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ABSTRACT

As the scrotum and labia majora form in males and females, respectively; the
gubernaculum aids in the descent of the gonads. This being both testes and ovaries. The
testes would descend to a greater degree than the ovaries and thus passing through the
inguinal canal. The gubernaculum connects the gonad to the inguinoscrotal region and is
involved in testis descent. In the male fetus it rapidly develops, whereas in the female

fetus, development is lacking.
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Introduction

The paired Gubernaculum are embryonic structures which
begin as undifferentiated mesenchyme attaching to
the caudal end of the gonads (testes in males and ovaries in
females) [1]. As the scrotum and labia majora form in males
and females, respectively, the gubernaculum aids in the
descent of the gonads (both testes and ovaries). The testis
descends to a greater degree than the ovary and ultimately
passes through the inguinal canal. Testicular descent is a
complex process that only occurs in mammals. The location of
the scrotum varies between species, as does the scrotal
development. In the human, however, baby boys are born with
fully descended testes in a pendulous scrotum, which reaches
half way down the thigh. The laxity of the tissues is related to
prenatal hormones, as a few weeks later the scrotum appears
smaller. Postnatal testosterone levels are high between 2-4
months, but after this the scrotum shrinks and the testes are
quite retractile until the onset of puberty in the second decade
[2]. Given the complexity of the developmental process, it is
no surprise that undescended or cryptorchid testes are
common anomalies. Orchidopexy is one of the most common
operations in childhood, and this is a significant financial as
well as emotional burden for parents. Long-term outcomes
after orchidopexy also remain problematic, with decreased
fertility and increased risk of testicular cancer still serious
public health issues. [1-3]

Up to the 7th week the internal genital organs in both
sexes on both sides consist of two canal systems: a)The
mesonephric duct and the mesonephric tubules, which first
form on the dorsal side of the nephrogenic cord at the level of
the 9th somite in the form of solid, cellular mesenchymal
cords. They detach themselves from the nephrogenic cord and
are located below the coelomic epithelium that is thickened at
this place. b) The paramesonephric duct (Mdiller) is formed
from a finger-shaped invagination of the coelomic epithelium
on the upper pole of the mesonephros.
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Here, it forms a funnel that opens into the coelomic cavity
(future ampulla of the fallopian tube).

The paramesonephric duct invades on both sides -
laterally to the mesonephric duct - into the mesonephros and
grows in the caudal direction. At the lower end of the
mesonephros the paramesonephric duct crosses over the
mesonephric duct in order to grow further medially. There, the
paramesonephric ducts meet on both sides and fuse to form a
canal (the future uterus).They then push on the urogenital
sinus, forming a small protrusion, the paramesonephric
tubercle.[3-4]

Incidence

Because the testis descends into the scrotum during the
last month of pregnhancy, many premature boys are delivered
before the descent process is completed. Cryptorchidism
occurs in about 3% of full term boys and 30% of boys born at
30 weeks of gestational age. Most undescended testes will
spontaneously descend within the first six months of life. [4]
Ontogenesis for the normal development gubernaculum in
males:

Normally, the testis descent is thought to have 2 phases:
1)Transabdominal descent - dependent on insulin-like
hormone 3 (INSL3).

2)Inguinoscrotal descent - dependent on androgens.

The regulation of testis descent is still being investigated
and several different factors have been identified that may
have roles in descent. The first stage of testicular descent
occurs 10-15 weeks of gestation with the testes moving to the
inguinal region.[4-5]

The gubernaculum (gubernaculum Hunteri) is the caudal
inguinoscrotal ligament that connects the testis to the lower
abdomen. The cranial suspensory ligament (mesonephric
ligament) is the cranial ligament that connects the testis to the
posterior abdominal wall.[5]

