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STATUS OF ANTIOXIDANTS MOLECULES AND LIPID
PEROXIDATION IN THE DIABETIC TESTES
Kishwor Bhandari*, Sanju Acharya**, AK Srivastava*
*Department of Anatomy, Hind Institute of Medical Sciences, Sitapur, Uttar Pradesh, India.
**Department of Physiology, Hind Institute of Medical Sciences, Sitapur, Uttar Pradesh, India.

ABSTRACT
Introduction: According to the epidemiological studies, diabetes mellitus has become a potential cause of male
infertility. Knowledge regarding how diabetes mellitus interferes with the process of spermatogenesis and results
in infertility needs the molecular study in the testis in diabetic condition. Enhanced oxidative stress and changes in
antioxidant capacity are considered to play an important role in the pathogenesis of chronic diabetes mellitus. So,
this study was established to investigate the activity of enzymatic antioxidants and oxidative stress in the testis of
diabetic model rats.
Material & Methods: Diabetes mellitus was induced in the rat by intraperitoneal injection of Streptozotocin. The
rats were sacrificed and the dissection was done to take out the testis. The testes were processed for the activity
of enzymatic antioxidants.
Results: It was found that oxidative stress was increased in the testes of diabetic rats. The sperms were also
affected by the chronic hyperglycemia.
Keywords: Antioxidants, oxidative stress, diabetes mellitus, testes.
clearly established. There could be some molecular
changes in the testes of diabetic men which is
responsible for the histopathological changes in the
testis and results in the decline of fertility. Further, time
factor also play an important role in the pathology of
any disease. The complete evaluation of whole parts
of gonads in diabetic men is a challenging factor.
Therefore, this study was designed to evaluate the
activity of antioxidants molecules and status of
oxidative stress in the testis of diabetic rats.

INTRODUCTION
Diabetes mellitus (DM) is a major concern of the global
health due to its high prevalence and its serious
complications. Besides being a metabolic and
endocrine disorder, diabetes mellitus has also been
associated with reproductive impairment in men [1]
and its impact on reproduction can be profound, as
seen by diminution in fertility and increase in
reproduction losses [2-5]. A very common pathology
experienced by diabetic men is the consistent inability
to achieve and maintain penile erection (erectile
dysfunction) sufficient for adequate sexual relation
[6,7]. Erectile dysfunction (ED) and retrograde
ejaculation is well recognized and examined in diabetic
men [8-10].

The body constantly interacts with oxygen during
various physiological processes in the cell. Most of the
body’s energy is produced by the enzymatically
controlled reaction of oxygen with hydrogen during
oxidative phosphorylation occurring within the
mitochondria. Due to this enzymatic reduction of
oxygen a highly reactive molecules are produced as
free radicals which are known as oxidants. A free

It has been proved that DM alters structural and
functional changes in the testes [11-13] but how the
DM alters the normal organization of testis is not
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radical is an oxygen containing molecule that has one
or more unpaired electrons [14] making it highly
reactive with other molecules. Since they are highly
active and derived from oxygen, they are also called
reactive oxygen species (ROS). ROS includes
superoxide anion (O2-), hydroxyl (OH), hydrogen
peroxide (H2O2), organic hydroperoxide (ROOH),
hypochlorus acid (HOCL) etc. [15]. Aerobic
environment is a constant source of ROS through in
vivo mechanisms such as electron leakage during
biologic oxidations and by physical activation of
oxygen by external agents such as radiation e.g. UV
sunlight.

Enhanced oxidative stress and changes in antioxidant
capacity are considered to play an important role in the
pathogenesis of chronic diabetes mellitus [27,28]. Lipid
peroxidation is a well-defined mechanism of cellular
damage in animals. Lipid peroxides are unstable
indicators of oxidative stress in cells that decompose
to form more complex and reactive compounds such
as malondialdehyde (MDA). Measuring the end
products of lipid peroxidation is one of the most widely
accepted assays for oxidative damage [29-31].
Analysis of the sperm reflects the state of ongoing
spermatogenesis in the testis and the sperm analysis
is the initial standard test to evaluate the status of
male fertility [32]. Semen analysis provides useful
information concerning sperm count, motility and
morphology as well as ejaculation and emission.
Although the semen analysis reveals useful
information for the initial evaluation of the infertile
male, it is not a test of fertility [33]. However; it reflects
some basic preliminary guidelines regarding fertility.

Reactive oxygen substance can chemically
interact with other cell components such as DNA,
protein and lipid. Depending on their cellular
concentration they can either exert beneficial
physiologic effects (e.g. killing invading pathogens or
microbes) or pathological damage to cellular
components including gene, amino acids and lipids
[16].

Most of the research in diabetes mellitus has been
focused on the metabolic disorder rather than its effect
on the reproductive system. The onset of diabetes
mellitus (usually type 2 which accounts for 90%
prevalence) is seen in later stages of life and by this
time fertility of the individual is reduced naturally.
However, in recent years, diabetes mellitus is
occurring rampantly in the young age group due to
stressful lifestyle [34] and also DM has become a
potential cause of male infertility. With this view, this
study has been designed to investigate the activity of
enzymatic antioxidants and lipid per oxidation in the
testis of diabetic model rats. Besides oxidative stress,
this study also analyzed sperm of diabetic rats.

To counteract the destructive action of oxidants,
the body produces other molecules known as
antioxidant. These molecules present in the cells,
prevent the oxidative damage done by oxidants.
Antioxidants can be enzymatic such as catalase,
superoxide dismutase, and glutathione peroxidase/
reductase or non- enzymatic antioxidants such as
vitamin C, vitamin A, vitamin E, pyruvate and
glutathione [17]. Superoxide Dismutase (SOD) is an
enzymatic antioxidant that repairs cells and reduces
the damage done to them by superoxide, the most
common free radical in the body. SOD catalyzes the
reduction of superoxide anions (02-) to hydrogen
peroxide and oxygen [18-20]. This is the first line of
defense to protect cells from the injurious effects.
Catalase is another important antioxidant molecule
which is used by cells to decompose hydrogen
peroxide a very reactive molecule, into oxygen and
water molecules [21].

MATERIAL AND METHODS
Adult male Wistar rats weighing 200-250 grams were
included in this study. Only the euglycemic rats were
taken for the study. They were maintained in captivity
in cages under natural light conditions, laboratory
chow and water ad libitum were available. On the
basis of duration of study; one week, one month and
six months, the rats were divided into three groups.
Each group contains control and diabetic rats.
Diabetes mellitus was induced in the rat by
intraperitoneal injection of Streptozotocin (STZ) at a
dose of 50 mg/kg dissolved in freshly prepared citrate
buffer (pH 4.5). The control group were given the
same volume of citrate buffer. After 72 hrs of STZ
injection, the blood sample of STZ group rats were

Oxidative stress is a pathological state that arises
when free radicals chemically damage biological
molecules and the decrease in the ability of the body
to counteract their harmful effects through
neutralization by antioxidants. It is known to be a
component of molecular and cellular tissue damage
mechanisms in a wide spectrum of human diseases
[22-24] such as atherosclerosis, cancer, diabetes,
rheumatoid
arthritis,
myocardial
infarction,
cardiovascular diseases, chronic inflammation, aging
and other degenerative diseases in human [25,26].
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SOD (Units/mg)

taken from the tail vein to measure the fasting blood
glucose level by automated glucose analyzer. The
fasting blood glucose level above 200 mg/dl was
considered as diabetic rat. The fasting glucose level of
control group was also measured to confirm the non
diabetic. The fasting glucose level was monitored
periodically to confirm the diabetic and non diabetic
rats. The rats were sacrificed after one week, one
month and six months according to the duration of
study. The dissection was done to take out the testis
and epididymis.

The mean value of catalase activity in diabetic rats
was less than the non-diabetic rats except in the first
group where the catalase activity was increased but
not statistically significant (Table 2, Fig. 2)
Table 2: Descriptive statistics of catalase activity
Study
Group

One week

2.9 ± 0.21

0.08

One week

3.01± 0.21

0.08

Control

One month

3.32±0.17

0.07

Diabetic

One month

1.72±1.31

0.53

One week

2.98 ±0.11

0.04

Diabetic

One week

3.19± 0.05

0.02

Control

One month

2.77 ±0.11

0.04

Diabetic

One month

1.56 ±0.34

0.13

Control

Six months

2.47 ±0.17

0.07

Diabetic

Six months

1.34 ±0.43

0.17

Catalase (Units/mg of
protein)

Control

P value

-4.11

10

0.001*

8.26

10

<0.001**

SEM

Six months
Six months

3.2±0.17
0.91±0.12

0.07
0.05

t-stat df

0.86

10

P value

0.2

18.73 10 <0.001**

25.66 10 <0.001**

The mean value is expressed in Units/mg of protein; * Significant,
**
highly significant.

Table 1: Descriptive statistics of superoxide
dismutase activity
df

Mean ± SD

Diabetic

The SOD activity in the diabetic rats after one
week increases significantly. Thereafter, SOD activity
decreases markedly in the diabetic rats when
compared to the non-diabetic rats (Table 1, Fig. 1).

t-stat

Duration of
study

Control

Diabetic

SEM

1 month 6 months

Fig. 1: Comparison of superoxide dismutase activity between
diabetic and non-diabetic rats

Control

Mean ± SD

Diabetic

Duration of the study

OBSERVATIONS AND RESULTS

Duration
of study

Control

1 week

The testes were quickly excised, washed in
sodium phosphate buffer (pH 7.2) and stored at -80˚C.
The testes were decapsulated and the tissue was
homogenised by the tissue homogenizer at the
concentration of 50 mg/ml in 0.1M of ice cold
phosphate buffer (pH 7.4). The homogenates were
centrifuged at 10,000 r/min at 4˚C for 5 minutes
separately. Each supernatant was measured for the
estimation of catalase, superoxide dismutase and
MDA. Estimation of superoxide dismutase (SOD) was
done by Marklund and Marklund method [35].
Estimation of catalase activity was done by Sinha
method [36]. Estimation of malondialdehyde (MDA)
was done by Sathoh’s method [37]. The sperms taken
out from the epididymis were examined for count,
motility and morphology following standard methods
[38].

Study
Group

3.5
3
2.5
2
1.5
1
0.5
0

4
3
2

Control

1

Diabetic

0
-1

1 week

1 month 6 months

Duration of the study
5.91

10

<0.001**
Fig. 2: Comparison of catalase activity between diabetic and
non-diabetic rats

The mean value is expressed in Units/mg; * Significant,
**
highly significant.

The MDA level was increased in the testis of
diabetic rats when compared with the non-diabetic
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rats. At the end of the one week, there was no
significant change in MDA level between the diabetic
and control rats. However, statistically significant
change was there after one month and six months of
diabetes (Table 3, Fig. 3).

Table 4: Descriptive statistics of sperm count
Study
Group

Table 3: Descriptive statistics of MDA
Study
Group
Control

Duration

Mean ± SD

SEM

1.48±0.13

0.05

t-stat

df

P value

Diabetic

One week

1.56± 0.15

0.06

Control

One month

1.52±0.13

0.05

Diabetic

One month

2.26±0.28

0.11

Control

Six months

1.76±0.14

0.06

Diabetic

Six months

3.6±0.26

0.1

10

0.19

One week

152.73 ± 14.1 5.75

Diabetic

One week

141.72± 6.92

2.82

Control

One month

164±18.95

7.74

77.18±47.52

19.4

Six months 138.82±28.66 11.7

Diabetic Six months

10

0.001

-15

10

<0.001**

35.1±26.22

10.7

df

P value

1.71

10

0.05

4.15

10

<0.001**

6.54

10

<0.001**

The mean value is expressed in million/ml; ** denotes highly
significant.

*

-5.82

SEM t-stat

Control

Control
-0.9

Mean ± SD

Diabetic One month

of study
One week

Duration
of study

200
152.73

164.06

150
*

138.82

141.72

The mean value is expressed in nmol/ml; Significant,
**
highly significant.

Control

100

MDA (nmol/ml)

77.18

Diabetic

50

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

35.18
0
1 week
Control

1 month

6 month

Fig. 4: Mean value of the sperm count in the diabetic and nondiabetic rats

Diabetic

Table 5: Descriptive statistics of motility of the
sperms
1 week

1 month

Study
Group

6 months

Duration of the study
Fig. 3: Comparison of MDA level between diabetic and nondiabetic rats

The number of sperms in diabetic rats decreased
significantly in comparison to control rats except in the
group of first week study. A significant decrease in the
count was seen after a long term of diabetic conditions
(Table 4, Fig. 4). The motility of the sperms in the
diabetic group decreased as compared to non-diabetic
groups (Table 5, Fig. 5). The abnormal morphology of
the sperm of diabetic rats increased significantly than
the non-diabetic rats in one month and six months of
study (Table 6, Fig. 6).

Duration of
study

Mean ± SD

SEM

Control

One week

75.08 ± 7.5

3.06

Diabetic

One week

77.16± 6.99

2.85

Control

One month

75.33±9.82

4.01

Diabetic

One month

57.16±12.86 5.25

Control

Six months

73.58±8.36

3.41

Diabetic

Six months

38±9.13

3.73

tstat

df

P value

-0.43 10

2.74

10

6.54

10 <0.001**

The mean value is expressed in percentage (%); * Significant,
**
highly significant.
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DISCUSSION
Millions of sperms are produced per ejaculation, from
the testis of male reproductive system. This suggests
that there is a high cell division in the germinal
epithelium of the seminiferous tubules of the testis.
The high rate of cell division of the germ cells and the
ability of the sperms to move forward implies high
consumption of energy and oxygen by the
mitochondria
of
germ
cells.
However,
the
vascularisation of the testes is very poor so that
oxygen tension in the tissue of testes is low [39] and
the competition for this oxygen within the testes is
extremely intense. Both spermatogenesis [40] and
Leydig cell steroidogenesis [41,42] are vulnerable to
oxidative stress. However, the presence of low oxygen
tension may be an important mechanism to protect the
tissue from reactive oxygen species. In addition, the
testes also contain a number of antioxidant enzymes
by which the testis protects itself from free radical–
mediated damage. These antioxidant defence
mechanism are of major importance because
peroxidative damage is currently regarded as the
single most important cause of impaired testicular
function in wide range of pathological conditions [4350].

100
80

Sp
er 60
m 40
m 20
oti

75.08

75.33
73.58

77.16
57.16

Control
38
Diabetic

0

1 week

1 month 6 months

Fig. 5: Total motility of the sperms of diabetic and non-diabetic
groups

Table 6: Descriptive statistics of abnormal
morphology of the sperms of the rats
Study
Group

Duration

Mean ± SD

SEM

t-stat

df

P value

0.22

10

0.41

-2.16

10

0.02

-3.95

10

0.001

of study

Control

One week

9.91 ± 2.78

1.13

Diabetic

One week

9.5± 3.68

1.5

Control

One month

9.5±3.31

1.35

Diabetic

One month

15.16±5.5

2.24

Control

Six months

11.83±2.65

1.08

Diabetic

Six months

21.83±5.59

2.28

Reactive oxygen species (ROS) or free oxygen
radical are normally generated by Sertoli cells that
cause alteration in cellular structures and induces
morphological changes in spermatids during
spermiogenesis [51] and controlled amount of ROS is
essential for capacitation and acrosome reaction [52].
But increased free radical induce lipid peroxidation and
DNA fragmentation of the spermatozoon, disrupting
both the motility of these cells and their ability to
fertilize the ovum [53-59]. At the level of the testes,
oxidative stress is capable of disrupting the
steroidogenic capacity of Leydig cells [60] as well as
the capacity of the germinal epithelium to differentiate
normal spermatozoa [61].

