
 Volume  Issue 1

BF-2024
[1-6]

 RESEARCH ARTICLE                                                                                                                                     Indian Journal of Animal Research

Metabolites Comparison between Serum and Follicular Fluid
of Small, Medium and Large Follicles of Camels with Active
Ovaries
A.A. Mohammed1, I. AlGherair1, S. Al-Suwaiegh1, A.M. Ali2, M.A. Mohammed3             10.18805/IJAR.BF-2024

ABSTRACT
Background: Camel follicular fluid is a complex biofluid that provides the microenvironment for oocyte development and maturation.
The aims of current study were to compare serum metabolites with follicular metabolites of small, medium and large follicles of she-
camels.
Methods: Thirty pairs of active ovaries were chosen from non-pregnant she-camels aged 9-16 years old in addition to 10 blood
samples after slaughetr. Ovarian follicles were classified into small (< 0.5 cm), medium (0.5-8.0 cm) and large follicles (0.9-2.0 cm).
Follicular fluid was aspirated using a syringe with 18-g needle. Biochemical analyses were carried out of serum and follicular fluid
samples using biochemistry analyzer (Skyla VB1) and digital analyzer (ZEALSON).
Result: The results showed that serum had higher total protein concentration compared to follicular fluid across all follicle sizes
versus urea and creatinine values. Glucose values were the highest in serum group if compared to follicular fluid of all follicle sizes.
In addition, glucose values were increased progressively of small FF, medium FF and large FF groups, respectively. The serum group
had the highest HDL and triglycerides values compared to follicular fluid of all follicle sizes’ groups. Higher AST values were found
in small FF, medium FF and large FF groups compared to the serum group whereas the highest ALT value was found in small FF
group.
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INTRODUCTION
Folliculogenesis is ovarian follicles’ development by which
the primordial follicles in the ovarian cortex develop further
into pre-ovulatory follicles, which are capable of ovulation
(Feng et al., 2017; Yang et al., 2020; Mohammed et al.,
2024 a,b). This complex process is essential for female
fertility and is regulated by a delicate interplay of hormones
(Hood et al., 2023; Wang et al., 2025). The stages of ovarian
follicle development includes primordial follicle, primary
follicle, secondary follicle, antral follicle, pre-ovulatory
follicle (Cox and Takov, 2023). Primordial follicle consists
of a primary oocyte surrounded by a single layer of flattened
granulosa cells. Primary follicle is triggered to develop from
the primordial pool, oocyte grows and the surrounding
granulosa cells become cuboidal and start to proliferate
(Orozco-Galindo et al., 2025). Secondary follic le is
characterized by multiple layers of granulosa cells and
small fluid-filled spaces (Wang and Yang, 2025). In antral
follicle, the small fluid-filled spaces coalesce to form a
large cavity called the antrum, filled with follicular fluid and
the oocyte is located eccentrically within the follicle,
surrounded by a layer of granulosa cells called the cumulus
oophorus (Morikawa et al., 2022). The follicle continues to
grow and becomes increasingly dependent on hormonal
stimulation (Jinno, 2025). Pre-ovulatory follicle is the largest
ovarian follicles with large antrum and primary oocyte
completed first meiotic division to become secondary
oocyte (Holesh et al., 2023).

Follicular fluid is a complex biofluid that provides the
microenvironment for oocyte development, oocyte
maturation and further embryonic development
(Mohammed et al., 2005; Ali et al., 2007; Zia-Ur-Rahman
et al., 2008; Yang et al., 2023). Its composition is similar to
blood plasma but not identical and it contains various
substances crucial for follicle growth, oocyte maturation
and ovulation (Pan et al., 2024). Follicular fluid contains
nutrients including glucose, amino acids, lipids and various
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metabolites, which are essential for the growth and
development of the oocyte (Mohammed et al., 2019a,b;
Shahzad et al., 2024).

