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Summary

The aim of this article is to set out certain possibilities related to the simplification of the superovulation
protocols (SOV) in cattle. The traditional protocols, which have been in use for decades, include as standard
several injections of FSH preparations. Due to the widespread increase in the importance of the animals’ welfare,
alternative options for its administration are now being sought. Appropriate selection of gonadotropin as well
as the dose and ratio of hormones makes it possible to limit undesirable effects such as prolonged ovarian
stimulation. Adjuvants such as polyvinylpyrrolidone, polyethylene glycol, hyaluronic acid or aluminium
hydroxide enable the extension of the absorption time of FSH preparations, thus reducing the amount of FSH
injections. A single deposition of hormones dissolved in aqueous solutions is possible when it is administered
via alternative routes, such as subcutaneous or epidural. Reduction of the amount of FSH injections may
directly translate into a decrease of the stress level in animals treated by the SOV protocols and also to the
improvement of the efficiency of embryo production. A significant risk factor remains the high variability of
superovulation. Its effectiveness depends on a number of generally well known individual and environmental

factors that should also be considered when joining SOV.
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The procedure of inducing superovulation (SOV)
in cattle has not changed significantly for years. The
basic one, developed several decades ago, consists
of a series of intramuscular injections of the aqueous
solution of FSH (5, 6, 21, 27, 28). Knowledge of the
follicle wave dynamics (3, 4) and the introduction of
pharmaceutical substances (2, 3, 19, 22) to control the
appearance of the first wave have enabled inducing
SOV independently of the stage of the estrus cycle
and timed artificial insemination (TAI), in this manner
eliminating the workload associated with heat detec-
tion. This does not change the fact that a statistical
donor receives in a relatively short period of time
several injections of various endocrine substances. This
system is laborious and could cause unnecessary stress
in animals and also carries the risk of unintentionally
omitting one of the injections. There have increasingly
arisen studies on simplifying superovulation protocols.
Unconventional, alternative methods of administration

of gonadotropic preparations have been described and
the effectiveness of these activities is evaluated (5, 6,
27). The aim of the study was to provide the evolution
of superovulation protocols taking into account some
changes in the composition of preparations containing
pituitary extracts, the routes of their administration,
and possible consequences.

Conventional methods of inducing superovulation
in cattle

The pursuit of developing a unified SOV program
started several decades ago. Most commonly used in
classical polyovulation protocols are pituitary extracts
(FSH, LH) of various domestic animals, equine cho-
rionic gonadotropin (eCG) and human menopausal
gonadotropin (hMG) (28). A scheme of an exemplary
superovulation protocol is presented in Figure 1. The
high variability of superovulation remains an impor-
tant risk factor (26). Effectiveness of SOV depends
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three groups of dairy cows with the
same dose of pure FSH (450 ng) to
all cows tested, and different doses
of LH in each group (4500 pg LH in
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on a number of — generally well known — individual
and environmental factors. The type of gonadotropin
used, the dosing period, the total dose applied and the
degree of its reduction for multiple dosing are also
significant (5, 28).

The earliest reports of superovulation in cattle and
sheep came from Wisconsin, USA (5). The standard
at that time was the use of equine chorionic gonado-
tropin (eCG), according to the previous nomenclature
called pregnant mare’s serum gonadotropin (PMSG)
(5). It is a glycoprotein with the activity of both pitu-
itary hormones (FSH, LH). Its half-life is relatively
long (approx. 40 hours) and determinable circulatory
concentrations are observed up to 10 days after admin-
istration (34). A single administration was sufficient to
induce superovulation (13). However, the long half-life
of eCG carried the risk of prolonged stimulation of the
ovaries. It caused some disturbances while folliculo-
genesis, leading to the appearance of ovarian cysts and
resulting in a significant decrease in the quality of em-
bryos collected (8, 15). It was the main reason for the
gradual abandonment of the widespread use of eCG.
The intravenous administration of anti-eCG antibodies
at the time of prostaglandin administration or 6, 36,
48, 60 hours after or at the first insemination became
a certain solution (2, 13, 15). Anti-eCG antibodies had
an inhibitory effect on equine chorionic gonadotropin,
shortening its half-life and thus eliminating unwanted
ovarian stimulation.

