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ABSTRACT
The biological properties of bee drone brood make it an ideal additive for growth promotion in animal husbandry 

instead of banned hormonal anabolics and antibiotics. However, the drone brood action on mammalian ovaries has not 
been well studied. The present study analyzes the impact of drone brood homogenate (DBH) in the diet of growing 
gilts on folliculogenesis. Large White female pigs at the age of 35 days were randomly divided into two groups of 10 
animals each, and fed with the same basal diets. The experimental group was supplemented with 25 mg/kg forage of 
DBH for 180 days, after which the animals were slaughtered and morphometric, histological and immunohistochemical 
evaluation of their ovaries was performed. In addition, the expression of ovarian growth factors BMP15 and GDF9 
in oocytes and cumulus cells was analyzed by RT-PCR. A significant increase in body weight and average daily gain 
at day 145 in the DBH-supplemented group was established. The length of the ovaries in the treated animals also was 
enhanced. More pools of primordial follicles, involved in intensive growth, as well as a larger diameter of primary 
and tertiary follicles were found in the ovaries of DBH-supplemented animals. These findings corresponded with an 
increase in the expression of GDF9 mRNA in the oocytes and cumulus cells. At the same time, signs of atresia in the 
Graafian follicles of treated animals were observed. The supplementation with DBH stimulates the early stages of 
folliculogenesis in gilts, but provokes atresia in the last stage of follicular development.
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human and animal health. The anabolic hormone-
like effects of bee drone brood (DB) have been 
described by several authors in Eastern European 
and Asian folk medicine (MEDA et al., 2004; 

Introduction 
The prohibition of the use of hormonal anabolic 

compounds for increasing meat yield in livestock 
animals has provoked a search for new alternatives 
based on natural products, which are safer for 
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HUIS, 2013). Drone brood homogenate (DBH) has 
a rich nutritional profile, as it consists of more than 
20% protein, 50% fat, many amino acids and sugars 
(ISIDOROV et al., 2016; SHOINBAYEVA et al., 
2017), as well as a high content of water soluble 
B complex vitamins, considerable quantities of 
potassium, phosphorus, calcium and microelements 
such copper, iron, manganese, and selenium 
(NARUMI, 2004). Many beekeepers remove DB 
as part of a strategy to lower the population of the 
destructive Varroa mite (V. destructor) in the hives. 
This results in the waste of tons of a valuable feed 
resource (MUTSAERS et al., 2005). The scientific 
data about DB supplementation in livestock 
animal diets is generally scarce. The androgenic 
and anabolic effects of Apilarnil (drone bee larvae 
preparation) in male broilers have been described 
by YÜCEL et al., (2011) and ALTAN et al., (2013). 
In addition, SHOINBAYEVA et al. (2015) reported 
the increased weight of the seminal glands and 
recovered sexual dysfunction in junior boars 
after application of an alcoholic extract of DB. 
Several studies have proved that DB contains the 
steroids estradiol, progesterone, and testosterone 
(BURMISTROVA et al., 2014; SHOINBAYEVA 
et al., 2015). However, little is known about the 
action of DB products on the reproductive system 
of female mammals. The report by SERES et al. 
(2013) suggests that crude drone milk (DM), 
which is separated from DB through elimination 
of the larvae and pupae, induces estrogenic and 
gestagenic effects in rat uteri. To date, there have 
been no scientific reports on the effects of whole 
DBH on ovary function in mammals.

Recent data provide evidence that nutritional 
stimuli can affect folliculogenesis through altered 
expression of members of the transforming 
growth factor-β (TGF-β) superfamily, such as 
bone morphogenetic proteins (BMPs) and growth 
differentiation factors (GDFs) (DAOUD et al., 
2012; ABADJIEVA and KISTANOVA, 2016). They 
are expressed in the ovaries and play essential roles 
in the regulation of folliculogenesis, oogenesis and 
ovarian functions in many species (OTSUKA et al., 
2011).

The aim of the present study was to analyze 
whether addition of DBH to the diet of growing 

gilts affects folliculogenesis. Our investigation 
focused mainly on morphometric, histological 
and immunohistochemical evaluation of the 
ovaries, together with expression analysis of the 
ovarian growth factors GDF9 and BMP15 in gilts 
supplemented with DBH.