Research continues to unravel the intricate
composition of follicular fluid and the precise roles of its
various components, holding promise for improving our
understanding of fertility and enhancing assisted
reproductive technologies (Mohammed and Kassab 2014;
Mohammed et al., 2011, 2019 a,b; Pan et al., 2024).
Because the limited developmental competence of camel
oocytes in vitro compared to those of ruminant species,
further studies are still required through exploring follicular
fluid composition and improving culture conditions using
follicular fluid. Therefore, the aims of the current study were
to compare the camel serum metabolites with those of
follicular fluid obtained from small, medium and large
follicles in active status.

MATERIALS AND METHODS
Ethical approval was not required for this study because
blood samples and ovaries were recovered at the time of
slaughtering from she-dromedaries. This study was carried
out from January to May 2025 at Al-Ahsaa region. The
samples and experimental analyses were processed in
the laboratory of animal and fish department of the
agriculture and food sciences college at king faisal university.

Ovarian and blood samples collection
Thirty pairs of ovaries were obtained from non-pregnant
she-camels aged 9-16 years old in addition to 10 blood
samples after slaughter. Ovarian tissues and blood
samples were stored in a cooler and transported to the
laboratory within one hour of slaughtering. Ovarian follicles
were classified into small ( 0.5 cm), medium (0.5-8.0 cm)
and large follic les (0.9-2.0 cm). Follicular fluid was
aspirated using a syringe with 18-g needle. Blood samples
were centrifuged for 10.0 min at 2000 g and the collected
serum and follicular fluid were kept at -20C until further
analysis.

Biochemical analyses
Biochemical analyses were carried out on serum and
follicular fluid samples. The obtained serum and follicular
fluid samples were analyzed using biochemistry analyzer
(Skyla VB1). The resulting biochemistry profiles include
total protein (g/dl), urea (mg/dl), creatinine (mg/dl), glucose
(mg/dl), aspartate Aminotransferase (U/l), alanine
Aminotransferase (U/l), lactate dehydrogenase (U/l), iron
(µg/dl). values. In addition, high-density lipoprotein (mg/dl)
and triglycerides (mg/dl) values were recorded using digital
analyzer (ZEALSON).

Statistical analysis
Biochemistry values of serum and follicular fluid of small,
medium and large follicles were statistically analyzed using
General Linear Model procedure of one way ANOVA (SAS
2008) according to the following model:

Yij = μ + Ti+ eij

Where
μ = Mean.
Ti = Effects of serum and follicular fluid of small, medium

and large.
Eij = Standard error.

Duncan’s multiple range test (1955) was used to
compare between means of control and follicular fluid of
small, medium and large groups.

RESULTS AND DISCUSSION
The results of comparing serum metabolites with those of
follicular fluid obtained from small, medium and large
ovarian follicles of she-camels are presented in Table 1.

There were significant differences between serum and
FF groups in total protein values (p0.0001). The total
protein values were significantly decreased with increasing
follicle’ size. The serum group had the highest total protein
value, followed by values of small FF, medium FF and large
FF groups, respectively. Urea and creatinine parameters
showed the highest levels in the small FF group compared

Table 1: Metabolites comparison between serum and follicular fluid of small, medium and large follicles of camels with active ovaries.

Parameters Serum Small FF Medium FF Large FF SE P value

Total protein, g/dl 6.31a 5.45b 4.96c 4.2d 0.24 0.0001
Urea, mg/dl 17.16d 56.0a 44.6b 34.5c 1.41 0.0001
Creatinine, mg/dl 1.18c 2.40a 1.56b 1.25c 0.30 0.0001
Glucose, mg/dl 112.5a 49.0d 69.66c 97.83b 6.98 0.0001
HDL, mg/dl 57.50a 51.5b 48.0c 44.0d 1.14 0.001
Triglycerides, mg/dl 44.50a 15.80b 15.50c 15.30d 0.13 0.0001
Aspartate aminotransferase, U/l 60.20b 81.83a 79.66a 76.5a 10.76 0.0001
Alanine aminotransferase, U/l 43.3b 62.83a 44.66b 35.0b 3.07 0.0001
Lactate dehydrogenase, U/l 553.3a 542.0a 390.6b 374.0b 9.66 0.0001
Iron, µg/dl 213.0 204.0 199.3 210.5 17.56 0.06
a,b, Values between groups with different superscripts significantly differ at P0.05.
SE: Standard error, Small FF: Follicular fluid from <0.5 cm follicle, Medium FF: Follicular fluid from 0.9-2.0 follicle, Large FF: Follicular fluid
from 0.5-8.0 cm follicle.
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to the lowest levels in serum group. Urea and creatinine
levels then progressively decreased with increasing follicle
size but they were still higher than serum group values.
The serum group had the highest glucose level compared
to lowest level in small FF group, which then progressively
increased in the medium FF and large FF groups. Both
HDL and triglycerides values were highest in the serum
group and FF groups showed a significant decrease as
follicles’ size increased. AST levels were significantly higher
in the small FF, medium FF and large FF groups compared
to the serum group. In addition, ALT levels were highest in
the small FF group compared to those of serum, medium
FF and large FF groups. Furthermore, serum and FF small
groups had the highest LDH levels compared to those of
medium FF and large groups. No significant differences
among serum and FF groups in iron values.