At the turn of the 1970s and 1980s it was reported
that folliculogenesis in mammals required both follicle-
stimulating hormone (FSH) and luteinizing hormone
(LH) action and thus a stronger reaction to ovarian
stimulation occurred after the pituitary extract admin-
istration than with equine chorionic gonadotropin (14,
28). It was also noticed that the percentage of cows
from which more than three transferable embryos were
collected was higher after FSH than after eCG admin-
istration (32). Some authors do not share this view,
pointing out that there are no significant differences
between the number of embryos collected after the use
of protocols based on equine chorionic gonadotropin
or follicle-stimulating hormone (16).

Currently, the most popular method of inducing su-
perovulation in cattle is the administration of pituitary
extracts of porcine FSH (5, 6). However, the primary,
uncleaned preparations contained a large amount of
LH that could hinder the response to stimulation. This
was demonstrated by an experiment (32) in which
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Fig. 1. An example of a superovulation protocol in cows (own work for B¢ et al. (5))

//// I group A, 900 ug LH in group B and

50 pg LH in group C). The average
number of recovered ova/embryos or
the number of transferable embryos
increased with the dose of LH decreasing. Perhaps the
level of endogenous LH is sufficient for the growth of
pre-ovulatory follicles (25). Studies on the use of pure
bovine FSH have also shown that a slight presence of
LH is not necessary to induce a strong superovulatory
response. However, this is not confirmed by the results
of field studies comparing commercially used gonado-
tropic preparations with different LH content. There
were no statistically different results the efficiency of
superovulation between the groups receiving various
doses of LH (31). Conversely, the dominant ovarian
follicles have receptors of LH hormone, which is re-
sponsible for the course of the ovulation process (30).
As a result, the hypothesis was made that in order to
improve the results of multiple ovulation it ought to
support the administration of FSH by injections of eCG
(with LH properties). Some studies also indicate that
the application of eCG causes increased angiogenesis,
which may have a beneficial effect on the blood supply
to the luteal tissue (33). However, that effect has not
yet been confirmed (36).

Equally important as the proportion of FSH to LH in
the gonadotropic preparation is the dose size of FSH. It
was found that increasing doses of FSH did not cause
a proportional increase in the number of corpora lutea
and embryos collected (21). Due to the short half-life
of FSH in cattle (approx. 5 hours) it is necessary to ad-
minister it several times (32). Using an infusion pump
for repeated administration of FSH may be a solution
(20). Experimental studies have shown that four ap-
plications of 30 units of pFSH per day administrated
with an infusion pump had a similar superovulation
efficiency to the conventional protocol of two manual
injections per day, applied for four days. However, it
seems that for economic reasons, the introduction of
this type of equipment on a wider scale may be associ-
ated with some difficulties.

Other studies compared the efficacy of porcine FSH
administration to a single-dose of recombinant bovine
FSH (9). The donors received accordingly: 300 mg of
pFSH in eight decreasing, intramuscular doses over 3.5
days (group A), a single injection of 50 pg A-rbFSH
(group B), a single injection of 100 pg A-rbFSH (group
C), or a single injection of 50 pg B-rbFSH (group D).
A single injection of tbFSH long-acting preparation
provided results similar to an application of pFSH
administered according to the conventional protocol.
However, it was emphasized that further studies were
necessary due to ambiguous results.
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There are reports of attempts to use human meno-
pausal gonadotropin (hMG) to induce polyovulation
(29, 40). Despite satisfactory results comparable to
those achieved after the use of FSH, hMG is not widely
used in veterinary practice due to its high costs (5).

