020). On March 11,
2020, the World Health Organization declared
the coronavirus outbreak a pandemic — i.e., the
worldwide spread of a new disease (Ghebreyesus,
2020). The subsequent implementation of social
distancing during the COVID-19 pandemic has
forced colleges and universities to empty their
classrooms and keep the students away from
the institutions (Kamenetz, 2020). Consequently,
therehasbeen a general shift from traditional face-
to-face instruction to online teaching (Lederman,
2020). In the present study, conducted among
faculties of anatomy departments of various
medical colleges in India, it was noted that though
>90% teachers were used to face-to-face lectures
from lecture halls before the COVID-19 pandemic
set in and only ~8% teachers had experience
in some sort of online teaching. The scenario
changed drastically during the pandemic, with
~65% teachers moved to simultaneous live
broadcasting where teachers delivered the
sessions live and another 24% opted for a mixed
method of simultaneous broadcasting with some
recorded broadcasting. During the simultaneous
live broadcasting of online theoretical sessions,
58% of teachers talked most of the scheduled
time and kept the last 10 minutes for clearing
any doubts. However, ~34% of teachers focused
more on teacher-student interactions than on
pure didactic lectures. Therefore, interspersing
interactive sessions during didactic sessions
may help to break the monotony if any. Most
institutions, have switched to distance learning
in the simplest and most convenient ways
possible, including conferencing platforms,
email, and phone (Lederman, 2020). As we know,
the achievement of online teaching is heavily
reliant on various technologies, including the
appreciation of broadband and teaching platforms
(Krenacs et al., 2010).

In recent years, techniques based on the
internet have progressed greatly in India,
producing a profound effect on education. Online
teaching and learning activities are becoming

popular among teaching academics and learners.
India could manage to develop live broadcasting
platforms and teaching management platforms,
although initially there was a dependency from
Chinese apps. In the present study, for teacher
and student interactions during simultaneous
live broadcasting of online theoretical sessions,
the majority (69%) opted for real-time voice
communication on platforms such as Google
Classroom and Microsoft Teams. Interestingly,
only 9% teachers incorporated online assignment
questions in power point presentations based
on teaching management platforms. Currently,
technology helps for the transformation of the
teaching from a “teacher-centered” approach
to the “student-centered” process. Information
technology used by teachers can help students
improve their academic output. This is achieved
by giving students more autonomy in learning
(Yao et al., 2020). So, can technology further play
an independent role, or even replace teachers
to achieve students’ completely autonomous
learning? A growing number of colleges and
universities have been implementing a transition
from traditional face-to-face teaching methods to
online teaching or a combination of online and
traditional teaching (blending) (Orleans, 2014).
Unfortunately, it was found in the present study
that during the COVID-19 pandemic only 17% of
medical colleges employed some sort of virtual
lab or virtual simulation experiments such as
Swayam Prabha, 3D Organon virtual anatomy, etc.
for gross anatomy and histology practical sessions
and 83% of medical colleges had no experience of
delivering online practical sessions.

In the present study, for the majority of the
medical colleges (36%), the active learning
program was implemented before the pandemic
and has continued to be used during the
pandemic. The blended method of teaching
involves replacing part of the face-to-face
interaction with online instruction (Edginton
and Holbrook, 2010). This means that technology
is playing an increasing role, but the effective
communication between teachers and students
face-to-face is still indispensable and is a critical
link for students’ learning process. In India, well-
known online platforms such as WhatsApp and
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YouTube were close second (41%) in terms of being
implemented as the means of active learning.
Although familiarity in the software applications
used by the faculties assisted them to blend with
the online teaching scenarios in the present
study, challenges to online education reported
in the medical literature so far include issues
relating to time management, use of technology
tools, students’ assessment, communication, and
the lack of in-person interaction (Esani, 2010;
Krenacs et al., 2010).