The follicular fluid biochemical metabolites of ovarian
follicles are essential for oocytes’ maturation and further
fertilization processes. Hence, the changes of these
metabolites may affect oocytes’ growth and quality. Results
of the present experiments are shown in Table 1 to compare
the metabolites of serum versus follicular fluid collected
from small, medium and large camel follicles. Collectively,
the obtained results indicated differences between serum
versus follicular fluid metabolites. Follicular fluid is a
complex mixture derived from both transudation of serum
across the blood-follicle barrier and secretions from
follicular cells (Abdulrahman Alrabiah et al., 2022). It
contains proteins, amino acids, sugars, enzymes,
hormones, growth factors and other molecules crucial for
oocyte development (Mo et al., 2023; Pytel et al., 2024;
Mohammed and Alshaibani 2025). In addition, the
metabolic properties of blood-follicle barriers changed
significantly during follicle growth and development.

Total protein
The serum group had the highest total protein values
(p0.0001), followed by values of small FF, medium FF
and large FF groups, respectively. Consequently, the total
protein values were significantly decreased with increasing
follicle’ size. The total protein values in serum and follicular
fluid are related but distinct, reflecting different physiological
compartments and functions. In camels, the normal range
for total protein in serum is typically 6.0 to 8.3 g/dL
(Mohammed and Mahmoud, 2011; Dowelmadina et al.,
2012). Serum total protein levels are used to assess
general health status and can be affected by various
conditions, including liver disease, kidney disease,
malnutrition, dehydration and inflammatory conditions
(Abdoslam et al., 2018). The blood-follicle barrier regulates
the passage of molecules from serum into the follicular
fluid. This barrier is selective, meaning that not all serum
molecules pass through equally. Smaller proteins tend to
have higher concentrations in follicular fluid relative to
serum compared to larger proteins (Paes et al., 2020). A
decrease in total protein concentration as follicles grow
larger might be due to utilization by follicular cells or changes
in barrier permeability (Pan et al., 2024).

Urea and creatinine
Urea and creatinine parameters showed the highest levels
in the small FF group compared to the lowest levels in
serum group. Urea and creatinine levels then progressively
decreased with increasing follicle size but they were still
higher than serum group values as indicated in other
studies (Nandi et al., 2007; Mohammed and Mahmoud
2011; Aller et al., 2013; Nandi et al., 2016). Urea is a small,
water-soluble molecule that is the primary nitrogenous
waste product in mammals (Weerakoon et al., 2023).
Because of its small size, urea can readily diffuse across
biological membranes, including the blood-follicle barrier.
The differences could be attributed to dilution effect and
metabolic activity of ovarian follicles (Baker and Wolfe,
2020). Larger follicles contain a greater volume of follicular
fluid. Furthermore, smaller follicles might have a relatively
less efficient mechanism for the clearance or exchange of
these waste products compared to larger, more developed
follicles with potentially better vascularization or transport
systems (Zhu et al., 2023). Urea concentrations were higher
in fluid aspirated from de­veloping follicles than in serum,
most likely due to active transport or local urea synthesis
by follicular cells (Nandi et al., 2007; Aller et al., 2013). The
values of creatinine in serum and follicular fluid are related
due to the exchange of substances between the blood and
the follicular environment, but their concentrations were
increased in follicular fluid due to follicle metabolic activity
and specific fluid dynamics within the follicle (Bekkouche
et al., 2022).

