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ABSTRACT

Atotal of 210 ovaries were collected, of which 91 wgre helwing corpus luteun? and 119 were Withoyt
corpus luteum. The follicles of ovaries were classified in to three catggorles on the basis of its
diameter and the presence or absence of corpus luteum. Follicular fluid samp!es Were assayeq
using commercial kits for minerals and enzymes and electrolytes were e.stlmated by Flame
photometer. The number of all the three size of follicles of all the three categories was significantly
different (P < 0.05) on the ovaries with and without corpus luteum. '!'he vales of calcium, inorganjc
phosphorus and sodium in follicular fluid were non significantly increased from small to large
follicles where as the values of magnesium, acid phosphatase, alkaline phosphatase, lactate
dehydrogenase and potassium in follicular fluid were significantly (P < 0.05) decreased in the
ovaries with and without corpus luteum.
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The follicular fluid forms the minerals, enzymes and
electrolytes environment of the oocyte before
ovulation (Gosden et al., 1988 and Jézwik et al.,
2001) and is a vascular compartment within the
mammalian ovary, separated from the perifollicular
stroma by the follicular wall that constitutes a 'blood-
follicle barrier' (Okuda et al., 1982 and Bagavandoss
et al., 1983). Follicular fluid, is, in part, exudates of
serum and is in addition partially composed of locally
produced substances, which are related to the
metabolic activity of follicular cells (Gérard et al,
2002). This metabolic activity, together with the
"Panier" properties of the follicular wall, is changing
significantly during the growth phase of the follicle
(Wise, 1.9.87 and Gosden et al., 1988). Follicular fluid
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follicular development, oocyte maturation ang
follicular atresia (Mishra et al., 2003). Metaboli
activity and blood—follicle barrier properties change
during the growth phase of the follicle and hence a
different biochemical composition of the follicular
fluid in different size follicles could be expected.

MATERIALS AND METHODS

The present study was carried out on 210 Sur
buffalo ovaries collected from abattoir. Ovaries were
transported to the laboratory in 0.9 per cent chiled
(4°C) saline supplemented with GJ‘*“*""””i‘ﬁ’m.(50
mg/ml). The ovaries were washed twice with chiled
saline then cleaned with spirit or 70 per cent alcord
The ovaries were further classified as P€' lhi
presence or absence of corpus luteum. The ”umb:e
of ovaries were 119 and 91, respectivel the
follicles present on ovaries were classified c)I:j'urn
basis of diameter: (a) small (1 to 4 mm), (RINE :a ,.
(5to 8 mm) and (c) large (9 to 12 mm) (Ler.oy ° ore
2004, Parmar and Mehta 1990). The ovaries ™
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absenco of
calogorios
alipor. The

Spirated from all threa sjzq ol

follicles of ovaries with and
using a 22-ga

uge needle allached
syringe and was pooled ac
basis and collected in Separate eppendorf hos The
total follicular fluig collected from ovaries with cnlrpus
luteum was 18, 18 and 33 ml, respectively for small
medium and large size follicles and lhel
corresponding values for ovaries withouyt corpus
luteum were 9, 6 and g ML The follicular fluid
collected was made cell-free by centrifuging at 5°¢ at
1500 r.p.m. for 30 min. The aliquots of follicular fluid
were stored in a deep freezer (=20°C) till Minerals,
enzymes and electrolytes analysis. Follicular fluid
samples were assayed for minerals (calcium,
inorganic  phosphorus and magnesium) and
enzymes (acid phosphatase, alkaline phosphatase
and lactate dehydrogenase) estimated using BS-
120 Chemistry Analyzer where as the Electrolytes

(sodium and potassium) was estimated by Flame
photometer (Hawk etal., 1954),

o a1 ml plastic
cordingly on g woekly

RESULTS AND DISCUSSION

Follicular Development

A total of 210 ovaries were collected, of which 91
were having corpus luteum and 119 were without
corpus luteum. The total numbers of follicles present
on the above ovaries were 1158 and they were
distributed as per their size. The overall numbers of
follicles of different size irrespective of presence or
absence of corpus luteum on the ovaries. The mean
follicle numbers of three different size present on the
ovaries with and without corpus luteum was
significantly different. The mean of number of small
follicles (4.94 + 0.17) on ovaries with corpus luteum
was significantly higher than of their medium (0.69 +
0.08) and large (0.41 + 0.06) size follicles. The mean
of number of small follicles (3.98 + 0.17) on the
ovaries without corpus luteum was significantly
higher than there of medium (0.77 + 0.09) and large
(0.35+0.05) follicles.