The mean value is expressed in percentage (%); * Significant,
**
highly significant.

30
25
21.83

20

Control

15.16

15
9.91
10

11.83
9.5

Superoxide Dismutase

Diabetic

In this study, after one week of induction of
diabetes SOD activity was increased significantly in
diabetic group when compared to control group. Since
SOD is the first line of defence against the free radical,
its production is accelerated during the early phase of
diabetes i.e. after one week. Thereafter, SOD activities
are markedly decreased after one month and six
months group. This decline in SOD activity was due to
tremendous increase in free radical where SOD may
not be able to counteract destructive action of radical.
There are reports of decreased antioxidant enzyme

9.5
5
0
1 week

1 month 6 months

Duration of the study
Fig. 6: Abnormal morphology of the sperms of diabetic and
non-diabetic groups
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levels in streptozotocin induced diabetes mellitus [6265].

hydroxyl radicals, potentially dangerous molecules that
can attack and even mutate DNA. Catalase also uses
hydrogen peroxide to break down potentially harmful
toxins in the body, including alcohol, phenol and
formaldehyde. Catalases are some of the most
efficient enzymes found in cells; each catalase
molecule can convert millions of hydrogen peroxide
molecules into water and oxygen every second.

Various observations indicate that spermatozoa
may be more exposed and vulnerable to oxidative
stress than germ cells. Spermatozoa found in the
epididymis and vas deferens is not protected like germ
cells in the seminiferous tubules by the
microenvironment provided by the Sertoli cell barrier.
Furthermore, the membranes of spermatozoa may be
particularly susceptible to free radical attack because
of their high level of polyunsaturated fatty acids [66].
Several studies have demonstrated that, in contrast to
spermatogonia, primary spermatocyte and round
spermatid, elongated spermatids and spermatozoa
have a reduced capability or are even unable to repair
DNA damage [67,68].

Malondialdehyde
The result of the present study showed an increase in
the level of MDA in all diabetic groups which are
consistent with results of Shaikh et al., 2014; Rabbani
et al., 2009; Adewole et al., 2007; Ozkaya et al., 2002
[62-65].
Increase
in
MDA
resulted
from
hypoinsulinemia that increases the activity of fatty acyl
coenzymes A oxidase, which initiates β-oxidation of
fatty acids, resulting in lipid peroxidation. Also, protein
glycation and glucose auto-oxidation can lead to the
formation of free radicals, and this can equally induce
lipid peroxidation. In this study, there is non-significant
increase in the level of MDA after one week. This may
be due to significant increase in the level of SOD (after
one week) which prevent the lipid peroxidation by
neutralizing the toxic effect of superoxide radical.

Catalase
We found the decrease in the activity of catalase in
long term diabetic (six months) than one month
diabetic rats. This shows negative correlation of
catalase activity with the severity of diabetic. The
increase activity of catalase in one week of diabetic
rats is not significant (p>0.05). Other studies done by
Singh et al., 2013 [69] and Adewole et al., 2007 [64]
are also in accordance with our results in which
catalase level were reduced in the testes of diabetic
rats than the non-diabetic rats. When catalase activity
is decreased, as in the present study, H2O2 is reduced
to a very highly oxidizing OH radical in the presence of
2+
Fe or other transition metals. The OH radical cannot
be enzymatically removed from the cells but a free
radical scavenger can detoxify it. The activity of
catalase was lowered in diabetic rats, probably due to
glycation of the enzyme due to hyperglycemia.
Kaleem et al., 2006 [70] proposed that decrease in
activities of SOD and CAT in diabetic state may be
due to over-production of reactive oxygen species in
diabetic animals.

The spermatozoa are particularly susceptible to
OS-induced
damage
because
their
plasma
membranes
contain
large
quantities
of
polyunsaturated fatty acids (PUFAs) and their
cytoplasm contains low concentrations of scavenging
enzymes. OS–mediated damage to the sperm plasma
membrane may account for defective sperm function
observed in a high proportion of infertility patients [72].
Indeed, it has been shown that excess amounts of
ROS and free radicals in spermatozoa and seminal
plasma have adverse effects on sperm motility and
fertility. It has also been reported that levels of plasma
antioxidants in infertile men are significantly lower than
those in plasma from controls [72]. Moreover, ROSinduced DNA damage may accelerate the process of
germ cell apoptosis, leading to a decline in sperm
counts associated with male infertility, and thus to the
apparent deterioration of semen quality [73]. In fact,
mitochondrial DNA mutations are associated with a
decline of motility in human sperm, probably leading to
male infertility. Additionally, mitochondrial respiration
defects gave rise to meiotic arrest and abnormalities in
sperm morphology, stressing the requirements of
mitochondrial respiratory function in mammalian
spermatogenesis [74].

Catalase works
closely
with superoxide
dismutase to prevent free radical damage to the body.
SOD converts the dangerous superoxide radical to
hydrogen peroxide, which catalase converts to
harmless water and oxygen [71]. Hydrogen peroxide is
a naturally occurring but destructive waste product of
all oxygen-dependent organisms. It is produced in the
human body when fatty acids are converted to energy,
and when white blood cells attack and kill bacteria.
Catalase, which is located in the cell’s peroxisome,
prevents this naturally occurring hydrogen peroxide
from harming the cell during these processes. It also
helps prevent the conversion of hydrogen peroxide to

Spermatogenesis is the integral part of the male
reproductive system which cannot remain untouched
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by the effects of diabetes mellitus. For every cell of the
testis, insulin is required for uptake of glucose from the
blood to the cell. But insulin is deficient or resistance in
diabetes mellitus, which affects the homeostasis of
glucose in the testis which ultimately affects the
spermatogenesis.

diabetes in rats causes increase in the oxidative stress
in the testis. Diabetes increases in the level of MDA in
the testis. Furthermore, significant reduction in the
activity of the antioxidant enzyme was a common
feature in all the samples, which is suggestive of the
ongoing
oxidative
disturbances.
Prolonged
hyperglycemia leads to decrease in the level of SOD,
catalase. Decreased activity of these antioxidants
might be due to its inactivation caused by excessive
ROS production. Initial stage of diabetes mellitus
increases the production of SOD since it is the first line
of defence against free radical. Since the production of
free radical is highly accelerated as the diabetes
becomes chronic with time, the level of SOD
decreases leading to increase oxidative stress in
testis.

The findings regarding semen quality in diabetes
mellitus have not been consistent, showing variations
from normal to altered sperm count, motility,
morphology or a combination of both. In a study
conducted by Bartak et al., 1975 [75] in a young
generation (16–22 years old), involving 25 diabetic and
24 control individuals showed that juvenile diabetics
presented lower sperm values and significant
differences in sperm motility and morphology. A few
years later, another study by the same group
compared the ejaculated semen of 65 diabetic and 77
control men and it was reported as a negative effect of
diabetes mellitus on the ejaculate. The parameters
mostly affected were sperm motility, morphology,
volume and count [76]. These findings are concordant
with our result. In our study, the sperm count and
motility were decreased in diabetic group when
compared with the control group. The total percentage
of abnormal morphology of sperms was increased in
the diabetic group. The effects of diabetes on sperms
parameters in long term diabetic conditions are more
than the short term diabetic. Though there is a
divergent in semen parameters in all diabetic groups
from control group but the result of one week study is
statistically not significant. The decrease in sperm
count, motility and increase abnormal morphology of
sperms in diabetic conditions were also reported
similarly by Seethalakshmi et al., 1987 and Kim and
Moley, 2008 [77,78]. Slightly different results were
reported by Pardron et al., in 1984, where diabetic
adolescents presented a minor, non-significant,
decrease in sperm count relatively to control
individuals. The semen from these juvenile diabetic
patients had lower volume and motility, as well as
altered morphology, and presented significantly higher
fructose and glucose levels, evidencing that an
ineffective metabolic control can be deleterious or
responsible for the observed alterations in the semen
[79].

The sperms are severely affected in long term
diabetes than in short term diabetes. Diabetes mellitus
affects significantly in all the parameters of the
sperms: count, morphology and motility. Besides
decrease in number of spermatozoon, diabetes
mellitus also alters structural (morphology) and
functional (motility) aspects of spermatozoon. This
result shows that diabetes mellitus does not cause
only erectile dysfunction and retrograde ejaculation but
also affects directly on spermatogenesis leading to
infertility.
The consequences of oxidative stress may be a
factor for errors in spermatogenesis which leads to
loss of motility, count and increased abnormal
morphology of sperms in diabetes rats. These findings
now support a role of oxidative stress as a significant
cause of male infertility in diabetes mellitus.
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ABSTRACT
Introduction: Today, molecular cardiology is characterized by the integration of high-technology laboratory
studies and clinical medicine. Molecular genetics has redefined the etiology and diagnostic criteria for numerous
diseases and has led to the development of new, individualized treatment regimens for several cardiovascular
diseases. Amongst all, dilated cardiomyopathy is the commonest cause of heart failure. This study was conducted
to identify the possible genetic change in dilated cardiomyopathy in North Indian population.
Material & Methods: Blood samples of dilated cardiomyopathy patients were collected from Cardiology OPD, Sir
Sunderlal Hospital, Banaras Hindu University. DNA was isolated using salting out method. PCR was done to
amplify exons 32, 33 and 34 of MYBPC3 gene. The PCR product was sequenced to detect the mutational
changes in Exons 32-34 of MYBPC 3 gene.
Results: There were 65 control samples and 65 DCM samples were collected. Total 76 intronic variations were
reported. In three (BHU/15/425, BHU/15/450, BHU/16/89) patients, disease causing pathogenic variant
c3624_3625insC (rs397516029, HMGD CD0910628) was reported in MYBPC3 gene. Insertion of G at
47354119_47354120 position was reported that lead to a frameshift mutation in three subjects. Several Missence
variants were also reported 47354121G>C, 47353899C>T, 47353715C>A, 47353647A>C, 47353626G>T that are
present in coding region and may lead to alteration in protein structure and function.
Conclusion: Evidence from previous study reported that MYBPC3 play important role in cardiac contraction and
responsible for pathogenesis of dilated cardiomyopathy. Therefore, the identification of frequent genetic
transmission of dilated cardiomyopathy provides an important tool for the study of pathogenesis of this disease,
which is a frequent cause of admission to the hospital and of heart failure.
Keywords: Dilated cardiomyopathy, myosin binding protein C, sequencing, DNA.
(Fig. 1). Other clinical cardiomyopathies include
restrictive cardiomyopathy, and arrhythmogenic right
ventricular cardiomyopathy [2].

INTRODUCTION
Disorders of the heart leading to heart failure are
leading cause of morbidity and mortality. Since the
term "cardiomyopathy" was coined 30 years ago to
describe a group of myocardial diseases of unknown
cause, which was termed as idiopathic cardiomyopathy [1].

DCM is defined by the presence of: a) fractional
shortening (FS) less than 25% (> 2SD) and/or ejection
fraction less than 45% (> 2SD); and b) left ventricular
end diastolic diameter (LVEDD) greater than 117%
(>2SD of the predicted value of 112% corrected for
age and body surface area, BSA) [3] excluding any
known cause of myocardial disease. In the context of a
familial DCM, these criteria are used to diagnose the

Out of all types of cardiomyopathies, dilated
cardiomyopathy (DCM) and hypertrophic cardiomyopathy (HCM) are the two major cardiomyopathies
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proband in a family.

Molecular location: base pairs 47,331,406 to
47,352,702 on chromosome 11 (Homo-sapiens
Annotation Release 108, GRCh38.p7) [7].

Fig. 2: Cytogenetic location of MYBPC3 gene

Fig. 1: Morphological changes to the heart in cardiomyopathy.
(A) Normal heart. (B) In DCM, the heart enlarges with increased
diameter and reduced function. (C) In HCM, the myocardium
especially in the LV becomes thickened, leading to impaired
filling and emptying [4]

The main objective of our study was to evaluate
mutational changes in genes MYBPC3 responsible or
causing DCM as well as HCM in the population of
North Indians from Eastern Uttar Pradesh region.

Recent studies report that 20-35% cases of dilated
cardiomyopathy are considered to be familial.
Therefore, it is important to study the genetic factors
responsible for DCM. Many genes are responsible for
DCM out of which the most common are MYBPC3,
MYH7, TNNT2, TTN, SGCD. In this study we
screened familial DCM patients for the presence of
mutation in MYBPC3 gene by DNA isolation and by
DNA sequencing [5].

MATERIAL AND METHODS
Sample Collection
3 to 5 ml of peripheral blood was collected in EDTA
coated vials after taking inform consent from patients
of dilated cardiomyopathy, samples were collected
from the Outpatient Department of Cardiology, Sir
Sunderlal Hospital of Institute of Medical Sciences,
Banaras Hindu University, Varanasi (from 2015-2017).
Echocardiogram (ECG) and clinical history of patient
were noted; ischemic dilated cardiomyopathy patients
were excluded from this study. The study protocol was
approved by Ethical Committee of SS hospital, BHU,
Varanasi.

MYBPC 3 (Myosin Binding Protein C) Gene
The MYBPC3 gene provides instructions for making
the cardiac myosin binding protein C (cardiac MYBPC), which contains 35 exons and is found in heart
(cardiac) muscle cells. In these cells, cardiac MYBP-C
is associated with a structure called the sarcomere,
which is the basic unit of muscle contraction.
Sarcomeres are made up of thick and thin filaments.
The overlapping thick and thin filaments attach to each
other and release, which allows the filaments to move
relative to one another so that muscles can contract.
Regular contractions of cardiac muscle pump blood to
the rest of the body [6].

DNA Extraction and PCR Amplification
DNA isolation was done by “Salting out method” and
dissolved in TE buffer. Patient samples can be readily
checked for concentration and quality using the Nano
Drop 1000 Spectrophotometer. After DNA extraction
coding region of exons 32-34 were amplified by using
following
primers
exon
32-34F
5’GGCTCAGCCACTGACTTGT 3’and 32-34R 5’
AGGGGCCTAGCTTTGTGTG 3’ after amplification 5µl
PCR amplified products were loaded with DNA loading
dye to check the amplification.

In cardiac muscle sarcomeres, cardiac MYBP-C
attaches to thick filaments and keeps them from being
broken down. Cardiac MYBP-C has chemical groups
called phosphate groups attached to it; when the
phosphate groups are removed; cardiac MYBP-C is
broken down, followed by the breakdown of the
proteins of the thick filament. Cardiac MYBP-C also
regulates the rate of muscle contraction, although the
mechanism is not fully understood [7].