The knowledge of the follicular wave dynamics led
to the introduction of dominant follicle growth control
methods into SOV protocols to facilitate the synchroni-
zation of the procedure in many animals (3,4, 7, 17,22,
35, 44). Initially, the possibility of mechanical removal
of large follicles was used (44). The proposal to use ul-
trasound ablation of the dominant follicle requiring the
use of specialized equipment and trained personnel was
not accepted in field practice (35). Exogenous GnRH
or LH was used to synchronize the appearance of the
follicular wave and induce the ovulation with different
results (3, 4). Research on the use of antigonadoliberin
preparations allowing for inhibiting the wave growth of
follicles, thus enabling the synchronization of donors
is also underway (7, 17, 22).

Attempts to reduce the number of FSH injections,
slowing down ahsorption, different routes
of administration

The use of the conventional method of inducing
superovulation by repeated administration of FSH is
laborious and stressful for cattle. Research on alterna-
tive methods has been carried out for a long time due
to a growing awareness of the above and thus a general
obligation to ensure the welfare of farm animals (5,
6, 28). In recent years, attention has been focused on
the possibility of inducing SOV by a single injection
of FSH or different routes of the follicle-stimulating
hormone administration. In order to reduce the num-
ber of injections needed to achieve the desired effect,
studies have been conducted to extend the absorption
time of FSH after a single injection. The first studies
focused on the evaluation of the effect of a mixture of
hMG or porcine FSH and polyvinylpyrrolidone (PVP)
(40, 41, 43). Superovulation efficiency was measured
after single intramuscular (40, 43) and subcutaneous
(41) administration. In the study of Sugano et al. (40)
48 cows divided into 3 study groups were examined
and applied intramuscularly respectively: 450 1U
hMG, 600 TU hMG or 30 mg FSH dissolved in 30%
PVP solution. In the control group the total dose of
600 IU hMG was administered intramuscularly in six
decreasing doses for 3 days. Yamamoto et al. (43),
on 77 HF cows, compared the effect of intramuscular
injection of 30 mg FSH dissolved in 30% PVP with
both single administration of 30 mg FSH in saline
solution and a traditional model (28 mg of FSH in
decreasing doses for 4 days). Takedomi et al. (41)
studied 19 Holstein-Friesian cows, evaluating the ef-
fect of PVP concentration on superovulation efficiency
after single subcutaneous injections. Animals from the
study groups were given 30 mg of FSH in PVP solu-
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tion at 25% or 50% concentration. The control group
received a total dose of 30 mg FSH in saline solution
intramuscularly in decreasing doses for 3 days. Despite
satisfying results (a large number of corpora lutea and
transferable embryos collected), PVP seemed to be an
adjuvant with some defects. The FSH suspension in
PVP characterized with high viscosity, which created
some difficulties to achieve a homogeneous mixture
and limited its practical application (6, 23). However,
as no other undesirable effects have been demonstrated,
PVP is still used in some countries as an adjuvant in
commercial FSH preparations (10).

Some hopes were connected with FSH preparations
containing polyethylene glycol (PEG) (11, 12). Choi
et al. carried out the first research with its use in 2002
(12). Cows from 3 groups received a mixture of dif-
ferent variants of the FSH concentration dissolved in
30% solution of PEG (first group — single injection of
400 mg FSH; second group — single injection of 200
mg FSH; third group — two injections of 200 mg FSH).
Cows from the control group were injected intramus-
cularly with 50 mg of FSH twice daily for 4 consecu-
tive days. The average number of corpora lutea were
19.6, 11.1, 13.4 and 7.6, respectively. Interestingly,
there were no differences between the studied groups
in terms of the average number of total embryos
and the number of transferable embryos collected.
Subsequent studies proved that FSH with the addition
of polyethylene glycol can be an effective alternative
to conventional SOV protocols (11).