Materials and methods
Drone brood homogenate production. The 

homogenate was obtained from the apiary of Penza 
State Agrarian University. Frames with drone wax 
were situated in the middle of the nest of strong 
healthy families. The selection of drone combs was 
made when drone larvae reached the age of 10-12 
days, after which the larvae were removed from 
the honeycomb, homogenized, preserved with a 
mixture of sorbic (0.75 g) and citric (0.75 g) acids 
per 100g of DBH, and stored at -20 °C. The content 
of ecdysteroids in the homogenate was estimated by 
HPLC (Varian, Pro Star, USA) using the analytical 
column Diasorb 130 C16 T (BioChemMac, Russia), 
20% acetonitrile as an eluent and wavelength λ = 
242nm. The makisterone A was used as an internal 
standard. The sample processing was done in 
accordance with LAFONT et al. (1982). 

Table 1. Nutritive constituents of the basal diet

Ingredients

Amount, %
Up to 145 

days of age
145-225 days 

of age
Wheat 40 20
Hull-less barley 10 32
Hull-less oat 15 20
Extruded wheat bran 15 15
Flax oil cake 5 5
Soybean meal 10 5
Fish flour 3 -
Aft chalk 1.0 2.0
Common salt 0.5 0.5
Premix 0.5 0.5

Contained in 1 kg:
Exchange energy, MJ 12.6 12.4
Raw protein, g 181 150
Calcium, g 8.2 7.8
Phosphorus, g 7.2 6.1
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Animals. Twenty female Large White pigs at the 
age of 35 days, taken from the experimental animal 
base of the Penza State Agrarian University, were 
randomly divided into two groups of 10 animals 
each. Both groups were fed with a standard diet 
for growing pigs (Table 1). Animals from the 
experimental group were additionally supplemented 
with 25 mg of DBH/kg of forage. The experiment 
was run for 180 days, which covered the whole 
period of sexual maturation in the pigs, and it was 
terminated by slaughtering. Productive parameters, 
such as daily weight gain and muscle loin eye area, 
were analyzed by standard methods (State Standard 
Specification R (SSS- R) 53221-2008 « Pigs for 
slaughter. Pork in carcasses and half carcasses.»).

The animals were reared and handled in 
accordance with the Veterinary Law of the Russian 
Federation (29/08/2014) and RF SSS 33215-
2014(N 73-P 22.12.2014) harmonized with the 
European Convention “ For the protection of 
vertebrate animals used for experimental and other 
scientific purposes” (ETS N 123). 

The experimental protocol for this experiment 
was approved by the Ethics Commission of the 
Penza State Agrarian University (Protocol No. 1 of 
08/09/2015.)

Estrus stage detection. Daily vaginal smears 
were obtained between days 155-165 and then 
stained with hematological stain. The definition 
of estrus cycle stages was made on the base of 
epithelial cell counts, their categorization and 
the presence of leucocytes, in accordance with 
ROGERS et al. (1993).

Morphometric, histological and 
immunohistochemical analyses of ovaries. After 
slaughtering, the ovaries were removed and 
weighed. The length and width of the ovaries in 
cm were measured with the help of a measuring 
scale. One ovary from each animal was processed 
using routine procedures for histological samples, 
and stained with hematoxylin. Folliculogenesis 
was characterized through analysis of the follicular 
structures, as described by GRIFFIN et al.( 2006). 
The diameter of the follicles was measured by tools 
from Image Analyzing system software on the 
Olympus BX51 microscope (Tokyo, Japan).

GDF9 and BMP15 protein detection was 
performed as previously described (ABADJIEVA 
and KISTANOVA, 2016). The following 
commercial antibodies were used: primary 
antibodies - rabbit polyclonal anti-GDF9 (1:100; 
ab93892 Abcam, USA) and anti-BMP15 (1:100; 
orb247897, Biorbyt, USA), secondary - anti-rabbit 
biotinylated antibodies (ab97049, Abcam,USA). 
Positive expression was defined by a brown 
3,3′-diaminobenzidine (DAB, ACV500; ScyTeK, 
USA) precipitate, and the nuclei were stained with 
hematoxylin (Vector, USA). Negative controls 
for the staining were performed by replacing the 
primary antibody with irrelevant IgGs.

