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ABSTRACT

Reproductive physiology in camels has unique features compared to other domestic animals, particularly regarding
hormonal regulation and ovarian activity during the mating season. Understanding the dynamics of sex hormones and
their receptors is important for improving reproductive management and developing effective breeding programs. The
objective of the study was to identify the features of hormonal regulation and ovarian activity during the mating period
in order to improve the efficiency of reproductive management in female Dromedary and Bactrian camels. To achieve
this, we examined the dynamics of progesterone and estradiol receptors, as well as the concentration of progesterone in
the blood serum of non-pregnant female camels of Dromedary (n=10) and Bactrian (n=10) breeds during the mating
season. The camels were divided into three groups according to their geographical region. Blood serum samples were
analyzed using enzyme-linked immunosorbent assay (ELISA), and ultrasound scanning of the ovaries was performed
on three Dromedary camels for 30 consecutive days to monitor follicular development. The results showed an abrupt
increase in the concentration of progesterone and estradiol receptors in 35-40% of the animals studied. In contrast,
Bactrian camels demonstrated relatively stable serum progesterone levels throughout the experiment, ranging from 3.71
to 5.76ng/mL. No correlation was found between progesterone, estradiol, and their receptor levels, likely due to the
random assignment of animals to experimental groups. Ultrasound monitoring revealed that the growth of multiple
subdominant follicles accompanied the development of a dominant follicle in Dromedary camels. In conclusion, the
findings indicate that camels do not exhibit a distinct estrous cycle. However, the development of dominant and
subdominant follicles occurs during the mating season, and ovulation is induced by copulation.
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INTRODUCTION

Natural limitations of camels' reproductive function
include a long period of reaching puberty, a limited
breeding season, difficulties with induced ovulation, a long
gestation period, and intervals between calving (Wagas et
al. 2025). Efforts to improve the reproductive performance
of camels are closely related to a better understanding of
folliculogenesis, or the pattern of the follicular wave.
Practical knowledge of ovarian function or the estrous
cycle will be of great importance for applying assisted

reproductive technologies and improving reproduction in
camels (Dauda et al. 2019; Zarrin et al. 2020; Niasari-
Naslaji and Nikjou 2023). The regulation of
folliculogenesis in camels is strongly influenced by
endocrine factors. Follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and insulin-like growth factor 1
(IGF1) have been identified as key drivers of dominant
follicle growth, while subdominant follicles typically
undergo atresia (Alharbi 2022; Alhaider 2023). The
dominant follicle passes through active growth, a static
phase, and eventually regression (Price and Estienne 2018).
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Previous studies have shown that the duration of the
follicular wave cycle in Arabian camels ranged from 25 to
30 days, and the duration of estrus from 5 to 7 days.
Progesterone levels were low (<3.2nmol/L) throughout the
cycle, while estradiol levels were high during estrus; the
corpus luteum was absent during the natural cycle,
suggesting that Arab camels ovulate reflexively (Alfuraiji
1999; Abdulkareem et al. 2015).

Marked fluctuations in LH, estrogen, and progesterone
have been reported depending on the stage of the cycle,
with estradiol peaking during estrus while progesterone
remains consistently low in the absence of pregnancy
(Moussa et al. 2019; Mohamed et al. 2021). The estrous
cycle is the period that lasts from one estrus to the next one
(Pineda 2003). In other words, it is a combination of
physiological events that begins in one estrus and ends in
the next one. The estrous cycle in animals that ovulate
spontaneously, such as sheep, goats, and cows, is usually
divided into two broad phases: the follicular and luteal
phases (Lopera-Véasquez et al. 2022). Unlike these species,
the estrous cycle in induced animals such as camels is
characterized by repetitive waves of follicle growth and
regression. Due to reflex-induced ovulation, they do not
have a classical estrous cycle. Seasonality and the presence
or absence of mating also play an important role. Estradiol
concentrations decrease after the follicle reaches ovulatory
size if mating does not occur, and ovulation is not induced
(Basiouni 2007; Skidmore 2011; Fedorova et al. 2015;
Asadi et al. 2025). The estrous cycle or follicular wave
model in such animals consists of recruitment, follicle
growth, maturity, and regression phases. Peripheral
concentrations of estradiol increase with increasing follicle
diameter until the follicle reaches 1.7cm in diameter, after
which concentrations begin to decrease, even if the follicle
itself continues to grow (Mohamed et al. 2023).