Another carrier slowing down the release of FSH is
hyaluronian. It is a widely distributed glycoaminogly-
can which is one of the components of extracellular
matrix (ECM) of many tissues and organs playing an
important role in the regulation of their metabolism.
Satisfactory results of SOV were ensured by a single
intramuscular administration of the preparation con-
taining 400 mg FSH mixed with 2% hyaluronate (6,
42); however, similarly to PVP, it showed significant
viscosity and consequently difficulty in obtaining
a homogeneous form. The high density of the mixture
generated problems with the injection (the necessity of
using thick needles). Although lower concentrations of
hyaluronate facilitated the achievement of a homoge-
neous mixture, two doses of FSH applied at an interval
of 48 hours were necessary to induce superovulation
(42). Currently, a commercial preparation of pFSH with
0.5% hyaluronate solution (Folltropin V, Vetoquinol) is
used to obtain polyovulation after a single injection (1).

A macromolecular adsorbent that slows down the
absorption of FSH is a recently described aluminum
hydroxide gel (AH-gel — aluminum hydroxide gel),
widely used as an adjuvant in various vaccines. The
characteristics of the aluminum hydroxide gel struc-
ture, such as a fibrous structure and low viscosity,
make it an excellent carrier, significantly extending
the absorption time of FSH. In vivo studies compared
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Tab. 1. Comparison of the effectiveness of individual FSH carriers (own work for Yamamoto et al. (43), Takedomi et al. (41),

Carrier of FSH PVP sol. 30%
Route of administartion 1xim 8 xim
Dose of FSH ('single; *total) 30 mg’ 28 mg?
Group study control
CL 10.7 12.3
Ova/embryos collected 8.3 10.1
Transferable embryos 6.2 5.8

PVP sol. 25%/50% PEG sol. 30%
1xsc 6 xim 1xs¢/2 x s¢ 8xim
30 mg' 30 mg? 2002 400" mg 400 mg?
study* control study* control
8.15 10.5 14.2 11.1
7.55 9.5 9.07 9.1
4.65 6 5.9 5.1

Explanations: * averaged research results on several groups)

the efficacy of SOV following a single intramuscu-
lar administration of 30 mg pFSH in a mixture with
AH-gel to the conventional protocol of supply of
decreasing doses (6-2 mg pFSH dissolved in natrium
chloride solution) administered at 12-hour intervals
for 4 consecutive days (24). It was shown that for
cattle receiving single intramuscular doses of 30 mg
of pFSH with 5 ml of aluminum hydroxide gel, the
number of corpora lutea, the total number of ova and
the number of transferable embryos collected did not
differ significantly from the conventional pFSH treat-
ment. However, the disadvantage of AH-gel applied
intramuscularly were pathological changes in the
site of administration in the form of granulomas and
swelling accompanied by a significant accumulation
of macrophages, monocytes and giant cells (23). These
pathological changes at the place of injection in meat
cattle caused significant economic losses and grow-
ing consumer dissatisfaction. For this reason, other
routes of administration of FSH were searched for. It
was hypothesized that subcutaneous administration
would provide the possibility to decrease the amount
of Aluminum contained in AH-gel and consequently
reduce adverse reactions (23).

An important factor determining the rate of the
absorption process is the body condition score of the
animal (BCS), thus the amount of fat tissue at the place
of deposition of the drug (6, 18, 43). It was shown that
the reaction to a single dose of the preparation in the
neck area was weaker than after its administration in
the shoulder region in cows in insufficient condition.
However, while the animal was in good condition or
overweight, the response was satisfactory regardless
of the place of administration. Since subcutaneous
injection behind the shoulder generated a comparable
response regardless of the BCS value, a hypothesis
was made that the amount of fat tissue and the place
of deposition could be critical points in the process of
slowing down the absorption of pFSH (18, 43). For this
reason, deposition of the drug in animals with lower
BCS values or genetically predisposed to lower fat
cover is suggested in the shoulder region.