Normally the testes will descend through the inguinal
canal during the 9" fetal months and if they do not lie in the
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scrotum by the age of one year, spontaneous later descent is
unlikely. The development of the gubernaculum and much of
the process of testicular descend are under the influence of
fetal androgens [6]. These androgens and the interstitial cells
secreting them have regressed by the 4™ week after birth. Most
testes will lie in the scrotum by 3 months of age. In premature
babies full descent may occur up to 6 months after birth. At 3
weeks of development, the germ cells migrate from the yolk
sac to the genital ridge. From the 4th to the 8th week, in male
embryos with a normal sex determining region on the short
arm of the Y chromosome, the germ cells coalesce to form the
primordial testis [5-7]. Under the influence of human
chorionic gonadotropin, the Leydig cells of the developing
testis begin to secrete testosterone. At about 9 weeks of
development, the labioscrotal swellings fuse to form the
scrotum (see movie). Testosterone also induces development
of the mesonephric (Wolfian) duct to form the epididymis, vas
deferens and seminal vesicles.[7] During this stage of
development, the testis moves from the genital ridge across
the pelvis to lie at the internal inguinal ring.[7-9]

The processus vaginalis appears at about 13 weeks of
development as an outpouching of the parietal peritoneum.
This developing tunnel moves medial and caudal between the
internal and external abdominal oblique muscles and into the
scrotum [9]. The testis stays at the opening of the processus
vaginalis, the internal inguinal ring, for 10 to 12 weeks. This
herniation of the patent processus is at least partially
dependent on the abdominal wall musculature to generate an
elevated intra-abdominal pressure [9-10]. If the abdominal
muscles cannot increase intra-abdominal pressure, the patent
processus vaginalis may not progress through the inguinal
canal and the testis may not descend into the scrotum [10]. At
26 to 36 weeks of development the epididymis precedes the
testis into the processus vaginalis. These structures descend
into the scrotum and become fused with the posterior layers of
the scrotum, providing an anchor which prevents the testis
from rotating. At 37 to 40 weeks (full term), the processus
vaginalis closes, eliminating any communication between the
peritoneum and the inguinal canal or scrotum [11]. Between
the 3rd month of pregnancy and its end the testes become
transferred from the lumbar area (ventro-medial to the
mesonephros) into the future scrotum. This transfer is due to a
combination of growth processes and hormonal influences
[12]. The gubernaculum testis also plays a decisive role in this
phenomenon.

The gubernaculum testis arises in the course of the 7th
week from the lower gubernaculum, after the mesonephros has
atrophied. Cranially it has its origin at the testis and inserts in
the region of the genital swelling (future scrotum) [11-12].

At the same time, at the inguinal canal along the lower
gubernaculum, an evagination of the peritoneum arises, the
vaginal process, on which the testes will slide through the
inguinal canal [13]. In that the vaginal process lengthens
downwardly, it takes the muscle fibers of the oblique internal
muscle and the transverse muscle with it. The muscle fascia of
the transverse muscle is the innermost layer and in the scrotal
region, it forms the internal spermatic fascia of the spermatic
cord and the scrotum. The muscle layer of the musculus
cremaster is formed from fibers of the oblique internal and
transverse muscles [14]. Externally, the external spermatic
fascia is formed from the superficial aponeurosis of the
oblique external abdominal muscle [13-14].

The region, where the testes pass through the
abdominal wall, is called the inguinal canal.
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Between the 7th and the 12th week the gubernaculum
shortens and pulls the testes, the deferent duct and its vessels
downwards. Between the 3rd and 7th month the testes stay in
the area of the inguinal canal so they can enter into it. They
reach the scrotum at roughly the time of birth under the
influence of the androgen hormone[14-15].

While in the first year of life the upper part of the vaginal
process becomes obliterated, there remains only the peritoneo-
vaginal ligament. The lower portion persists as the tunica
vaginalis testis, which consists of a parietal and a visceral
layer [15].

The differentiation of the male sex organ canals is
influenced by the testosterone hormone that is produced from
the 8th week in the fetal testis by Leydig's interstitial cells.

Two phenomena mark the differentiation of the canals of
the internal male sex organs:

e The atrophy of the paramesonephric duct (Miller)
e The development and differentiation of the mesonephric
duct (Wolff)

The mesonephric duct (Wolff) atrophies cranially and
leaves behind only the epididymal appendage as an embryonic
rudiment. On both sides the parts of the mesonephric duct,
which lie across from the testes, form the epididymis. The
testis and the epididymis of both sides are partially enveloped
by the tunica vaginalis testis (serous bilaminar membrane with
a periorchium [= outermost layer] and epiorchium [= inner
layer]). In the part of the epididymis are end the efferent
ductules [15-16]. They originate from the mesonephric tubules
and so form the beginning of the epididymis. Immediately
afterwards it coils tightly and finally goes into the lower part
of the epididymis (its tail) and over into the deferent duct. This
is a musculo-epithelial tube that, during ejaculation, dispatches
the sperm cells from the epididymis into the urethra [17].