The overall mean numbers of follicles per ovary was
significantly different among different size follicles
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slgnificantly highor number of small follicles (4.40 +
0.12) woro rocorod ns compared to medium (0.73 4
0.06) and larga (0.38 + 0.04) sizo follicles. The mean
ol numbor of the lollicles per ovary with or without
Corpus luteum in present study was found to be
higher than that reported by Parmar and Mehta
(1992). They reported that the mean of number of
small, medium and large size follicles per ovary was
1.34, 0.25, and 0.18 per ovary, respectively. The
overall mean of number of the follicles per ovary
Irrespective of with or without corpus luteum in the
present study was also found to be higher than that
reported by Makwana and Shah (2009) but lower
than that reported by Parmar and Mehta (1990),
Amer et al, (2008) and Singh and Shah (2010). Amer
et al. (2008) reported 6.8 follicles in type Il (without
corpus luteum), followed by 5.2 in type Il (regressed
corpus luteum) and 4.4 in type | (functional corpus
luteum) ovaries in buffalo.

The results showed that the buffaloes have less
number of follicles available on the ovaries. The
reason for the less number of primordial follicles in
buffaloes compared to cattle is not known, but it
could be due to a lower number of the original germ
cells, a lower rate of multiplication during the mitotic
divisions or an increased frequency of atresia,

especially during the fetal life (Samad and Nasseri,
1979).

Follicular fluid Minerals

Calcium

The mean calcium concentration in follicular fluid of
small, medium and large size follicles with and
without corpus luteum on the ovary was 7.59 + 0.25,
8.13£0.21 and 8.37 + 0.09 mg/dl and 7.57 + 0.23,
8.12+0.10and 8.39 + 0.23 mg/dl, respectively. The
calcium concentration of follicular fluid of all the three
size of follicles with and without corpus luteum was
not significantly different and increased with the
increase the size of follicle. The overall mean values
of calcium in follicular fluid of small, medium and
large size follicles was 7.57 + 0.17, 8.12 + 0.09 and
8.38 t 0.16 mg/dl, respectively. The calcium
concentration in follicular fluid of all the three size of
follicles was not significantly different and it
increased with the increase in the size follicle. The
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entration in follicutar fluid
+ 0.13 mg/d for

us luteum was present and
non significant among
concentration was

m conc

rall mean calciu
ove g/dl and 8.11

was 8.02 £ 0.13 m
ovaries in which corpus
absent, the difference bemgl
the group. The overall calcium
8.08+0.1mg/dl.

n significantly found to be
se in the diameter of follicle
ated well with the study of Wise

(1987) and Kaur et al. (1997). Increased calcmllm
concentration with follicutar deveiopment hgd arole
in steroidogenic capability of growing follicle aqd
calcium played an important role in gonadotro;?hun
requlation of ovarian steroidogenesis and ovulation.
Calcium ions are involved in the regulation of oocyte
and meiosis restoration at the beginning of oocyte
maturation. The calcium deposits were quickly
depleted after oocyte isolation from the follicle

(Marketa et al., 2002).