A study from United States indicated that that
many teachers are attempting to transform their
face-to-face teaching to an online environment
of education (Hixon et al., 2012). With the advent
of online teaching formats such as MOOC, and
some more radical views with the help of artificial
intelligence, virtual teachers can replace most
of the roles of offline teachers. (Yao et al., 2020;
Yu (2018) used large-scale academic monitoring
data and found that the
relationship is the most essential factor that
affects student performance. The results of the
present study indicate that the main pattern of
online assessment at most medical colleges (73%)
during the pandemic was online theory and
practical tests, distantly followed by individual
online assignments and seminars (12%). Besides,
online education may not be equitable in terms
of access and the quality of teaching (Modna,
2020). Challenges to the online environment
during an emergency may delay the adoption of
technology-enabled education (Rajab et al., 2020).
In contrast, other commentators have predicted
that the COVID-19 pandemic would have a positive
impact that will lead to wider acceptance of online
and technology-enabled education (Krenacs et
al., 2010).

teacher-student

Moreover, switching over to online instruction
during an emergency acts as a reset button
to the ailing traditional educational system
(Chiasson et al., 2015). The transition to online
education requires mutual support from the
faculty as well as from the universities, planning
such a transition. The survey indicated 80%
of institutions confirmed that faculty members
are being offered some support for their online
courses (Lion and Stark, 2010). But the present

study’s scenario shows that, because of the
current insufficient and inadequate infrastructure
for online teaching, unsurprisingly most teachers
(68%) prefer returning to traditional face-to-face
classes as soon as the pandemic is over. However,
33% of teachers are willing to continue some form
of online teaching especially or some theoretical
classes even after the pandemic is over. Only 2%
of teachers want to continue to conduct both
theoretical and practical classes online after
COVID-19 pandemic.

CONCLUSION

The results provided us a summary of current
efforts in organizing online teaching of gross
anatomy and histology teaching. This study helps
to identify the problems faced by the faculty for
online medical education during the pandemic
periods in India. This study assists to improve
the design and quality of online teaching by
suggesting for the change in infrastructure by
arranging online portal hands-on coa ching for
rendering online education.
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Development and description of the data collection tool

Data collection tools were the instruments used by the researcher to observe or measure the key variable in the research problem. The data collection tool used for the present
study is demographic and key variable proforma which is developed to consolidate our experience in order to identify problems and further improvement the online teaching.
The questions are aiming at teaching for the students of clinical medicine program.

Development of tool

The tool was developed by the researcher after reviewing the related literatures and guidance from experts and based on the research personnel experience; initially a first draft
of the tool was developed. After validation, the necessary modifications will be made as per the suggestions of the experts. Thus a final draft of the tool was developed with
twenty nine key variable related questionnaires which will be shared in Google forms vialink.

The following consents wer e undertaken to prepare the tool
e Review of literature

e Consultation and discussion with experts

o Content validity of the tool

e Preparation of the final draft

Thetool consists of two parts

Part |: Section A: Baseline proforma (3 questions coupled along with key variable questionnaire)
This section seeks the informations related to socio-demographic data of professionals.

Part II: Section B: Key Variables

The key variables are categorised into six major orientations.

A)
B)
0
D)
E)
H

Principle implementation tools

Mode of delivery

Student-teacher interaction methods
Perceptions and effectiveness

Active learning

Problems encountered and success rates

TOOL

Title of the topic: A cross sectional study on the online teaching strategies of gross anatomy and histology during the COVID-19 pandemic periods

Instruction to the participants:

You are cordialy invited to take part in the research study titled above having participation duration of 20- 25 minutes. The questionnaire contains 29 questions developed in
Google forms, shared vialink. The questions are aiming at teaching for the students of clinical medicine program.

Description of tools: The questionnaire schedule consists of two parts

PART I: SECTION A: Baseline profor ma (3 questions coupled along with key variable questionnaire)
This section seeks the informations related to socio-demographic data of professionals.

PART II: SECTION B: Key Variables
The ethical responsibilities are categorised into six major orientations. Namely,

Principle implementation tools

Mode of delivery

Student-teacher interaction methods
Perceptions and effectiveness

Active learning

Problems encountered and success rates

This section consists of twenty (26) multiple choice questions.

ART I: SECTION A: BASELINE PROFORMA (First 3 questions coupled along with key variable questionnaire)

Instruction to the participants:

Dear participants,

Kindly read the questions carefully, please provide your frank response, attempt all the items and place the tick () mark against the appropriate option whichever you feel
suitablein the box [ ] provided against each question.

This section seeks the information’s related to socio-demographic data of professionals.

CODE NO:

STRUCTURED QUESTIONNAIRE (Google form shared via link)

1

Name of the Medical College and University of your current employment (The answer to thisquestion isfor correlation analyses only, and no personal infor-
mation will be disclosed) [Please fill in the SPACe DEIOW] ............cciiiiiiiiiiii s

Your Current Designation @t PreSENt PIACE OF WOTK ..........cuiiucuiiieireiieieeres et eies sttt e bt s b et s b e s E e o2 E £ R E £ b £ b e b ettt bbbt

Years of experience in teaChing fIeld ...............coooiiiiiiiiii et

PART II: SECTION B: KEY VARIABLES

MULTIPLE CHOICE QUESTIONS- 26 Questions (Google form shared via link)

4.