DNA Sequencing
When PCR amplification was complete, PCR products
was purified with Exo Sap reagent. The purified PCR
products were then sequenced using the sequencing
kit and sequencer from Applied Biosystems, USA.
Sequencing reactions were analysed using 3130xL
Genetic Analyzer (Applied Biosystem R). Sequencing
files were obtained from the 3130xL Genetic Analyzer
(applied Biosystems R) were analysed using FinchTV

Chromosomal Location
Cytogenetic location: 11p11.2, which is the short (p)
arm of chromosome 11 at position 11.2 (Fig. 2).
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viewer. Further analysis was done using MEGA 6
software and Mutation Taster software.

L1: Ladder
L3: BHU/15/464
L5: BHU/15/511
L7: BHU/15/513
L9:BHU/16/70
L11:BHU/16/9

OBSERVATIONS AND RESULTS
Total of 65 patients samples were collected out of
which 50 were male and 15 were female. Agrarose gel
electrophoresis results (Fig. 3-5) and sequencing
results (Fig. 6,7) exhibited various synonymous and
non-synonymous mutations (Table 1). A disease
causing pathogenic variation was found in one of the
patient.

L1: Ladder
L3: BHU/15/407
L5: BHU/15/423
L7: EMPTY
L9: BHU/15/464
L11: BHU/15/511
L13: BHU/15/513
L15: BHU/16/9
L17: BHU/16/59

L2: NC
L4: BHU/15/465
L6: BHU/15/512
L8:BHU/16/89
L10:BHU/16/8

Fig. 4: 2% Agarose Gel Electrophoresis for MYBPC3 having
amplicon size 953 bp

L1: Ladder
L3: BHU/15/423
L5: BHU/15/453
L7: BHU/15/455
L9: BHU/15/512
L11: BHU/16/8
L13: BHU/16/39
L15: BHU/16/59
L17: BHU/16/ 89
L19: BHU/16/258

L2: NC
L4: BHU/15/408
L6: BHU/15/424
L8: BHU/15/425
L10: BHU/15/465
L12: BHU/15/512
L14: BHU/16/8
L16: BHU/16/58

L2: BHU/15/408
L4: BHU/15/450
L6: BHU/15/454
L8: BHU/15/465
L10: BHU/15/608
L12: BHU/16/9
L14: BHU/16/58
L16: BHU/16/70
L18: BHU/16/104
L20: BHU/16/345

Fig. 5: 2% Agarose Gel Electrophoresis for MYBPC3 having
amplicon size 953 bp

Fig. 3: 2% Agarose Gel Electrophoresis for MYBPC3 having
amplicon size 953 bp

Fig. 6: Representative sequence electropherograms
showing c.3624_3625insC substitution in patient BHU/15/450 in
MYBPC3 gene

Fig. 7: Multiple sequence alignment of MYBPC 3 gene in patient
BHU/15/450 with control sample.
.
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Table 1: Showing various synonymous and non-synonymous mutations
S. No.

Genomic position

Patient ID

Aminoacid
change

Mutation taster

MYBPC3
1

Chr 11:47354160C>A

BHU/15/407

G1195V

rs730880595

2

Chr 11: 47354127>47354128 ins C

BHU/15/408

S1207

HMGD CM057198,
CM068014

3

Chr11: 47354121G>C

BHU/15/408

P1208R

SINGLE BASE
EXCHANGE,CDS

4

Chr 11: 47354072_4735407 ins C

BHU/15/408

INTRON VARIANT

5

Chr 11:47354038_47354039 ins G

BHU/15/408

INTRON VARIANT

6

Chr 11: 47353899C>T

BHU/15/408

7

Chr 11: 47353536_47353537 insA

BHU/15/408

INTRON VARIANT

8

Chr 11: 47353509_47353510 insA

BHU/15/408

INTRON VARIANT

9

Chr 11: 47353464_47353465 insA

BHU/15/408

INTRON VARIANT

10

Chr 11: 47353715C>A

BHU/15/423

R1241I

CDS

11

Chr 11: 47353647A>C

BHU/15/423

C1264G

CDS

12

Chr 11: 47353626G>T

BHU/15/423

CDS

HGMD CM086866

13

Chr 11: 47354102C>A

BHU/15/424

INTRON VARIANT

14

Chr 11: 47354090C>T

BHU/15/424

INTRON VARIANT

15

Chr 11: 47354019_47354020 insA

BHU/15/424

INTRON VARIANT

16

Chr 11: 47353977_47353978 insC

BHU/15/424

INTRON VARIANT

17

Chr 11: 47353948A>C

BHU/15/424

INTRON VARIANT

18

Chr 11: 47353536T>A

BHU/15/424

INTRON VARIANT

19

Chr 11: 47353502>A

BHU/15/424

INTRON VARIANT

20

Chr 11: 47353496G>C

BHU/15/424

INTRON VARIANT

21

Chr 11:47353464_47353465 insA

BHU/15/424

INTRON VARIANT

BHU/15/424

INTRON VARIANT

22

Chr 11: 47353453T>C

SINGLE BASE
EXCHANGE

23

Chr 11: 47354119_47354120 insG

BHU/15/425

24

Chr 11: 47354095_47354096 insC

BHU/15/425

INTRON VARIANT

25

Chr 11: 47354068G>A

BHU/15/425

INTRON VARIANT
rs3729802

26

Chr 11: 47354040G>T

BHU/15/425

INTRON VARIANT

27

Chr 11: 47353498G>A

BHU/15/425

INTRON VARIANT
rs2290146

28

Chr 11: 47354119_47354120 insG

BHU/15/450

14

K1209Q

rs11039186

K1209Q

rs397516029
FRAMESHIFT

rs397516029
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S. No.

Genomic position

Patient ID

Aminoacid
change

Mutation taster
FRAMESHIFT

29

Chr 11: 47354068G>A

BHU/15/450

INTRON VARIANT
rs3729802

30

Chr 11: 47353536_47353537 insA

BHU/15/450

INTRON VARIANT

31

Chr 11: 47353498G>A

BHU/15/450

INTRON VARIANT
rs2290146

32

Chr 11: 47353464_47353465 insA

BHU/15/450

INTRON VARIANT

33

Chr 11:47353434_47353435 insA

BHU/15/450

INTRON VARIANT

34

Chr 11: 47353464_47353465 insA

BHU/15/464

INTRON VARIANT

35

Chr 11: 47354090 delC

BHU/15/465

INTRON VARIANT

36

Chr 11: 47353502C>A

BHU/15/465

INTRON VARIANT

37

Chr 11: 47353464_47353465insA

BHU/15/465

INTRON VARIANT

38

Chr 11: 47353453_4735345 insT

BHU/15/465

INTRON VARIANT

39

Chr 11:47354090delC

BHU/15/608

INTRON VARIANT

40

Chr 11:47354065C>T

BHU/15/608

INTRON VARIANT

41

Chr 11:47353536_47353537insA

BHU/15/608

INTRON VARIANT

42

Chr 11:47353485_47353486 insA

BHU/15/608

INTRON VARIANT

43

Chr 11: 47353464_47353465insA

BHU/15/608

INTRON VARIANT

44

Chr 11: 47353457-47353458 insA

BHU/15/608

INTRON VARIANT

45

Chr 11: 47353745C>T

BHU/16/08

S1231N

46

Chr 11:47353741C>T

BHU/16/08

CDS

47

Chr 11:47353496G>C

BHU/16/08

INTRON VARIANT

48

Chr 11:47354093delG

BHU/16/39

INTRON VARIANT

49

Chr 11: 47354085G>A

BHU/16/39

INTRON VARIANT

50

Chr 11: 47353899C>T

BHU/16/39

rs11039186

51

Chr 11: 47353434_47353435insA

BHU/16/39

INTRON VARIANT

52

Chr 11: 47354038_47354039 insG

BHU/16/58

INTRON VARIANT

53

Chr 11: 47353536_47353537 insA

BHU/16/58

INTRON VARIANT

54

Chr 11: 47353498G>A

BHU/16/58

rs2290146

55

Chr 11: 47353464_47353465 insA

BHU/16/58

INTRON VARIANT

56

Chr 11: 47353874A>T

BHU/16/58

INTRON VARIANT

57

Chr 11: 47353864G>C

BHU/16/58

INTRON VARIANT

58

Chr 11: 47353756G>A

BHU/16/58

59

Chr 11: 47353459_47353460 insA

BHU/16/58

INTRON VARIANT

60

Chr 11: 47353451_47353452 insC

BHU/16/58

INTRON VARIANT

15
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S. No.

Genomic position

Patient ID

Aminoacid
change

61

Chr 11:47354093delG

BHU/16/59

INTRON VARIANT

62

Chr 11: 47354090C>G

BHU/16/59

INTRON VARIANT

63

Chr 11: 47353899C>T

BHU/16/59

rs11039186

64

Chr 11: 47353457_47353458 insA

BHU/16/59

INTRON VARIANT

65

Chr 11: 47353899C>T

BHU/16/59

rs11039186

66

Chr 11: 47354090deLC

BHU/16/70

INTRON VARIANT

67

Chr 11: 47354068G>A

BHU/16/70

rs3729802

68

Chr 11: 47353498G>A

BHU/16/70

rs2290146

69

Chr 11:47353457_47353458 insA

BHU/16/70

INTRON VARIANT

70

Chr 11: 47353434_47353435 insA

BHU/16/70

INTRON VARIANT

71

Chr11:47353418_47353419 insT

BHU/16/70

INTRON VARIANT

72

Chr11:47354119_47354120 insG

BHU/16/89

73

Chr11:47354090_47354090 delC

BHU/16/89

INTRON VARIANT

74

Chr11:47354068G>A

BHU/16/89

rs3729802

75

Chr11:47353498G>A

BHU/16/89

INTRON VARIANT
rs2290146

76

Chr11:47353434_47353435insA

BHU/16/89

INTRON VARIANT

K1209Q

Mutation taster

rs397516029
FRAMESHIFT PRESENT

present study various synonymous and
synonymous variations had been observed.

DISCUSSION
Dilated cardiomyopathy is most commonly associated
with various other heart disorders. The most common
associated disorder is congestive heart failure. In DCM
there is ventricular chamber enlargement, the
ventricular walls become thin and there is depressed
left ventricular systolic function. It is most commonly
idiopathic or familial. There may be various modes of
inheritance i.e. autosomal dominant, autosomal
recessive, X-linked or mitochondrial mode of
inheritance.

non-

In MYBPC3 gene, several intronic variations
observed. Total 76 intronic variations were reported.
Intronic variation does not alter protein structure but it
may change splice site that may affect the protein
structure and function. In three (BHU/15/425,
BHU/15/450, BHU/16/89) patients disease causing
variant c3624_3625insC (rs397516029, HMGD
CD0910628) was reported in MYBPC3 gene. Same
variation was reported by Hershberger et al., 2010 [8].

Present study combined with previous studies,
provides extensive data of association with the genetic
factors causing DCM. We used Sanger based
sequencing which is still the gold standard for
sequencing sensitivity and specificity. In present study
Exon 32-34 of MYBPC 3 gene was sequenced to
identify
possible
genetic
cause
of
dilated
cardiomyopathy. Mutations in the gene for cardiac
myosin-binding protein C account for main genetic
cause of maximum cases of familial hypertrophic
cardiomyopathy and dilated cardiomyopathy. In

Some novel variant reported may lead to DCM.
Insertion of G at 47354119_47354120 position
reported lead to a frameshift mutation in three
subjects. Several missence variants were also
observed
47354121G>C,
47353899C>T,
47353715C>A, 47353647A>C, 47353626G>T that are
present in coding region and may lead to alteration in
protein structure and function. Because of these
variations are present in C terminal domain of protein
that play very important role.
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Cardiac myosin-binding protein C (MYBPC3) is
arrayed transversely in sarcomere A-bands and binds
myosin heavy chain in thick filaments and in elastic
filaments. Phosphorylation of this protein appears to
modulate contraction [9]. The prognosis in patients
with dilated cardiomyopathy is considered to be poor
as morbidity and mortality rates are very high.
Moreover, DCM is the chief indication for heart
transplantation. So, it is important to diagnose the
disease early for better treatment.

intronic variation, frameshift mutation and missense
variation are reported in both genes. That suggest
these variation may be responsible for pathogenesis of
dilated cardiomyopathy in patients of North Indian
population. So, all families having familial transmission
of dilated cardiomyopathy must have essential
knowledge regarding the disease.
Funding Agency: The project was funded by Indian
Council of Medical Research, New Delhi.

Evidence from previous study reported that
MYBPC3 play important role in cardiac contraction and
responsible
for
pathogenesis
of
dilated
cardiomyopathy [10].
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In present study, mutational analysis of 32-34
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gene had been done. Various synonymous and nonsynonymous variations had been reported. Several
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KNEE CAP: A MORPHOMETRIC STUDY IN
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ABSTRACT
Introduction: Patella is the largest sesamoid bone. Knowledge of dimensions and of classification of patellae is
very important anthropologically as well as clinically for total knee arthroplasty and harvesting techniques of
patellar ligament grafts. Since there are very few studies on patella, present study aimed to do morphometry of
patella.
Material & Methods: Morphometric measurements were done on 60 dry patellae of both sexes, using digital
sliding Vernier caliper. All statistical analysis was done with help of standard SPSS software. Student t-test was
used to ascertain whether significant difference exist between right and left patella. Patella was also classified into
one of three categories according to Koyuncu’s classification-Type A (WMAF=WLAF), Type B (WMAF <WLAF)
and Type C (WMAF>WLAF).
Results: Out of 60 patellae, 34 patellae were of right side and 26 were of left side. Mean patellar height was
39.53+ 5.58; mean width of patella 41.27+3.67 and mean patellar thickness was 19.84+1.76. Width of medial
articular facet was 17.50+1.88 and width of lateral articular facet was 20.82+2.72. There was no significant
difference in measurements of right and left patella except width for lateral articular facet where p value was
<0.01. In present study, according to Koyuncu’s classification 86.66% patella were of class B type, 13.34% patella
were of class C type while class A type patella was not found. The secondary ridge was found to be conspicuous
in 23.3% patellae.
Conclusion: Present study on morphometry of the patella is obviously very important and concluded parameters
can be variably used in anthropology and anthropometrics, comparative anatomy and evolutionary biology,
patellofemoral unit prosthesis synthesis, patellar implants, arthroplasty and forensic sciences.
Keywords: Patella, sesamoid bone, knee arthroplasty.
posterior surface is crossed by a smooth vertical ridge,
which fits into the intercondylar groove on femoral
patellar surface, which divides this area into lateral and
medial facet. The lateral facet is usually larger. Medial
and lateral facets are further divided by faint horizontal
lines into equal thirds. A seventh odd facet is present
as a narrow strip along the medial border of patella; it
contacts the medial femoral condyle in extreme
flexion. The inferior part forms the apex of patella
which provides attachment to the patellar ligament [1].

INTRODUCTION
Patella is also known as Knee Cap. Patella is the
largest sesamoid bone. It is found embedded in the
tendon of quadriceps femoris. It lies anterior to distal
femur (femoral condyles). It has two surfaces anterior
and posterior, three borders superior, medial and
lateral and an apex which points inferiorly (Fig. 1). The
anterior surface is separated from skin by a prepatellar
bursa and covered by an expansion of upcoming
tendons of quadriceps femoris. The posterior surface
is divided into two parts, superior (articulating) and
inferior (non-articulating). The superior part of the

Address for Correspondence:
Dr. Archana Singh, Assistant Professor, Department of Anatomy, Rohilkhand Medical Collage & Hospital,
Bareilly-243006, Uttar Pradesh, India. | Mob: +919935462440 Email: drarchana279@gmail.com
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Biomechanical disturbances can also affect the
patellofemoral compartment of the knee [10,11].
Knowledge of morphology and dimensions of
patella perform very important role in designing of
prosthesis and development of surgical techniques.