The calcium levels no
increased with the increa

such finding corre

Inorganic Phosphorus
The mean inorganic phosphorus concentration In

follicular fluid of small, medium and large size
follicles was 4.93+0.26,5.70 0.34and6.31£0.39
mg/dl and 4.63 £ 0.23, 594 +0.27 and 6.03 £ 0.19
mg/dl, respectively for ovaries with and without
corpus luteum. The inorganic phosphorus
concentration in follicular fluid of all the three size of
follicle with and without corpus Juteum was not
significantly different and itincreased as the follicular
diameter increased. The overall mean values of
inorganic phosphorus in follicular fluid of small,
medium and large size follicles was 4.75+0.17,5.86
+ 0.21 and 6.10 £ 0.17 mg/d|, respectively. The
overall mean of phosphorus concentration in
follicular fluid of all the three size of follicles was not
significantly different and had showed increasing
trend with the increase in the size of follicle. The
overall mean inorganic phosphorus concentration in
follicular fluid of follicles was 5.64 + 0.23 mg/dl and
5.64 1 0.15 mg/dl, respectively, for ovaries with and
without corpus luteum and the difference being non
significant. The overall inorganic phosphorus was
5.64+0.13 mg/dl.

T_he phosphorus concentration increased non
significantly as the follicular diameter increased in

Table 1 Distri i i i
Distribution of different size of follicles on ovaries with and without corpus luteum of buffal
of buffaloes.

Overall distribution of different size of
follicles irrespective of with or without CL

Ovaries without corpus luteum (n=119)

luteum (n = 91)

corpus

Ovaries having

on the ovaries (n = 210)
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Overall
Per cent
distribution

Overall Mean

Number of of number of

Overall

Per cent
distribution

Mean number

Number

Per cent
distribution

Mean number

Number

Follicles

of follicles/

of
Follicles

of follicles/

follicles/
ovary

follicles

ovary

ovary

follicles

79.79

924 4.40 £ 0.12%

77.96

a
494+ 017 81.82 474 3.98 +0.172

450

Small

13.38

15.13 155 0.73 + 0.64°

0.77 + 0.93P

92

11.45

0.69 + 0.082°

63

Medium

el (2

6.83

0.35 + 0.53°
o 79 0.38 + 0.04°€

42

C
0.41 £ 0.06 6.73

37

)

700

1158

100

608

100
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Overall

Mean + S.E
8.08+£0.19

8.24 +0.34
8.00 £ 0.23

Large
Follicles
6.47 + 0.23°
6.71+0.17°
6.65 + 0.14°

Potassium (mM/L)

Follicles

Medium
8.65 + 0.23P

Follicles

Small
9.7 +0.272

Overall

Mean £ S.E.
12973+ 067 969+0.19% 868+ i’.'i.20b

129.64 +1.16 9.62+ 0272 875 +0.40°
129.77 + 0.84

Large
Follicles
132.62 + 0.93P
132.62 + 0.75P

132.65 + 1.28°

k breeding season.
Sodium (mM/L)

Medium
Follicles
130.15 + 2.07°
127.85 + 1.54
128.62 + 1.23P

Small
Follicles
126.25 + 2.06°

without corpus luteum during pea
126.38 + 1.29°

Table 4 Electrolytes (Sodium (mM/L) and Potassium (mM/L)) in follicular fluid of buffaloes in relation to different follicle size of ovaries with and

With corpus

Ovaries
luteum
Without corpus 126.46 + 1.7
luteum
Overall
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present study was in agreement with ¢
Abd Ellah et al. (2010); Nangj o o he req
Mishra et al. (2003). The higher -
phosphorus in small follicleg com

Fatiq
; ar n
large ones irrespective of with Pared to ¢, Of

;i 0%g .
OF Wity ¢ n

luteum of ovar‘ies was in accordance with C%us
reports by Wise, (1987), Kayr ¢f al t Cari,
Bordoloi et al., (2001). Phosphorys % 1 i
involved in high energy bonds thay |in|:]0 "0 b
phosphate to carbon or tq carbon Dx}ces of
compounds (such as adenosine triphosph, oge,
Phosphorus is also intimately iny Ale, ATp

Olved jn iy

buffer systems of blood and other body fi; s 7 Se
ilv

etal, 1991).