Progesterone and estradiol are considered important
biomarkers of pregnancy in camels and can serve as useful
tools for early detection and reproductive management
(Faraz et al. 2022). However, despite accumulating
evidence, detailed data on the dynamics of these hormones
and their receptors in camels from different ecological
regions remain limited. Therefore, the purpose of the study
was to identify the features of hormonal regulation and
ovarian activity during the mating period in order to
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improve the efficiency of reproductive management in
female Dromedary and Bactrian camels.

MATERIALS AND METHODS

Research design

To achieve the research objective, the dynamics of
progesterone, estradiol, and progesterone hormone
receptors in the blood plasma of randomly selected female
Dromedary camels during the mating season were
investigated across three different geographical zones of
the Republic of Kazakhstan, along with the growth
characteristics of dominant and subdominant follicles
assessed by ultrasound scanning.

Location

The study was conducted in 2025 in several regions of
Kazakhstan, specifically in the Otyrar district of the
Turkestan region (group A, 42.85°N, 68.30°E.), the Isatai
district of the Atyrau region (group B, 47.67°N, 50.67°E),
and the Almaty region (group C, 45.00°N, 78.00°E) (Fig. 1).

These locations were deliberately selected to represent
distinct ecological and climatic zones of Kazakhstan — arid
desert-steppe in the south (Turkestan), semi-arid
continental climate in the west (Atyrau), and temperate
mountainous conditions in the southeast (Almaty). This
geographic diversity allowed for the assessment of regional
variation in hormonal dynamics and follicular
development, providing a more comprehensive
understanding of camel reproductive physiology across
natural habitats.

Sampling and research stages

For the enzyme-linked immunosorbent assay
(ELISA), blood serum samples were obtained from
randomly selected non-pregnant female camels during the
mating season, without determining their adaptation to
extreme climatic conditions, physical or functional
characteristics, or stage of the estrous cycle (Table 1). The
females were divided into three groups according to their
geographical habitat zones. In group C, ultrasound
examinations of the ovaries were conducted over a 26-day
period at intervals of 2 to 4 days to study the growth
dynamics of dominant and subdominant follicle.

Fig. 1: Location of study
2 area.
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Table 1: Description of camel groups selected for blood serum sampling

Group Camels breed (n) Age range (years) Sampling interval and period

A Dromedary camels (n=9) 5-13

B Bactrian camels (n=5) and Dromedary 5-14
camels (n=1)
C Dromedary camels (n=3) 5-7

Samples were collected every 48 hours during the mating season
from 9 to 19 January 2025
Samples collected every 48 hours from 15 to 31 January 2025

Ultrasound monitoring of ovarian follicular dynamics was
conducted for 26 days at 2-4-day intervals

In private farms, serum samples were separated, and
aliquots of 200pL of each sample were prepared, with each
sample consisting of five pieces. The serum samples were
stored at a temperature of -18°C. After that, the necessary
studies of the prepared serum were carried out.

Methods and equipment

Blood from camels was collected from the jugular
vein and, in some cases, from the caudal vein into
vacuum tubes, in amounts of 3-4mL. Ultrasound
scanning was performed using PU 2200 and Mindray Z5
Vet devices with an endocrine sensor that can scan the
examined organ in various modes: B/2B/4B/M/B+M. All
blood tests were conducted in the Department of Clinical
Disciplines laboratory of the Kazakh National Agrarian
Research University.

The blood serum levels of the progesterone receptor in
group A and the estradiol receptor in groups A, B, and C
were determined using an ELx808 enzyme immunoassay
analyzer (microplate reader), a washer, and a thermoshaker
using commercial kits including Camel Progesterone
Receptor (PGR) ELISA Kit Cambridge, UK (Catalog No.
MBS067495) and Camel Estradiol Receptor (E2R) ELISA
Kit (Catalog No. MBS093483) by MyBioSource.com
according to the manufacturer's instructions. The
sensitivity of the Camel Estradiol Receptor (E2R) ELISA
Kit (Catalog No. MBS093483) was 0.1ng/mL, with a
detection range of 0.25ng/mL to 8ng/mL. The content of
progesterone hormone in blood serum samples from
camels in groups B and C was determined using the Camel
Progesterone ELISA Kit from Antibodies.com, according
to the manufacturer's instructions.

Data analysis

Based on the absorption measurement results, a
standard linear curve was constructed, and the data were
then converted to digital absorption values using Microsoft
Excel, along with data on the concentration of the
progesterone receptor and estradiol. We used R-Studio
software (version 4.3.1) to visualize the results of
determining the concentration of progesterone and
estradiol receptors, as well as the hormone progesterone,
which allowed for identifying the peak points of the
progesterone and estradiol receptors, as well as the
hormone progesterone.