Interesting research results have recently been pre-
sented by Hiraizumi et al (18). They compared the
efficacy of a single subcutaneous administration of
pFSH suspended in aqueous solution of 0.9% NaCl

in Black Japanese cows to the classic SOV protocol.
The cows were divided into four study groups and
two control groups. Animals from group A (n = 14)
received 20 pFSH units dissolved in 10 ml NacCl sol.,
from group B (n= 14) 20 pFSH units dissolved in 50 ml
NacCl sol., from group C (n = 15) 30 pFSH units dis-
solved in 10 ml NaCl sol. and from group D (n = 15)
30 pFSH units dissolved in 50 ml NaCl sol. Animals
from both control groups (nl = 14, n2 = 15) received
20 units of pFSH twice daily in decreasing doses
intramuscularly for 4 days. In experimental groups
there were no significant differences in the number of
corpora lutea, ova and embryos collected. There were
also no differences in serum pFSH concentrations in
the tested animals qualified to experimental groups. It
was concluded that a single administration of pFSH
dissolved in aqueous saline solution makes it possible
to achieve a comparable reaction to that recorded after
follicle-stimulating hormone administration twice a day
for several days by the intramuscular route (18).
Recently, promising studies on the possibility of the
administration of aqueous FSH solutions to the epidural
space have arisen. Taking into account the results, these
studies seem to be particularly interesting. The first re-
port on gonadotropin application in this way appeared
a few years ago and concerned the treatment of ovar-
ian cysts using GnRH (37, 38). The results of recent
studies by Sakaguchi et al. (39) indicate that a single
application of 20 AU of FSH in aqueous solution into
the epidural space between the caudal vertebrae made it
possible to reduce the number of injections performed
and, moreover, to significantly reduce the amount of
the drug administered. The epidural administration
ensured the efficiency of superovulation comparable
to intramuscular application of a series of FSH injec-
tions (a total dose of 20 AU in 6 decreasing doses for
3 days). It was also found in subsequent studies that the
percentage of in vitro cultured blastocysts from oocytes
obtained by OPU from donors stimulated by single
injections of FSH in the epidural space was higher
than after several injections (39). On the one hand,
the above studies indicate the possibility of replacing
the standard program of inducing superovulation and,
on the other hand, the possibility of increasing the
effectiveness of OPU procedures and in vitro embryo
production (IVP). A comparative analysis of the results
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Choi et al. (12), Tribulo et al. (42), Kimura et al. (24), Hiraizumi et al. (18), Sakaguchi et al. (39)

Hyaluronate sol. 2% AHgel sol. Saline sol. 0.9% Saline sol. 0.9%
1xim 8xim 1xim 8 xim 1xsc 6 xim 1 x epid. 6 xim
400 mg' 400 mg? 30 mg' 30 mg? 20 AU/30 AU' 20 AU? 20 AU 20 AU?
study control study control study* control* study control
13.8 13.7 12.3 11.7 18.6 191 14.4 11.9
13.7 12.3 10.0 9.3 16.95 16.4 18.3 10.9
4.9 6.4 8.6 8.0 8.83 8.75 9.0 4.7

of the effectiveness of FSH preparations dissolved in
particular types of carriers and aqueous solution have
been presented in Table 1. It shows that the use of the
latter brings equally satisfactory results. However, it is
necessary to confirm the results on a more numerous
group of animals.

In recent years, a great deal of effort has been put
into improving the standard SOV protocols. These
include a number of additional hormonal interven-
tions to control the development of follicles and timed
artificial insemination. Their aim was to increase the
efficiency of superovulation. Considering the welfare
of animals, this fact is significant. There is a need to
minimize the stress associated with the preparation
of donor females. Satisfactory results of superovula-
tion are now possible thanks to the prolonged time of
hormone release through the use of its original carriers
and the use of alternative routes of administration. The
most recent reports indicate the effectiveness of single
injections of aqueous FSH solutions is comparable
to preparations containing various adjuvants slowing
down the absorption. This form of FSH application
seems to be preferred for both its lesser labor intensity
and for economic reasons.