MATERIAL AND METHODS
This study was carried out on 60 dry patellae of
unknown sex, obtained from Department of Anatomy,
Varun Arjun Medical College & Rohilkhand Hospital,
Banthra and Rohilkhand Medical College & Hospital,
Bareilly. Specimens having signs of fracture, pins and
plates or the specimen having loss of bone density or
bad erosion were excluded from study. All the
measurements were taken by using digital sliding
Vernier caliper up to 0.001mm accuracy. All
measurements were taken twice at different time to
exclude human error. Data was tabulated and analysis
was done with help of standard SPSS software.
Student t-test was used to ascertain whether
significant difference exist between right and left
patella.

Fig. 1: Anterior view of left patella

Knowledge of dimensions and of classification of
patellae is very important anthropologically as well as
clinically. It is involved in the various movements of
knee and methods of sitting and squatting. Therefore,
there may be effect of cultural and ethnic variables on
patellar morphology. It is to be assumed that the size
of the patella, can be dependent on the strain
generated by the quadriceps muscle as it lies within
the tendon of quadriceps. But the absence of patella in
some animals with powerful action of knee joint, led to
controversy concerning with this concept [2].

Following parameters were measured by digital
Vernier caliper (Fig. 2):

It was revealed that the geometry of the patella
and patellar tendon was significantly larger in males
and other demographic factors including weight,
height, body mass index well correlates with patellar
thickness, but poor correlation with the length of
patellar tendon [3,4]. Quadriceps tendon thickness
also showed significant correlation with patellar height
[5].

1. Patella Height (PH): Linear distance measured
between the superior border and the apex of
patella.
2. Patella Width (PW): Linear distance measured
between the medial and lateral border of patella.
3. Patella Thickness (PT): measured as linear
distance between the anterior surface of patella
and the median ridge present on posterior surface
of patella.

Koyuncu et al. (2011), studied the patellar
development during the fetal life and found that there
are no significant differences between genders or
sides (right versus left patellae). However, a significant
correlation was found between gestational age and all
studied morphometric parameters of patella [6].

4. Width of Medial Articular Facet (WMAF):
measured as maximum width from the medial
border to medial ridge of patella.
5. Width of Lateral Articular Facet (WLAF):
measured as maximum width from lateral border
to median ridge of patella.

Many pathologies may affect the patellofemoral
compartment of the knee joint including: osteoarthritis,
chondromalacia,
fractures,
idiopathic
and
patellofemoral pain syndrome etc. [7]. Patients
undergoing total knee arthroplasty (TKA) are routinely
subjected to a pre-determined amount of post-surgical
loading of the knee, to preserve patellar articular
cartilage and subchondral bone trophism [8]. Other
problems may occur during which TKA include
patellofemoral instability and implant’s failure [9].

6. Median Ridge Thickness (RT): measured as
width of median ridge.
Patella was also classified into one of three categories
according to Koyuncu’s classification as Type A
(WMAF=WLAF), Type B (WMAF <WLAF) and Type C
(WMAF>WLAF). The presence and predisposition of
secondary ridge was also carefully noted.
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17.50+1.88 and width of lateral articular facet was
20.82+2.72. Mean thickness of median ridge was
7.48mm+1.37 (Table 1).
Measurements of right and left patella, their tvalue and p-value were analyzed. In present study,
there was no significant difference in measurements of
right and left patella except width for lateral articular
facet where p value is <0.01 (Table 2, Fig. 3)). In
present study, according to Koyuncu’s classification
86.66% patella were of class B type, 13.34% patella
were of class C type (Fig. 4 & 5)) while class A type
patella was not found in present study. Secondary
ridge was found prominent in 6 patellae (Fig. 6) and
indistinct in 28 patella of right side whereas on left side
it was distinct in 8 patellae and indistinct in 18 patellae
(Fig. 7).
Table 1: Mean values of patellar measurements
Parameters

Mean (mm)

Standard
Deviation (SD)

Patella Height

39.53

5.58

Patella Width

41.27

3.67

Patella Thickness

19.84

1.76

RESULTS

Width of medial articular Facet

17.50

1.88

In the present study, out of 60 patellae 34 patellae
were of right side and 26 were of left side. Mean
patellar height was 39.53+ 5.58; mean width of patella
41.27+3.67 and mean patellar thickness was
19.84+1.76. Width of medial articular facet was

Width of lateral articular Facet

20.82

2.72

Ridge Thickness

7.48

1.37

Fig. 2: Parameters measured by digital Vernier caliper. PHPatellar height, PW-Patellar width, WMAF- width of medial
articular facet, WLAF- width of lateral articular facet, RTmedian ridge thickness

Table 2: Mean, maximum & minimum values along with t and p-values of different parameters of patella
Parameters

Right patella (N=34)

Left patella (N=26)

tvalue

p-value
(significant
p<0.05)

Mean + SD
(mm)

Maximum
(mm)

Minimum
(mm)

Mean + SD

Maximum
(mm)

Minimum
(mm)

Patella height

40.51+2.96

45.02

35.08

38.24+7.68

48.86

15.73

1.46

0.16

Patella width

42.04+2.69

46.70

38.06

40.26+4.51

47.13

33.53

1.74

0.10

Patella Thickness

20.10+1.48

23.10

18.14

19.49+2.05

23.42

16.43

1.25

0.22

Width of Medial
Articular Facet

17.28+1.91

19.62

13.90

17.78+1.86

20.24

13.93

0.72

0.48

Width of Lateral
Articular Facet

21.43+2.22

25.45

17.70

20.03+3.13

23.96

15.18

2.63

0.01*

Ridge Thickness

7.65+1.46

9.91

4.67

7.25+1.22

9.32

5.68

1.08

0.30
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Fig. 3: Measurements of different parameters of patella on right
and left side

Fig. 6: Conspicuous secondary ridge (arrow)

Fig. 7: Prominence of secondary ridge in patellae of right and
left side

DISCUSSION
In previous studies, different measuring techniques
were studied, like measurements taken with use of
radiographs and measurements taken during knee
arthroplasty. But all of these methods have some
limitations and have more chances of errors. In our
study, measurements have been taken on bones
which are totally cleared from other muscles and
tissues to avoid measurement errors. These
measurements could be very beneficial for surgeries of
knee and for anthropological records.

Fig. 4: Class C type patella: width of medial articular facet is
more than width of lateral articular facet

In present study, mean patellar height was
39.53mm+5.58, mean patellar width 41.27mm+3.67
and mean patellar thickness was 19.84mm+1.76
which was similar to values reported by Vohra (2017)
[12] but less than the findings of Yoo et al. (2007) [4]
Schlenzka and Schwesinger (1990) [13], Iranpour et
al. (2008) [14], Oladiran et al. (2013) [15] and
Kayalvizhi et al. [16]. Morphometric measurements of
patellae of present study was higher than the study of
Agnihotri et al. (2013) [2] (Table 3, Fig. 8).

Fig. 5: Classification of patellae according to Koyuncu’s
classification
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Table 3: Comparison of patellar dimensions with
previous studies
Authors

Patella
Height

Patella
Width

Table 4: Comparison of width of medial and lateral
articular facets
Authors

Patella
Thickness

Mean +
SD

Mean S.D. Mean S.D. Mean S.D.
Yoo et al. (2007)
[4]

44.6

3.7

45.8

3.6

22.3

1.9

Schlenzka and
Schwesinger
(1990) [13]

54.4

3.5

50.3

4

-

-

Iranpour et al.
(2008) [14]

34.3

4.8

44.8

4.8

46.1

Baldwin and
House (2005) [17]

22.4
22.6

43.7

3.6

45.1

3.9

23.9

2.1

Kayalvizhi et al.
[16]

42.9

4.8

42.1

3.1

19.7

1.1

Agnihotri et al.
(2013) [2]

35.8

-

37

-

16.95

-

Vohra P (2017)
[12]

41.55 2.84 40.17 2.59 19.29 1.52

Present study
(2018)

39.53 5.58 41.27 3.67 19.84 1.76

Width of lateral
articular facet

tpMean +
tpvalue value
SD
value value

Oladiran et al.
(2013) [15]

20.38
+
3.36

0.54

0.59

26.02
+
2.68

0.54

0.59

Murugan et al.
(2017) [18]

18.78
+
1.95

0.28

0.78

22.75
+
2.66

0.97

0.33

Present study
(2018)

17.50
+
1.88

0.72

0.48

20.82
+
2.72

2.63

.01

2.3

Oladiran et al.
(2013) [15]

Width of medial
articular facet

In the present study, the width of the medial
articular facet was 17.50 mm which was almost similar
to the studies done on other populations like Chinese
[19], Koreans [4] and Westerns [17] in whom the
values of WMAF were 19.03mm, 18.4mm and 18.8mm
respectively. Similarly the width of the lateral articular
facet in present study was 20.82mm while 25.1mm in
Chinese [19], 23.3mm in Koreans [4] and 25.3mm in
Westerns [17] respectively.
In a study about the classification of patellae of
fetal cadavers, Koyuncu et al. (2011) reported that
20% of patellae were in class A (width of medial
articular facet and lateral articular facet were equal).
Class B (the width of the MAF was smaller than the
width of LAF) was reported as the most prevalent i.e.
50% while 30% of patella was of type C (width of MAF
was greater than width of LAF) [6]. In the present
study, it was found that the Type B patella was the
most prevalent, which is in support of previous
observations by Fucentese et al. (2006) and Murugan
et al. (2017) [18, 20].
The secondary ridge was found to run obliquely in
a generally longitudinal direction closer to the median
ridge proximally than distally. This ridge may develop
after birth in response to functional loads applied to
knee. The secondary ridge was less prominent
compared to the primary patellar ridge. There is
considerable individual variation in prominence of the
secondary ridge and in present study the secondary
ridge was found to be conspicuous in 23.3% patellae
while Agnihotri et al. (2013) reported it in 14% cases
[2]. Variations in morphometric values of patella;
reported by various authors, might be due to
geographical and racial variation.

Fig. 8: Comparison of patellar dimensions with previous
studies

In present study, mean of width of medial articular
facet was less than the mean width of lateral articular
facet. On comparison of WLAF of right and left side,
significant difference was found (p < 0.05). WMAF <
WLAF was also reported by Oladiran et al. (2013) and
Murugan et al. (2017) [15,18] (Table 4).
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CONCLUSION
Present study on morphometry of the patella is
obviously very important from a biomechanical
perspective. Although the sample size of present study
is less but the concluded parameters and their relevant
statistical analysis, can be variably used in
Anthropology and anthropometrics, comparative
Anatomy and evolutionary Biology, patellofemoral unit
prosthesis synthesis, patellar implants, arthroplasty,
biomedical and biomechanical applications, Surgical
and radiological indices, orthopedics and arthroscopy,
rheumatology, and forensic sciences.
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ABSTRACT
Introduction: Normal morphometric parameters of liver in human fetus were studied at various stage of
development with an aim to get insight into the normal development of fetal liver.
Material & Methods: Dissection of 29 human fetuses was performed. Anthropometric study was done and
various parameters were measured.
Results: The development of liver is associated with increase in all the parameters although the increase is highly
variable in different gestational age, indicating that liver development showed characteristic but highly regulated
development to reach its fully developed stage.
Conclusion: The present study will be helpful in understanding the normal fetal liver development.
Keywords: Fetus, liver, development, anthropometry.

INTRODUCTION

MATERIAL AND METHODS

Fetal liver is one of the most dynamic organs during
gestational life arising from endodermal evagination of
foregut and septum transversum mesenchyme [1]. It
performs essential functions like haematopoiesis in
fetus [2]. Fetal liver size is an important parameter of
growth, showing linear increase in the lobes of liver
during gestational period [3]. Liver growth gets
deranged in numerous conditions. Large liver for
gestational age was found in numerous conditions like
gestational diabetes, isoimmunization and fetal
anemias, intrauterine infections, fetal heart failure,
tumours, certain metabolic diseases and fetal
macrosomias [3,4]. Intrauterine growth retardation
(IUGR) is associated with markedly retarded liver
growth in comparison to other organs [2]. Since liver
growth is a good indicator of fetal growth and outcome
of pregnancy, our aim is to find out the development of
fetal liver grossly, studying its various parameter [5]
and contribute to available literature in understanding
the liver development during gestation period.

This prospective study was conducted in the
Department of Anatomy, Government Medical College,
Haldwani. Twenty nine dead fetuses with no external
anomaly were obtained from Obstetrics and
Gynecology Department, Dr Sushila Tiwari hospital
over a period of two years (period commencing from
2011 to 2013), with due regard on ethical ground.
Fetuses were preserved in formalin and various gross
features were studied as per study design. The crown
rump length (CRL) of the fetus was recorded. Fetuses
were dissected and liver was displayed (Fig. 1).
Various measurements were recorded using
measuring tape, compass and vernier caliper in
centimeter (cm) rounded off to second decimal place.
The liver was exposed by making transverse incision
extending from the umbilicus to the mid axillary line
bilaterally, and two vertical incisions, extending from
the costal arch to the iliac crest alongside the mid
axillary line bilaterally [5].
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Liver was observed for any gross and congenital
anomalies. The maximum height of right and left
hepatic lobes were taken. The maximum transverse
diameter of liver was taken along with maximum
transverse length of right and left lobe of liver (Fig. 2).
The liver was removed by dissecting inferior vena cava
and excising ligaments of the liver and after that its
weight was recorded before embalming. The length
and breadth of quadrate and caudate lobe were also
measured. The length and breadth of porta hepatis
were measured too. The results were tabulated and
analysed.

OBSERVATIONS AND RESULTS
The various gross measurements of fetal liver
were studied. The measurement showed marked
variations of its length and breadth; however a
tendency of increase in various parameters was
established with increasing CRL.
The maximum liver transverse diameter (MLTD)
was plotted against CRL and showed that the MLTD
corresponded well to the increasing CRL (Fig. 3). The
transverse diameter of right and left lobes and the
height of the right lobe of liver increased in relation to
CRL of fetus. When the transverse diameter of right
lobe compared with that of left lobe in relation to CRL,
it has been noticed that there was increasing tendency
of transverse diameter of right lobe. The left lobe
transverse diameter was almost similar from 13.5cm
up to 28cm CRL and then it became considerably less
as compared to the right lobe. This indicates that there
is increasing tendency of right lobe enlargement as
compared to left lobe (Fig. 3). When height of right
lobe and left lobe was compared at 28cm CRL, height
of right lobe was higher as compared to left lobe. Both
right and left lobe height followed almost similar
pattern from 6.5cm up to 25cm CRL, after that at 28
cm CRL, a difference of height of right and left lobe
was observed.
When observation of length and breadth where
graphed for quadrate, its breadth did show a variation
till 18.5 cm CRL however, after 19 cm CRL both its
length and breadth followed almost similar pattern
running parallel in relation to CRL (Fig. 4). When its
length and breadth were graphed, we did not notice
much of the difference in early part of observation,
however; its breadth was found to be increased
subsequently. When length and breadth of caudate
lobe were graphed together initially its length shows a
tendency of increasing pattern, but after 17 CRL both
length and breadth grew almost parallel to the base
line. When measurement of length of quadrate and
caudate lobes were compared together, marked
variation was observed (up and down) in the caudate
lobe length from 6.5 CRL to 16cm CRL, whereas a
gradual rise in tendency was observed in the length of
quadrate lobe as compared to the length of the
caudate lobe. At 28cm CRL the quadrate lobe was
slightly more as compared to caudate lobe length (Fig.
4).

