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reproductive parameters related with fertility it has been proposed by 
Silva-Santos KC, et al. [9], and Morotti F, et al. [10], that selection 
of egg-donor cows could be performed using a single ultrasound 
examination of follicle numbers at the beginning of their reproductive 
life. Similarly, Antimüllerian Hormone (AMH) has been recognized 
as an indicator of ovarian response to super ovulation protocols 
(Souza AH, et al. [11]) and it is highly correlated with antral follicle 
count and the viability of oocytes (Baruselli PS, et al. [12]).

Monniaux D, et al. [13] proposed that the AMH whose expression is 
restricted to the granulosa cells of the ovarian follicles in development 
could be used as an endocrine marker of the size of the nest of antral 
follicles in the ovary. Gobikrushanth M, et al. [14] pointed out that 
antral follicle count and circulating AMH concentrations increased 
in line with the increase in recruitment of ovarian follicles until cows 
reached five years of age and then decreased as a consequence of the 
gradual exhaustion of the ovarian reserve.

 It is expected that age has a negative effect on antral follicle count 
and that the evaluation of the reproductive tract in heifers represents 
an effective approach to an indicator for fertility status in any herd 
(Cushman RA, et al. [5]). On the other hand, Zangirolamo AF, et al. 
[15] indicates that, the antral follicle count represents an auxiliary 
tool for the selection of animals that have a much greater quantitative 
potential of embryos.
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Summary
The study was carried out in the central coast region of Ecuador, municipality of Paján, province of Manabí. The objective was to determine the 
functional relationship between the levels of Antimüllerian Hormone (AMH), follicle count, age of the individual and ovary size of Brahman females. 
Sixty (60) bovine females aged between 18 and 132 months were randomly selected from a high genetic value Brahman cattle population and were 
subjected to gynecological examination using ultrasonography to verify ovarian activity. In addition, an ovulation synchronisation protocol was 
performed on all the females. Blood samples were taken for determination of serum AMH levels by an ELISA test using MOFA® kits for the analysis 
of samples. Follicle count and size of the ovary were evaluated through endorectal ultrasonography. The data and the relationship between the 
variables under study were examined through regression analysis. Plasma levels of AMH decreased with age of the individual; an inverse linear 
adjustment was obtained between AMH levels and age and among small follicles, total follicles and age, showing signs of depletion of the ovarian 
reserve over time. We observed a direct linear relationship between ovary size and follicle count.
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Introduction
Reproductive efficiency is a determining factor of the economic 

performance that bovine herds yield. The reproductive life of bovine 
females is established since the beginning of fetal development, in 
which the preparation of the reproductive system in cattle begins 
[1]. At the time of birth, the ovaries already have the potential for 
the production of oocytes contained in a fixed number of primordial 
follicles, which are known as the ovarian reserve and constitute the 
structures that trigger the reproductive processes and phases of the 
estrous cycle (Ireland JJ, et al. [2], Findlay JK, et al. [3]). The number 
of follicles and oocytes is very variable throughout the reproductive 
life of adult mammals. This is due to, as documented, that mammals 
are born with a very variable number of morphologically healthy 
follicles and oocytes, this amount begins to decrease rapidly with 
aging and they never get replenished. Erickson BH, et al. [1] reported 
that at the age of 1 year, cows have lost 80% of their original stock of 
healthy oocytes.

Antral follicle count has been related to reproductive parameters 
such as ovary size, corpus luteum diameter, number of healthy oocytes, 
endometrial thickness, progesterone concentration, pregnancy rate, 
and other reproductive indices (Singh J, et al. [4], Cushman RA, et al. 
[5]; Modina SC, et al. [6]; Jimenez-Krassel F, et al. [7]; Martinez MF, 
et al. [8]). Based on this antral follicle count relationship with other 
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Several studies have attempted to determine the morphological 
or phenotypic characteristics that contribute to predicting the 
reproductive behaviour in cattle. The total count of antral follicles 
reflects the reserve of ovarian follicles, this has a very close relationship 
with the degree of fertility in cows (Danielle M, et al. [16], Martinez MF, 
et al. [8]). In this sense, Morotti F, et al. [17], studied the correlations 
between antral follicular count and fertility parameters in heifers and 
beef cows, finding conflicting results regarding their repetitiveness in 
bos indicus cattle. Maculan R, et al. [18] found associations between 
ovary size and antral follicle count in Bos taurus females. Similarly, a 
higher follicle count was obtained in Holstein cows (Ireland JLH, et 
al. [19]) and Angus heifers (Eborn DR, et al. [20]) that presented a 
larger ovary size. The main interest is focused on making decisions 
about the selection of replacement heifers at an early age, which would 
allow animals with low fertility to be quickly removed from the herd 
and destined for other purposes, thus enhancing the profitability of the 
production system.