In the male fetus - between the 8th and 11th week - the
paramesonephric duct atrophies due to the effects of the
antimallerian hormone (AMH), which is formed by precursors
of Sertoli's supporting cells (cells that surround the primordial
germ cells and come from the primitive gonadal cords) [17-
18]. Despite the effects of this hormone, embryonic remnants
of the paramesonephric duct remain behind in males. These
are the testicular appendage at the cranial pole of the testis and
the prostatic utricle at its caudal pole [18].

The accessory sexual glands originate from two epithelial
tissues. They either come from the epithelial mesodermal
origin of the mesonephric duct (Wolff) or from the epithelial
endodermal origin of the urogenital sinus [19].

The seminal vesicle differentiates itself during the 12th
week from a protrusion on the deferent duct, near where it
opens at the back wall of the urogenital sinus (future prostatic
part of the urethra) [18-20]. They thus have a mesodermal
origin. These paired glands produce a viscous, fructose-rich
secretion that serves as a source of energy for the sperm cells.
The portion of the mesonephric duct that lies between the
junction of the seminal vesicle and the prostatic part of the
urethra is called the ejaculatory duct [20]. Between the two
ejaculatory duct junctions the prostatic utricle (remainder of
the paramesonephric duct) has its opening. This location is
called the seminal colliculus [21].

The prostate develops from a protrusion on the dorsal
wall of the prostatic part of the urethra during the 12th week.
The prostate's glandular epithelium develops, therefore, from
cells that have their origin in the endoderm, while the stroma
and smooth muscle develops from cells with a mesodermal
origin - under the inducing influence of DHT [22-23].
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The glands become active after the 15th week and
surround the two ejaculatory ducts and the prostatic utricle as
well as the prostatic part of the urethra [23].

Over the course of the 12th week and parallel to the
development of the prostate, bulbourethral (Cowper's) and
urethral (Littre's) glands form, originating in pairs of
endodermal protrusions of the spongy part of the urethra,
which follow from the prostatic membranous parts [24].
Finally, the seminal fluid is augmented by secretions from the
seminal vesicle, the prostate, the bulbourethral and urethral
glands [23-25].
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Fig 1. Development and descent of testes and formation of
spermatic cord. A- Two months in utero. B- Three months
in utero. C-At birth.
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Fig 2. Formation of the gubernaculum testis.
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Fig 4. Schematic diagram showing the normal descent of
testis.
Ontogenesis of normal development of gubernaculum in
females

Just as in the male, there is a gubernaculum in the female,
which effects a considerable change in the position of the
ovary, though not so extensive a change as in that of the testis
[26]. The gubernaculum in the female lies in contact with the
fundus of the uterus and adheres to this organ, and thus the
ovary can only descend as far as to this level [25-26]. The part
of the gubernaculum between the ovary and the uterus
ultimately becomes the proper ovarian ligament, while the part
between the uterus and the labium majorus forms the round
ligament of the uterus [27]. A pouch of peritoneum analogous
to the processus vaginalis in the male accompanies it along the
inguinal canal: it is called the canal of Nuck. The ovaries are
also moved slightly - from the location where they are
engendered in the middle of the abdomen to the pelvis. This
migration results partially from the massive growth of the
upper abdominal region in comparison with the pelvic area
[28]. The influence of the lower gubernaculum in this process
is not entirely clear [27-28].

The mesonephros atrophies in the 7th week. Only the
ovary with its mesovarium medially and the paramesonephric
duct (later fallopian tube) with the mesosalpinx lateral to the
meso of the original urogenital tract remain [29]. They are
connected with the dorsal abdominal wall of the embryo via
the meso of the original urogenital tract. Through atrophy of
the mesonephros the upper gubernaculum connects the ovary
directly with the upper rear body wall and becomes designated
as the suspensory ligament of ovary [28-30].
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The lower gubernaculum has its origin in the bottom side
of the ovary and forms the ovarian ligament and, further
down, the round ligament of uterus that reaches the genital
swelling (labia majora) through the inguinal canal [30].

