
Temporal variations in trace element profile in different segments of
fallopian tube during oestrous cycle in Caprines

R.K.Sharma, R.Singh, J.K.Bhardwaj*
Reproductive Physiology Laboratory, Department of Zoology, Kurukshetra University,

Kurukshetra-136119 Haryana, (INDIA)
E-mail: jkbkuk@gmail.com

Received: 21st June, 2013 ; Accepted: 10th July, 2013

Trace elements;
Fallopian tube;

Caprine;
Oestrous cycle.

KEYWORDSABSTRACT
Variations in secretory activity and macromolecular fluctuations in differ-
ent segments of oviduct during oestrous cycle have been recorded how-
ever no information is available on changes in microminerals concentra-
tion of goat oviduct till date. Therefore, the quantitative analysis of differ-
ent segments of the fallopian tube i.e. infundibulum, ampulla and isthmus
of goat (Capra hircus) was conducted to study the alterations in trace
elements viz iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn) during
the follicular and luteal phases. The iron content (mean±SE M) decreased
from infundibulum to isthmus (0.97±0.20, 0.74±0.14, 0.61±0.06 µg/100 mg
respectively) during the follicular phase and increased from infundibulum
to isthmus (0.83±0.18, 1.00±0.14, 1.28±0.06 µg/100 mg respectively) during
the luteal phase. The iron content was maximum in the isthmus and am-
pulla during the luteal phase. Similarly, zinc content was also higher in the
isthmus and ampulla of the luteal phase. The copper content in the ovi-
ductal segments was high in the luteal phase as compared to the follicular
phase. The manganese content declined from infundibulum to isthmus
during the follicular phase. The present study revealed the pattern of
changes in micro mineral concentration of the oviduct that maintains and
modulates a milieu crucial for early developmental events. The results of
the present findings will help in formulation of specific media contents for
in vitro maturation of gametes, fertilization and early embryo develop-
ment. ! 2013 Trade Science Inc. - INDIA

INTRODUCTION

The reproductive success of the female largelyde-
pendsontheproper functioningof the reproductive tract,
which provides nutrition and specific environment to
the gametes for fertilization and earlyembryo develop-
ment[1-4].Theoviductsecretesoviductal fluidwhichfunc-

tions in nourishing the freshly ovulated oocyte, sperm
capacitation, fertilization and early cleavage[5,6]. The
quality and quantityof the tubal fluid is influenced by
the circulating steroid hormones of the ovary[7-11]. The
oviducts are derived embryonicallyfrom the cranial re-
gionof theprimitiveMullerianducts[12].Thesearehighly
specialized structures also known as uterine tubes or
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fallopian tubes. The oviducts functions as a conduit for
the oocytes, from the ovaries to the uterus[1]. It is di-
vided into four subdivisions. The finger like extensions
of the margins of the infundibulum, the fimbriae; the fun-
nel shaped abdominal opening near the ovary, the in-
fundibulum; the more distal dilated ampulla and the nar-
row proximal portion of the oviduct connecting the ovi-
duct with the uterine lumen, the isthmus[13]. The physi-
ology, morphology, biochemistry, ultrastructure and to-
pography of the fallopian tubes or oviduct have been
studied by various workers in different mammalian spe-
cies[14-19]. However the studies on female gential tract
are limited and fragmented in small ruminants.

The information on the role of trace elements in
female reproductive tract is scanty. The electrolyte
composition (potassium) of the tubal fluid of the nor-
mal ewes were approximately four times higher than
blood[20]. Patek and Hagenfeldt[21] conducted a study
to determine the amounts of certain trace elements in
the normal endosalpinx and their possible variations
in the normal menstrual cycle in the human fallopian
tube epithelium. However, to date, no information is
available on variation in trace elements of goat fallo-
pian tube during follicular and luteal phase. Therefore,
in the present study variation in iron (Fe), zinc (Zn),
copper (Cu) and manganese (Mn) content were car-
ried out to analyze the micro mineral changes during
the follicular and luteal phases.