Before the COVID-19 pandemic, how were the theoretical sessions (lectures) for gross anatomy and histology conducted in your Medical College?
a) Face-to-face teachings from the lecture halls

b) Blended teaching with a combination of online and face-to-face teaching

c) No experience of delivering online lectures

d) Blended teaching method followed at medical college with no experience of delivering online lectures

During the COVID-19 pandemic, what is the format of the online theoretical sessions followed for gross anatomy and histology at your Medical College?

a) Simultaneous live broadcasting: teacher delivers the sessions live (teacher and students engage simultaneously)

b) Separate recorded broadcasting where teacher records the sessions, and then uploads it to an Internet platform or dispersesit to students (teacher and students engage
separately).

¢) Mixed methods (some sessions by simultaneous live broadcasting and some by separate recorded broadcasting)

d) ANY OLhErs (DIEESE EIBIDOTALE) .........uvucueeeeiieieisieiee sttt b b ee bt a b s s £ s b b s b 2182 b £ b £ 8 E £ R b £ R84 E R E s b A b £ b £ bbbt

For simultaneous live broadcasting of online theoretical sessions, which platforms/tools does your Medical College employ?
a) Simultaneous live broadcasting software — I Yes, tick the appropriate

Swayam Prabha( ), Cloudatomy ( ), Google suite ( ), Youtube live stream ( ).

b) Teaching management platform with Simultaneous live broadcasting capability —
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If Yes, tick the appropriate
Microsoft teams (), Google classroom (), Google meet (), Google Hangouts (), Facetime ( ).
¢) Social medialf Yes, Tick the appropriate WhatsApp ( ), Telegram ( )
d) ANY OthEr (PIEASE EIAIOTALE) .........cuverieeieiecieeiieie it te ettt bt e bt b et s et s e s b e s £+ E 8 E o8 £ b8 £ R £ R e b E e h e E e b e bbbttt

7. For simultaneous live broadcasting of online theoretical sessions at your Medical College, how do the teacher and students interact?
a) Real-time voice communication (on platforms like Google Classroom (), Microsoft Teams( ) or ..
b) Real-time text communication (on platforms like Whatsapp ( ), Telegram () or..
¢) Real-time on-screen doubts via chat box, online voting or
d) Incorporating online assignment questions in power point presentations based on teaching management platform
€) Organizing students into teams for online discussions ( Small group discussion (SGD), Self Directed Learning (SDL)
f) Almost no interaction between teacher and students
0) ANY OLhEr (DIEASE ElAIDOTALE). ... ..c.cveeerieeteieict ettt b et h e bbb e b e bbb b e 0 b4 e84 eE b8 e84 e 8o b 4 b0 e E 48 e 0 b0 b 48 e E b d b E e h e E e bbb E b e b E b bbbt b st

8. For simultaneous live broadcasting of online theoretical sessions at your College, how much time is used for student-teacher interaction?
a) Morethan haf of the scheduled time of the classes are taken with teacher-student interaction
b) Lessthan half of the scheduled time of the classes are taken with teacher-student interaction
¢) Almost no interaction between teacher and students
d) The teacher talks most of the scheduled time and last 10 minutesis scheduled for clearing doubts

9. For separate recorded broadcasting of online theoretical sessions, how does your College record the sessions for delivering it ?
a) Useavideo camerato record the teacher delivering the session, without post-production
b) Use avideo camerato record the teacher delivering the session, with post-production
¢) Use ascreen capture software to record only the slides and sound of the PowerPoint presentation, and the teacher does not appear in the recorded session
d) We do not have any such experience of delivering recorded lectures
€) Blended method of certain videos with postproduction and certain without postproduction
) ANY OhEr (DIEBSE ElBNOIEEE) ......c.cvieieeiisieetiisiietee ettt bt s bt e e e s e b £ b8 £ E e E e E e E e h R e 0 £ s E e £ o E £ S8 E A8 £ s E e A b e b e b e b ettt bbbt