Magnesium

The mean magnesium concentration in fo
fluid of small, medium and large size follicles
2.61+0.05, 2421 0.04 and 2.21 + 0,01 mEq/| an:
2.60 £ 0.07, 240 £ 0.02 and 2.22 + 0 g1 mEq|
respectively for ovaries having presence or absencé
of corpus luteum. The magnesium concentration of
follicular fluid of all the three size of follicles with ang
without corpus luteum was significantly differen and
it decreased with the increase diameter of
follicle.The overall mean values of magnesium in
follicular fluids of small, medium and large size
follicles was 2.60 £0.04, 2.41 +0.02 and 2.22 + 0.01
mEq/, respectively. The overall mean magnesium
concentration in follicular fluid of all the three size of
follicles was significantly different which decreased
with increase in follicular size. The overall mean of
magnesium concentration in follicular fluid of
follicles with corpus luteum (2.42 + 0.04 mEg/l) and
without corpus luteum (2.37 + 0.03 mEq/l) did not
differ significantly. The overall magnesium
concentration for both groups was 2.38 * 024
mEq/l.

"iCU[ar

In present study the magnesium level signiﬁcantly
decreased as the follicular diameter of the increasej
which these finding corroborate with study of Arsh2

et al. (2005) and Abd Ellah et al. (2010)in buffaloes
Magnesium acts as a co-factor in enzymal’
reactions and induces meiotic maturation 0

Xenopus oocytes (Belle et. al. 1986). Further o
concentrations of divalent cations (Mg 2"

Mean £ S.E.
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i resumption of meiosis, and the inhibitory
iohi ¢ of low Mg concentration is greater than that of
eﬁei;a (Jagiello et al., 1982). Low concentration of
oW “nd Ca in the IVM medium impaired
Velopmenta] competence, but. did not affect the
e ossion of nuclear maturation. On the other
I;,rogdr a high Mg concentration (2 mM) and high
han;é;a ratio (2:1) improved early embryo
Velopment because Mg regulates Cga
de costasis in zygotes (Lane et al. 1998), However,
hom asing Mg to 2 mM from 0.5 mMm improved
mcrempmenta' competence and hastened the
df:geresSiO“ of nuclear maturation, irrespective of the
ca concentration.

The higher concentration pf magnesium in the small
follicles could heip the mitosis c_af the follicular cells
ihrough the formation of tt_}rombm, a potent mitogen.
Magnesium could subst‘ltute calcium in thrombin
rormation under the condition of low Ca/Mg ratio that
exists in small follicles. As magnesium was
antagonistic to calcium, the decreased magnesium
with follicuiar development facilitated the calcium
action in large follicles (Kalmath, 2000).

Follicular fluid Enzymes
Acid phosphatase

The mean acid phosphatase concentration in
follicular fluid of small, medium and large size
follicles was 12.75 £ 0.16, 11.65 £ 0.41 and 10.31 +
0.44U/Land 12.64 £0.28, 11.56 £ 0.29 and 10.14 +
0.26 U/L, respectively for ovaries having presence
and absence of corpus luteum. The acid
phosphatase concentration in follicular fluid on all the
three size of follicles in both groups was significantly
different and was decreased as the follicular
diameter increased. The overall mean values of acid
phosphatase in follicular fluids of small, medium and
large size follicles was 12.68 +0.18, 11.59 + 0.23 and
10.19 + 0.22 U/L, respectively, the difference being
significant among the different size of follicles. The
acid phosphatase concentration decreased with the
increase in the follicular diameter. The overall mean
acid phosphatase levels in follicular fluid was 11.56 +
030 U/L and 11.16 + 0.22 UL respectively for both
group, the difference being non significantly. The

Overall acid Phosphatase levels for both group was
1.29+0.18 U/,

MINERALS, ENZYMES AND ELECTROLYTES PROFILES

The present finding of the acid phosphatase
concentration which significantly decreased with the
increase in the follicular diameter was in agreement
with study of Wise (1987) and Kalmath and Ravindra
(2007) in buffaloes. Acid phosphatases are
lysosomal enzymes which catalyze various
reactions and involved in the active transport of
Phosphates across the cell membrane, synthesis of

protein and DNA turnover in nucleus (Mishra et al.,
2003).

