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A b s t r a c t  
 

Most reproductive disorders in dairy cows are associated with postpartum metabolic state. 
One approach to normalizing the reproductive function is to use biostimulators, which have a modu-
lating effect on the immune, metabolic, and endocrine systems. The aim of the present research was 
to study the action of the cattle placenta extract on the metabolic adaptation and reproductive sys-
tem functioning during the postpartum period in first-calf cows. We have conducted for the first time 
monitoring of indicators of metabolism and the steroidogenic ovarian activity in first-calf cows, 
treated with the placenta extract, during the transition period and two months after calving and also 
assessed the reproduction indices. The raw material for the preparation was placenta separated within 
4-6 hours after calving. The extract was isolated from placenta according to the procedure, described 
earlier (M.V. Varenikov et al., 2010), with the use of some modifications. Effects of the extract were 
evaluated in first-calf cows of the Black Pied breed (Bos taurus taurus) on the basis of ZAO PZ «Ba-
rybino» (Domodedovo Region, Moscow Province) in 2015-2016. Seven to fourteen days prior to 
calving and on the day of calving, cows of the group I (control, n = 8) received the saline, and cows 
of the group II (experiment, n = 11) received 20 ml of the placenta extract. Before the treatment 
and on days 3 to 5, 20 to 25 and 50 to 60 after calving, the animal blood was taken for biochemical 
analysis and enzyme immunoassay. In serum samples, the concentration of total protein and its frac-
tions, urea, bilirubin, cholesterol, calcium, and phosphorus, the activity of aspartate aminotransferase 
(AST, EC 2.6.1.1) and alanine aminotransferase (ALT, EC 2.6.1.2), and the content of progesterone 
and estradiol-17β were measured. Twelve months after calving, based on the analysis of zootechnical 
and pedigree records, the reproduction indices (the pregnancy rate, calving to conception interval, 
and service per conception rate) and the 305-day milk yield were determined. A rise (p < 0,001) in 
the blood content of total protein (by 24.9 %) and its globulin fraction (by 51.8 %) was observed on 
days 20 to 25 after calving only in animals of the group II. The cholesterol concentration in the 
blood of these cows remained unchanged, whereas it was reduced by 33 % (p < 0.05) in control 
cows from days 3-5 to days 20-25 after calving. During the studied period, an increase in the serum 
activity of ALT was more pronounced in cows of the group II, while a raise in the activity of AST 
was considerable only in control animals. On days 20-25, the progesterone concentration in the 
blood of experimental cows was 57.7 % lower than in the control group (p < 0.05).  However, 50-60 
days after calving, the level of blood progesterone in experimental animals rose sharply and was four 
times higher than in control ones (p < 0.01). The treatment of cows also resulted in a reduction in 
the calving to conception interval from 123.5±10.5 to 95.1±5.8 days (p < 0.05). Thus, the injection 
of the cattle placenta extract to first-calf cows exerts modulating effects on metabolism, primarily 
lipid metabolism, as well enhances the luteal activity of ovaries during the postpartum period. Nor-
malization of the metabolic and hormonal status of cows is, obviously, related to a rise in the reproduc-
tive ability of the animals and leads to a reduction in the subsequent calving to conception interval. 

 

Keywords: first-calf cows, placenta extract, metabolism, ovarian steroid hormones, repro-
ductive ability 

 

Low reproduction of the herd is one of the main problems of modern 
dairy cattle breeding both in Russia and abroad [1, 2]. Reduced reproductive 
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ability of dairy cows is due to prolonged postpartum anestrus, ovarian dysfunc-
tion, low fertility, high embryonic mortality, increased incidence of infectious 
diseases of the uterus because of weakened immunity and other disorders [1, 3]. 
As a consequence, up to 20 % of farm cows are subjected to culling already in 
the first lactation, and the calving interval is more than 400 days [4, 5]. 

The disorders in highly productive dairy cows are mostly associated with 
the metabolic state after calving [1, 6, 7]. In the early postpartum period, the 
animals lack the nutrients to maintain lactation. This leads to a negative energy 
balance which is compensated by mobilizing animal’s own resources. In this, 
due to the limited supply of glucose, the main source of energy is fat depots [8]. 
The catabolic nature of metabolism during early lactation leads to a change in 
blood metabolites and metabolic hormones which affect animal fertility [1, 7, 9]. 
In addition, redirection of the main metabolic pathways for lactation causes a 
lack of energy and plastic resources to maintain other functions, primarily repro-
ductive. The first-calf cows are in the most difficult situation, as their growth 
still requires additional resources [10].  