References

. Biancucci A., Sbaragli T., Comin A., Sylla L., Monaci M., Peric T., Stradaioli G.:
Reducing treatments in cattle superovulation protocols by combining a pitu-
itary extract with a 5% hyaluronan solution: Is it able to diminish activation of
the hypothalamic pituitary adrenal axis compared to the traditional protocol?
Theriogenology 2016, 85, 914-921.

2. Boryczko Z., Bostedt H., Gajewski Z., Witkowski M., Hoffmann B.: Mor-
phological and hormonal changes after superovulation in cows treated with
Neutra-PMSG. Arch. Vet. Pol. 1994, 34, 117-126.

3.B6 G. A., Guerrero D. C., Adams G. P.: Alternative approaches to setting up
donor cows for superstimulation. Theriogenology 2008, 69, 81-87.

4.Bo G. A., Guerrero D. C., Tribulo A., Tribulo H., Tribulo R., Rogan D.,
Mapletoft R. J.: New approaches to superovulation in the cow. Reprod. Fertil.
Dev. 2010, 22, 106-112.

5.B6 G. A., Mapletoft R. J.: Historical perspectives and recent research on
superovulation in cattle. Theriogenology 2014, 81, 38-48.

6.B6 G. A., Rogan D. R., Mapletoft R. J.: Pursuit of a method for single ad-
ministration of pFSH for superstimulation in cattle: What we have learned?
Theriogenology 2018, 112, 26-33.

7. Briissow K. P, Schneider F., Niirnberg G.: Alteration of gonadotrophin and
steroid hormone release, and of ovarian function by a GnRH antagonist in
gilts. Anim. Reprod. Sci. 2001, 66, 117-128.

8. Callesen H., Greve T, Hyttel P: Preovulatory endocrinology and oocyte
maturation in superovulated cattle. Theriogenology 1986, 25, 71-86.

9. Carvalho P. D., Hackbart K. S., Bender R. W., Baez G. M., Dresch A. R.,

Guenther J. N., Souza A. H., Fricke P. M.: Use of a single injection of long-

acting recombinant bovine FSH to superovulate Holstein heifers: A preliminary
study. Theriogenology 2014, 82, 481-489.

10. Chasombat J., Sakhong D., Nagai T., Parnpai R., Vongpralub T.: Superstimula-
tion of follicular growth in Thai native heifers by a single administration of
follicle stimulating hormone dissolved in polyvinylpyrrolidone. J. Reprod.
Dev. 2013, 59, 214-218.

11. Choi S. H., Cho K. H., Park Y. S.: Effect of a single injection of FSH dissolved
in polyethylene glycol on superovulation response in Korean native cows.
Reprod. Fertil. Dev. 2009, 21, 243.

12.Choi S. H., Park Y. S., Cho S. R., Kang T. Y., Sin S. H., Kang S.: Superovulation
response and quality of embryos recovered from cattle after a single subcutane-
ous injection of FSH disolved in polyethylene glycol. Korean J. Emb. Trans.
2002, 17, 67-77.

13. Dieleman S. J., Bevers M. M., Vos P, De Loos F. A. M.: PMSG/anti-PMSG
in cattle: A simple and efficient superovulatory treatment? Theriogenology
1993, 39, 25-41.

14. Elsden R. P, Nelson L. D., Seidel G. E.: Superovulating cows with follicle stim-
ulating hormone and pregnant mare’s serum gonadotrophin. Theriogenology
1978, 9, 17-26.

15. Gonzalez A., Wang H., Carruthers T. D., Murphy B. D., Mapletoft R. J.:
Increased ovulation rates in PMSG-stimulated beef heifers treated with
a monoclonal PMSG antibody. Theriogenology 1994, 41, 1631-1642.