Alkaline phosphatase

The mean alkaline phosphatase concentration (U/L)
in follicular fluid of small, medium and large size
follicles was 293.24 + 3.44, 29051 + 3.59 and
225.02 +3.65 and 307.47 +8.41,250.39 1+ 4.48 a‘nd
239.22 + 9.77 for both the groups of ovaries
respectively. The alkaline phosphatase
concentration in follicular fluid of all the three size of
follicles of ovaries with and without corpus luteum
was significantly different and it decreased as the
follicular diameter increased. The overall mean
values of alkaline phosphatase in follicular fluid of
small, medium and large size follicles was 300.68 +
549, 26467 + 7.1 and 23543 + 7.28 UIL,
respectively which decreased as the follicular size
increased. It differences was significantly among the
diameter of follicles. The overall mean alkaline

phosphatase concentration in follicular fluid was
26744 + 799 U/L and 25994 + 6.73 U/L,

respectively for presence and absence of corpus
luteum on the ovaries, the difference being non
significant. The overall alkaline phosphatase for
both the group of ovaries was 262.37 + 5.22 U/L. The
finding of alkaline phosphatase level for both the
group of ovaries was significantly with the
decreased in follicular diameter increased which
was in close proximity with the results of Wise,
(1987). Alkaline phosphatases are lysosomal
enzymes which catalyze various reactions and
involved in the active transport of phosphates across

the cell membrane, synthesis of protein and DNA
turnoverin nucleus (Mishra et al. 2003).

The higher alkaline phosphatase activity in the initial
stages of follicular development might be due to
progesterone and androgen dominant environment
that exits in the small follicle, in that a higher



PARMAR ET AL

n of progesteroné and ar\(.jrogen E:;:s

be conducive 0 phosphatase activity (I?ase "

2000). The activity of alkaline phosp#;a a}omde

follicuiar fluid with the deve!ipn;e”r:tc Lc:I; rt heo o
hift in the fo

decreased due to the s ‘ e

milieu from androgen to estrogen dominant follicl

concentratio

Lactate dehydrogenase o
The mean lactate dehydrogenase concentration In

follicular fluid of small, medium and large size
follicles with and without corpus luteum on the ovar:f
was 319.04 £ 7.12, 281.45+ 7.16 and 2275173
U/L and 320.64 + 0.82, 268.45 + 6.56 and 23543
7.63 U/L, respectively. The lactate dehydroggnase
concentration of follicular fluid of all the three size of
follicles with and without corpus luteum was
significantly different and decreased with the
increase in the size of follicle. The overall mean
values of lactate dehydrogenase in follicular fluid of
small, medium and large size follicles was 320.36
6.94, 27279 + 508 and 23332 + 59 UL,
respectively. The lactate dehydrogenase
concentration in follicular fluid of all the three size of
follicles was significantly different and it decreased
with the increase in the size of follicle. The overall
mean of lactate dehydrogenase concentration in
follicular fluid was 275.83 + 9.51 U/L and 266.28 +
7.10 U/L for ovaries in which corpus luteum was
presence and absence, the difference being non
significant among the group. The lactate
dehydrogenase concentration was 269 +5.69 U/L.

In present study the lactate dehydrogenase
concentrations significantly found to be decreased
with the increase in the diameter of follicle such
finding correlated well with the study of Wise (1987)
and Abd Ellah et al. (2010) in buffaloes. The higher
serum lactate dehydrogenase activity indicated that
there was an inward movement of the lactate
dehydrogenase from serum to the follicular fluid as
reported by Abd Ellah et af (2010). Increased activity
of lactate dehydrogenase (LDH) in follicular fluid in
smgll follicles indicated early follicular degeneration
(Wise, 1987). This Suggested that as the follicle

degenerated, there were distinct biochemical
changes that accompanied the degenerative
processes, Isoenzyme analysis of |actate
dehydrogenase activity in fol|

icular fluid might

[GAU Research Journg
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increase the accuracy and Sensitiyit
dehydrogenase for a biological atresig laqate
ovine follicles (Nandi etal., 2007). Arkgr h