Oocytes collection. The cumulus-oocyte 
complexes (COCs) were aspirated by puncturing 
the visible large follicles (diameter ≥5 mm) from 
the second ovary, and collected and counted using 
a SMZ-10 stereomicroscope (Nikon, Japan). The 
separation of oocytes and cumulus cells was done 
as described by ABADJIEVA and KISTANOVA 
(2016). The collected cells were stored at -80 °C 
until RNA extraction.

Gene expression analysis. Total RNA was 
isolated from cumulus cells and oocytes by a 
standard protocol using a RNA Еxtract Reagent 
(Evrogen, Russia). RNA concentration and 
260/280 ratio were measured with a DS-11 
spectrophotometer (DeNovix, USA). The cDNA 
strands were synthesized by a MMLV RT kit 
(Evrogen, Russia), according to the manufacturer’s 
instructions. The GDF9 and BMP15 expression in 
the oocytes and cumulus cells was analysed by RT-
PCR (DNA-Technology, Russia) with the following 
primer sequences:  
Cyclophilin (reference gene) - F- AATGCTGGCCCCAACACA  
and R-TCAGTCTTGGCAGTGCAAATG; 
BMP15- F-TCCCAGAGGCCTGGAAGA and 
R-GCCTTCCGCAAAAGAAGAGA;  
GDF9- F-ATGTGACGGCCATCCTTCAG  
and R-CGATGGACATGTGAATCTCTCTCT. 

The software QGENE was applied for 2ΔСt 
calculation. 

Statistical methods. The data were analyzed by 
parametric (Student’s t-test) and non-parametric 
(Mann-Whitney) statistical tests, depending on 
the number of samples and normality of variance 
distribution. 
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Results 
HPLC analysis showed that the DBH used for 

supplementation contained 0.0022% ecdysteroids 
per mg. The main component of that was estimated 
to be makisterone A (0.0007%).

The treated animals manifested a clear tendency 
to have a higher life body weight (BW) and 
higher average daily gain (ADG) (Table 2). DBH 
supplementation had a stronger effect on BW and 
ADG at the initial stages of growth (16.3% for 
BW and 13.3% for ADG at 90th day). The small 
number of experimental animals and individual 
variation did not allow for obtaining a statistically 
significant difference in BW and ADG for the whole 
experimental period. However, on day 145 the BW 
and ADG were significantly higher in the group 
fed with DBH (Table 2). Additionally, the loin eye 
area (LEA) in treated animals tended to increase by 
8.2% compared to controls (Table 2). 

Macroscopic linear analysis showed an increase 
in ovary length in the treated animals, although 
no significant difference in ovary weight was 
established (Table 3).

Analysis of vaginal smears obtained between 
days 155-165 showed that all the animals had started 
cycling, but manifested different stages of the estrus 
cycle. Animals from the DBH-supplemented group 
were mainly in the proestrous stage of the cycle 
(predominate nucleated epithelial cells), while the 
control animals were mostly in the metaestrous 
stage (predominate leucocytes and cornified 
epithelial cells). This meant that DBH-treated 
animals were one stage behind the controls in their 
estrous cycle. Histological analysis of the ovaries 
of gilts slaughtered on days 210-215, showed that 
both the DBH-supplemented and the control groups 
had a full division of follicles from primordial to 
ovulatory. 

Table 2. Productive parameters of the growing gilts, fed a diet supplemented with drone brood homogenate. Data 
are presented as a mean ± SD; The Mann-Whitney test was used for statistical analysis; the difference is significant 

when P<0.05.

Age (days) 35 90 145 215  

Group
Body 

mass, kg
Body 

mass, kg
Daily 
gain, g

Body 
mass, kg

Daily 
gain, g

Body 
mass, kg

Daily 
gain, g

Loin eye 
area, cm² 

Control
(n = 10)

10.61  
± 0.8

26.43  
± 2.1

319.3  
± 23.9

51.8  
± 3.3

409.3  
± 27.1

113.1  
± 7.25

568.9  
± 30.3

51.5  
± 2.7

Experimental
(n = 10)