In addition, descriptive statistics (meantSD) were
calculated for each experimental group. The normality of
data distribution was assessed using the Shapiro—-Wilk
test. Because the data were not normally distributed
(P<0.05), differences between Groups A, B, and C were
analyzed using the non-parametric Kruskal-Wallis test,
which serves as an analogue to one-way ANOVA for non-
normal data. Statistical significance was accepted at
P<0.05.

RESULTS

In experimental group A of 9 camels, 5 specimens had
a maximum increase in progesterone receptor concentration
during the experimental period (samples 1, 2, 7, 8, 9), animal
number 1 had 2.84ng/mL on the second day of the study, and
animal number 2 had 2.16ng/mL on the first day of the study,
camel number 7 had 2.63ng/mL on the 8th day of the study,
camel number 8 had 2.62ng/mL on the 6th day of the study,
and camel number 9 had 2.55ng/mL on the 2nd day of the
study. In the remaining female camels, the progesterone
receptor concentration fluctuated slightly for 12 days and
ranged from 0.60ng/mL to 2.01ng/mL (Table 1).

In experimental group A, according to the results of
the estradiol receptor content analysis in 9 camels, six
animals showed an increase in estradiol receptor
concentration. Samples No. 1 and 2 on the 12th day of the
study showed 3.24ng/mL and 6.62ng/mL; samples No. 3
and 4 on the 10th day of the study showed 2.54ng/mL and
3.12ng/mL, sample No. 5 on the 8th day of the study
showed 4.08ng/mL, and sample No. 7 on the 2nd day of the
study showed 3.81ng/mL. The remaining animals did not
show an increase in the concentration of the estradiol
receptor during the experiment, and the level of the
estradiol receptor was at the basal level (Table 1).

In experimental group B of 5 Bactrian camels and 1
Dromedary camel, one Bactrian camel on the 8th day of the
study and one Dromedary camel on the 10th day of the
study showed an increase in the level of the hormone
estradiol receptor, equaling 2.22ng/mL and 2.70ng/mL,
respectively. During the study period, the estradiol receptor
level in camel No. 2 ranged from 0.75ng/mL to 1.30ng/mL
for 16 days, in camel No. 3 from 0.44ng/mL to 1.41ng/mL,
in camel No. 4 from 0.73ng/mL to 1.35ng/mL, and in camel
No. 6 from 0.77ng/mL to 1.4ng/mL (Table 2).

In experimental group B, the dynamics of hormone
progesterone levels for 16 days in camels fluctuated
slightly in all studied Bactrian and Dromedary camels. All
specimens showed one small peak in the concentration of
progesterone hormone, in camel No. 1 on the 5th day of the
study (4.53ng/mL), in camel No. 2 on the 1st day of the
study (5.20ng/mL), in camel No. 3 on the 8th day of the
study (5.06ng/mL), in camel No. 4 on the 13th day of the
study (4.78ng/mL), in camel No. 5 on the 9th day of the
study (5.76ng/mL), and in camel No. 6 on the 9th day of
the study (5.16ng/mL) (Table 3).

In experimental group C, camel No. 1 in the
experimental period on the 4th and 6th days of the study
showed a maximum increase in the concentration of the
hormone  progesterone, reaching 6.44ng/mL and
6.06ng/mL, followed by a decrease in progesterone
concentration (Table 5). In camel No. 1 under study, during
the experimental period, the concentration of the estradiol
receptor remained at the basal level, with fluctuations
ranging from 0.44ng/mL to 1.30ng/mL (Table 4).
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Table 1: ELISA results of the analysis of progesterone and estradiol receptor concentrations in randomly selected Dromedary camels
during the mating season in South Kazakhstan (n=9)

Item Camel, Age Date of blood Date of blood Date of blood Date of blood Date of blood  Date of blood
No. name collection 09.01.25 collection collection collection 15.01.25 collection 17.01.25  collection
11.01.25 13.01.25 19.01.25