Follicular fluid Electrolyte

Sodium

The mean sodium concentration in follicula, flyi
small, medium and large size follicleg Was 126u|d
2.06, 130.15 £ 2.07 and 132,65 + 128 mMILQSi
126.46+1.7,127.85+1.54 and 1?»2_{52“}_93 mh:nd
respectively for ovaries with ang Withoyt e I,
luteum. The sodium concentration in fo"iCUIarﬂUidus
all the three size of follicles was not Si@ﬂiﬁcam?f
different and it increased as the follicya, diameg
increased. The overall mean valyes of Sodium ir:
follicular fluid of small, medium ang large iz
follicles was 126.38 + 1.29, 12862 & 128 4
132.62 + 0.75 mM/L, respectively. The overg, Mean
of sodium concentration in follicular fluid of all the
three size of follicles was not significantly different
and had showed increasing trend with the increase
in the size of follicle. The overall mean of sodium
concentration in follicular fluid of follicles was 129,64
+1.16 mM/L and 129.77 + 0.84 mM/L respectively
for ovaries with and without CL, the difference being
non significant. The overall sodium concentration
was 129.73+0.67 mM/L.

The sodium levels non significantly increased as the
follicular size increased in present study corroborate
well with the study of Arshad et al. (2005), Wise,
(1987) and Kaur et al. (1997). Increased follicular
fluid sodium concentrations were related to follicle
viability and were linked to the active
follicular synthesis of estrogen. A compound with
potent sodium retention action, 19
hydroxyandrostenedione, was found in large
concentrations in the large follicles (Wise, 1987)
Enlargement of the follicle dimension with folliculé
growth was largely due to the movement of watef
from blood to antrum, a process that requires o
osmotic gradient across the follicular wall. TUS:
increased sodium concentration in large foj_'ides
could create an osmotic gradient across the follicula"
wall to facilitate osmosis (Sharma et al., 1995)-

Potassium .
. : U
The mean potassium concentration in follicular
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of small, medium and large size follicles was 9.62 +
0.27. 8.75+ 0.40 and 6.47 + 0.23 mM/L and 9.7 +
0.27.8.65+0.23and 6.71 £0.17 mMI/L, respectively

' for ovaries having corpus luteum and without corpus
juteum. The potassium concentration in all the three
size of follicles for both the group was significantly
different and it decreased with the increased
follicular diameter. The overall mean values of
potassium in follicular fluid of small, medium and
large size follicles was 9.69+0.19. 868 + 0.20 and
6.65 + 0.14 mMI/L, respectively. The difference being
significant and it decreased with the increase in the
follicular size. The overall mean of potassium
concentration of follicular fluid was 8.24 + 0.34 mM/L
and 8.00 + 0.23 mM/L for ovaries bearing corpus
juteum and without corpus luteum, the difference
being non significant. The overall potassium value
for both the groupwas 8.08 +0.19 mM/L.

In present study the potassium concentration
significantly decreased as the follicular size
increased. Similar finding was results of lwata et al.
(2004); Leroy et al (2004); and Abd Ellah et al.
(2010). The decreased concentration of follicular
fluid potassium with follicular development could be
due to the increased use of glucose by developing
follicles, a process that leads to transfer of potassium
ions from extracellular to intracellular (Chang et al.,
1976). The concentration gradient of potassium
between serum and follicular fluid suggests an active
inward transport of the cation and is involved in local
metabolism (Gosden et al., 1988).

CONCLUSION
Calcium, inorganic phosphorus and sodium non
significantly increased in the follicular fluid of small to
large follicles in both with and without corpus luteum
of ovaries. The concentration of magnesium, acid
phosphatase, alkaline phosphatase, lactate
dehydrogenase and potassium significantly (P <
0.05) decreased in the follicular fluid of small to large
follicles in both with and without corpus luteum of
ovaries. The result of present study suggested that
the oocyte and the granulosa cells of ovarian follicles
of buffalo grow and mature in a changing minerals,

enzymes and electrolytes from small to large
follicles.
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