Fig. 1: Photograph of dissected fetal liver showing Quadrate
lobe (QL) and Caudate lobe (CL)

Fig. 2: Photograph of dissected fetal liver showing liver Right
lobe height (RLH), Left Lobe height (LLH) and maximum
transverse diameter (MTD)
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accommodated in the abdominal cavity. The present
study has been done keeping in view of the
development of liver during fetal period. Gross studies
on fetal liver were found to be few in literature.
Various
anatomical
variations,
congenital
anomalies and pathologies are associated with
intrauterine life. Knowledge of normal rate of growth of
various liver parameters is essential to find out these
causes and therefore has marked clinical significance.
In previous studies, fetal liver length were studied
using ultrasound on fetuses older than 2nd trimester
[7,8]. In our study, however, we measured, height,
transverse diameter of left, right, caudate and
quadrate lobe between CRL corresponding to 2.5 and
5.6 weeks of gestation. All these parameters show
largely a linear increase with gestational age.

Fig. 3: Graph showing liver maximum transverse diameter
(LMTD), right lobe liver transverse diameter (RLLTD), crown
rump length (CRL), right lobe liver height (RLLH), left lobe liver
transverse diameter (LLLTD), left lobe liver height (LLLH)

In our study, height of both right and left lobe of
liver showed almost similar pattern of increase from
6.5cm upto 25cm CRL, while at 28 cm right lobe of
liver was found to have greater height. Fetal liver
height shows marked difference in various
pathologies, in fetuses with gestational diabetic
mothers it was found to be higher than normal [4],
while it was markedly lower in small-for gestational
age (SGA) foetuses [9],emphasizing importance of
knowing the normal range of the fetal liver size [5].
The maximum liver transverse diameter (MLTD) in
our study corresponded well to the increasing CRL.
Both right and left lobe transverse diameter increased
in relation to CRL but in later stage, right lobe
transverse diameter exceeded that of left side. Fetal
liver length has marked clinical significance.
Tongprasert et al. (2011) studied on 640 normal
pregnant women between 14 and 40 weeks of
gestation and found that fetal liver length was
gradually increased with gestational age and fetal liver
length may be a useful tool in assessment for some
fetal pathologic conditions like fetal anemia [10].

Fig. 4: Graph showing Caudate liver lobe length (CLL), Caudate
liver lobe breadth (CLB), Quadrate liver lobe length (QLL),
Quadrate liver lobe breadth (QLB), length of porta hepatis (PH)

DISCUSSION
Adult liver is an abdominal organ mainly localized to
right hypochondrium with minimal extension on to left
side however fetal liver is markedly different in
different trimesters of fetal life. The liver shows
different shape in different trimester varying from
triangular, square, trapezoid to rectangular type, while
near term fetus resembles adult shape [5]. Lee et al.
(2003) measured the thickness, height and width of 12
late stage human fetus and found that the fetal liver
shows great individual variation with fetal liver showing
ellipsoid or oval surface while adult liver was triangular
[6]. The marked variations in different parameters may
occur because of expansion of abdominal capacities
and organization of various viscera which require to be

Albay et al. (2005) detected a linear increase in
the width of the left and right lobes with respect to
gestational age and found that ratio between right and
left lobe sizes did not show significant change
throughout the gestation [5].
Our study showed increasing tendency of right
lobe enlargement as compared to left lobe especially
in later stage of fetal growth. Baruah & Choudhury
(2013) stated that the left lobe of liver is large in fetal
liver [1]. The height of both lobes increased during
growth however right lobe showed more growth as
compared to left lobe.
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Quadrate lobe showed variation in breadth early in
our study, as compared to length which almost
showed almost similar pattern running parallel in
relation to CRL. The length and breadth of caudate
lobe showed a tendency of increasing pattern early up
to 17cm CRL. Not much data was found on the
anthropometric measurement of caudate and quadrate
lobe measurement. Albay et al. (2005) demonstrated a
high positive correlation between the size of the
caudate and quadrate lobes and gestational age [5].
Fetal liver get markedly affected in various
pathology like intrauterine growth retardation,
gestational diabetes, infections and other conditions
and remains an important parameter in there follow-up
as shown by different studies [4,11]. This study
highlighted that various liver parameters increase in
relation to CRL but individual parameters show
marked variation and their proper understanding is
required to rule out any anatomical variation,
congenital anomaly or pathology.
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ABSTRACT
Introduction: Submandibular salivary glands are paired salivary glands that lie below the mandible on each side.
The gland is drained by a single submandibular duct or Wharton’s duct. It opens in the summit of the sublingual
papilla .The duct lies between the lingual nerve and hypoglossal nerve on hyoglossus muscle. The aim of this
study is to describe the multiple accessory submandibular duct or Wharton’s duct.
Material & Methods: A total of 28 submandibular regions were used during routine dissection classes of 1styear
MBBS students in year 2016-2018, to demonstrate the anatomical variations and presence of multiple accessory
Wharton’s duct. This study was conducted inJaipur National University Institute for Medical Sciences and
Research Centre, Jaipur,Rajasthan, India.
Results: In our study, total incidence of variation was 14.2%. Wharton’s duct or submandibular duct was double
in 7.1%, three submandibular ducts were present in 3.5% and four submandibular ducts were present in 3.5%
specimens.
Conclusion: Appreciation of these variations is very important in diagnostic and therapeutic techniques.
Awareness of variations of the accessory ducts can help surgeons during oral surgical procedures.
Keywords: Submandibular gland, submandibular duct, variation, accessory, sialolithiasis.
it runs forwards between mylohyoid and hyoglossus to
open in the anterior part of floor of the mouth
(linguogingival) on the summit of the sublingual papilla
on each side of the frenulum of the tongue [1]. The
duct lies betweenthe lingual nerve and hypoglossal
nerve on hyoglossus muscle but it presents an
intimate relation with the lingual nerve.At first the
lingual nerve lies above the duct then crosses its
lateral side and finally ascends medially winding round
the lower border of the duct [1,2].

INTRODUCTION
Submandibular salivary glands are paired salivary
gland that lie below the mandible on each side .They
consist of a larger superficial and smaller deep
part,continuous with each other around the posterior
border of mylohyoid muscle. It is a seromucous but
predominantly serous gland [1,2].
The gland is drained by a single submandibular
duct or Wharton’s duct [2-4] and is about 5 cm long.It
begins from numerous tributaries in the superficial part
of the gland and emerges from the medial surface of
this part of the gland at the posterior border of the
mylohyoid. It bends sharply at the posterior margin of
mylohyoid to form the genu of submandibular ductthen

Embryologically,
the
submandibular
gland
develops in fifth to sixth week of intrauterine life.
Primordial cords arise in the anterior alveololingual
groove and grow in the floor of the mouth. Primordial
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cells proliferate into the underlying mesenchymal
tissue, the duct branches repeatedly during this
evagination process. Condensation of the deep
cervical fascia produces the external capsule [5].

OBSERVATIONS AND RESULTS
Incidence of multiple accessory submandibular ducts
was found in 4 submandibular regions i.e. total
incidence was14.2%.Two submandibular ducts were
found in 2 cases (7.1%). Three submandibular ducts
were found in 1 case (3.5%) and four submandibular
ducts were also found in 1 case (3.5%). Variations
were in the disposition and location of the multiple
accessory submandibular ducts. Two submandibular
ducts i.e. duplication of ducts was noted in two
submandibular glands one on right side and one left
side. Emergence, course and opening of accessory
ducts were carefully noted. These ducts were almost
parallel to each other, passing between the
hyoglossus and mylohyoid muscles. In this, one duct
was smaller and superior in position and second duct
was larger and inferior in position. The superior duct
was crossed laterally by the lingual nerve. Both ducts
emerged independently from the deep part of the
gland and opened separately into the floor of the
mouth. The main duct opened at the sublingual papilla.
The accessory duct opened adjacent to the main duct
(Fig. 1). One submandibular salivary gland of left side
had three submandibular ducts. These three ducts
were arising independently from the deep part of
submandibular gland. They were almost parallel to
each other, passing between hyoglossus and
nd
mylohyoid muscles. The main duct (2 ) was middle in
position and accessory ducts were located superior
and inferior to it. The 3rd duct was narrowest, longest
and inferior most in position. The lingual nerve was
crossing lateral side of superior duct (1st) and middle
nd
duct (2 ) then passed between middle and inferior
ducts.The upper two ducts opened into sublingual
papilla and the inferior duct opened adjacent to the
main sublingual papilla (Fig. 2). One submandibular
salivary gland of left side had four submandibular
ducts. These ducts were emerging separately from
deep part of the gland. They were different in length
and thickness. The 1st, 2nd and 3rdaccessory ducts
th
were thinner and smaller. The location of 4 duct or
main duct was inferior most and it was longest and
thickest.The lingual nerve was crossing lateral side of
1st, 2nd and 3rd ducts then it passed between 3rd and 4th
duct. The main duct was opening in the sublingual
papilla and rest three accessory ducts opened
independently into lingulogingival groove up to second
molar tooth (Fig. 3).

Most of the accessory submandibular ducts are
detected incidentally during sialography [6-8].
Sialography is a diagnostic procedure of choice for the
detection of structural variations of submandibular
gland and duct including trauma, inflammatory
disorders and calculi [9,10].
In this study, these variations were found by
dissection of the cadavers.The cadavers are important
report sources that aim to demonstrate the structural
differences inspecimensof the human body.
Awareness of variations of salivary gland duct can
aid in the accurate diagnosis and treatment, it helps
surgeons to avoid duct laceration during oral surgery
and further complications.
The aim of this study was to describe the
anatomical
variation
of
multiple
accessory
submandibular duct and its morphological features.

MATERIALS AND METHODS
The present study was conducted in the Anatomy
department of Jaipur National University Institute for
Medical Sciences and Research Centre, Jaipur,
Rajasthan, India, to demonstrate the anatomical
variations and presence of multiple accessory
Wharton’sduct.
A total of 28 submandibular regions ofadult
embalmed cadavers were dissected and studied
st
during routine dissection classes for 1 MBBS
students in year 2016-2018. The cadavers had no
signs of trauma or operation in submandibular region.
First of all, marginal mandibular incision was made
from mastoid process to the chin and midline skin
incision in neck from chin to the sternum was given to
reflect the skin inferolaterally [11].
Wharton’s
duct
and
multiple
accessory
Wharton’sducts were explored and examined for its
emergence, course and its opening in oral cavity. The
details of the variation were recorded and
photographed.
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Fig. 1: Photograph showing submandibular region of left side,
having two submandibular ducts (1 & 2). (a) Lingual nerve (b)
Submandibular ganglion (c) Deep part of the submandibular
gland (d) Accessory submandibular duct (2nd ) from deep part
of gland (e) reflected part of Mylohyoid muscle (f) Hypoglossal
nerve (g) Hyoglossus muscle (h) Main submandibular duct
(Wharton’s duct) (1st ) from deep part of the gland

Fig. 3: Photograph showing submandibular region of left side,
having four submandibular ducts (1-4) (a) Lingual nerve (b)
Submandibular ganglion (c) Deep part of the submandibular
gland (d) 1stwas accessory submandibular duct (e) 2nd was
accessory submandibular duct (f) 3rd was accessory
submandibular duct (g) 4th was Main submandibular duct (
Wharton’s duct) (h) Hypoglossal nerve (i)Hyoglossus muscle (j)
reflected part of Mylohyoid muscle

DISCUSSION
The most frequent disorders that require surgical
excision
of
the
submandibular
gland
and
submandibular duct are chronic inflammation of the
gland with or without sialolithiasis and it requires
anatomical knowledgeand careful protection of the
surrounding structures.
Billakanti
(2016)
presented
a
case
of
accessorysubmandibular duct in which both the main
and accessory ducts opened separately into the floor
of the mouth on the right side of the frenulum of the
tongue [12]. Kuroyanagi et al. (2007) observed
duplication of the submandibular duct via sialographic
examination [6]. In our study, two parallel
submandibular ducts were found in two cases; both
ducts emerged independently from the deep part of
submandibular gland and opened separately into the
floor of the mouth. In one case, the upper duct was
crossed inferomedially by the lingual nerve and in
second case the lower duct was crossed
inferomedially by the lingual nerve.

Fig. 2: Photograph showing submandibular region of left side,
having three submandibular ducts (1,2 & 3). (a) Lingual nerve
(b) Submandibular ganglion (c) Deep part of the submandibular
st
nd
gland (d) 1 is accessory submandibular duct (e) 2 is Main
submandibular duct (Wharton’s duct) (f) 3rd is accessory
submandibular duct (g) Hyoglossus muscle (h) Hypoglossal
nerve (i) Reflected part of Mylohyoid muscle

Gaur et al. (1994) described a right submandibular
gland with three separate ducts which opened
independently into the oral cavity.The authors
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considered that the duct branches in an arboreal
fashion, increasing in number and decreasing in
caliber. If multiple primordia develop it would lead to
the formation of multiple ducts, the glandular tissue of
these primordia if closely placed and compactly
covered by connective tissue, should form a single
submandibular gland having multiple ducts,each were
opening separately in the mouth [13]. In our study, we
found one submandibular gland with three separate
ducts. These three ducts were arising independently
from the deep part of the gland. The three ducts were
almost parallel to each other. The main duct was
larger and middle in position and accessory ducts
were slightly narrower. The upper two ducts opened
into sublingual papilla and the inferior duct opened
adjacent to the main sublingual papilla.

(microvascular autologus mandibular gland transfer) is
done for treating bilateral dry eyes [19].
This study may be useful for the sialography,
sialoendoscopy and submandibular gland transfer.
The good knowledge of anatomy is important for
surgeons to reduce the injury of nerve in this area.

CONCLUSION
The presence of anatomical variations and multiple
accessory Wharton’s ducts were studied. We found
duplication of submandibular duct in two cases, three
submandibular ducts in one case and four
submandibular ducts in one case. Appreciation of
these variations is very important in diagnostic and
therapeutic techniques. Awareness of variations of the
excretory ducts can help surgeons during oral surgical
procedures.