10.87  
± 0.7

30.73  
± 1.5

361.9  
± 16.0

58.0  
± 2.3

449.1  
± 16.1

121.1  
± 4.7

612.2  
± 26.7

55.7  
± 3.5

% to control 116.3 113.3 112.1 109.8 107.1 107.6 108.2
P-value NS NS  NS  0.04  0.001  NS  NS  NS
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The experimental animals had more pools 
of primordial follicles (Fig. 1a) involved in 
intensive growth (Fig. 1b) up to the antral stage. 
However, the large follicles at the Graafian stage 
showed some signs of atresia (Fig. 1b and c). The 
diameter of the primary and tertiary follicles was 
significantly higher in DBH-supplemented animals 

compared to the controls (Table 3). The small 
number of secondary follicles observed did not 
allow for accurate statistical analysis of this follicle 
class. Graafian follicles in the treated animals had a 
tendency to decrease in diameter compared to the 
controls (P = 0.068). 

Table 3. Morphometric parameters of the ovaries of growing gilts supplemented with drone brood homogenate. Data 
are presented as a mean ± SD; Student’s t- test was used for statistical analysis; the difference is significant when 

P<0.05

Parameters
Ovary 

weight, g
Ovary 

length, mm
Ovary 

width, mm 
Diametr of follicles, µm;

n - number of structures per group
N/animal 
groups

Primordial 
(n = 28)

Primary  
(n = 15)

Tertiary  
(n = 20)

Graafian  
(n = 15)

Control  
(n = 10)

17.2  
± 1.2

29.5  
± 2.8

21.4  
± 1.7

26.6  
± 1.9

51.0  
± 4.8

265.3  
± 48.9

1761.9  
± 115.4

Experimental
 (n = 10)

18.6  
± 1.5

35.9  
± 1.8

24.8  
± 2.2

28.2  
± 1.0

82.4  
± 9.2

505.1  
± 70.1

1587.9  
± 98.2

P-value to 
the control  0.47  0.04  0.17  0.054  0.03  0.01  0.068

Fig. 1. Folliculogenesis in the ovaries of growing gilts - a-c) supplemented with drone brood, d) control. a) pool 
of primordial follicles (PF); ×100 ; b) pool of developing follicles - preantral (PAF) and antral (AF), asterisks - 
pycnotic bodies in the large antral follicles; ×20; insert - pycnotic bodies, ×40; c) Graafian follicle with signs of 

atresia ; arrows - pycnotic bodies; ×20; insert - oocyte, ×40.; d) healthy ovulatory (OF) and tertiary follicle (TF) ; 
H&E, ×20.
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Fig. 2. GDF9 mRNA expression in the oocytes (a) and cumulus cells (b) of growing gilts. Total RNA was extracted 
from the oocytes and cumulus cells and subjected to real-time PCR to determine the mRNA levels of GDF9. The 
expression of mRNA was normalized to the expression of the housekeeping gene - pig cyclophilin. Data represent 

the mean ± SD of the combined results from the analysis of ten animals from each group in three replications  
(*- significance P<0.05, compared to control).

Fig. 3. Expression of the GDF9 protein at different stages of follicular development in the ovaries of 
DBH- treated gilts: a) oocytes of the primordial and primary follicles, ×40; b) oocytes and granulosa cells 

of the secondary and tertiary follicle, ×40, insert - secondary follicle, ×100; c) positive control for the 
antibody, cat testis, ×20; d) oocyte in the antral follicle, ×40; e) corpus luteum, ×40; f) negative control of 

the antibody, corpus luteum in pig ovary, ×40. H counterstaining.
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The expression of growth factor BMP15 at 
the mRNA level was not significantly different in 
DBH-supplemented and control groups in both 
oocytes and cumulus cells (data not shown). In 
contrast, the level of GDF9 mRNA transcripts was 
markedly higher in the oocytes and cumulus cells of 
the DBH-treated animals compared to the controls 
(Fig. 2).

The ovaries of treated gilts showed clear and 
intense immunostaining for the GDF9 protein in 
the oocytes at all stages of follicular development, 
including the corpus luteum stage (Fig. 3). High 
intensity immunostainning was also observed for 
the BMP15 protein in the primary follicles and in the 
oocytes and cumulus cells of the large antral follicles 
in the ovaries of animals fed with DBH (Fig. 4). 