Prog Estra Prog Estra Prog Estra Prog Estra Prog Estra Prog Estra

ng/mL  ng/mL  ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL  ng/mL ng/mL
Sigan 13 years 2.25 1.67 284 0.95 1.22 158 0.95 1.71 1.47 0.96 134 324
Qarag6z 10 years 2.16 1.16 0.70 0.45 1.04 0.56 1.54 1.71 1.15 1.06 134 6.62
Qizilmaya 13 years 0.70 0.40 0.99 0.50 0.60 0.69 0.70 2.19 1.37 254 - -
Shardara 15 years 2.01 0.54 1.04 044 1.47 0.61 1.52 0.62 1.24 3.12 - -
Turkistan 9 years 0.87 0.61 0.73 0.9 1.32 0.60 1.89 4.08 1.56 1.13 194 178
Kigi Sar  5years 0.85 0.51 0.84 062 1.21 0.61 1.26 0.62 1.54 0.75 1.05 0.66
Pisanay =~ 5years 0.60 0.54 0.72 3.81 1.79 0.78 1.17 1.12 2.63 1.08 1.73 0.88
Awgat S5years 2.05 1.45 1.52 069 2.62 1.03 215 0.96 1.14 1.64 258 110
Qaratorga 7 years 1.31 1.11 255 094 - - 1.00 1.42 1.24 1.34 - -

O©CO~NOOUTA WN -

Table 2: ELISA results of estradiol receptor concentration analysis in randomly selected Bactrian camels (n=5) and Dromedary camels

(n=1) during the mating season in West Kazakhstan

Item No. Reference No., Name Breed Age, years Date Date Date Date Date Date Date Date Date
ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
15.01 17.01 19.01 2101 2301 25.01 27.01 29.01 31.01

1 01261435, Lenta Bactrian 14 064 1.23 1.05 222 092 142 045 043 0.80
2 01261436, Sar1 Bactrian 14 0.75 0.92 1.05 102 09 121 097 0381 1.30
3 01330414, Tostagan Bactrian 12 091 076 128 105 141 137 076 046 0.44
4 01261437, Ormsa Bactrian 14 073 099 09 105 087 135 095 092 0.80
5 no number, Aru ana Dromedary 12 091 128 076 128 270 051 091 081 0.56
6 01330364, Martha Bactrian 5 0.87 102 099 09 126 089 140 077 1.00

Table 3: ELISA results of the analysis of progesterone hormone concentration in randomly selected Bactrian (n=5) and Dromedary
(n=1) camels during the mating season in West Kazakhstan

Item No. Reference No., name Breed, age Date Date Date Date Date Date Date Date Date
15.01 17.01 19.01 21.01 23.01 25.01 27.01 29.01 31.01
1 01261435 Lenta Bactrian, 14 years 408 439 453 398 451 435 435 419 386
2 01261436 Sar1 ingen Bactrian, 14 years 471 520 4.69 4.97 424 449 435 419 4.03
3 01330414 Tostagan Bactrian, 12 years 425 4.09 457 506 416 4.09 423 428 4.14
4 01261437 Orinsa Bactrian, 14 years 418 3.97 473 443 464 394 478 431 4.02
5 no number, Aru ana Dromedary, 12 years 480 478 453 497 576 486 477 489 461
6 01330364 Martha Bactrian, 5 years 508 494 448 467 516 503 427 371 431

Table 4: ELISA results of the analysis of the concentration of progesterone hormone and estradiol receptor in randomly selected
Dromedary camels (n=3) during the mating season in the Almaty region

Item Camel age/hormone Date Date Date Date Date Date Date Date Date Date Date Date Date
No.
1 2 3 4 5 6 7 8 9 10 11 12 13
28.01.25 30.01.25 1.02.25 3.02.25 5.02.25 7.02.25 9.02.25 12.02.25 14.02.25 16.02.25 18.02.25 20.02.25 22.02.25
1 10 years, progesterone 5.18 5.57 6.44 6.06 418 371 383 39 3.88 3.71 3.88 3.88 4.16
2 7 years, progesterone 4.86 4.47 461 509 518 557 6.02 572 4.86 447 461 5.09 458
3 5 years, progesterone 474 4.36 451 478 6.09 502 524 487 4.42 4.23 4.84 4.56 4.37
1 10 years, estradiol receptor 1.30 0.46 071 044 082 072 072 082 1.29 0.48 0.71 0.49 0.77
2 7 years, estradiol receptor 0.71 0.77 086 072 086 127 083 0.67 0.75 0.81 1.57 0.45 0.78
3 5 years, estradiol receptor 0.47 0.93 075 077 132 046 073 054 1.32 0.46 0.73 0.54 0.54

Table 5: The number of dominant and subdominant follicles detected by ultrasound scanning and follicles with signs of atresia during
the experimental period in non-pregnant Dromedary camels (n=3) during the mating season in the Almaty region

The multiplicity of the study Ultrasound examination period Number of follicles
The right ovary The left ovary
Camel No. 1
8 30.01.2025-22.02.2025 4SF+3 SF-2 SF-2 SF 2DF+1DF+1DF 2SF+3SF-3 SF
2 DFA (1.03.2025)
Camel No. 2
7 30.01.2025-22.02.2025 1DF+1SF+3SF+2SF 2SF+1SF+2SF
Camel No. 3
7 30.01.2025-22.02.2025 1 DF+2SF+2SF+3 SF 2SF+1SF

1 DFA (5.03.2025)

Note: DF is a dominant follicle, SF is a subdominant follicle, and DFA is a dominant follicle with signs of atresia.