To accelerate the restoration of the reproductive function of cows after 
calving, hormone preparations are widely practiced [11, 12]. An alternative ap-
proach is biostimulants with a modulating effect on the immune, metabolic and 
endocrine systems [13-15]. Such biostimulants can be extracts or tissue prepara-
tions of the placenta, which have a therapeutic and preventive effect on inflam-
mation, oxidative and degenerative processes, resorption of exudates and scars, 
endocrine disorders, growth [16-20]. A homologous extract of the placenta in-
jected before and after lambing stimulates udder development and increases the 
milk yield in sheep [21]. Data have been obtained on the reduction in the num-
ber of post-calving complications and obstetric gynecological diseases in cows 
after the application of human placenta [22, 23]. In the All-Russian Research 
Institute of Animal Husbandry a positive effect of cattle placenta extract on re-
productive health and the reproductive function of cows has been shown [24, 25]. 
It was found that the maximum reduction of the open days is achieved after the 
administration of the placenta extract to animals with a higher milk yield (over 
5000 kg), that is, with more pronounced postpartum metabolic disorders. These 
data suggest that the components of cattle placenta can normalize metabolism in 
cows post calving and thus modulate their reproductive ability.  

In this work, we first studied the metabolism, steroidogenic activity of 
ovaries and reproduction indices in the first-calf cows after admiration of pla-
centa extract during the transit period and 2 months after calving. placenta ex-
tract application led to a higher blood cholesterol level and a shorter open days 
compared to control animals. In addition, there was a marked increase in serum 
progesterone concentration 2 months after calving which indicates a faster re-
covery of the sexual cycle in cows with the placenta extract administered.  

Our goal was to study the effect of cattle placenta extract on the meta-
bolic adaptation and reproductive function during postpartum period in the first-
calf cows with a milk production of over 6000 kg. 

Technique. For extraction we used the afterbirth, separated within 4-6 
hours after calving. A pure placenta without visible pathological changes in the 
tissues was collected from healthy black-and-white Holstein cows of the 2nd and 
4th calving housed in OAO Rumyantsevskoye (Nizhny Novgorod region). The 
extract from the placenta was isolated according to the procedure described ear-
lier [24] with modifications. After microwave exposure, the obtained extract was 
mixed with distilled water (1:3) and boiled in a microwave oven R-2471J (Sharp 
Corporation, Thailand) for 5 min. After cooling, the resulting suspension was 
centrifuged for 20 min at 1000 g in a GR 412 centrifuge (Jouan, France), the 
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supernatant was passed through a paper filter. For antibacterial treatment, 0.5 % 
alcohol solution of phenol (0.6 % of the total volume) was added to the filtrate, 
and the solution was filtered through a sterile filter with a pore size of 0.45 μm.  

The cytotoxicity of the finished placenta extract was tested on infantile 
female laboratory Wistar rats. After subcutaneous injection of 0.5 ml of the ex-
tract the rats was observed for 1 week. 

The effect of the placenta extract on the metabolism and reproductive 
function of Black Pied first-calf cows (Bos taurus taurus) was investigated at 
ZAO PZ Barybino (Domodedovo Region, Moscow Province) in 2015-2016. An-
imals were kept in loafing yard. The ration corresponded to zootechnical norms. 
All experiments were carried out in accordance with the Helsinki Declaration 
(World Medical Association Declaration of Helsinki: ethical principles for medi-
cal research involving human subjects, 1964-2013) and the requirements of good 
laboratory practice (National Standard of the Russian Federation GOST R 
53434-2009). One to two weeks before the proposed calving, according to the 
principle of analogues, 19 first-calf cows were selected, which were divided into 
two groups. The animals of group I (control, n = 8) were treated with saline. 
Animals of group II (experiment, n = 11) 2 times (7-14 days before the pro-
posed calving and on the date of actual calving) were injected subcutaneously 
into the neck with 20 ml of the placenta extract. 