Fig. 4. Expression of BMP15 protein in the ovary of DBH- treated gilts: a) oocyte of secondary and granulose cells 
of tertiary follicles, ×40; b) oocyte and granulose cells of the Graafian follicle, ×20; insert - ×40; c) positive control 
for the antibody, rat ovary, ×20; d) negative control for the antibody, pig ovulatory follicle, ×10. H counterstaining.

Discussion
Although a significant effect of 25 mg/kg/forage 

DBH on the enhancement of DW and ADG was 
only observed on day 145, these parameters showed 
a noticeable tendency to increase in DBH-treated 
gilts throughout the whole experimental period. 
This is in agreement with our results for pigs in 
farm conditions (BORJAEV et al., 2018). 

A high content of nutrients such as amino acids, 
proteins, lipids, and sugars (ISIDOROV et al., 2016; 
BALKANSKA et al., 2014) ensures the energy value 

of the DBH and could explain its growth promoting 
effects. Our results also support data reported for 
male broiler growth. (YÜCEL et al., 2011; ALTAN 
et al., 2013). In addition, anabolic changes may be 
provoked by ecdysteroids contained within DBH, 
which can exert various pharmacological effects in 
mammals (DINAN and LAFONT, 2006). DINAN 
and LAFONT (2006) reported that the ecdysteroids 
can affect protein synthesis, as well as lipid and 
carbohydrate metabolism, and that the ecdysteroid-
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induced effects are more pronounced in animals 
that are still growing. In conjunction with this, our 
experiment showed that a higher average daily gain 
in treated gilts was observed in the earlier stages of 
development (on day 90). It has also been reported 
that the power of the ecdysteroid effects increases 
in the presence of additional proteins (DINAN and 
LAFONT, 2006). This means that the high protein 
content in DBH (>20%,), together with ecdysteroids, 
makes it an ideal anabolic supplement (ISIDOROV 
et al., 2016). The observed increase in muscle fiber 
size (with 8%) in the DBH-supplemented animals 
is in agreement with the results reported by SERES 
et al. (2014), which were performed on male rats 
receiving crude drone milk. The authors described 
a significant increase in the weight of the levator 
ani muscle in treated group (SERES et al., 2014). 
This effect is likely mediated by suppression of the 
growth factor GDF8 (miostatin) and activation of 
protein synthesis by ecdysteroids (MCPHERRON 
et al., 1997; LIN et al., 2002). Additionally, DBH is 
a source of calcium (BURMISTROVA et al., 2014), 
which might trigger the autocrine/paracrine growth 
of skeletal muscle in higher doses (GORELICK-
FELDMAN et al., 2010).

For the first time our results provide evidence 
that the growth promoting properties of the DBH 
impact folliculogenesis in the ovaries of gilts at 
morphological and gene expression level. The 
weight of the gilt ovaries did not change, but their 
length increased (P<0.05). Expressed in the ovaries, 
BMPs and GDFs are very important regulators of 
folliculogenesis, oogenesis and ovarian functions in 
many species (CASTRO et al., 2016). An imbalance 
in any of these intra-ovarian factors may lead to 
abnormal follicular development and dysfunction 
of oocyte maturation. In our experiment, we 
established that expression of GDF9 mRNA 
increased and that both BMP15 and GDF9 proteins 
produced intensive immunostainning signals in 
the oocytes and cumulus cells of DBH-treated 
gilts. These results correspond with histological 
findings in the ovaries of experimental animals. 
A larger number of primordial follicles, involved 
in development, as well as enlarged primary and 
tertiary follicles were observed in the ovaries of the 