At the same time, an ultrasound scan of the ovaries of ~ the left ovary. The progesterone concentration was
selected camels was performed. On January 30, on the 2nd 5.57ng/mL on that day, and the estradiol receptor
day of the study, two sufficiently large follicles with concentration was 0.46ng/mL. At the time of the
dimensions 1.86x2.25cm and 1.91x2.34cm were found in ultrasound scan on February 3, 2025, this camel had two
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dominant follicles with a diameter of 2.07x2.47cm and
2.25x2.89cm (Fig. 2A), as well as two subdominant
follicles in the right ovary with diameters of 0.67x0.91cm
and 0.54x1.13cm (Fig. 2B). The progesterone
concentration was 5.57ng/mL on that day, and the
estradiol receptor concentration was 0.46ng/mL. At the
time of the ultrasound scan on February 3, 2025, this camel
had two dominant follicles with a diameter of
2.07x2.47cm, 2.25x2.89cm (Fig. 2A) and two
subdominant follicles in the right ovary with diameters of
0.67x0.91cm, 0.54x1.13cm (Fig. 2B). The concentration
of the hormone progesterone was high and amounted to
6.06ng/mL. However, the camel's right ovary was in an
inactive state, and two small subdominant follicles were

Int J Vet Sci, 2025, 14(6): 1152-1161.

found on the sonogram (Fig. 2B). At the time of the
ultrasound scan of the ovaries of camel No. 1 on February
7, 2025, one dominant follicle with a diameter of
2.31x2.42cm was found in the left ovary (Fig. 3A), at the
next ultrasound scan of the left ovary of camel, this
dominant follicle reached a maximum diameter of
3.09x3.21cm (Fig. 3B, dated 9.02.2025). A chronological
ultrasound examination of the left ovary of camel No. 1
indicates that an ultrasound scan on February 22, 2025,
revealed signs of atresia of one dominant and a nearby
localized subdominant follicle (Fig. 4B). However,

subdominant follicles with diameters of 1.60x1.94cm,
0.85-1.17cm were growing in the right ovary of camel No.
1 (Fig. 4A dated 19.02.2025).

Fig. 2: A) Sonogram of the left ovary of camel No. 1 showed two follicles with a size of 2.07x2.47cm and 2.25x2.89cm (3.02.2025). B)
Sonogram of the right ovary of camel No. 1 showed two follicles with a size of 0.67x0.91cm and 0.54x1.13cm (3.02.2025).

Fig. 3: A) Sonogram of the left ovary of camel No. 1 showed one dominant follicle with a size of 2.31x2.42cm (7.02.2025). B) Sonogram
of the left ovary of camel No. 1 showed one follicle with a size of 3.09x3.11cm (19.02.2025).

Fig. 4: A) Sonogram of the right ovary of camel No. 1 showed two subdominant follicles with a size of 1.60x1.94cm and 0.85-1.17cm
(19.02.2025). B) Sonogram of the left ovary of camel No. 1 showed two follicles with signs of atresia (22.02.2025).
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Sonogram analysis shows that in camel No. 2, an
ultrasound scan of the right ovary on 1.02.2025 revealed
one follicle. Subsequent ultrasound studies revealed small
subdominant follicles present simultaneously with the
dominant follicle in the right ovary. A total of 7 ultrasound
scans showed one dominant follicle, six subdominant
follicles in the right ovary, and five subdominant follicles
in the left ovary in camel No. 2 (Fig. 5A, Table 5). In camel
No. 3, ultrasound scanning of the left ovary revealed two
subdominant follicles with diameters of 1.86x2.25cm and
1.19x1.08cm (1.03.2025). During the next ultrasound
examination (5.03.2025), camel No. 3 had one dominant
follicle with a diameter of 1.89x2.29cm in the right ovary,
and on 5.03.2025, two subdominant follicles with a
sufficiently large diameter of 1.88x1.86cm and
1.83x1.86cm in the left ovary. Ultrasound scans of the
ovaries of three non-pregnant Dromedary camels were
performed from January 30 to March 5, 2025, at various
intervals. During an ultrasound scan of camel No. 1, only
11 subdominant follicles of different sizes were found in
the right ovary during an 8-fold examination. One
dominant follicle grew in the left ovary, starting from
1.86x2.25cm and reaching its maximum diameter on
February 19, 2025 (3.09x3.21cm). An ultrasound
examination on February 22, 2025, revealed signs of atresia
of the dominant follicle. The results of the ultrasound show