Despite many studies on follicular dynamics and its relationship 
with fertility and efficiency of reproductive biotechnologies, the 
conditioning factors and mechanisms involved in the process are 
not yet completely understood and there is no information on these 
relationships in Bos indicus. Therefore, the objective of this study was 
to evaluate the functional relationship among plasma levels of AMH, 
follicle count, age and ovary size in Brahman females.

Materials and Methods
Location

The study was carried out in the Brahaman cattle herd of the Aura 
Germania Company, located in the municipality of Paján, province of 
Manabí, Ecuador, at 01° 33’ 0’’ S , 80° 25’’ 60’’ W and an altitude of 
110 mosl, with an average annual temperature of 24°C and an average 
annual rainfall of 1500 mm. The AMH analyses were conducted in the 
Biotechnological Laboratory of the Polytechnic Agricultural College 
of Manabí, Ecuador.

The herd is made up of 1,500 head of Brahaman cattle of different 
ages and physiological stages, kept in paddocks, fed mainly on Cynodon 
nlemfuensis and Panicum maximum (Saboya) grass and supplemented 
with concentrated minerals to meet nutritional requirements 
according to age, weight, and physiological stage. Water was supplied 
from natural sources.

Research subjects and trial management
Sixty (60) bovine females aged between 18 and 132 months 

were selected from a population of high genetic value cattle of the 
Brahman breed which were subjected to gynecological examination 
using ultrasonography to evaluate ovarian activity. An ovulation 
synchronization protocol was carried out to equalize the start of the 
estrous cycle in all the animals, for this, a device with progesterone 
was inserted on Day 0 (DIB 0.5 Zoetis) and a dose of 2 mg estradiol 
benzoate (Gonadiol 1 mg/mL; Zoetis benzoate), on Day 8 the device 
was removed, Injected 0.15 mg of prostaglandin (Ciclase, Zoetis), 1 
mg of estradiol benzoate was injected on day 9. All blood samples 
for AMH determination were taken on the day the synchronization 
protocol was initiated, before hormonal application.

Variables and methods
A 4 ml of blood was extracted by means of a puncture in the jugular 

vein, using BD Vacutainer® NH tubes (Becton Dickinson and Co.) 
under vacuum with sodium heparin. This blood was then subjected 
to refrigerated centrifugation at 3,200 gr for 10 minutes at 4°C and 
subsequently stored immediately at -20°C until ELISA.

Serum samples were thawed in a water bath just before the ELISA; 
they were shaken in a “vortex” and centrifuged at 3,200 gr for 10 
minutes at 4°C. Then, they were incubated for 12 hours at 4°C in the 
presence of a first antibody; and after this, 1.5 hours more at room 
temperature in the presence of the second antibody to finally see the 
readings.

The determination of the serum AMH levels were made by ELISA 
test, MOFA® “KITS” (AMH ELISA simple test Kit Bovine Serum, 
40 samples Max/Kit 21700/100) and the readings were taken with 
the “Infinite 200 PRO Multimode Multiplate Reader” following the 
methods described by Monniaux D, et al. [21]; Rico C, et al. [22]. The 
concentrations of AMH were quantified using 50 μL serum samples.

The number and size of the follicles were determined with 
ultrasound (Mindray DP 50 VET®, Shenzhen, China) and 7.5 MHz 
linear transducer in B mode, measuring and contacting the follicles, 
from the beginning of the follicular wave, the days 4, 6 and 8 of the 
beginning of the initiation protocol. The corpus luteum size was 
measured with the same equipment at 72 hours after the signs of 
heat, and the size of the ovary was measured in cm, also by endorectal 
ultrasound at the beginning of the protocol.

All young females showed mature graff follicles, although not all 
had corpus luteum.