Glucose
The current finding recorded that serum group had the
highest glucose level compared to lowest level in small FF
group, which then progressively increased in the medium
FF and large FF groups. Serum and follicular fluid glucose
levels are related, as glucose is a small molecule that can
cross the blood-follicle barrier. However, the concentrations
in each ovarian follicle sizes were differed and influenced
by various factors. Glucose in follicular fluid originates from
the blood plasma via transport across the blood-follicle
barrier. It is also utilized by the cells within the follicle (oocyte,
granulosa cells and theca cells) for energy and metabolic
processes. Generally, the glucose concentration in follicular
fluid is lower than that in serum. Studies across different
species, including humans, buffaloes, cows, sheep and
she-camels have reported follicular fluid glucose levels
ranging from 30% to 80% of the corresponding serum
glucose levels (Leroy et al., 2004; Arshad et al., 2005; El-
Bahr et al., 2015). Glucose enters the follicular cells via
glucose transporter (GLUT) proteins. GLUT1 and GLUT4
are among the transporters found in ovarian tissues
(Nishimoto et al., 2006). Some studies have observed that
glucose levels in follicular fluid increase with increasing
follicle size in species like buffaloes and camels, while
other studies have not found a significant correlation or
have reported variable results (El-Bahr et al., 2015). The
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increased volume of follicular fluid in large follicle may be
attributed to a decrease in glucose values involved in
metabolic activities. This result might be attributed to
decrease in metabolic processes in large follicles.
High-density lipoprotein and triglycerides
Both HDL and triglycerides values were highest in the
serum group and FF groups showed a significant decrease
as follicles’ size increased. This finding could suggest a
potential relationship between follicle development and
lipid metabolism. Different stages of follicle development
have varying metabolic demands that influence HDL and
triglycerides levels. Factors within the follicular fluid or local
production by follicles of different sizes could affect HDL
and triglycerides concentrations in the surrounding
environment or systemically (Arias et al., 2022). As follicles
mature and grow, there might be a greater utilization or
lower transport of HDL and triglycerides into the follicular
fluid. The changing metabolic needs or the composition of
the follicular fluid during different stages of follic le
development could influence HDL and triglyceride levels.

Aspartate and alanine aminotransferases and lactate
dehydrogenase
Aspartate aminotransferase levels were significantly higher
in the small FF, medium FF and large FF groups compared
to the serum group. In addition, ALT levels were highest in
the small FF group compared to those of serum, medium
FF and large FF groups. Furthermore, serum and FF small
groups had the highest LDH levels compared to those of
medium FF and large groups. Similar AST values were
found in serum and follicular fluid of dromedary camel
breeds (Bekkouche et al., 2022). The role of AST in follicular
fluid is not fully understood, but it is involved in amino acid
metabolism, specifically the reversible transfer of an α-
amino group between aspartate and glutamate (Holeček,
2023). The higher concentrations of AST and ALT in follicles
may suggest that aspartic and glutamine might be
important during the stages of ovarian follicular
development. The serum and FF small groups had the
highest LDH levels compared to medium FF and large
groups. Lactate dehydrogenase is an enzyme played a
crucial role in anaerobic glucose metabolism and
converting pyruvate to lactate. LDH is present in ovarian
follicular fluid, originating from serum transudation and
the metabolic activity of follicular cells and the oocyte. LDH
in follicular fluid plays a role in the metabolic environment
of the developing oocyte and may serve as an indicator of
follicular health. Iron value is comparable in both serum
and follicular fluid groups.

CONCLUSION
In conclusion, integrated analysis of both serum and
follicular fluid matrices provides a more comprehensive
understanding of fertility and this might be helpful  for
improving camel oocyte maturation and further embryo
development in vitro.

ACKNOWLEDGEMENT
The authors express their sincere gratitude to the deanship
of scientific research at king faisal university for their funding
(KFU252382).