gilts fed with DBH. GDF9 and BMP15, secreted 
by the oocytes, stimulate the growth of ovarian 
follicles through primordial follicle recruitment, 
granulosa cell proliferation and differentiation, 
and steroid synthesis (SU et al., 2008; ORISAKA 
et al., 2009). However, the overexpression of 
these growth factors can have dual effects on 
folliculogenesis in the ovaries of gilts. In the 
ovaries of experimental animals we observed a 
decrease in the size of Graafian follicles, along with 
signs of atresia. A study by GUTHRIE et al. (1995) 
had previously shown that atresia of pig follicles 
may be provoked by an imbalance between locally 
produced estrogen and androgen, particularly, due 
to a decrease in estradiol-17β production. We can 
speculate what may be the cause of suppression of 
estradiol-17β production and subsequent atresia 
in our DBH-supplemented gilts. On one hand, 
according to LAN et al. (2003), the overexpression 
of GDF9 and BMP15 in mice can cause a decrease 
in estradiol-17β production by granulosa cells 
and a prolonged estrous cycle. Our experimental 
animals showed an increase in GDF9 expression 
as well. On the other hand, another mechanism 
of estradiol-17β reduction might stem from the 
fact that DBH is a donor of an array of steroids, 
including estradiol, progesterone, and testosterone 
(BURMISTROVA et al., 2014; SHOINBAYEVA et 
al., 2015). In particular, all current reports underline 
the predominant presence of estradiol in DBH, 
obtained at larvae stage. This exogenous estradiol 
could suppress the production of the endogenous 
one, through gonadotropin negative feedback. 
Another reason for atretic changes in the large 
follicles could be the suggested inhibition of the 
growth factor GDF8. The increase in the loin eye 
area in our experimental animals is indirect proof 
of GDF8 suppression. Moreover, recent scientific 
data have elucidated the important role of miostatin 
(GDF8) in follicular development. They showed 
that GDF8 may enhance FSH-induced aromatase/
estradiol production in granulosa cells (CHANG et 
al., 2016). In any case, the decrease in size and signs 
of atresia in the ovulatory follicles, likely point to 
the insufficient level of the endogenous estradiol in 
the ovaries of DBH -supplemented animals.
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Conclusion
Our results show that DBH exerts a clear 

anabolic effect in gilts due to a combination of 
nutritional components such as proteins, lipids and 
sugars, and bioactive substances such as esters of 
fatty acids, ecdysteroids and steroidal hormones. 
This means that DBH may be considered to be a 
valuable feed additive in animal husbandry for the 
purposes of increasing meat production. However, 
the application of DBH in female animals, used 
for reproductive purposes, has to be dose- and 
time limited due to the ability of DBH to alter the 
expression of ovarian growth factors GDF9 and 
BMP15, which are responsible for proper follicular 
development and ovulation. The pathways through 
which DBH affects the female reproductive system 
still need to be elucidated. This is important since 
patented DBH products are being recommended 
for treatment of sexual problems for both males and 
females. Further research will allow for definition 
of the appropriate dose and duration of DBH 
treatment beneficial for females of different species, 
while also minimizing any harmful effects. 
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Sažetak
Biološka svojstva pčelinjeg trutovskog legla čine ga idealnim dodatkom za poboljšanje rasta u stočarstvu umjesto 

zabranjenih hormonskih anabolika i antibiotika.  Ipak, utjecaj trutovskog legla na jajnike u sisavaca još uvijek nije 
dovoljno istražen. U ovom se radu analiziran je utjecaj homogenata trutovskog legla (DBH) u prehrani nazimica 
na folikulogenezu. Ženke pasmine veliki jorkšir u dobi od 35 dana nasumično su podijeljene u dvije skupine po 10 
životinja, s jednakim osnovnim prehrambenim obrokom. Pokusnoj skupini u krmu je dodavano 25 mg/kg DBH-a 
tijekom 180 dana, nakon čega su životinje usmrćene te je učinjena morfometrijska, histološka i imunohistokemijska 
procjena jajnika.  Zatim je u oocitama i stanicama kumulusa RT-PCR-om analiziran izražaj faktora rasta jajnika, BMP15 
i GDF9.  U skupini s dodatkom prehrani DBH ustanovljen je znakovit porast tjelesne mase i prosječnog dnevnog 
prinosa 145. dan. Povećana je i dužina jajnika u pokusnih životinja. U životinja hranjenih dodatkom pronađeno je više 
nakupina primordijalnih folikula uključenih u intenzivan rast, kao i veći promjer primarnih i tercijarnih folikula. Ovi 
su rezultati u skladu s porastom izražaja GDF9 mRNA u oocitama i stanicama kumulusa. Istodobno su opaženi znakovi 
atrezije u Graafovim folikulima pokusnih životinja. Dodatak prehrani DBH stimulira rane stadije folikulogeneze u 
nazimica, ali uzrokuje atreziju u posljednjem stadiju folikularnog razvoja.

Ključne riječi: jajnici nazimica; homogenat trutovskog legla; BMP15; GDF9_____________________________________________________________________________________________