Int J Vet Sci, 2025, 14(6): 1152-1161.

that the left ovary was active in camel No. 1, and the right
ovary was active in camel’s No. 2 and No. 3, where the
growth of dominant follicles was detected (Fig. 6, Table 5).
Thus, in the studied Dromedary camels (n=9) (group
A), according to the results of an ELISA study during the
mating season in South Kazakhstan, the concentration of
the progesterone receptor ranged from 0.60ng/mL to
2.84ng/mL, and only four camels showed peaks of high
concentrations of the progesterone receptor (2.16ng/mL,
2.84ng/mL, 2.62ng/mL, and 2.63ng/mL). The female
camels were randomly selected for the experimental group,
without determining their physiological status. Of the nine
female camels tested, 4 showed peaks of high progesterone
receptor concentration, which was 44.44%. During the
ELISA study period, only three animals showed an increase
in the concentration of the estradiol receptor in group A
camels (camel No. 7 on the 2nd day of the study with
3.81ng/mL, camel No. 5 on the 6th day of the study with
4.80ng/mL, and camel No. 2 on the 10th day of the study
6.62 with ng/mL. In the remaining seven camels, the
concentration of the estradiol receptor remained at the basal
level, from 0.40ng/mL to 3.24ng/mL. Estradiol receptor
and progesterone hormone concentrations were determined
in experimental group B (n=6). In this group, peak
concentrations of the estradiol receptor were found only in
two camels (No. 1 on day 6 of the study with 2.22ng/mL

Fig. 5: A) Sonogram of the right ovary of camel No. showed one follicle (5.03.2025). B) Sonogram of the left ovary of camel No. 3

showed two follicles, 1.86x2.25cm and 1.19x1.08cm (5.03.2025)

Fig. 6: A) Sonogram of the right ovary of camel No. 3 showed one dominant follicle 1.89x2.29cm (5.03.2025). B) Sonogram of the right

ovary of camel No. 3 showed two subdominant follicles.
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and No. 5 on day 8 with 2.70ng/mL), which were lower
than the values in group A (3.81ng/mL, 4.80ng/mL, and
6.62ng/mL). In experimental group B (n=6), the
concentration of progesterone receptors was not
determined. In group A, on the other hand, the level of the
progesterone hormone was studied using ELISA. Thus, the
concentration of the hormone progesterone was uniform in
all tested animals. However, a slight increase in the
concentration of the hormone progesterone was detected in
individual animals (samples No. 2 on the 2nd day of the
study with 5.20ng/mL, No. 1 on the 4th day with
4.53ng/mL, No. 3 on the 6th day with 5.06ng/mL, No. 5
and No. 6 on the 8th day with 5.76ng/mL and 5.16ng/mL,
and No. 4 on the 12th day with 4.78ng/mL.

After the individual readings were analyzed, group-
wise mean concentrations were compared statistically to
assess overall differences between regions (Fig. 7 and 8).
The average serum progesterone concentration differed
significantly among the three experimental groups
(Kruskal-Wallis H = 98.19, P<0.001). Dromedary camels
from South Kazakhstan (Group A) showed the lowest mean
value (1.43+0.59ng/mL), whereas camels from West
Kazakhstan (Group B) and the Almaty Region (Group C)
exhibited higher progesterone levels of 4.49+0.41ng/mL
and 4.76x0.70ng/mL, respectively (Fig. 7).
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Fig. 7: Mean£SD of serum progesterone concentration in female
camels from three regions of Kazakhstan (Groups A-C).
Differences significant by Kruskal-Wallis test (p < 0.001).
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Fig. 8: Mean+SD of serum estradiol receptor concentration in
female camels from three regions of Kazakhstan (Groups A-C).
Differences significant by Kruskal-Wallis test (p = 0.0027).
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Similarly, estradiol receptor concentrations varied
significantly between groups (Kruskal-Wallis H = 11.80, P
= 0.0027). The highest mean was recorded in South
Kazakhstan Dromedaries (1.31+1.15ng/mL), followed by
the West Kazakhstan group (1.00+£0.39ng/mL) and the
Almaty Region camels (0.78+0.28ng/mL) (Fig. 8).