Data analysis
Several statistical measures to describe the variables were taken, 

measures of central tendency (means) and dispersion (standard 
deviation and standard error of the mean). Additionally, through 
regression analysis we determined the degree of functional relationship 
of the variables. We adjusted the relationships between cow age and 
the AMH levels, age and number of follicles (small 2-4mm, large>4 
mm, and total) and similarly, ovary size in relation to follicle size 
(small, large and total). The statistical analyzes were performed with 
the InfoStat® software.

Results
The descriptive analysis of the variables is shown in table 1. It can 

be observed that the average AMH level was 297.25 ρg/ml, while the 
median was 250.65 ρg/ml, reflecting an average value closer to the third 
quartile (310.4 ρg/ml), which results in a left-skewed distribution, with 
an impact on the average value, with few values pointing to the highest 
AMH levels. This situation is evidenced by the high coefficients of 
variation obtained from the AMH levels (62.46%).

For the variables number of small follicles, large follicles and 
total follicles, the mean and the median showed similar values, 
which is indicative of a normal distribution of the data; the average 
values were 20.68; 14.22 and 34.88 with coefficients of variation 
of 49.50, 36.29 and 39.83 for the small, large and total follicles, 
respectively. Similarly, the size of the corpora lutea and ovary also 
showed comparable mean and median values with relatively low 
coefficients of variation.

Relationship between cattle age and follicle count

For the relationship between cattle age and follicle count, we 
made a significant and inverse linear adjustment for variables small 
follicles and total follicles, where it is evident that as the age of the cow 
increases, the quantity of small and total follicles decreases (Figure 1). 
In the case of the number of small follicles the equation was adjusted 
to ŷ=-0.12x+27.3, with a coefficient of determination of 0.55; while 
for the total number of follicles the adjustment corresponded to the 
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equation: ŷ=-0.135x+43.44, with a coefficient of determination of 
0.47. The adjustment equation for the number of large follicles was 
not significant.

The relationship between cattle age and levels of AMH (Figure 2) 
shows an inverse cause-effect association with a linear adjustment 
represented by the equation ŷ=-0.906X+292.2 and a coefficient of 
determination of 0.53; these findings confirm the occurrence of the 
highest plasma levels of AMH in animals aged between 18 and 24 
months. The levels of AMH consolidate what is indicated in Figure 
1concerning the follicle population, which also showed larger follicular 
population between 18 to 24 months and then a tendency to decrease 
with the age of the animal.

Ovary size and follicle count

For the case of the number of small follicles (Figure 3), the equation 
was adjusted to ŷ=14.38x-22.45 with a coefficient of determination 
of 0.42. As for the number of large follicles, the adjusted equation 
was ŷ=6.35x-4.18 with a coefficient of determination of 0.20; while 
for the total number of follicles the adjustment corresponded to the 
equation: ŷ=17.95x-19.32 with a coefficient of determination of 0.34. 
It should be noted that although the coefficients were significant, the 
adjustments to the equations are relatively small and in general, they 
explain a very low proportion of the results through ovary size, which 
is complemented through the relationships described for the serum 
AMH and the age of the animal (see Figures 1 and 2).

 

Figure 1: Correlation among Brahman female age and number of 
small (A), large (B) and total (C) follicles.

 

Figure 2: Relationship between the age of Brahman females and 
plasma levels of the antimüllerian hormone.

Variable N Mean Median First quartile Third quartile Standard deviation Coefficient of variation

AMH (ρg/ml) 60 297.25 250.65 197.4 310.4 185.65 62.46

Small follicles 60 20.68 18.50 13 27 10.24 49.50

Large follicles 60 14.22 13.00 11 18 5.16 36.29

Total follicles 60 34.88 34.00 24 42 13.89 39.83

Corpus luteum (mm) 41 13.66 13.80 12 15 3.30 24.14

Right ovary (cm) 59 2.82 2.80 2.4 3.1 0.46 16.44
Left ovary (cm) 59 2.79 2.72 2.25 3.37 0.64 23.10

Table 1: Descriptive summary of variables antimüllerian hormone (ρg/ml), follicle count, size of the corpora lutea (mm) and ovary size (cm) of Bos 
indicus females.
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Discussion and Conclusion
Our results show an inverse relationship between age and number 

of follicles, this is similar to what was reported by Ireland JJ, et al. [23] 
who found a seven-fold difference in the number of antral follicles 
of young versus adult cattle but observed greater consistency within 
individuals for the number of antral follicles within the follicular 
waves. This represents a very useful marker for the identification of 
potential Brahman embryo donor females.