Funding
The authors want to thank and acknowledge deanship of
scientific research, king faisal university, Saudi Arabia for
funding and support (KFU252382).

Disclaimers
The views and conclusions expressed in this article are
solely those of the authors and do not necessarily represent
the official stance of their affiliated institution.

Informed consent
Ethical approval of scientific research deanship committee
of king faisal university (ETHICS3145).

Conflict of interest
The authors have no conflicts of interest to disclose.

REFERENCES
Abdoslam, O., Bayt-Almal, M., Almghrbe, A., Algriany, O. (2018).

Serum protein electrophoretic pattern in one-humped
camels (Camelus dromedarius) in Tripoli, Libya. Open
Veterinary Journal. 8(1): 1-4.

Abdulrahman Alrabiah, N., Simintiras, C.A., Evans, A.C.O., Lonergan,
P., Fair, T. (2022). Biochemical alterations in the follicular
fluid of bovine peri-ovulatory follicles and association
with final oocyte maturation. Reproduction and Fertility.
4(1): e220090.

Aller, J.F., Callejas S.S., Alberio, R.H. (2013). Biochemical and steroid
concentrations in follicular fluid and blood plasma in
different follicular waves of the estrous cycle from normal
and superovulated beef cows.  Animal Reproduction
Science. (142): 113-120.

Ali, S., Ahmad, N., Akhtar, N., Zia-ur-Rahman and Noakes, D.E. (2007).
Metabolite contents of blood serum and fluid from small
and large sized follicles in dromedary camels during the
peak and the low breeding seasons. Animal Reproduction
Science. 108(3-4): 446-456.

Arias, A., Quiroz, A., Santander, N., Morselli, E., Busso, D. (2022).
Implications of high-density cholesterol metabolism for
oocyte biology and female fertility. Frontiers in Cell and
Developmental Biology. 10: 941539.

Arshad, H.M., Ahmad, N., Samad, H.A., Akhtar, N. and Ali, S. (2005).
Studies on some biochemical constituents of ovarian
follicular fluid and peripheral blood in buffaloes. Pak. Vet.
J. 25(4): 189-193.

Baker, L.B., Wolfe, A.S. (2020). Physiological mechanisms determining
eccrine sweat composition. European Journal of Applied
Physiology. 120(4): 719-752.

Bekkouche, A., Miroud, K., Mimoune, N., Benamor, B., Kaidi, R. and
Benaissa, M.H. (2022). Follicular fluid and serum biochemical
and hormonal profiles of normal and cystic dromedary
camel breeds. Veterinary World. 15(11): 2511-2516.

Cox, E., Takov, V. (2023). Embryology, Ovarian Follicle Development.
StatPearls [Internet], Last Update: August 14, 2023.

Metabolites Comparison between Serum and Follicular Fluid of Small, Medium and Large Follicles of Camels with Active Ovaries



 Volume  Issue 5

Dowelmadina, M., Elamin, K.M., Mousa, H.M. (2012). Evaluation of
some serum constituents of camel during and post colostral
period. International Journal of Livestock Research.
2(1): 1-11.

Duncan, D.B. (1955). Multiple range and multiple Ftest. Biometrics.
11: 1.

El-Bahr, S.M., Ghoneim, I.M. and Waheed, M.M. (2015). Biochemical
and hormonal analysis of follicular fluid and serum of
female dromedary camels (Camelus dromedarius) with
different sized ovarian follicles. Animal Reproduction
Science. 159: 98-103.

Feng, Y., Cui, P., Lu, X. Hsueh, B., Billig, F.M., Yanez, L.Z., Tomer, R.,
Boerboom, D.,  Carmeliet, P., Deisseroth, K., Hsueh, A.J.W.
(2017). CLARITY reveals dynamics of ovarian follicular
architecture and vasculature in three-dimensions. Scientific
Reports. 7: 44810.

Holeček, M. (2023). Aspartic Acid in Health and Disease. Nutrients.
15(18): 4023.