The nephrogenic cord is originally vertical. The fallopian
tube, which forms from the upper part of the paramesonephric
duct (Mdller), finally takes on a horizontal position in that it is
drawn medially by the joining of the lower part of the
paramesonephric duct (Miller) as the uterus is being formed
[31]. The ovary, which initially lies medially to the fallopian
tube (paramesonephric duct) in front of the atrophying
mesonephros, slides backwards as a result.

The peritoneal mesos passively follow these movements.
Finally the broad ligament of uterus forms with three sections:
= Upper section: mesosalpinx with the fallopian tube

= Ventral section: mesometrium with the round ligament of
uterus

= Dorsal section: mesovarium with the ovarian ligament

During the 7th week the canal system of the female sex
organs differentiates [32]. The mesonephric duct and its
tubules atrophy and out of the paramesonephric duct (Muller)
arises the future fallopian tube, the uterus and the upper part of
the vagina. Sometimes, a few embryonic remnants of the
mesonephric duct remain in the form of the Epoophoron, the
Paroohoron at the level of the mesovarium, and a row of small
cysts of Gartner. Out of the upper, non-fused portion of the
paramesonephric duct (Miller) arises the fallopian tube and its
ampulla [31-32]. The lower section fuses after it crosses
medially on both sides of the inferior ovarian gubernaculum
and forms the utero-vaginal canal. The medial septum in
between disappears at the end of the 3rd month [32-33].

To be observed is the development of the ligaments. The
ovarian gubernaculum gets attached on the developing utero-
vaginal canal there where it goes over into the fallopian tube.
Above it forms the ovarian ligament and below the round
ligament of uterus, which goes through the inguinal canal and
inserts in the female genital swelling (labia majora) [33].

If the separating wall beyond the fusion location of the
two paramesonephric ducts is not resorbed, various utero-
vaginal abnormalities result. The blind end of the utero-
vaginal canal forms the sinu-vaginal eminence and ends at the
back wall of the urogenital sinus (SUG) [34]. The sinu-vaginal
eminence becomes thicker due to epithelial proliferation and
retracts, while the wall of the SUG also thickens there. These
epithelial layers, which form at the lower end of the utero-
vaginal canal, are known as the vaginal plate. At their cranial
end they form a circular protrusion, the location of the future
vaginal fornix [34-35].

Through canalization of the vaginal plate the utero-
vaginal canal opens itself towards the outside. The upper 3/4
of the vagina comes from the mesoderm and the lower fourth
from the endoderm [35]. The fibromuscular walling forms
from the neighboring mesenchyme. The vagina is separated
from the SUG by the hymen. Its origin is not entirely clear.
Discussed is a passive invagination of the back wall of the
SUG [35-36].

The accessory glands arise from the endoderm of the SUG:

a. The greater vestibular glands (Bartholini) are paired glands
that form in the course of the 12th week from the endoderm of
the SUG. The outflow canals empty sideways in the vaginal
vestibule. They correspond to the bulbourethral gland
(Cowper) in males.

b. The lesser vestibular glands (Skene) or paraurethral glands
also form from epithelial buds (endoderm) of the SUG and
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grow into the neighboring mesenchyma. They are distributed
over the whole vaginal vestibule and - in males - correspond to
the prostate.

In females the cranial portion of the pelvic part of the
definitive SUG remains narrow and forms the female urethra,
which is very short. With the progressing development the
caudal portion of the pelvic part shrinks and becomes included
in the phallic part (vaginal vestibule) [37]. Therein discharge
the urethra and the vagina. The phallic part of the definitive
SUG enlarges to become the vaginal vestibule that is caudally
closed off externally by the urogenital membrane. It then tears
in the course of the 7th week [36-37].