Rare variations of duct arrangement may occur.
Rose (1932) described a case in which Wharton’s duct
bifurcate, with one end opening into the sublingual
papilla and a second into the mouth opposite the
second molar [14].
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ABSTRACT
Introduction: Bisphenol A (BPA), an estrogenic compound is used in the manufacturing of plastics and also as
coating for the inner linings of food packaging containers. It is reported to be an endocrine disruptor and produce
toxicity in various organs. Since BPA exposure mainly occurs in the form of oral ingestion in humans, the present
study was performed to examine the effects produced by the chronic exposure to BPA orally on kidney, liver and
heart in rats.
Material & Methods: Adult female rats of Charles Foster strain were used for the study. The rats were divided
into two groups (n=6 in each group). In group 1, the rats were provided with food and water ad libitum whereas
the rats of group 2 were fed with BPA containing pellets (2 µg/kg body weight/day) for 30 days. Thereafter the
heart, kidneys and liver were excised and processed for histopathological study.
Results: The histopathological examination of the organs in BPA fed rats showed major structural changes which
manifested as loss of normal cytoarchitecture in all the three organs. Further there was significant reduction in the
number of glomeruli in kidneys, degenerative changes in liver in the form of damage to portal triad and in heart
the intercalated discs were damaged.
Conclusion: Chronic exposure to BPA by oral route produces renal toxicity as loss of glomeruli; hepatotoxicity as
cytoarchitecture loss and cardiotoxicity as damage of intercalated disc changes.
Keywords: Histopathological examination, cytoarchitectural changes, BPA, lymphocytic infiltration.
and female mice [7,8], delayed onset of puberty [9],
behavioural changes [10], predisposition to cancer in
both male and female rats and mice [11], defects in
growth and survival of neonatal mice [12] etc.

INTRODUCTION
Bisphenol A (BPA), an endocrine disruptor is used in
the manufacturing of poly epoxy resins and plastics. It
is also used to coat the inner linings of food and
beverage cans for preservation of edibles due to its
fungicidal property [1]. BPA is a phenolic compound
and is lipid soluble. It has been reported that BPA
produces a number of toxic effects in experimental
animals even at low doses [2-6]. BPA acts on
estrogenic receptors and has been reported to
produce numerous defects in experimental animals.
These defects are manifested as infertility in both male

Further studies in human population have also
shown the presence of BPA in the urinary samples of
US and Chinese population [13-15]. Moreover studies
have shown the co-relation of BPA levels with
coronary heart diseases, liver defects and endocrine
abnormalities in humans [16,17]. BPA can enter our
body through various routes like oral ingestion, skin
penetration, and nasal inhalation [18]. However,
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humans are mostly exposed to BPA through oral route
by ingestion of food and beverages packed in plastic
containers or cans. BPA ingested orally is absorbed
from the intestine and is metabolised in liver. In liver,
BPA is converted to BPA glucuronide which is water
soluble and excreted through kidneys. However some
of the free form of BPA which is not conjugated in liver
is biologically active and being lipid soluble reaches
various organs [19].

Thereafter, the tissues were subjected to
dehydration by exposing to increasing concentrations
of alcohol (70% - 100%). Then the tissues were
cleared and made translucent by placing them in xylol.
This was followed by solidifying the tissues in molten
paraffin and ribbon sections were made followed by
slide formation. The slides prepared were subjected to
Haematoxylin and Eosin stains. Further these slides
were examined under microscope to observe for any
histopathological changes.

The dose of < 50 µg/kg bw/day is considered to be
safe as per U.S. EPA (Environmental Protection
Agency) [20]. However studies have reported toxic
effects of BPA even at lower doses. In humans, the
daily intake is reported to be within 50 µg/kg bw/day. It
was therefore hypothesized that BPA after oral
ingestion may get accumulated in the organs with time
and produce changes at the cellular level in various
vital organs which might affect the functioning of the
body. Hence the present study was undertaken to
examine the effect of chronic exposure of BPA orally
on the morphology of vital organs like heart, liver and
kidneys in rats.

Statistical Analysis
The semi-quantitative estimation of glomeruli was
done by counting the number of glomeruli in 5 different
fields and per field average was computed in both
groups. All the data were pooled and mean ± SEM
were calculated. The data were compared by
Student’s t-test for unpaired observations. p value <
0.05 was considered significant.

RESULTS
Changes in kidneys
In control group, normal cytoarchitecture of the
nephrons showing numerous glomeruli in low power
magnification (100x) was seen (Fig. 1a). Different
diameter of tubules were also seen clearly. In higher
magnification (400x), clear Bowman’s capsule, vessels
and healthy tubules were seen (Fig. 1b).

MATERIAL AND METHODS
The present study was performed on adult female
Albino rats of Charles Foster strain weighing 150–200
grams after obtaining permission from Ethical
Clearance Committee of the Institute of Medical
Sciences, Banaras Hindu University, Varanasi, India.
The rats were kept in the animals room with
temperature maintained at 25 ± 0.5 ºC, humidity (50%
of RH) and light (12:12 hr light:dark). Food (Raj
scientific Corporation, Varanasi) and water were
provided ad libitum. The experiments were performed
according to the guidelines given by Ethical Clearance
Committee of the Institute of Medical Sciences,
Banaras Hindu University, Varanasi, India. BPA was
obtained from HiMedia Laboratory Pvt. Ltd. (Mumbai,
India) and was dissolved in olive oil.
The animals were divided into two groups. In the
first group (n = 6), the animals were allowed to drink
tap water ad libitum for 30 days. In the second group
(n = 6), the animals were fed with BPA filled food
pellets (2 µg/kg/day per animal; orally) for 30 days.
After 30 days, the animals were killed using excessive
dose of anaesthesia (urethane) and dissected. The
heart, liver and kidneys were excised and preserved in
formalin (10%) for the study of histological changes.

Fig. 1: Photomicrograph of HE stained kidney tissue of control
rats and BPA treated rats. Normal cytoarchitecture is seen with
presence of glomeruli (black arrows) in the control group (a&b).
In BPA fed rats (c&d), loss of normal cytoarchitecture is seen.
The glomeruli are less in number and the size of glomeruli is
also reduced (black arrows). There are areas of hyaline
deposits (red arrow). Magnification: 100x-a&c, 400x-b&d
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In BPA treated group, in low power the glomerular
morphology was not clearly seen. The glomeruli
appear small in comparison to the control group and
there was even reduction in the number of glomeruli
along with areas of hyaline deposits. Tubular
architecture was also lost (Fig. 1c). At higher
magnification, hyaline deposition was clearly seen with
lymphocytic infiltration and there was significant
shrinkage and distortion in the structure of glomeuli
(Fig. 1d).

There were also areas showing distinct vacuoles (Fig.
3c&d).

Semi- quantitative estimation of the number of
Glomeruli/field
The histological changes in the kidneys demonstrated
decrease in the number of glomeruli in BPA fed
animals as seen in low power. Therefore, the semiquantitative estimation of glomeruli/field was done by
counting the glomeruli in 5 different fields in both
groups and then average value was taken to calculate
per field number.

Fig. 3: Photomicrograph of HE stained liver tissue of control
rats and BPA treated rats. Central vein (black arrow) and the
normal laminar pattern was seen in control group (a&b). In BPA
fed group (c&d), number of small vacuoles was seen (red
arrow). Loss of laminar pattern was also observed.
Magnification: 100x-a&c, 400x-b&d

The observations revealed that treatment of the
rats with BPA (2 µg/kg/day) caused a significant
decrease in the number of Glomeruli/field as
compared to the time matched control group of rats (p
< 0.05; Student’s t-test for unpaired observations) (Fig.
2).

Changes in heart
In control group, cardiac muscles with intercalated
discs were seen (Fig. 4a). At higher magnification,
striations with branched intercalated discs were seen
(Fig. 4b). In the BPA treated group, broken myofibrils
were seen (Fig. 4c&d).
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Fig. 2: Semi-quantitative estimation of gloweruli showing a
significant reduction in the number of glomeruli in BPA fed
rats. An asterisk represents p < 0.05 as compared to control
group (Student’s t-test for unpaired observations)

Fig. 4: Photomicrograph of HE stained heart tissue of control
rats and BPA treated rats. Control group shows normal
branching pattern (a&b). In BPA fed group (c&d), there is
rupture of myofibrils (black arrow) and loss of intercalated
discs. Magnification: 100x-a&c, 400x-b&d

Changes in liver
In control group, the normal laminar pattern with
central vein and the hepatocytes were seen under
both low and high power (Fig. 3a&b). In case of BPA
treated group, there was loss of the laminar pattern.
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DISCUSSION

CONFLICT OF INTERESTS

Chronic exposure in the form of oral ingestion of BPA
(2 µg/kg/day) for a period of 30 days produced
extensive changes at organ level as seen on
histological examination of heart, kidneys and liver.
The dose selected for the present study was kept
much lower than the recommended safe dose of < 50
µg/kg bw/day. Even this low dose of BPA produced
cytoarchitectural changes in the vital organs in rats.
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ABSTRACT
Introduction: Ultrasonography has been found to be highly precise in evaluation of various abdominal masses. It
is highly sensitive, non-invasive in nature and has no radiation risk.
Material & Methods: A prospective study aiming at sonographic evaluation of 133 patients with right lower
quadrant pain/mass which includes patients of all age groups and both sexes was planned. In this study, the
efficiency of ultrasonography over clinical assessment in determination of the organ of origin was evaluated in a
systematic manner according to anatomy of the region.
Results: The maximum number of cases belonged to gastrointestinal (GI) pathologies (54%) followed by
genitourinary (GU) pathologies (31.6%) while 14% non-gastrointestinal and non-genitourinary origin.
Keywords: Appendicular mass, intussusception, gastrointestinal, carcinoma caecum, genitourinary, myoma,
lymph node mass.
gastrointestinal and Non-genitourinary causes include
psoas abscess, ectopic kidney and post-traumatic
masses. Ultrasonography (USG) has been found to be
highly precise in evaluation of various abdominal
masses [2] including the gastrointestinal, genitourinary
and masses from various other systems. Because of
its high sensitivity, non-invasive nature, lower cost,
general accessibility and no radiation risk, it is widely
used as a diagnostic tool. It not only provides image of
mass independent of its and its vicinity organ function
but also pioneers as method of choice for guided
biopsies and fine needle aspirations [3]. It has been a
boon to the pregnant patients by the virtue of lacking
radiation risk.

INTRODUCTION
Ultrasound has high diagnostic accuracy in diagnosing
the pathological nature of right iliac fossa masses
(overall accuracy 90%) [1] while it is 100% accurate in
case of appendicular mass, in detecting normal cases,
normal variants (clinically diagnosed as right iliac fossa
masses), uterine mass, lymph-nodal mass and
ileocolic intussusception. Differential diagnosis of
lower right quadrant pain depends upon the affection
of various organs present in right iliac and right lumbar
region and their surrounding anatomical relations.
Right lower quadrant pops up with plethora of
pathological conditions which are either confined to
this corner or encroach towards it and victimize a large
number of patients. Differential diagnosis of lower right
quadrant pain according to regional anatomy are
gastrointestinal (GI) causes e.g. appendicular
mass/abscess/mucocele,
ileocaecal
tuberculosis,
intussusception,
inflammatory
bowel
disease,
carcinoma caecum. Genitourinary causes (GU) include
tube
ovarian
masses
and
myomas.
Non-

MATERIAL AND METHODS
This is a prospective study of sonographic evaluation
of patients with lower right quadrant pain/right iliac
fossa (RIF) masses which includes patients of all age
groups and both sexes. A total number of 133 patients
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referred from various clinical departments with
pain/suspected RIF mass were included in the study
and evaluated.

Statistical Analysis
The sensitivity of detecting RIF mass by USG was
90.76% and it is 100% specific (accurate in detecting
true negative). The positive predictive value of USG
was 100% in detecting masses correctly i.e. 100%
accurate in detecting true presence of mass. The
negative predictive value was 20%. Shows predictive
value of negative test is 20%.

USG was done on ACCUSON 300 XE PREMIUM
EDITION sonography machine with curvi-linear array
transducer with frequency of 2-5 MHz, linear array
transducer with frequency of 8-10 MHz and
endovaginal probe of frequency 7 MHz in uterine and
tuboovarian masses. Prior to performing USG, a
verbal informed consent was obtained from patients.
Detailed relevant history taking of patients was
followed by thorough general, physical and abdominal
examination before subjecting patients to USG
examination.

OBSERVATIONS AND RESULTS
It was found that USG is 100% efficient in detecting
psoas abscess, intra-abdominal abscess, parietal
haematoma and lymph node mass whereas it is 75%
accurate in detecting parietal abscess as compared to
clinical examination which can detect psoas abscess
to 75% accuracy and intra-abdominal abscess to 50%
accuracy, but it can only detect one third of prietal
abscess, parietal haemetoma and lymph node mass.
In case of localized collection, where USG can detect
one third of confirmed cases, clinical examination was
unable to detect.

Technique of Examination
Scanning was done in longitudinal and transverse
directions covering all the areas of interest. For kidney
and retroperitoneum, patients were also scanned in
prone and lateral positions. Graded compression
technique was utilized with exerting gentle
compression with the high frequency transducer using
both hands in same way when palpating abdomen.
This technique displaced gas in bowel producing
artifacts and precisely located the region of pathology
by maximal tenderness if present. On gray scale
sonography, following things of masses were
evaluated: location, organ of origin, characteristics of
mass (size, shape, margin echotexture, and
calcification) and relation to adjacent organs.

According to symptoms especially pain and
presence/absence of mass in the affected area,
clinical assessment and further sonographic evaluation
was done to detect the organ of origin as per the
anatomy of lower right quadrant of abdomen mainly
right iliac region, partly right lumbar and right iliac
region (Table 1-4, Figs. 1-8). In the present study,
maximum number of cases was found in 30-45 years
age group (39%) followed by 15-30 years age group
(35.4%), 0-15 years age group (10%) and 45-60 years
age group (12%). Least number of patients was seen
above 60 years of age group (3%). Male to female
ratio was found to be 1:1.5. The common presenting
symptom in all patients was pain in abdomen followed
by vomiting and fever in almost 44- 45%, rest in line
were GI complaints followed by menstrual irregularities
(Table 5). Though the mass was palpable in 68.4%
cases.