The decrease in the number of follicles with age represents a 
rational biological behavior because the number of follicles reflects 
the state of the ovarian follicle reserve, therefore, it is expected that 
older animals have smaller follicle reserves and consequently, fewer 
follicles. This relationship was observed in Holstein cows (Burns DS, 
et al. [24]) and mestizo females (Cushman RA, et al. [5]). Koyama K, 
et al. [10] reported similar results for dairy cattle, also pointing out the 
repeatability of the number of antral follicles from the first to the third 
parturition and reduction from the fourth calving.

Monniaux D, et al. [21] state that ovarian reserves in cattle remain 
relatively constant until they reach the age of approximately 4 to 6 
years and descend subsequently, similarly, Cushman RA, et al. [5] 
revealed a decrease in antral follicle count from the age of 5 years in 
beef cattle. In our study, the largest follicle population is present in the 
youngest animals, and a gradual decrease was observed as the age of 
the animals increased.

Gobikrushanth M, et al. [14] pointed out that antral follicle count 
and circulating AMH concentrations increased in line with the increase 
in recruitment of ovarian follicles until cows reached five years of age 
and then decreased as a consequence of the gradual exhaustion of the 
ovarian reserve, in figure 2 it can be observed that in our results the 
AMH level decreases after 72 months (3 years of age).

In contrast, Hirayama H, et al. [25] found no links between age 
and AMH concentrations or antral follicle populations; however, 
their results indicated that plasma AMH concentrations were useful 
markers for the prediction of super ovulation responses in Japanese 
black cows, but repeated super ovulation sessions reduce the accuracy 
of predictions, due to the decrease in ovarian response and AMH 
levels over time. In the case of Brahman females, the decrease in AMH 
levels in relation to age represents a limitation for the use of adult cows 
in super ovulation processes.

Gobikrushanth M, et al. [26] observed a high correlation between 
AMH concentrations and antral follicle count in heifers, which was 
not significant in cows. Moreover, Cardoso CJT, et al. [27] found that 
Girolando cows (¾ Holstein × ¼ Gir) 24 to 60 months of age have 
more follicles than heifers (12 to 14 months of age), our results show 
an opposite tendency. In Cardoso’s work plasma AMH concentrations 
did not differ among the ages obtaining a high correlation between 
the number of follicles and the plasma AMH concentrations, which 
contrasts with the decrease in the number of follicles and AMH levels 
according to the age of the Bramhan females [28].

Batista EO, et al. [29] reported that Bos indicus heifers had higher 
circulating AMH than Bos taurus heifers (930 vs 300 ρg/ml), our 
results with Brahman cattle show a mean level of 297.25 ρg/ml for 
the whole group being the maximum level for12 month old heifers of 
about 320 ρg/ml whoch is more similar to the level reported for Bos 
Taurus heifers of the study by Batista EO, et al. [29].

In our data, the regression analysis showed a direct and significant 
association between ovary size and follicle count, which is consistent 
with various studies in cattle that report that large ovaries are associated 
with higher antral follicle count (Cushman RA, et al. [5]; Ireland JJ, et 
al. [2]; Modina SC et al. [6]).

Cows with similar ages and smaller ovaries have lower follicular 
counts. This affects their reproductive parameters, such as the 
conception rate and the interval between births, since they are also 
associated, as reported by the literature. These factors imply a greater 
economic loss in the herds. Given these events, the determination 
of the AMH level could be considered as an indicator of the ovarian 
reserve for the future selection of female embryo donors.

After all the previous comments, our conclusion is: an inverse 
relationship between age and follicle population is evidenced, since 
the results reveal an inverse linear adjustment between small follicle 
and total follicles with cow age, with higher values between 18 and 24 
months.

Similarly, antimüllerian hormone levels decrease with the age of 
animals with the highest levels in the ages between 18 and 24 months. 
So in advanced ages the level of AMH can be considered for the 
discarding of donor cows [30].

 

Figure 3: Relationship between ovary size of Brahman cows and 
heifers and number of small (A), large (B) and total (C) follicles.
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A direct linear relationship was observed between the size of the 
ovary and the average count of small, large and total follicles.
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