These results confirm regional differences in hormonal
activity during the mating season and provide a generalized
view complementing the individual ELISA profiles
presented in Table 1-4.

DISCUSSION

As a result of the study, we found that group A camels
had peak concentrations of progesterone receptor up to
2.84ng/mL and estradiol receptor up to 6.62ng/mL, which
significantly exceeded the values reported in the literature
for free hormones. For example, the progesterone level in
non-pregnant camels during the breeding season averages
1.97+0.14ng/mL; outside the season, it is approximately
1.1540.09ng/mL (Amal et al. 2019). Recent observations
confirm that individual camels may show receptor or
hormone values exceeding population averages, especially
under variable seasonal or nutritional conditions (Sohail et
al. 2023). Group B animals also had high progesterone
levels (up to 5.76ng/mL), despite the absence of pregnancy,
which may indicate the presence of ovulatory activity or
other physiological factors. Similar findings were recently
described by Almushawwah et al. (2025), who reported
cases of pseudopregnancy in dromedary camels
characterized by transient elevations of progesterone in the
absence of true conception. This suggests that short-term
luteal activity or pseudopregnancy could explain the
elevated values observed in our study.

Recent studies support this interpretation, showing that
serum progesterone in camels can reach values around 3—
6ng/mL shortly after ovulation or in early luteal phases,
regardless of whether pregnancy is established. Transient
increases in progesterone of this scale have been described
in several field and experimental studies, indicating the
necessity of repeated sampling and ultrasonography for
accurate differentiation (Faraz et al. 2022; Fawzy et al.
2021). Comparable short-lived luteal phases in non-
pregnant camels have also been documented in
experimental breeding trials, reinforcing the need for serial
hormonal monitoring (Manjunatha et al. 2022).
Alternatively, elevated progesterone in non-pregnant
females may arise from short-lived luteal activity or
pseudopregnancy, which underscores the importance of
using hormone assays in combination with ultrasound
(Gherissi and Lamraoui 2021; Asadi et al. 2025).

With respect to estradiol, classic older data suggested
relatively modest peaks, but more recent findings
demonstrated that estradiol concentrations during estrus in
dromedary camels can reach 0.15-0.17ng/mL (=150-
170pg/mL) (Mohamed et al. 2021). Our receptor values,
which ranged from 3.24-6.62ng/mL, are considerably
higher, which can be explained by the fact that receptor
concentrations reflect cellular binding capacity rather than
free circulating hormone. In comparison with research data,
the average level of LH in camels was 1.72+0.6u/mL
outside of estrus and 5.0+1.99u/mL during estrus.
Estrogens had an average level of 6.25+0.46mcg/mL
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outside of estrus and 22.58+3.37mcg/mL during estrus.
The average progesterone level was 6.25+0.46ng/mL
outside estrus and 2.68+2.31ng/mL during estrus (Moussa
et al. 2019). Similar discrepancies between receptor-based
assays and circulating steroid concentrations have been
reported in dromedaries and other livestock, suggesting
that receptor assays provide additional sensitivity to subtle
endocrine changes (Ghallab et al. 2024). This
methodological distinction accounts for the apparent
discrepancy and supports the view that both indicators,
when interpreted together, describe the functional state of
the reproductive system.

The dynamics of follicular growth revealed by
ultrasound in group C are fully consistent with the model
of follicular wave in camels described in the literature,
characterized by induced ovulation. According to
Mohamed et al. (2021), the duration of the follicular cycle
in Dromedary camels averages 25.41+1.36 days, while the
size of dominant follicles can reach 3cm. This finding is in
good agreement with the results of ultrasound studies in our
work, where camel No. 1 had a dominant follicle with a
diameter of 3.09cmx3.21cm. Recent longitudinal studies
confirm that dominant follicle growth in camels regularly
reaches 2.5-3.2cm before regression or ovulation,
supporting the reproducibility of our findings (Khumran et
al. 2022). The literature also emphasizes that in the absence
of mating, the concentration of estradiol decreases after the
follicle reaches ovulatory size (Basiouni 2007), which was
also observed in our animals. Such parallels confirm the
reliability of the data we have collected and demonstrate
the hormonal and follicular dynamics typical of Dromedary
camels. Moreover, recent reviews underline that
monitoring follicular waves together with serial hormone
profiles is the most reliable way to evaluate reproductive
status in camels, especially when ovulation is not induced
(Wagas et al. 2025). These findings are in line with recent
work by Mohamed et al. (2023), who showed that in non-
pregnant, non-mated dromedary camels estradiol-17p
increases with follicle growth up to ~1.7cm diameter, then
declines in the absence of ovulatory stimulus.