Blood was taken before (7-14 days prior to calving) and after the intro-
duction of the extract (on days 3-5, 20-25 and 50-60 after the actual calving) 
from the tail vein with an Apexlab vacuum system (Hebei Xinle Sci & Tech Co., 
Ltd, China). After receiving the serum, the samples were frozen and stored at 
20 C for subsequent analyses of biochemical parameters and concentration of 
ovarian steroid hormones.  

In blood serum, the concentration of the total protein and its fractions, 
urea, bilirubin, cholesterol, calcium, phosphorus, the aspartate aminotransferase 
(AST, EC 2.6.1.1) and alanine aminotransferase (ALT, EC 2.6.1.2) activity were 
assessed on a ChemWell automatic biochemical analyzer (Awareness Technolo-
gy, USA) with reagents of Analyticon Biotechnology AG (Germany). The estra-
diol-17β and progesterone level in serum was determined in enzyme immuno-
assay test with a Uniplan (Picon, Russia) plate-type spectrophotometer and 
commercial kit of reagents (NVO Immunotech, Russia) according to the com-
pany’s instructions. The sensitivity of the test was 30 pmol l for estradiol-17β 
and 0.4 nmol/l for progesterone. All analyzes were performed in duplicate, the 
coefficient of variation in the assay did not exceed 15 %.  

Twelve months post calving, after analysis of zootechnical data and pedi-
gree records, the reproduction indices (i.e. the proportion of pregnant animals, 
open days, insemination index) and the yield for 305 days of lactation were de-
termined in both groups. 

The data was processed using the one-way ANOVA method and the 
two-way ANOVA variance analysis with SigmaStat software (Systat Software, 
Inc., USA). The results are presented as mean values (X) and standard error 
(SEM). The significance of differences of the mean values compared was as-
sessed using Tukey's test.   

Results. Subcutaneous injection to rats of 0.5 ml of the placenta extract 
for 1 week did not cause an inflammation the site of administration. The general 
condition of the animals was satisfactory. 

Before the introduction of the placenta extract to cows (1-2 weeks before 
calving), the biochemical blood indices and the content of sex steroid hormones 
in the compared groups did not differ significantly.  

According to the widely accepted opinion, a transit period that covers 2-
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3 weeks to calving and 3 weeks after calving [26] is critically important to de-
termine the health, dairy productivity and reproductive potential of high-yielding 
cows. This time is characterized by the most pronounced changes in metabolism, 
which gradually disappear by the end of the first trimester of lactation. 

 

А B 

  
C D 

  
E 

Biochemical and hormonal blood parameters in 
first-calf Black Pied cows during the transit period 
and 2 months after calving when the cattle placen-
ta extract is administered: A — total protein (1) 
and globulins (2), B — total cholesterol, C — ac-
tivity of aspartate aminotransferase (AST, 3) and 
alanine aminotransferase (ALT, 4), D — concen-
tration of progesterone, E — concentration of es-
tradiol-17β. Vertical segments are SEM. Solid 
line is group I (control, n = 8), dashed line is 
group II (experiment, n = 11) (ZAO PZ Ba-
rybino, Domodedovo Region, Moscow Province). 

А: a, cp < 0.001, b, cp < 0.05 (total pro-
tein); d, fp < 0.001, e, fp < 0.01 (globulins).  

B: a, bp < 0.05, b, cp < 0.01 (total choles- 

 

terol); **p < 0.01 (between the control and experimental groups). 
C: а, bp < 0.05 (АсАТ); c, ep < 0.001, с, fp < 0.001, d, ep < 0.01; d, fp < 0.001 (АлАТ).  
D: a, bp < 0.001, a, сp < 0.01, d, ep < 0.001 (progesterone); *p < 0.05, **p < 0.01 (between 

the control and experimental groups). E: a, bp < 0.001, c, dp < 0.001 (estradiol-17β).  
  

Administration of the placenta extract modified a number of biochemical 
parameters during the transit period. In the group II between 7-14 days to calv-
ing and 20-25 days after calving, total proteins significantly (p < 0.001) increased 
by 24.9 % and globulin fraction increased by 51,8 % which was not observed in 
the control group (Fig., A).  

The blood cholesterol level in control animals decreased by 33 % (p < 0.05) 
to day 3-5 after calving, persisted to days 20-25, and then increased (p < 0.01) 
to the pre-calving values to days 50-60 (see Fig., B). In the animals receiving the 
preparation, the indicator did not change during the whole period of the study. 
In the middle and at the end of the transit period, the concentration of blood 
cholesterol in the cows of the experimental group was 1.5-1.6 times higher than 
that in the control group (p < 0.01). 