Derivatives
of the
gubernaculum:

Ovarian
ligament

Round
ligament
of the uterus

Labia majora

Fig 5. schematic diagram showing gubernaculum in
female.
Ontogenesis of the abnormal development of testis

Cryptorchidism is the absence of one or both testes from
the scrotum. It is the most common birth defect of the male
genitals.[38-40] About 3% of full-term and 30% of premature
infant boys are born with at least one undescended testis.
However, about 80% of cryptorchid testes descend by the first
year of life (the majority within three months), making the true
incidence  of  cryptorchidism around 1%  overall.
Cryptorchidism may develop after infancy, sometimes as late
as young adulthood, but that is exceptional [41-42].
Cryptorchidism is distinct from monorchism, the condition of
having only one testicle. The condition may occur on one or
both sides; it more commonly affects the right testis [42-43].
A testis absent from the normal scrotal position may be:
1)Anywhere along the "path of descent” from high in the
posterior (retroperitoneal) abdomen, just below the kidney, to
the inguinal ring;
2)In the inguinal canal,
3)Ectopic, having "wandered" from the path of descent,
usually outside the inguinal canal and sometimes even under
the skin of the thigh, the perineum, the opposite scrotum, or
the femoral canal;
4)Undeveloped
(dysgenetic);
5)Muissing (also see anorchia).

About two thirds of cases without other abnormalities are
unilateral; most of the other third involve both testes [44-45].
In 90% of cases an undescended testis can be felt in the
inguinal canal. In a small minority of cases missing testes may
be found in the abdomen or appear to be nonexistent (truly
"hidden") [45].

Undescended testes are associated with reduced fertility,
increased risk of testicular germ cell tumors and psychological
problems when the boy is grown. Undescended testes are also
more susceptible to testicular torsion (and subsequent
infarction) and inguinal hernias [46]. Without intervention, an
undescended testicle will usually descend during the first year

(hypoplastic) or  severely abnormal
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of life, but to reduce these risks, undescended testes can be
brought into the scrotum in infancy by a surgical procedure
called an orchiopexy Although cryptorchidism nearly always
refers to congenital absence or maldescent, a testis observed in
the scrotum in early infancy can occasionally "reascend"” into
the inguinal canal [45-47]. A testis which can readily move or
be moved between the scrotum and canal is referred to as
retractile.

In most full-term infant boys with cryptorchidism but no
other genital abnormalities, a cause cannot be found, making
this a common, sporadic, unexplained (idiopathic) birth defect
[47].

A combination of genetics, maternal health and other
environmental factors may disrupt the hormones and physical
changes that influence the development of the testicles [47-
48].
1)Severely premature infants can be born before descent of
testes. Low birth weight is also a known factor.

2)A contributing role of environmental chemicals called
endocrine disruptors that interfere with normal fetal hormone
balance has been proposed. The Mayo Clinic lists "parents'
exposure to some pesticides™ as a known risk factor.

3) Diabetes and obesity in the mother.

4)Risk factors may include exposure to regular alcohol
consumption during pregnancy (5 or more drinks per week,
associated with a 3x increase in cryptorchidism, when
compared to non-drinking mothers.

5)Cigarette smoking is also a known risk factor.

6) Family history of undescended testicle or other problems of
genital development.

7)Cryptorchidism occurs at a much higher rate in a large
number of congenital malformation syndromes. Among the
more common are Down syndrome, Prader-Willi syndrome,
and Noonan syndrome.

8)In vitro fertilization, use of cosmetics by the mother, and
preeclampsia has also been recognized as risk factors for
development of cryptorchidism.

Abdominal (15%)

)
L

Inguinal canal

@/ (25%)

Fig-6: schematic diagram showing the different sites of un-
descended testis

Discussion
The gubernaculum is only present during the development
of the urinary and reproductive organs thus being

replaced by distinct vestiges in both male and females [49-50].
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The upper part of the gubernaculum degenerates in males,
whereas the lower part persists as the gubernaculum testis
(scrotal ligament). This ligament is acts in securing the testis
to the most inferior portion of the scrotum. This causes it to
fasten in place and limit the degree to which the testis can
move within the scrotum [51].

The gubernaculum has two vestigial remnants in females,
these includes the ovarian ligament and the round ligament of
the uterus (ligamentum teres uteri) which respectively serve to
support the ovaries and uterus in the pelvis [52].