Holesh, J.E., Bass, A.N., Megan Lord, M. (2023). Physiology, Ovulation.
StatPearls [Internet], Last Update: May 1, 2023.

Hood, R.B., Liang, D., Tan, Y., Ford, J.B., Souter, I., Chavarro, J.E.,
Jones, D.P., Hauser, R., Gaskins, A.J. (2023). Serum
and follicular fluid metabolome and markers of ovarian
stimulation. Human Reproduction. 38(11): 2196-2207.

Leroy, J.L.M., Vanholder, T., Delanghe, J.R., Opsomer, G., Van Soom,
A., Bols, P.E.J. and De Kruif, A. (2004). Metabolite and
ionic composition of follicular fluid from different-sized
follicles and their relationship to serum concentrations
in dairy cows. Animal Reproduction Science. 80(3-4):
201-211.

Mo, L., Ma, J., Xiong, Y., Xiong, X., Lan, D., Li, J. and Yin, S. (2023).
Factors influencing the maturation and developmental
competence of yak (Bos grunniens) Oocytes in vitro.
Genes. 14(10): 1882.

Mohammed, A.A., Alshaibani, N. (2025). The potential impacts of
assisted reproductive techniques in camel development
and future prospects: A Review. Indian Journal of Animal
Research. 59(2): 185-191. doi: 10.18805/IJAR.BF-1875.

Mohammed, A.A., Al-Suwaieg, S., AlGherair I., Mohammed, A., Mohammed,
A. (2024a). The potential impacts of selecting viable
oocytes on further embryonic development in mammals:
A Review. Indian Journal of Animal Research. 58(9):
1435-1443. doi: 10.18805/IJAR.BF-1789.

Mohammed, A.A., Al-Suwaiegh, S., Al-Gherair, I., Al-Khamis, S.,
Al-Awaid, S., Al-Sornokh, H., Alhujaili W.F., Mohammed,
A., Mohammed, A. (2024b). Morphological characteristics
of ovarian tissues and follicular fluid metabolites of female
lambs and ewes in subtropics. Indian Journal of Animal
Research. 58(5): 791-796. doi: 10.18805/IJAR.BF-1756.

Mohammed, A.A., Al-Suwaiegh, S., Al-Shaheen, T. (2019a). Effects
of follicular fluid components on oocyte maturation and
embryo development in vivo and in vitro. Advances Animal
Veterinary Sciences. 7(5): 346-355.

Mohammed, A.A., Al-Shaheen, T., Al-Suwaiegh, S. (2019b). Changes
of follicular fluid composition during estrous cycle: The
effects on oocyte maturation and embryo development
in vitro. Indian Journal of Animal Research. 54(7): 797-
804. doi: 10.18805/ijar.B-1030.

Mohammed, A.A., Kassab, A.Y. (2014). Metabolic changes in blood
and ovarian follicular fluid in baladi goats as affected by
storage time duration. Egyptian Journal of Animal Production.
52(1): 47-54.

Mohammed, A.A., G.A.A., El-Hafiz, H.M., Ziyadah (2011). Changes
of follicular fluid composition in relation to dietary urea
level and follicle size during follicular and luteal phases
in Saidi Ewes. Theriogenology Insight. 1(1): 31-42.

Mohammed, A.A., Karasiewicz, J., Papis, K., Modlinski, J.A. (2005).
Oocyte maturation in the presence of randomly pooled
follicular fluid increases bovine blastocyst yield in vitro.
Journal of Animal and Feed Sciences. 14(3): 501.

Mohammed, A.A., Mahmoud, G.B. (2011). Some reproductive parameters
of growing, adult non-pregnant and pregnant she camel
slaughtered in assiut governorate. Egyptian Journal
Animal Production. 48: 75-84.

Morikawa, R., Kyogoku, H., Lee, J., Miyano, T. (2022). Oocyte-
derived growth factors promote development of antrum-
like structures by porcine cumulus granulosa cells in
vitro. Reproduction, Fertility and Development. 68(4):
238-245.

Nandi, S., Gupta, P.S.P., Mondal, S. (2016). Ammonia concentrations
in different size classes of ovarian follicles of sheep
(Ovis aries): Possible mechanisms of accumulation and
its effect on oocyte and granulosa cell growth in vitro.
Theriogenology. 85(4): 678-687.