On days 3-5 after calving, a sharp increase in the activity of AST in the 
control (by 75.2 %, p < 0.05) occurred whereas in the experimental group an 
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increase was much less pronounced (see Fig., C). The activity of blood ALT in 
the cows of group II did not change until the middle of the transit period, but 
increased by 68.8 % (p <0.001) to its end (see Fig., C). In the control, the ALT 
activity increased insignificantly and gradually. At the same time, we did not 
detect the effect of the placenta extract on the concentration of albumins, urea, 
bilirubin, calcium, phosphorus and on their changes in the postpartum period. 

The placenta extract also had a long-term effect on hormonal status. In 
both groups, the progesterone concentration decreased almost 20-fold on days 3-5 
after calving and remained low until the end of the transit period (see Fig., D). At 
the same time on days 20-25 after calving, this index in animals from group II was 
57.7 % lower (p < 0.05) than in control. On days 50-60 after calving, the pro-
gesterone level in the experimental cows increased sharply (26-fold, p < 0.001) 
which indicated the beginning of luteal activity of the ovaries. In control ani-
mals, the progesterone concentration increased less significantly, remaining al-
most 4 times lower than in group II (p <0.01). The estradiol-17β concentration 
and its decrease in first-calf cows in the postpartum period were similar in animals 
of both groups (see Fig., E). 

Reproduction and milk productivity in Black Pied first-calf cows with subcutaneous 
administration of cattle placenta extract before and during calving (X±SEM, ZAO 
PZ Barybino, Domodedovo Region, Moscow Province, 2015-2016 ) 

Parameter 
Groups 

I, control (n = 8) II  (n = 11) 
Percentage of pregnant animals 75.0±15.3 90.9±8.7 

Open days 123.5±10.5 95.1±5.8* 

Insemination index 1.5±0.3 1.5±0.2 

Yield of milk within 305 days of lactation, kg  7209±546 7256±251 

N o t e. Description of the groups is given in the Technique section. 
* Differences between the control and experimental groups are statistically significant at p < 0.05. 

 

Administration of the placenta extract to animals resulted in a significant 
reduction in the duration of the open days (by 28.4 days, p < 0.05), and slightly 
increased artificial insemination (by 15.9 %), but did not affect the insemination 
index (Table). Milk productivity for 305-day lactation in the experimental and 
control groups was almost the same. 

Consequently, the most significant metabolic changes in the first-calf cows 
caused by cattle placenta extract are associated with lipid metabolism, namely, 
with maintaining higher concentration of blood cholesterol during the transit peri-
od. The cholesterol remained within the limits of normal values for this indicator. 
A similar tendency towards an increase in cholesterol in the postpartum period 
was observed in red-and-white multiparous cows after application of extract from 
human placenta [22]. Previously, it was shown that the blood cholesterol concen-
tration in high-yielding cows in the post-calving period is positively associated 
with the restoration of sexual circularity and a decrease in open days [27, 28]. 
These data are consistent with the results obtained by us. 

It is known that the mobilization of fat depots in early lactation leads to 
an increase in the blood concentration of free fatty acids, and the β-oxidation of 
these fatty acids leads to an excess of acetyl-CoA and an increase in the synthe-
sis of ketone bodies in the liver [7, 8]. Ketone bodies, in turn, adversely influ-
ence the reproductive function in cows [29]. Therefore, a positive relationship 
between the cholesterol concentration and the reproductive ability of cows may 
be due to a partial use of excess acetyl-CoA for cholesterol production and a 
corresponding decrease in the synthesis of ketone bodies. Besides, cholesterol is 
able to reduce the rate of metabolic clearance of progesterone necessary for ade-
quate maintenance of pregnancy [6, 30]. 

Thus, the administration of cattle placenta extract before and during 
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calving has a modulating effect on metabolic processes (primarily lipid metabo-
lism) in the first-calves in the postpartum period. The extract also causes an in-
crease in the luteal activity of the ovaries 2 months after calving which indicates 
stimulation of the animals’ transition from the state of postpartum anestrus. Nor-
malization of the metabolic and hormonal status of cows is obviously associated 
with an increase in the reproductive ability of animals and reduces open days. 
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