10. For separate recorded broadcasting of online theoretical sessions, what platforms/tools does your school employ for delivering the recorded session?
a) Simultaneous live broadcasting software — If Yes, tick the appropriate,
Swayam Prabha( ), Cloudatomy ( ), Google suite (), Youtube live stream ().
b) Teaching management platform with Simultaneous live broadcasting capability —
If Yes, tick the appropriate, Microsoft teams (), Google classroom (), Google meet (), Google Hangouts ( ), Facetime ( ).
c) Social medialf Yes, Tick the appropriate WhatsApp ( ), Telegram ( )
d) ANY OLhEr (PIEASE ElAIOTALE) .......c.vereecieiseteeieseiee ittt eb e es bt e b e es bt s e e s bbb e £ b £+ e84 £ b £ b4 E 88 £ E e E 40 A £ 80 A E £ s b £ b £ b £ bbbt

11. For either simultaneous live or separate recorded broadcasting of online theoretical sessions, what changes were made to the content materials? [Single choice] *
a) The content materials have been completely redesigned
b) The content materials have been broken down into smaller parts
¢) The content materials have been adjusted slightly
d) The content materials are the same as those for face-to-face teaching, and have not been changed
€) Blended method of adjusting content materials and certain times without adjusting content materias

12. Before the COVID-19 pandemic, how were the practical sessions for gross anatomy and histology conducted in your Medical College? [Single choice]*
a) Face-to-face teachings from the dissection halls and histology labs
b) Blended teaching with a combination of online and face-to-face teaching
¢) No experience of delivering online practical sessions
d) Blended teaching method followed at medical college with no experience of delivering online practical sessions

13. During the COVID-19 pandemic, has there been an increase in the use of visual media in the practical sessions at your Medical College? [Single choice] *
a) No change
b) Yes, Increased by less than 50%
¢) Yes, Increased by more than 50%
Lo ) 0V L4 OO OO

14. During the COVID-19 pandemic, what is the format of the online practical sessions on gross tomy and histology at your medical college? [Single choice] *

a) Simultaneous live broadcasting: teacher delivers the sessions live (teacher and students engage simultaneously) for gross anatomy and histology

b) Separate recorded broadcasting where teacher records the sessions, and then uploadsit to an Internet platform or dispersesit to students for gross anatomy and histology
(teacher and students engage separately).

¢) Mixed methods (some sessions by simultaneous live broadcasting and some by separate recorded broadcasting) for gross anatomy and histology

d) Histology practical sessions were temporarily suspended and planned for the make-up sessions will be implemented when face-to-face classes resume while gross
anatomy practical classes were continued by online platforms

€) ANY OLNEr (DIEASE ElANOTALE). ... ...cueuetreeteieieteeeteeeiet ettt et ettt ee et ee b et aeeeheaebes et e s eaebeaebeb et e b eeebeseeebeeebeeeEeEeeebeEeEeseE e b e e eEeEeEebeEebeeeEeeeEeEeeeEeeeEeEeeebeeeE e b ee et eeebeseb b ee et ee et et et b eees st eeatreas

15. During the COVID-19 pandemic, what platforms/tools does your Medical College employ for gross anatomy and histology practical sessions? [Single choice] *
a) Virtual Labs Project Launched by MHRD under NMEICT (SWAYAM PRABHA)
b) The Virtual Simulation Experiment Teaching Center (e.g 3D ORGANON VRANATOMY )
¢) Thevirtual simulation experiment platform built by your Medical College (e g ACTS-YEN)
d) No such experience of delivering online practical sessions

16. How much time is used for teacher-student interaction during the online gross anatomy and histology practical sessions at your medical college? [Single
choice]*
a) More than half of the scheduled time of the classes are taken with teacher-student interaction
b) Lessthan half of the scheduled time of the classes are taken with teacher-student interaction
¢) Almost no interaction between teacher and students
d) The teacher talks most of the scheduled time and last 10 minutes is scheduled for clearing doubts

17. During the COVID-19 pandemic, what types of active online learning have been implemented for gross anatomy and histology at your Medical College? [Sin-
gle choice]*
a) Online small group discussion
b) PBL (Problem-based learning)
¢) TBL (Team-based learning)
d) Microteaching and Individualized tutoring
€) ANY OLhEr (PIEASE ElANOTALE) .........ceverieieiseietres et ties ettt b s b et e b s bbb s b8 b £ e84 E e h £ e84 E £ 884888 £ R0 A b £ bbb £ b £ bbbttt en
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18. Before and during the COVID-19 pandemic, has active learning (please refer question [17] above for types of active learning) been implemented for gross
anatomy and histology at your Medical College?? [Single choice]*
a) It wasimplemented before and has continued to be used during the pandemic
b) It wasimplemented before but were used only at selected time intervals and slots
¢) It was not implemented before but has been implemented during the pandemic
d) It was not implemented before or during the pandemic
€) It wasimplemented before but has been temporarily suspended during the pandemic