The results obtained indicate that serum progesterone
and estrogen levels are biomarkers of early pregnancy
detection in female camels (Vyas et al. 2004; Demissie
2019; Faraz et al. 2022). According to the results of other
studies, in non-pregnant camels during the mating season,
the level of the hormone progesterone was less than
3.2nmol/L (Alfuraiji 1999). However, in another study, the
progesterone concentration in non-pregnant camels was
low, at 0.46+0.12ng/mL (Khumran et al. 2022). An
analysis of our results reveals that the secretion of the
estradiol receptor in the studied camels is at a basal level,
with the exception of some animals in which small
increases in receptor concentration were observed. This can
likely be attributed to the fact that the physiological statuses
of the studied camels varied. During pregnancy, as well as
depending on age and physiological condition,
progesterone levels in camels vary significantly (Burger et
al. 2019; Abdulkareem et al. 2024).

Skidmore et al. (1995) has studied the dynamics of
changes in the concentrations of the hormone’s
progesterone and estradiol in more detail. According to
these studies, during the estrous cycle, progesterone
concentration increases on days 7-9, with levels exceeding
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2.6ng/mL. Our ELISA results for the progesterone content
study are consistent with those of foreign scientists, and the
variability among non-pregnant camels observed in our
experiment corresponds to the variability highlighted by
subsequent investigations (Mohamed et al. 2021;
Manjunatha et al. 2022; Sohail et al. 2023; Ghallab et al.
2024).

The results of the ultrasound analysis of the ovaries of
three Dromedary camels (group C) demonstrated notable
activity. In camel No. 1, the left ovary was active, where
the growth of two dominant follicles was detected. During
the study, one dominant follicle reached a maximum
diameter of 3.09x3.11cm on the 22nd day of ultrasound
scanning later. In camel’s No. 2 and No. 3, the right ovary
was active, where the growth of dominant follicles was
detected. According to the ultrasound scan results, the
growth of dominant follicles in all camels was
accompanied by the growth of subdominant follicles.
Studies have shown that hormones such as follicle-
stimulating hormone (FSH), luteinizing hormone (LH), and
insulin-like growth factor 1 (IGF1) play a crucial role in
ensuring the progressive growth of the dominant follicle,
while subdominant ones undergo atresia (Alharbi 2022).
We obtained similar results in cows, where the growth of
dominant follicles was characterized by the growth of
subdominant follicles, accompanied by an increase in
estradiol concentration (Turgumbekov et al. 2023). We
believe that the physiological role of the simultaneous
growth of subdominant follicles is to ensure the rise in
estradiol concentration in peripheral blood for maximum
development of the dominant follicle. This observation is
supported by other scientists' research findings (Elias et al.
1984; Homeida et al. 1988; Basiouni 2007). Furthermore,
contemporary data suggest that subdominant follicle
development and corresponding estradiol rises are essential
mechanisms ensuring sufficient endocrine signaling for
ovulation in induced ovulators such as camels (Faraz et al.
2022; Turgumbekov et al. 2023; Wagas et al. 2025).

Conclusion

In the studied non-pregnant Dromedary camels (h=10)
and Bactrian camels (n=5), the progesterone and estradiol
receptors in 35-40% of animals showed an abrupt increase
during the mating season in different geographical areas,
while in the remaining camels, the progesterone content
remained at the basal level without any significant
fluctuations. However, the dynamics of the hormone
progesterone in the studied camels (group B) were almost
similar, with fluctuations from 3.71ng/mL to 5.76ng/mL.
The female camels were randomly selected for the groups
during the mating season, without considering the stage of
the estrous cycle. Consequently, the animals exhibited a
disorderly change in the dynamics of progesterone and
estradiol receptor content and the hormone progesterone. It
should be noted that the classical concepts of "sexual cycle"
and "estrous cycle" do not correctly reflect the essence of
this biological process in camels. It becomes practically
impossible to study the dynamics of progesterone and
estradiol receptors and the hormone progesterone in
camels, as it is very difficult to determine the estrous cycle
stage in camels before samples collection. Based on
ultrasound scans of the camels' ovaries, it can be concluded
that the three camels studied exhibited high activity in one
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of the two ovaries and the presence of a dominant follicle
during multiple ultrasound examinations.
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