Conclusion

The female gubernaculum is an embryonic structure that
gives rise to the uterine round ligament and seems to be
important in Mdallerian development [53]. In the absence of
androgens and anti-Millerian hormone, the paramesonephric
or Mallerian ducts complete their invagination and
development, interfering with the connection of the tissue
column that begins at the inguinal cone (the gubernaculum)
and targets the mesonephric duct and caudal ligament of the
gonad. The gubernaculum then grows over the Millerian
ducts, incorporating its muscular fibres [54]. Outside and
above this point, the Mullerian ducts give rise to the Fallopian
tubes, whereas medially to the point of insertion of the
gubernaculum, the Madllerian ducts develop into the normal
uterus, the adequate formation of which is also induced by the
mesonephric  ducts. Diverse human anatomical and
physiological characteristics such as the simplex uterus, as
well as pathological conditions and certain female genital
malformations, could be related to gubernaculum dysfunction
[54-55].

References

[1] Ganesh Elumalai, Sushma Chodisetty. Anomalous
“Mutilated Common Trunk” Aortic Arch Embryological Basis
and its Clinical Significance. Texila International Journal of
Basic Medical Science. 2016; 1(1): 1-9.

[2] Ganesh Elumalai, Emad Abdulrahim Ezzeddin. “The
sudden soul reaper” - hypertrophic cardiomyopathy — its
embryological basis. Elixir Embryology. 2016; 99: 43284-
43288.

[3] Ganesh Elumalai, Muziwandile Bayede Mdletshe. “Arteria
lusoria”- aberrant right subclavian artery embryological basis
and its clinical significance. Elixir Embryology. 2016; 99:
43289-43292.

[4] Ganesh Elumalai, Sushma Chodisetty, Pavan Kumar
D.2016. Ganesh Elumalai et al Classification of Type - | and
Type - II “Branching Patterns of the Left Arch Aorta”.
Imperial Journal of Interdisciplinary Research. 2(9): 161-181.

[5] Ganesh E, Sushma C. The deer horn aortic arches”
embryological basis and surgical implications. Anatomy
Journal of Africa.2016; 5(2): 746 — 7509.

[6] Ganesh Elumalai, Sushma Chodisetty. Teratological
Effects of High Dose Progesterone on Neural Tube
Development in Chick Embryos. Elixir Gynaecology. 2016;
97: 42085-42089.

[7] Ganesh Elumalai, Sushma Chodisetty. “The True Silent
Killers” - Bovine and Truncus Bicaroticus Aortic Arches its
Embryological Basis and Surgical Implications. Elixir Physio.
& Anatomy. 2016; 97: 42246-42252.

[8] Ganesh Elumalai, Sushma Chodisetty, Bridget Omo Usen
and Rozminabanu Daud Patel. “Patent Ductus Caroticus” -
Embryological Basis and its Clinical significance. Elixir
Physio. & Anatomy. 2016; 98: 42439-42442.

[9] Ganesh Elumalai, Sushma Chodisetty, Eliza Arineta
Oudith and Rozminabanu Daud Patel. Common anomalies



45650

origin of left vertebral artery and its embryological basis.
Elixir Embryology. 2016; 99: 43225-43229.

[10] Ganesh Elumalai, Sushma Chodisetty, Sanjoy Sanyal.
Common Nasal Anomalies and Its Implications on Intubation
in Head and Neck Surgeries. Journal of Surgery. 2016; 4 (4):
81-84.

[11] Ganesh Elumalai, Malarvani Thangamani, Sanjoy Sanyal,
Palani Kanagarajan. Deficient sacral hiatus cause mechanical
low back pain: a radiological study. Int J Anat Res. 2016;
4(1):1758-64.

[12] Ganesh Elumalai, Amal Satheesh Sujitha. “Anomalies
origin of left coronary artery” its embryological basis and
clinical significance. Elixir Embryology. 2016; 100: 43446-
43449.

[13]Ganesh Elumalai, Anto Sicily Norbert. “APVC -
Anomalies Pulmonary Venous Connections” embryological
basis and its clinical significance. Elixir Embryology. 2016;
100: 43450-43453.

[14] Ganesh Elumalai, Nnolika Millington. “Coarctation of
Aorta” embryological basis and its clinical significance. Elixir
Embryology. 2016; 100: 43425-43428.