MATERIALS AND METHODS

Collection and classification of materials

Female genitalia of mature goats (Capra hircus)
were procured from the slaughter houses of Delhi (28º

38�N, 77º 12' E), Chandigarh (30º 30' to 30º 45' N,

76º 45' E to 76º 55' E) and around Kurukshetra (29º

6' N, 76º 50' E). The material was brought to labora-

tory in a bucket (0ºC) in normal saline. On the basis of

gross morphology of the ovary and ferning pattern of
vaginal smear, the genitalia were divided into two groups.
Ovaries possessing normal developing graafian follicle
(>5.0 mm in diameter) and vaginal smear showing pri-
mary, secondary and tertiary fern pattern were desig-
nated in follicular phase. While ovaries possessing cor-
pus luteum (>5.0 mm in diameter) and vaginal smear
showing primary and secondary fern pattern were cat-

egorized in to luteal phase.

Extraction of trace elements

For the extraction of trace elements, the infundibu-
lum, ampulla and isthmus of the fallopian tubes weigh-
ing at minimum 200 mg each were digested in long
necked round bottom flasks with triple acid
(concenterated nitric acid: 70% per chloric acid:
concenterated sulphuric acid, 10:3:1) in the ratio of 10:1
(w/v). The contents of the flasks were heated till most
of the triple acid mixture evaporated from the flasks.
The contents of each flask were than washed with 2 ml
of deionized water and were stored in plastic vials at
40C for the analysis of trace elements.

Estimation

The concenteration of the trace elements were de-
termined by GBC 932 atomic absorption spectropho-
tometer[22] installed at Sophisticated Analytical Instru-
mentation Facility, Panjab University, Chandigarh. The
results obtained were statistically analyzed according
to mentioned statistical methods[23].

RESULTS

Biochemically, changes in the trace elements (iron,
zinc, copper, and manganese) in different segments of
oviduct were carried out to analyze the molecular
changes during follicular and luteal phases. The iron
content was estimated as 0.97 ± 0.20, 0.74 ± 0.14

and 0.61 ± 0.06 µg/100 mg in the infundibulum, am-

pulla and isthmus respectively during the follicular phase.
The oviductal segments during luteal phase have an iron
content of 0.83 ± 0.18, 1.00 ± 0.14 and 1.28 ± 0.06

µg/100 mg respectively. The values were significantly

(p < 0.05) higher in the ampulla and isthmus of the luteal
phase as compared to the follicular phase (TABLE 1).

The zinc content was found to be 0.17 ± 0.10, 0.17

± 0.10 and 0.62 ± 0.09 µg/100 mg respectively in the

oviductal segments of the follicular phase, whereas during
luteal phase, the zinc was estimated as 0.16 ± 0.12,

0.19 ± 0.05 and 1.25 ± 0.12 µg/100 mg respectively.

The zinc content was lower in the ampulla and isthmus
of the follicular phase as compared to the ampulla and
isthmus of the luteal phase. The infundibulum of the fol-
licular phase showed higher zinc content (TABLE 1).

The quantity of copper was 0.07 ± 0.04, 0.56 ±

0.11 and 0.08 ± 0.03 µg/100 mg respectively in the
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and isthmus of the follicular phase was 0.49± 0.12, 0.46

± 0.05 and 0.03 ± 0.02 µg/100 mg respectively. The

oviductal segments of luteal phase has manganese con-
tent of 0.22 ± 0.03, 0.58 ± 0.09 and 0.41 ± 0.02 µg/

100 mg respectively. The manganese content was sig-
nificantly higher (p< 0.05) in the infundibulum of the
follicular phase as compared to the infundibulum of the
luteal phase. The variations between the follicular and
luteal phases of ampulla and isthmus were not statisti-
cally significant (TABLE 1).

DISCUSSION

During the present investigation different changes
in the trace elements in the fallopian tubes during folli-
cular and luteal phases of oestrous cycle of goat (Capra
hircus) were observed. The iron content was found
highest in the isthmus and ampullary segments during
the luteal phase of the estrous cycle. On the contrary,
higher value was observed during the follicular phase in
infundibular portion. During the late follicular phase,
there is maximum growth of this segment and concomi-
tant increase in the blood vascularity is maintained. It is
for this reason that the quantity of iron in the infundibu-
lum during the follicular phase is higher because of higher
estrogen level. Similar estrogen dependent increase in
iron content of ovarian follicles has already been re-
corded[24]. The higher level of iron in the luteal phase in
isthmus and ampulla is induced by the estrogen and it is
the synergestic effect of estrogen and progesterone that
improves the blood vascularity during the luteal phase
so as to ensure the secretory activity of the segment.