19. During the COVID-19 pandemic, which tool was employed to implement active learning of gross anatomy and histology at your Medical College?
a) WhatsApp Web and YouTube
b) Email
c) Telephone
d) Platforms for online courses
€) ANY OLhEr (PIEASE EIANOTALE) .........cevereeieiecieeres ettt b e b et h b e e bt s b e s h s b8 s £+ e84 E s b £ E 8 E R £ E R0 R R £ £ R E 0 £ h e E £ b s b £ bbbt

20. What is the main pattern of online assessment at your Medical College during the pandemic?
a) Online theory and practical tests
b) Individual online assignments and seminars
¢) Subjective assessment by teachers after the sessions
d) Only recording the attendance for online sessions
€) No online assessments of students
) ANY OthEr (PIEASE EANOIALE). ........veeeeisieetiestietres ettt b st ts b es bt s b e b e £ s E 8422 E £ b £ E e h 48 E b 408 E £ 8 E £ 8 E e £ S8 £ 1 E £ A b £ b £ b £ bbb bbbt

21. Before and during the COVID-19 pandemic, has online t been impl ted for gross anatomy and histology at your Medical College? [Single choice]*
a) It wasimplemented before and has continued to be used during the pandemic
b) It wasimplemented before but were used only at selected time intervals and slots
¢) It was not implemented before but has been implemented during the pandemic
d) It was not implemented before or during the pandemic
€) It wasimplemented before but has been temporarily suspended during the pandemic

22. How do you evaluate the extent of effectiveness of online learning performed during the pandemic? [Single choice]*
a) Lessthan 30% of learning outcomes are achieved
b) 30-60% of learning outcomes are achieved
¢) 60-80% of learning outcomes are achieved
d) 80-100% of learning outcomes are achieved
€) More than 100% of learning outcomes are achieved

23. Are you satisfied with the effectiveness of online learning during the COVID-19 pandemic?
a) Very satisfied
b) Satisfied
c) Neutral
d) Dissatisfied
e) Very dissatisfied

24. What is the biggest gain of your Medical College from the online teaching during the COVID-19 pandemic during initial year of online teaching at 2020?
a) Good opportunity for developing novel teaching methods
b) Diversity of teaching methods
c) Development of content materials for teaching
d) Any Other (please elaborate)

25. What is the biggest gain of your Medical College from the online teaching during the COVID-19 pandemic during the current year of online teaching at 2021?
a) Enhancement of interaction between teachers and students
b) Expediting the feedback process for students
c) Development of more individualized instruction
d) ANY OhEr (PIEASE ElBNOIEIE) ........ceverieieeeiecieeies ettt s e ee bbbt ee b e s b e s E e e s E s s b4 E s E 81 E s E 4 £ e84 E £ E R0 R R e E A b £ LA E 0 s a0 £ s E b s E £ b e bbbttt es

26. What are the biggest difficulties you have encountered in implementing online teaching during initial year of online teaching at 2020?
a) Insufficient training and management for online teaching from college
b) Unstable online teaching environments, platforms and tools
¢) Unfamiliarity with online teaching technique, platforms and tools
d) Not adapting to novel teaching concepts and methods
e) Insufficient online teaching resources

27. What are the biggest difficulties you have encountered in implementing online teaching during this year of online teaching at 2021?
a) Content materialsthat are not easily amenable to online teaching
b) Difficulty in grasping student progress and results of learning
c) Difficulty in interacting effectively with students
d) The much longer time needed for preparing online teaching than for traditional teaching
€) Any Other (please elaborate) ....

28. Would you like to continue online teaching after the COVID-19 pandemic? [Single choice]*
a) Willing to continue to conduct the theoretica sessions online
b) Willing to continue to conduct practical sessions online
¢) Willing to continue to conduct both theoretical and practical sessions online
d) Willing to continue to conduct some theoretical and practical sessions online
€) Prefer returning to traditional face-to-face classes

29. What suggestions do you have for the further development of effective online teaching of gross anatomy and histology [Please fill in the space below]
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