[15] Ganesh Elumalai, Logeshwaran Anbazhagan.
“Laryngomalacia” embryological basis and its clinical
significance. Elixir Embryology. 2016; 100: 43420-43424.
[16] Ganesh Elumalai, Amodini Dharmalingam. “Left superior
vena cava” embryological basis and its clinical significance.
Elixir Embryology. 2016; 100: 43429-43432.

[17] Ganesh Elumalai, Thelma U. Ebami. “Patent Ductus
Arteriosus” embryological basis and its clinical significance.
Elixir Embryology. 2016; 100: 43433-43438.

[18] Ganesh Elumalai, Mouna Arumugam. “Persistent Left
superior vena cava” embryological basis and its clinical
significance. Elixir Embryology. 2016; 100: 43454-43457.
[19]Ganesh  Elumalai, Moganelwa Sharline  Mampa.
“Pulmonary Agenesis” embryological basis and its clinical
significance. Elixir Embryology. 2016; 100: 43439-43441.
[20] Ganesh Elumalai, Shubham Jain. “Subglottic stenosis”
embryological basis and its clinical significance. Elixir
Embryology. 2016; 100: 43458-43461.

[21] Ganesh Elumalai, Hariharan Arjet. “Tracheoesophageal
fistula” embryological basis and its clinical significance.
Elixir Embryology. 2016; 100: 43414-434109.

[22] Ganesh Elumalai, Jenefa Princess. “Transposition of
Great Vessels” embryological basis and its clinical
significance. Elixir Embryology. 2016; 100: 43442-43444,
[23] Ganesh Elumalai, Manoj P Rajarajan. “Type-l vascular
rings” Embryological basis and its clinical importance Elixir
Embryology. 2016; 100: 43700-43705.

[24] Ganesh Elumalai, Ebenezer Asare Sakyi. “Right sided
aortic arch” Embryological basis and its clinical importance
Elixir Embryology. 2016; 100: 43706-437009.

[25] Ganesh Elumalai, Enian Senguttuvan. “Double aortic
arch” Embryological basis and its clinical importance Elixir
Embryology. 2016; 100: 43710-43713.

[26] Ganesh Elumalai, Danesha Sanicharan. “Abnormal origin
of the right subclavian artery from the right pulmonary artery”

Embryological basis and its clinical importance Elixir
Embryology. 2016; 100: 43714-43718.
[27]Ganesh Elumalai, Siva Brinda Jeyapaul. “Choanal

Atresia” Embryological basis and its clinical importance
Elixir Embryology. 2016; 100: 43719-43722.

[28] Ganesh  Elumalai, Kelly Deosaran. “Congenital
diaphragmatic hernia” Embryological basis and its clinical
importance Elixir Embryology. 2016; 100: 43723-43728.

Ganesh Elumalai and Kelly Deosaran / Elixir Embryology 103 (2017) 45645-45651

[29] Ganesh  Elumalai, Basim Arif. “Subclavian Steal
Syndrome” Embryological basis and its clinical importance
Elixir Embryology. 2016; 100: 4372943733.

[30] Aiman J, Griffin JE. The frequency of androgen receptor
deficiency in infertile men.J Clin Endocrinol Metab54: 725—
732, 1982.

[31]Brown TR, Scherer PA, Chang Ying-Tai, Migeon ClI,
Ghirri P, Murano K, Zhou F. Molecular genetics of human
androgen insensitivity.Eur J Pediatr 152:(Suppl2) S62-69,
1993

[32] Cate RL, Mattaliano RJ, Hession C, et al. Isolation of the
bovine and the human genes for Millerian inhibiting
substance and expression of the human gene in animal
cells.Cell45:685-689, 1986.

[33] Forest MG, Sizonenko PC, Cathiard AM, and Bertrand J.
Hypophyso-gonadal function in humans during the first year
of life. 1. Evidence for testicular activity in early infancy.J
Clin Invest53: 819, 1974.

[34] Gendrel D, Job JC, and Roger M. Reduced post-natal rise
of testosterone in plasma of cryptorchid infants.Acta
Endocr89:372, 1978.

[35] Grumbach MM, Roth JC, Kaplan SL, and Kelch RP.
Hypothalamic-pituitary regulation of puberty: evidence and
concepts derived from clinical research, in:The Control of the
Onset of Puberty. MM Grumbach, GD Grave, FE Mayer., eds.,
John Wiley and Sons, New York, Chapter 6, pp. 115-181,
1974,

[36] Grumbach M, Conte F. Disorders of sex differentiation,
in:Williams Textbook of Endocrinologyd Wilson, D Foster,
eds., Saunders, 1998.