Nandi, S., Kumar, V.G., Manjunatha, B.M., Gupta, P.S. (2007). Biochemical
composition of ovine follicular fluid in relation to follicle
size. Development, Growth and  Differentiation. 49(1):
61­66. 

Nishimoto, H., Matsutani, R., Yamamoto, S., Takahashi, T., Hayashi,
K.G., Miyamoto, A., Hamano, S., Tetsuka, M. (2006). Gene
expression of glucose transporter (GLUT) 1, 3 and 4 in
bovine follicle and corpus luteum. Journal Endocrinology.
188(1): 111-9.

Orozco-Galindo, B.V., Sánchez-Ramírez, B., González-Trevizo,
C.L., Castro-Valenzuela, B., Varela-Rodríguez, L., Burrola-
Barraza, M.E. (2025). Folliculogenesis: A cellular crosstalk
mechanism. Current Issues in Molecular Biology. 47(2):
113.

Paes, V.M., de Figueiredo, J.R., Ryan, P.L., Willard, S.T., Feugang,
J.M. (2020). Comparative analysis of porcine follicular
fluid proteomes of small and large ovarian follicles. Biology
(Basel). 9(5): 101.

Pan, Y., Pan, C., Zhang, C. (2024). Unraveling the complexity of
follicular fluid: Insights into its composition, function and
clinical implications. Journal of Ovarian Research. 17(1):
237.

Pytel, A.T., Żyżyñska-Galeńska, K., Gajewski, Z., Papis, K. (2024).
Factors defining developmental competence of bovine
oocytes collected for in vitro embryo production†. Biology
Reproduction. 111(1): 1-10.

SAS. (2008). SAS user’s guide: Basics. Statistical Analysis System
Institute, Inc., Cary, NC, USA.

Shahzad, M., Cao, J., Kolachi, H. A., Ayantoye, J. O., Yu, Z., Niu,
Y., Wan, P. and Zhao, X. (2024). Unravelling the signature
follicular fluid metabolites in dairy cattle follicles growing
under negative energy balance: An in vitro approach.
International Journal of Molecular Sciences . 25(23):
12629.

Metabolites Comparison between Serum and Follicular Fluid of Small, Medium and Large Follicles of Camels with Active Ovaries



                                                                                                                                                                                    Indian Journal of Animal Research6

Wang, H., Yang, L. (2025). Ovarian mechanobiology: Understanding
the interplay between mechanics and follicular development.
Cells. 14(5): 355.

Weerakoon, D., Bansal, B., Padhye, L.P., Rachmani, A., Wright, L.J.,
Roberts, G.S., Baroutian, S. (2023). A critical review on
current urea removal technologies from water: An approach
for pollution prevention and resource recovery. Separation
and Purification Technology. 314: 123652.

Yang, Q., Zhu, L. and Jin, L. (2020). Human follicle in vitro culture
including activation, growth and maturation: A Review
of research progress. Frontiers Endocrinology. 11: 548.

Yang, Y., Zhao, C., Chen, B., Yu, X., Zhou, Y., Ni, D., Zhang, X.,
Zhang, J., Ling, X., Zhang, Z., Huo, R. (2023). Follicular
fluid C3a-peptide promotes oocyte maturation through
F-actin aggregation. BMC Biology. 21(1): 285. 

Zhu, Q., Li, Y., Ma, J., Ma, H., Liang, X. (2023). Potential factors
result in diminished ovarian reserve: A comprehensive
review. Journal of Ovarian Research. 16(1): 208.

Zia-Ur-Rahman, Bukhari, S.A., Ahmad, N., Akhtar, N., Ijaz, A., Yousaf,
 M.S., Haq, I.U. (2008). Dynamics of follicular fluid in one-
humped camel (Camelus dromedarius). Reproduction
in Domestic Animals. 43(6): 664-671.

Metabolites Comparison between Serum and Follicular Fluid of Small, Medium and Large Follicles of Camels with Active Ovaries