This was followed by color Doppler examination
with color flow mapping using low flow settings. The
confirmation of data was done by fine needle
aspiration cytology and biopsy, further radiological
imaging (CT, barium study, intravenous urography,
non-radiological tests, clinical and ultrasonographic)
follow up.
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Table 1: Comparison of efficiency of USG and clinical assessment in correctly detecting the organ of
origin in gastrointestinal pathologies in RIF
Type of mass

No. of
confirmed
cases

Percentage

Appendicular mass

52

Carcinoma caecum
Colitis

2
10

Ileocolic intussusception

No. of cases detected by organ of origin
By USG

By Clinical Evaluation

72.2%

52

42

2.7%
13.8%

2
9

0
8

3

4.16%

3

2

Ileocaecal tuberculosis
Carcinoma colon

3
2

4.16%
2.7%

2
1

1
0

Acute mesenteric
lymphadenitis
Total

2

2.7%

2

2

72

100%

70

55

Table 2: Comparison of efficiency of USG and clinical assessment in correctly detecting the organ of
origin in genitourinary pathologies in RIF
Type of mass

No. of
confirmed
cases

Percentage

Right sided ovarian mass
Uterine mass

22
7

Renal mass
Left sided ovarian mass
Tuboovarian mass

No. of cases detected by organ of origin
By USG

By Clinical Evaluation

51.1%
16.2%

22
7

12
4

2

4.65%

2

0

1
5

2.32%
11.6%

1
4

0
1

Right sided ectopic pregnancy

2

4.65%

2

2

Ruptured graffian follicle

2

4.65%

2

0

Ectopic iliac right kidney
Total

2
43

4.65%
100%

2
42

0
19

Table 3: Comparison of efficiency of USG and clinical examination in correctly detecting the organ of
origin in non-GI and non-GU pathologies in RIF
Type of mass

Right psoas muscle abscess

No. of
confirmed
cases
4

Percentage

100%

No. of cases detected by organ of origin
By USG

By Clinical Evaluation

4

3

Intra-abdominal abscess

4

100%

4

2

Parietal abscess
Parietal haematoma

4
3

100%
100%

4
3

1
1

Lymph nodal mass

2

100%

2

1

Localized collection
Total

1

100%

1

0

18

100%

1

7
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Table 4: Detection of palpable RIF masses by USG
Mass
Present

Mass
Absent

Total

Ultrasound +ve

118

0

118

Ultrasound –ve

12

3

15

Total

130

3

133

Fig. 2: USG showing intussusception & Gut signature
intussusception

Table 5: Distribution of frequency of
symptomatology in patients with RIF mass
Symptom (n=133)*

No of
cases

Percentage

Pain in abdomen

100

100%

Fever

44

33.2%

Mass discovered by the
patient

29

21.8%

Vomiting

44

33.0%

Gastrointestinal complaints
(diarrhea, constipation,
blood in stools)

37

27.8%

Menstrual irregularities

18

13.5%

Loss of appetite

23

17.2%

Weight loss

10

7.5%

Abdominal distension

6

4.5%

Bladder complaints
(increase or decrease
frequency of micturition,
burning micturition,
hematuria)

8

6.0%

Fig. 3: USG showing appendicitis

Fig. 4: USG showing caudally fused horse shoe kidney

Fig. 5: USG showing Rt. lateral uterine wall myoma

Fig. 1: USG showing Carcinoma caecum
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DISCUSSION
The maximum number of cases belonged to
gastrointestinal pathology (54%) followed by
genitourinary pathologies (31.2%) and 14% cases
belonged to non-GI non-GU origin. Majority of the
lesions in the present study were found to be infective
or inflammatory in origin followed by neoplastic cases,
traumatic and congenital [2]. Other lesions include
ileocolic intussuception [4], incisional hernia, ectopic
pregnancy and normal cases.
Out of total of 72 cases of gastrointestinal
pathologies, 52 cases were appendicular masses (Fig.
3) followed by 10 cases of colitis. Two cases of
carcinoma colon and 2 of carcinoma caecum (Fig. 1)
were found. Jadvar et al. (1997) noted that out of 10
cases of colitis, 9 were diagnosed as infectious and 1
was tubercular in nature [5]. Seven cases of infectious
colitis showed positive stool culture for E. histolytica
and 2 had positive blood culture for Campylobacter
jejuni in a child [6], while remaining one case of
tubercular colitis was finally diagnosed on
colonoscopic biopsy and histopathology. In all the
cases diagnosed as appendicular pathology,
appendicitis was found to be most frequent finding
which is similar to previous studies [7,8]. There were
also 3 cases of ileocolic intussuception (Fig. 2) and 3
cases of ileocaecal tuberculosis. In GU pathologies out
of 22 ovarian masses (Table 3), 5 were malignant, 14
benign and 3 were haemorrhagic cyst (Fig. 8). All were
right sided GU pathologies except one was a huge left
ovarian haemorrhagic cyst. There were 7 uterine
leiomyomas extending to right iliac fossa (Fig. 5). Two
cases of right adnexal ectopic pregnancy with
loculated hematoma was seen extending in RIF (Fig.
7). There were 2 cases of congenital etiology which
comprised of left sided caudal crossed fused renal
ectopy and 1 right ectopic iliac kidney (Fig. 4). Next in
number was psoas pathology which included two
cases of psoas abscess (Fig. 6). USG in cases of
psoas abscess revealed hypoechoic collection in right
psoas muscle and bulky psoas muscle [9].

Fig. 6: USG showing Psoas abscess

Fig. 7: USG showing heterogenous collection in pelvis
secondary to ruptured ectopic gestation

Aspiration of pus in case of abscess and
haemorrhagic fluid in case of hematoma confirmed the
diagnosis. The culture of the pus revealed the growth
of staphylococcus. Three cases that had no masses in
RIF on sonographic examination and were considered
normal but clinically masses were palpated [10]. One
case clinically suspected of ileocaecal tuberculosis but
sonography revealed no lesion. The present study
constituted appendicular masses mainly acute
appendicitis [11] as maximum number of cases and

Fig. 8: USG showing Rt. ovarian echo filled cyst
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diagnosed correctly, which shows efficiency of
ultrasound in diagnosing appendicular masses
especially in gravid patients with symptoms of
appendicitis [12]. The second most common pathology
was right ovarian mass which was almost similar to
previous studies [13,14] extending to RIF. Barker &
Lindsell [2] and Millard et al. [3] in their studies stated
that in any patient with palpable RIF mass, USG
should be the primary investigation. The initial
consideration in evaluation of right lower quadrant pain
or mass is whether the lesion is present or not. In the
present study, 3 masses were normal variant (i.e. low
lying kidney) [7]. The sensitivity and specificity of
ultrasound for detection of right iliac fossa mass was
found to be 100% which is similar to previous studies
[2,3] which also showed high sensitivity and specificity
of ultrasound for detection of presence of abdominal
and RIF masses respectively.
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HISTOLOGICAL VARIATIONS IN FALLOPIAN TUBE DURING
VARIOUS PHASES OF OESTRUS CYCLE
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ABSTRACT
Introduction: The fallopian tube is the vital part of reproductive system where the fertilization of ova takes place. It
also acts as a transporting channel for passing the ova and the products of conception to the uterus. To perform
these vital functions fallopian tu bes u ndergo various histological va riations during va rious phases of oestrus cycle.
Material & Methods: Histology of fallopian tubes of 5 0 female rabbits were studied by using H & E staining.
Study of the cytology of vagi na of the animal decided the phase of the oestrus cycle i.e. proestrus, oestrus,
metaestrus and diestrus phases by Papaniculou's staining.
Observations and Results: The study revealed histological changes in relation to various phases of oestrus
cycle. Epithelial surface area was maximum in oestrus phase. Secretory cells were most active in metaestrus
and diestrus phases. Cilliary cells were prominent in proestrus and oestrus phases. The vascular activity was
found maxim um in oestrus phase.
Keywords: Fallopian tu be, oestrus cycle, proestrus, oestrus, metaestrus, diestrus, phases.

provides nutrition and conducive environment to the
sperm for fertilization. To perform these vital functions
the fallopian tube undergoes histological and
histochemical changes during various phases of
oestrus cycle viz proestrus, oestrus, metaestrus and
diestrus. The histological variations in these phases
were studied and evaluated in relation to their
functional aspect.

INTRODUCTION
The fallopian tube was first identified as a distinct
entity from the uterus by Greek anatomist Fallopius
(1561) in sheep and human and so named after him.
However the detailed discussion of the intricacies of
oviduct was only taken up by Williams (1891). Since
then studies of fallopian tube have made a steady
progress. An extensive and detailed study of the
human reproductive biology has attracted worldwide
attention with a view to stop, check or control the
population explosion in the world. About 30% of
infertile women all over the world have associated
fallopian tube pathology. Now-a-days with the
introduction of IVF, this aspect of infertility has been
neglected [1].

MATERIAL AND METHODS
Assessment of different phases of estrus cycle was
done by studying vaginal smears. Vaginal smears
were made from the experimental animals. The
external genital parts of the female rabbit was
prepared in the morning from the normal saline
washings, the saline moistened cotton swab was
inserted in vagina. The smear was made on the clean
sterilized glass slide. It was then fixed in ethyl alcohol

The fallopian tube is an important part of female
reproductive system that receives the ovum, provides
appropriate environment for its fertilization and
transports it to the uterus. Not only this, the tubal fluid
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and solvent ether (1:1) for two hours and finally
stained with the Papaniculou's staining. The stained
slides were studied under light microscope for their
cytological appearance to ascertain various phases of
sexual/ estrus cycle.

vascularization. The
significant changes.

muscular

coat

showed

no

Di-Oestrus Phase: (Fig. 7 & 8)
The lining mucosa showed low columnar and cuboidal
cells with scanty cytoplasm and bare nuclei,
suggestive of secretory activity. The ciliary cells were
not discernable. The rest of the changes resembled with
that of meta-oestrus phase.

For histological study, the fallopian tubes were
obtained from fifty female rabbits and arranged in
different phases of estrus cycle. The fallopian tubes
were fixed in 10% formal saline for 24 hours. The
tubes were processed and transverse thin micro
sections of four different parts of the fallopian tube i.e.
from medial to lateral - intramural, isthmus, ampulla
and infundibulum was taken. Slides were studied
under light microscope after H & E staining.

OBSERVATIONS AND RESULTS
The histological changes in various cyclic phases were
most marked in the infundibulum and ampulla and
least in isthmus and intramural segments of fallopian
tube.
Pro-Oestrus Phase (Fig. 1 & 2):
In pro-oestrus phase, the epithelium showed a
papilliferous pattern. The lining cells were low
columnar and cylindrical with scanty eosinophilic
cytoplasm and elongated nuclei. No evidence of
secretion was seen in the living cells. The submucosa
showed few blood vessels. The muscle layer consisted
of spindle shaped muscle fibers.

Fig. 1: Photomicrograph showing coarser bundles of circular
smooth muscle fibers and poorly formed primary folds in
intramural part of fallopian tube in proestrus phase (H&E X l5O)

Oestrus Phase (Fig. 3 & 4):
The sections of the fallopian tube showed a
qualitatively similar histological appearance in various
parts of the tube. Most pronounced changes were
seen in the lining mucosa, which showed an
arborescent pattern with frond's and papillae. The
lining cells were tall cylindrical and hypertrophied with
eosinophilic cytoplasm and elongated oval, round and
spheroid nuclei. At some places the prominent
hypertrophied ciliary cells were discemable. No
evidence of secretion was seen in the cells. The
submucosa showed vascularized stromal tissue. The
muscular layer consisted of elongated spindle cells.

Fig. 2: Photomicrograph showing few isolated smooth circular
muscle fibers, arborising pattern primary, secondary and tertiary
folds with height proportionally greater than width, slender
appearance and larger epithelial surface area in infundibular part
of fallopian tube in proestrus phase (H&E X l5O)

Meta-Oestrus Phase (Fig. 5 & 6)
In this phase, the lining mucosa showed columnar
cells with cytoplasm showing bleb formation and
protrusions towards the luminal surface. The luminal
border of the lining epithelium showed fraying with
secretion. The lamina propria showed mild
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Fig. 3: Photomicrograph showing dense, packed and abundant
serosal connective tissue with minimal epithelial surface area
in intramural part of fallopian tube in oestrus phase (H&E X
270)

Fig. 6: Photomicrograph showing isolated smooth circular
muscle fibers, arborising pattern, with moderate epithelial
surface area and active secretory tall columnar cells in
infundibular part of fallopian tube in metaoestrus phase (H&E X
270)

Fig. 4: Photomicrograph showing loose and scanty serosal
connective tissue, epithelium is highly developed with extensive
surface area, tall columnar secretory cells are inactive, ciliary cells
are prominent in infundibular part of fallopian tube in oestrus
phase (H&E X 270)

Fig. 7: Photomicrograph showing packed serosal connective
tissue, coarser bundles of circular muscle fibres with minimal
epithelial surface area in intramural part of fallopian tube in
diestrus phase (H&E X270)

Fig. 5: Photomicrograph showing coarser bundles of circular
smooth muscle fibres, dense packed serosal connective tissue
and poorly formed primary folds in intramural part of fallopian
tube in metaoestrus phase ( H&E X 270)

Fig. 8: Photomicrograph showing few isolated circular muscle
fibers, arborising pattern primary, secondary and tertiary mucosal
folds with smaller epithelial surface area and active secretory
cells in infundibular part of fallopian tube in diestrus phase
(H&E X120)

46

J. Anat. Science, 26(1): June 2018, 44-48
Histological parameters showed different findings in different phases of sexual cycle (Table 1).
Table 1: Histological changes in the tubal structure in different phases of oestrus cycle
Histological Parameter

Epithelial surface area
Secretory Cells
Ciliary Cells
Vessel

Phases of Oestrus cycle
Pro-Oestrus

Oestrus

Meta-Oestrus

Di-Oestrus

Large

Extensive

Moderate

Small

Inactive

Inactive

Active

Active

Prominent

Prominent

Insignificant

Insignificant

Vascularised

Highly Vascularised

Significant

Insignificant

(1961) observed changes in size of secretory cells in
luteal phase [9].

DISCUSSION
The s urvey of l i t erature showed that the proportion
and character of secretory cells differ i n different
animal species and even in animals of same species
and these differences depend upon the portion of tube
studied and phase of the reproductive cycle
represented. The present study d o ne in rabbit
showed that the epithelial surface area was greater in
proestrous and oestrus phases in all segments of the
tube. Kumar and Srivastava (1995) reported arborising
pattern primary, secondary and tertiary mucosal folds
with height proportionately greater than width and
slender appearance i n i n fundibulum [2]. So the
area
proportionately increased
with
greater
arborisation of the epithelial folding especially in
infundibulum. This i m p l i e d i n creased functional
activity of tubal epithelium in proestrus and oestrus
phases of sexual cycle.

The ciliary cells were prominent in proestrus and
oestrus phases of sexual cycle. Such a periodic
alteration in ciliary cells have been recorded by Iwata
(1929) [10]. In human fallopian tubal epithelium, these
specialized ciliated cells have hair-like projections on
the free surface. With help of this structure, they move
the secretions of secretory cells along the free surface
of the epithelial membrane.
Any abnormality in ciliary activity of cells will affect
propagation of ovum to primed uterus and might result
in tubal implantation. Sowmya et al. (2014) has
reported that the incidence of tubal gestation varies
from 1 in 300 to 1 in 150 pregnancies and it
contributes significantly to the maternal mortality and
morbidity [11]. Lack of secretory activity due to any
cause might lead to lack of supply of nutrition and
proper milieu to fertilized ovum, thereby interfering with
its maturation and development. A detail knowledge of
phasial behavior will help in understanding the
propagation and implantation of fertilized ovum. Early
diagnosis and intervention will help in reducing the
maternal mortality and morbidity due to ectopic
pregnancy.