[37]Guerrier D, Tran D, Vanderwinden JM et al. The
persistent Mullerian duct syndrome: a molecular approach.J
Clin Endocrinol Metab68:46-52, 1989.

[38] Hadziselimovic F. Funktionelle Morphologie des
kindlichen Hodens im ersten Lebensjahr.Acta Anat99: 342
abstract 378, 1977.

[39] Hadziselimovic F. Cryptorchidism: Ultrastructure of
Normal and Cryptorchid Testis Development.
NewYork Springer-Verlag1977

[40]Hadziselimovic F. Cryptorchidism: Management and
Implications.New York: Springer-Verlag1983.
[41]Hadziselimovic F, Thommen L, Girard J, and Herzog B.
The significance of postnatal gonadotropin surge for testicular
development in normal and cryptorchid testes.J Urol136: 274—
276, 1986.

[42]Hedinger C, Dhom G. Pathologie des ménlichen Genitale.
Springer Verlag Berlin, Heidelberg pp. 70-100, 1991.
[43]Imbeaud S, Rey R, Berta P, et al. Testicular degeneration
in three patients with the persistent Midllerian duct
syndrome.Eur J Pediatr154:187-190, 1995.

[44]Josso N, Picard JY, Imbeaud S, Cané-Eusebe D, Zeller J,
Adamsbaum C. The persistent Miillerian duct syndromne: a
rare cause of cryptorchidism.Eur J Pediatr152:(Suppl 2) S76-
S78, 1993.

[45] Loeff D, Imbeaud S, Reyes HM, et al. Surgical and
genetic aspects of persistent Mullerian duct syndrome.J
Pediatr Surg29:61-65, 1994,

[46] MacLaughlin DT, Epstein J, Donahoe PK. Bioassay,
purification, cloning, and expression of Miillerian inhibiting
substance.Methods in Enzymology198:358-369, 1991.
[47]Mdller J. Morphometery and Histology of gonads from
twelve children and adolscents with the androgen insensitivity
(testicular ~ feminization)  syndrome.J  Clin  Endocr
Metab59:785-789, 1984.



45651
[48] Nachtigal MW, Ingraham HA. Bioactivation of
Mdillerian inhibiting substance during gonadal develpment by
a kex2/subtilisin-like endoprotease.Proc Am Acad Sci
USA93:7711-7716, 1996.

[49] Rutgers JL, Scully RE. Pathology of the testis in intersex

syndromesSemin Diegn Pathol4: 275-291, 1987.

[50] Siebeman R. Die Gonadendysgenesien:
Klinefeltersyndrom, Turnersyndrom und echter
Hermaphroditismus.Vivchows Arch[A] 331:417—-440, 1958.
[51]Winter JSD, Hughes I, Reyes FI, and Faiman C. Pituitary-
gonadal relations in infancy: 2. Patterns of serum gonadal
steroid concentrations in man from birth to two years of age.J
Clin Endocr Metab42: 679, 1976.

Ganesh Elumalai and Kelly Deosaran / Elixir Embryology 103 (2017) 45645-45651

[52] Zang KD. Genetics and cytogenetics of Klinefelter’s
syndrome, in:Klinefelter SyndromeHJ Baudmann, R Brut, E
Perwein, eds., Springer Verlag, New York, pp 12-23, 1991.
[53] Hutson JM, Balic A, Nation T, Southwell B.
Cryptorchidism. Semin Pediatr Surg. 2010;19:215-24.

[54] Soito IC, Favorito LA, Costa WS, Sampaio FJ, Cardoso
LE. Extracellular matrix remodeling in the human
gubernaculum during fetal testicular descent and in
cryptorchidic children. World J Urol. 2011;29:535-40.

[55] Nation T, Balic A, Buraundi S, Farmer P, Newgreen D,
Southwell B, et al. The antiandrogen flutamide perturbs
inguinoscrotal testicular descent in the rat and suggests a link
with mammary development. J Pediatr Surg. 2009;44:2330-4.