Therefore, it has been deduced that increase in the up-
take of blood components adds to the iron quantum of
the follicle as well as oviduct[25,26].

High quantity of zinc was observed during the luteal
phase in the isthmus and ampullary portions of the ovi-
duct. Zinc is closely associated with the secretory ac-
tivity and is an important ion that is associated with a
number of enzymes necessary for active metabolism.
Hagenfeldt et al.[27] has also reported elevated values
of zinc in human endometrium during secretory phase.
The estrogen and progesterone receptors are increased
in the ovary and oviduct under the influence of increased
estrogen and progesterone. Therefore, It has been de-
duced that there is an increase in the zinc content con-
comitant with the increasing levels of progesterone during
the luteal phase[4,28]. The variations observed in zinc
content of goat are correlated to hormonal changes[29],
regulation of activity or binding of selected hor-
mones[30,31]. The copper content was found maximum
in the ampullary segment during luteal phase which may
be due to elevating titers of progesterone. The values
were statistically non consistent in the follicular and luteal
phases in all the three segments. A strong relationship
exists between copper and reproductive hormones[32].
Increased levels of copper and zinc result in the higher
progesterone levels and lower estradiol levels in repeat
breeding as compared to normal cycling animals[33]. At
the site of fertilization, the quantity of free radicals is
higher. Therefore, it seems logical that ampullary and
isthmus segments during the luteal phase have higher
copper content to negate the free radicals and peroxi-
dases formed during fertilization[21].

oviductal segments of the follicular phase. During the
luteal phase, the copper content was 0.12 ± 0.05, 0.59

± 0.10 and 0.16 ± 0.02 µg/100 mg in the infundibulum

ampulla and isthmus respectively. The quantity of cop-
per was higher in all the three segments of the luteal

phase. The variations were statistically significant (p <
0.05) in the infundibulum and isthmus of follicular phase
but no significant variations were observed between the
ampulla of both the phases (TABLE 1).

The manganese content of infundibulum, ampulla

TABLE 1 : Changes in the concentration (ìg/100 mg) of trace elements (Fe, Zn, Cu and Mn) in the oviductal segments of

follicular and luteal phases of oestrous cycle in goat (Capra hircus).

*P<0.05 (t-test)

Infundibulum (Means±SEM) Ampulla (Means±SEM) Isthmus (Means±SEM) 
Trace Elements 

Follicular Phase Luteal Phase Follicular Phase Luteal Phase Follicular Phase Luteal Phase 

Fe 0.97±0.20* 0.83±0.18 0.74±0.14* 1.00±0.14 0.61±0.06* 1.28±0.06 

Zn 0.17±0.10 0.16±0.12 0.17±0.10* 0.19±0.05 0.62±0.09* 1.25±0.12 

Cu 0.07±0.04* 0.12±0.05 0.56±0.11 0.59±0.10 0.08±0.03* 0.16±0.02 

Mn 0.49±0.12* 0.22±0.03 0.46±0.05 0.58±0.09 0.03±0.02 0.41±0.02 
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Comparatively low levels of manganese were ob-
served during follicular phase which increased mildly
during luteal phase in ampullary and isthmus segments.
Hagenfeldt et al., (1970) have reported a relationship
of Mn with endometrial enzyme activities and suggested
an increase in the level of Mn at the time of implanta-
tion. However, Patek and Hagenfeldt[21] reported no
significant differences in the Zn and Mn. These varia-
tions are indicative of its utilization in enzyme activities
like bone and blood phosphatase, arginase required for
area formation and as an activator of carboxylase, cho-
line estrase, muscle adenosine triphosphatase and other
enzymes[34].

From the findings of the present study, it is con-
cluded that the oviduct is an active secretory organ that
maintains and modulates a dynamic fluid filled milieu in
which many crucial developmental events occur and
will be helpful in explaining the different bottle necks of
gamete interaction, maturation, fertilization and early
embryo development.
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