16. Goulding D., Williams D. H., Roche J. F., Boland M. P.: Factors affecting
superovulation in heifers treated with PMSG. Theriogenology 1996, 45,
765-773.

17. Herbst K. L., Anawalt B. D., Amory J. K., Bremner W. J.: Acyline: The
First Study in Humans of a Potent, New Gonadotropin-Releasing Hormone
Antagonist. J. Clin. Endocrinol. Metab. 2002, 87, 3215-3220.

18. Hiraizumi S., Nishinomiya H., Oikawa T., Sakagami N., Sano F., Nishino O.,
Kurahara T., Nishimoto N., Ishivama O., Hasegawa Y., Hashiyada Y.: Super-
ovulatory response in Japanese Black cows receiving a single subcutaneous
porcine follicle-stimulating hormone treatment or six intramuscular treatments
over three days. Theriogenology 2015, 83, 466-473.

19. Ireland J. J., Smith G. W., Scheetz D., Jimenez-Krassel F., Folger J. K., Ireland
J. L., Mossa F., Lonergan P, Evans A. C.: Does size matter in females? An
overview of the impact of the high variation in the ovarian reserve on ovarian
function and fertility, utility of anti-Miillerian hormone as a diagnostic marker
for fertility and causes of variation in the ovarian reserve in cattle. Reprod.
Fertil. Dev. 2011, 23, 1.

20. Irshad A. R., Sasaki T., Kubo T., Odashima N., Katano K., Osawa T, Takahashi T,
Izaike Y.: Development of a programmable piggyback syringe pump and four-
times-a-day injection regimen for superovulation in non-lactating Holstein
cows. J. Reprod. Dev. 2015, 61, 485-488.

21.Jaskowski B. M., Herudzinska M., Kierbi¢ A., Kmiecik J., Nowak T., Gehrke M.:
Superowulacja u kréow — czynniki ryzyka i selekcja dawezyn. Zycie Weter.
2016, 91, 344-348.

22.Jimenez-Krassel F., Ireland J. L. H., Kronemeyer C., Wilson-Alvarado A.,
Ireland J. J.: Development of the “waveless” bovine model. Anim. Reprod.
Sci. 2018, 195, 80-88.

23. Kimura K.: Superovulation with a single administration of FSH in aluminum
hydroxide gel: a novel superovulation method for cattle. J. Reprod. Dev. 2016,
62, 423-429.

24. Kimura K., Hirako M., Iwata H., Aoki M., Kawaguchi M., Seki M.: Successful
superovulation of cattle by a single administration of FSH in aluminum droxide
gel, Theriogenology 2007, 68, 633-639.

25.Looney C. R., Bondioli K. R., Hill K. G., Massey J. M.: Superovulation of
donor cows with bovine follicle-stimulating hormone (bFSH) produced by
recombinant DNA technology. Theriogenology 1988, 29, 271.

26. Mapletoft R. J., Bo G. A.: Innovative strategies for superovulation in cattle.
Anim. Reprod. 2013, 10, 174-179.



520

27. Mapletoft R. J., Bo G. A.: The evolution of improved and simplified super-
ovulation protocols in cattle. Reprod. Fertil. Dev. 2012, 24, 278.

28. Mapletoft R. J., Steward K. B., Adams G. P.: Recent advances in the super-
ovulation in cattle. Reprod. Nutr. Dev. 2002, 42, 601-611.

29. McGowan M. R., Braithwaite M., Jochle W., Maplecoft R. J.: Superovulation
of beef heifers with Pergonal (HMG): A dose response trial. Theriogenology
1985, 24, 173-184.

30. Mihm M., Evans A.: Mechanisms for Dominant Follicle Selection in Monovu-
latory Species: A Comparison of Morphological, Endocrine and Intraovarian
Events in Cows, Mares and Women. Reprod. Dom. Anim. 2008, 43, 48-56.