The secretory cells in tubal epithelium were found
active in metaestrus and diestrus phases when
progesterone activity is high. In this regard, tubal
secretory cells and endometrial cells behaved alike to
progesterone. Some authors observed a cyclic
variation in activity of secretory cells in the tube [3-5].
The secretory cells appeared low columnar and often
their bare nuclei were extruded out of cytoplasm which
was noticed in metaestrus phase. This finding runs
parallel with that of Allen (1922) who also noted the
same feature [6]. The secretion formed by secretory
cells might have nutritional importance for egg. That is
why the secretory cells became active after oestrus
phase, when ovulation has occurred. Since
embryologically tubal and endometrial epithelium are
related both structurally and functionally, their identical
response to the ovarian hormones is reconcilable.
Changes in the shape and density of secretory
granules in different phases of sexual cycle was noted
by different authors [7,8]. Bjorkmann and Fredrickson

CONCLUSION
The histological study of fallopian tube revealed
structural and functional changes in relation to various
phases of sexual cycle. During proestrus and oestrus
phases, the mucosa showed structural cellular growth
attesting relation with estrogen. Likewise the functional
secretory activity was greatest during metaestrus and
diestrus phase suggesting relation with progesterone.
This secretory activity seems to bear nutritional
importance for passing ova through the tube. The
ciliary cells, prominent during oestrus and proestrus
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phases, may be helpful in flushing the secretions along
the tube.

to vaginal - cervical secretions. Miss Agric Exp Stn Res Bull
No. 455; 1950.
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ABSTRACT
Introduction: Renal arteries are the lateral branches of abdominal aorta, which vary in number, origin and
course. The aim of this study was to document the incidence of renal artery variations in number and position,
which can be advantageous to urosurgeons and imaging experts.
Material & Methods: The study was conducted on 36 formalin fixed embalmed cadavers. The renal artery
variations were observed and noted during routine posterior abdominal wall dissection for medical
undergraduates in dissection hall in the Department of Anatomy, BRD Medical College Gorakhpur and IMS, BHU
Varanasi.
Results: We observed accessory renal artery (ies) in 30.56% of cases with unilateral incidence in 27.78% and
bilateral in 2.67% cases. Accessory hilar renal artery (ies) were observed in 16.68% and accessory polar renal
artery (ies) in 13.89% cases. Accessory arteries were more common on left (16.68%) than on the right side
(11.12%). Inferior polar arteries were more common than superior polar arteries.
Conclusion: Knowledge of the variations of renal artery is of immense importance to the urosurgeons during
renal transplantation, partial nephrectomy, laparoscopic surgery and angiographic interpretation by radiologists.
Keywords: Embalmed cadaver, accessory hilar renal artery, accessory polar renal artery.
abdominal aorta inferior to the normal level of origin of
renal artery but it may also arise from the phrenic,
superior mesenteric, inferior mesenteric and common
iliac artery. The variations of renal artery are common
in their number, positions and course[2,3]. The
presence of an accessory renal artery was reported in
approximately 30% of cases by many researchers[4-6]
and this presence of accessory renal arteries is found
associated with high failure rate and post-operative
complications in renal transplantation[5]. There is a
high incidence of urinary tract obstruction due to the
accessory renal arteries running anterior or posterior
to uretro-pelvic junction leading to hydronephrosis[7]. It
is important to be aware that accessory renal arteries
act as end arteries; therefore, if an accessory renal
artery is ligated in the donor kidney and not
vascularized subsequently, the part of the kidney

INTRODUCTION
The kidney is a retroperitoneal organ, usually supplied
by single renal artery, which is a lateral branch of
abdominal aorta below the origin of superior
mesenteric artery. Usually one renal artery supplies
each kidney and one renal vein drains the kidney.
Normally, renal artery enters into the kidney through
the hilum and divides into five segmental branches.
Graves (1954) gave the first detailed account of the
primary pattern of renal vascular segmentation[1].
Accessory renal artery is an addition to normal single
renal artery. It is called accessory hilar renal artery if it
enters through the hilum in addition to the normal
single renal artery and called accessory polar renal
artery if entering the respective kidney through the
sites other than the hilum, usually near the pole. These
accessory renal arteries commonly arise from the
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supplied by it is likely to become ischemic[4].

OBSERVATIONS AND RESULTS

Thus a detailed knowledge of variations of renal
artery is helpful in preventing the failure and
complications in renal vascular surgery, partial
nephrectomy and misinterpretation of angiography by
radiologists.

The accessory renal arteries were observed in 30.56%
(11/36) cases and out of these, 16.68% were
accessory hilar renal arteries entering into kidney
through the hilum and 13.89% accessory polar renal
arteries entering into the kidney at sites other than the
hilum i.e. at or near the respective poles. All sites of
entry of accessory polar arteries were found on the
anterior surface of the respective kidney. Double hilar
arteries were reported in 11.12% cases of which
5.56% on right and 2.78% on left side and bilateral in
2.78% cases. Triple hilar arteries were reported in
5.56% cases on the left side only. Accessory superior
polar artery was reported in 5.56% cases and inferior
polar artery in 8.33% cases. Unilateral renal artery
variations was reported in 27.78% and bilateral in
2.67% cases (Table 1, Fig. 1-4). Out of 5 females, only
in one female (20%) double hilar renal artery was
noted and that too on the right side.

MATERIAL AND METHODS
The study was conducted in thirty six (36) formalin
fixed embalmed cadavers during routine posterior
abdominal wall dissection for teaching of medical
undergraduates in the Department of Anatomy, BRD
Medical College, Gorakhpur and Institute of Medical
Sciences, BHU, Varanasi, Uttar Pradesh, India. Out of
36 cadavers, 31 were male and 5 were female. The
renal area was explored upto the pelvis and the
findings were noted regarding the variations of renal
artery in their number, origin and course in both right
and left kidney.

Table 1: Incidence of accessory renal artery in present study (Out of 36 cases)
Renal artery

Right

Left

B/L

Total

32/36 (88.89%)

30/36 (83.33%)

35/36 (97.22%)

25/36 (69.44%)

2/36 (5.56%)

1/36 (2.78%)

1/36 (2.78%)

4/36 (11.12%)

0/36 (0%)

2/36 (5.56%)

0/36 (0%)

2/36 (5.56%)

Accessory SPA

1/36 (2.78%)

1/36 (2.78%)

0/36 (0%)

2/36 (5.56%)

Accessory IPA

1/36 (2.78%)

2/36 (5.56%)

0/36 (0%)

3/36 (8.33%)

Single hilar artery (Normal)
Accessory double hilar arteries
Accessory triple hilar arteries

SPA-superior polar artery, IPA- inferior polar artery

Fig. 2: Photograph showing triple hilar renal artery on left side,
inferior hilar renal artery arising below the origin of inferior
mesenteric artery (SMA-superior mesenteric artery, IMAinferior mesenteric artery)

Fig. 1: Photograph showing bilateral double hilar renal arteries
and inferior hilar renal artery giving a branch to superior pole of
right kidney known as accessory superior polar artery (SMAsuperior mesenteric artery)
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Accessory
superior
polar
artery

position of the kidney persist as a single renal artery
on either side [9].

Accessory
inferior
polar artery

The failure of regression of these arteries result in
accessory renal arteries. Thus, the multiple renal
arteries in our study may be a result of persisting
lateral mesonephric arteries from the middle group.
The various types of accessory renal arteries, their
number, position and the way of entry into the kidney
and its segmentation were studied extensively [2].
Bordei et al. (2004) reported 54 cases of double renal
artery supplying one kidney. Out of 54 cases, 6 cases
were bilateral [10]. There are reports of additional
renal arteries in literature [11-13]. In our study we have
observed double renal artery in 11.12% (3/36) cases,
of which only one (2.78%) was bilateral.

Fig. 3: Incidence of renal artery on right and left side

Extra hilar artery (ies) originating from hilar renal
artery (ies), have vertical trajectory in comparison to
polar arteries taking origin from the aorta and this
vertical trajectory can lead to polar infarction [14].
Accessory arteries to the inferior pole, running anterior
to the renal pelvis or ureter may be the cause of
hydronephrosis due to the obstruction to the flow of
urine at pelvic-ureteric junction or the proximal part of
the ureter. Reported incidence of inferior polar arteries
is 15.1% and that of superior polar arteries 9.6% cases
[15-17]. Kumar and Prabha (2016) observed superior
polar arteries in 13.09% and inferior polar in 5.95%
cases in South Indian population [18]. In our study,
accessory inferior polar artery were present in 8.33%
cases and superior polar artery in 5.56% cases.

Fig. 4: Pie diagram showing incidence of renal artery on right
and left side

Brannen et al. (1982) and Gupta et al. (2010) were
in opinion that, presence of multiple renal arteries have
chances of rejection and poor graft functions [19,20]
but Benedetti et al.(1995) didn’t find significant
difference with regard to acute rejection rate in grafts
with single or multiple arteries [21]. However, allografts
with multiple renal arteries have risk of renal artery
stenosis [22]. In renal transplantation, polar vessels
can increase the failure rate due to thrombosis of renal
vessels and urinary leakage [23]. It is important to be
aware that the accessory renal arteries act as an end
artery and if ligated, the part of kidney supplied by it is
likely to become ischemic [4]. The presence of bilateral
accessory renal arteries makes it technically difficult to
procure the donor kidney for transplantation and also
they result in increased incidence of subsequent
complications.

DISCUSSION
Embryological explanation of these variations has
been presented and discussed by Felix (1912) in an
18 mm fetus [8]. The developing mesonephros,
metanephros, suprarenal glands and gonads are
supplied by nine pairs of lateral mesonephric arteries
arising from the dorsal aorta. Felix divided these
st
nd
arteries into three groups. The 1 and 2 arteries as
rd
th
the cranial, the 3 to 5 arteries as the middle, and the
6th to 9th arteries as the caudal group. The middle
group gives rise to the renal arteries. Persistence of
more than one artery of the middle group results as
multiple renal arteries. Initially the metanephric kidney
lies in the sacral region and subsequently with the
differential growth of the abdominal wall, it ascends via
the iliac fossa to its final destination in the lumbar
region. The caudal arteries degenerate and one of the
more proximal vessels which are closer to the final

The incidence of bilateral accessory renal arteries
have been ranging from 1.66% to 10%. Studies of
Dhar and Lal (2005), reported bilateral accessory renal
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arteries in 5% cases [24] while in our study we noted
them in 2.67% cases. Pollak et al. (1986), reported
triple renal arteries in 4% and quadruple in 1% cases
[25]. In our study, triple renal arteries were present in
5.56% cases and that too on left side.

report and literature review.
2006;4:345–348.

Different studies showed that left side shows more
variations than right [24-26]. In our study also, the left
side renal artery variations were more common which
is in concordance with the previous studies [24-16].
Saldarriaga et al. (2008) found no difference on left
and right side [27].
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Case Report

THYRO-LINGUO-FACIAL TRUNK OF EXTERNAL CAROTID
ARTERY: A RARE VARIATION
Rakesh Kumar Diwan*, Archana Rani*, Jyoti Chopra*, Navneet Kumar*
*Department of Anatomy, King George’s Medical University, Lucknow, UP, India

ABSTRACT
The complicated process of angiogenesis and remodelling which includes annexation and regression of vessels
may give rise to variations in the branches of external carotid artery. The knowledge of variations in the branching
pattern of external carotid artery (ECA) is important for surgical procedures in the neck region, such as radial neck
dissection, catheterization, reconstruction of aneurysm, carotid endarterectomy and intervention radiology. The
anatomical consequences of anomalous branching pattern of external carotid artery may have important clinical
implications. A rare, common branch of the ECA, a thyro-linguo-facial trunk was found on right side in a 65 years
old male cadaver during routine dissection. After giving a branch to thyroid gland as superior thyroid artery, this
trunk ran forwards and medially as linguo-facial trunk and divided into lingual and facial arteries. The hypoglossal
nerve was crossing the linguo-facial trunk.
Keywords: External carotid artery, thyro-linguo-facial trunk, variation, hypoglossal nerve.
is important for the elevation of various cutaneous and
myocutaneous flaps for plastic and reconstructive
surgeries of the head, neck and face, which depend on
the external carotid artery for their blood supply [2].

INTRODUCTION
The common carotid artery bifurcates into internal
carotid and external carotid arteries at upper border of
thyroid cartilage in the carotid triangle. On right side,
the common carotid artery arises from brachiocephalic
trunk, on left side it arises directly from the arch of
aorta. The superior thyroid, lingual, and facial arteries
arise from its anterior surface, the occipital and
posterior auricular arteries arise from its posterior
surface and ascending pharyngeal artery arise from its
medial surface [1]. The rich vascularity of most parts of
head and neck (except brain and eye) is mainly
maintained by the external carotid artery through its
branches. The external carotid artery has numerous
important anastomoses with the internal carotid artery
and the vertebrobasilar system, thus ensuring blood
circulation in case of disturbed cerebral blood flow.
Like other great vessels of neck, the external carotid
artery and its branches have numerous variations and
their exploration is more than interesting for a better
anatomical knowledge of neck. These variations pose
a dangerous situation during surgeries like
thyroidectomy, laryngectomy facio-maxillary surgeries,
tonsillectomy, glossectomy and other neck surgeries. It

CASE REPORT
A rare, common branch of the ECA, a thyro-linguofacial trunk was found on right side in a 65 years old
male cadaver during routine dissection in the
Department of Anatomy, King George’s Medical
University, Lucknow, UP. The history of the individual
and the cause of death was not known. The
topographic details of the external carotid artery was
examined by casual dissection and photographed. The
thyro-linguo-facial trunk was 1.6mm below the carotid
bifurcation from anterior surface of right common
carotid artery. After giving a branch to thyroid gland as
superior thyroid artery, this trunk ran forwards and
medially around 1.7mm as linguo-facial trunk and
divided into lingual and facial arteries. The hypoglossal
nerve was crossing the linguo-facial trunk. The lingual
artery ascends vertically up crossed the internal
laryngeal nerve, taking an oblique course it passed
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underneath the hypoglossal nerve and anterior belly of
digastric muscle to enter digastric triangle. The facial
artery passed upwards and forwards and reached
posterior part of the submandibular gland (Fig. 1).

cases in the human fetuses [4]. Anil et al. (2000)
reported that lingual artery arises from a common
trunk with the facial as a linguo-facial trunk in 10-20 %
of cases [5]. Yildrim et al. (2001) observed total 6
(15%) linguo-facial trunk in 40 neck side in human
cadavers [6].
Ozgur et al. (2008) classified the origins of these
arteries which were arising from the external carotid
artery in 4 types and reported their incidences. The
separate origins of the arteries were defined as type 1
(90% of cases), the linguo-facial trunk as type 2
(7.5%), the thyrolingual trunk as type 3 (2.5%), and
thyrolinguofacial trunk as type 4 [7].The development
of external carotid artery system is a complicated
process of angiogenesis and remodelling which
includes annexation and regression of vessels. The
development of hypostapedial artery which links the
neural crest arterial system to the ventral pharyngeal
artery marks an important event in the development of
external carotid artery system [8].
The knowledge of variation in the origin of ECA is
important for surgical procedures in the neck region
such as radical neck dissection, catheterization,
reconstruction of aneurysm, and interventional
radiology. These variations pose a dangerous situation
during various neck surgeries.
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DISCUSSION
External carotid artery provides the major source of
blood to the head and neck region. Variations in the
branching pattern of it has been reported earlier.
Aaron et al. (1970) reported the percentage of variants
in the branching pattern of external carotid artery
based on 113 specimens dissections. He described
three different types of branching pattern i.e. “ladder
division”, “grouped division” and “bouquet division”. He
reported that linguofacial trunk was present in 20% of
the cases, thyrolingual trunk in 5.9%, thyrolinguo-facial
trunk in 2.7%. Out of these “bouquet division” was
present in 2.7% and “ladder division” in 27.7%” [3].
Zumre et al. (2005) observed linguo-facial trunk in
20%, thyro-lingual trunk in 2.5%, thyro-linguo-facial
trunk in 2.5% and occipito- auricular trunk in 12.5% of

55