31. Mikkola M., Taponen J.: Embryo yield in dairy cattle after superovulation
with Folltropin or Pluset. Theriogenology 2017, 88, 84-88.

32. Monniaux D., Chupin D., Saumande J.: Superovulatory responses of cattle.
Theriogenology 1983, 19, 55-81.

33. Moura C. E., Rigoglio N. N., Braz J. K., Machado M., Baruselli P. S., Papa
Pde C.: Microvascularization of corpus luteum of bovine treated with equine
chorionic gonadotropin. Microsc. Res. Tech. 2015, 78, 747-753.

34. Murphy B. D., Martinuk S. D.: Equine Chorionic Gonadotropin. Endocr. Rev.
1991, 12, 27-44.

35. Nasser L. F., Adams G. P, Bo G. A., Mapletoft R. J.: Ovarian superstimulatory
response relative to follicular wave emergence in heifers. Theriogenology
1993, 40, 713-724.

36. Palomino J. M., Cervantes M. P, Woodbury M. R., Mapletofi R. J., Adams G. P.:
Effects of eCG and progesterone on superovulation and embryo production in
wood bison (Bison bison athabascae). Anim. Reprod. Sci. 2017, 181, 41-49.

37. Rizzo A., Campanile D., Mutinati M., Minoia G., Spedicato M., SciorsciR. L.:
Epidural vs intramuscular administration of lecirelin, a GnRH analogue, for
the resolution of follicular cysts in dairy cows. Randomized controlled trial.
Anim. Reprod. Sci. 2011, 126, 19-22.

Med. Weter. 2019, 75 (9), 515-520

38. Rizzo A., Minoia G., Trisolini C., Mutinati M., Spedicato M., Manca R., Sciorsci
R. L.: Renin and ovarian vascularization in cows with follicular cysts after
epidural administration of a GnRH analogue. Anim. Reprod. Sci. 2009, 116,
226-232.

39. Sakaguchi K., Ideta A., Yanagawa Y., Nagano M., Katagiri S., Konishi M.:
Effect of a single epidural administration of follicle-stimulating hormone via
caudal vertebrae on superstimulation for in vivo and in vitro embryo produc-
tion in Japanese black cows. J. Reprod. Dev. 2018, 64, 451-455.

40. Sugano M., Shinogi T.: Superovulation induction in Japanese Black cattle by
a single intramuscular injection of hMG or FSH dissolved in polyvinylpyr-
rolidone. Anim. Reprod. Sci. 1999, 55, 175-181.

.Takedomi T., Aoyagi Y., Konishi M., Kishi H., Taya K., Watanabe G.,
Sasamoto S.: Superovulation of Holstein heifers by a single subcutaneous
injection of FSH dissolved in polyvinylpyrrolidone. Theriogenology 1995,
43, 1259-1268.

42. Tribulo A., Rogan D., Tribulo H., Tribulo R., Mapletoft R. J., Bo G. A.:

Superovulation of beef cattle with a split-single intramuscular administration
of Folltropin-V in two concentrations of hyaluronan. Theriogenology 2012,
77, 1679-1685.

43. Yamamoto M., Ooe M., Kawaguchi M., Suzuki T': Superovulation in the cow
with a single intramuscular injection of FSH dissolved in polyvinylpyrrolidone.
Theriogenology 1994, 41, 747-755.

44. Zbylut J., Jaskowski J. M.: Influence of elimination of morphologically domi-
nant follicles on the effectiveness of superovulation in heifers. Bull. Vet. Inst.
Putawy 2001, 45, 267-273.

4

—_

Corresponding author: Jakub Kulus, DVM, Veterinary Centre at the
Nicolaus Copernicus University in Torun, Poland; e-mail: jakubkulus@
gmail.com, jakub.kulus@umk.pl



