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ABSTRACT: This study aimed to compare three ways of FSH administration [single-dose subcutaneous (sc) using
an adjuvant, single-dose epidural without an adjuvant and the conventional intramuscular (i.m) repeated decreasing
doses] on blood FSH levels and superovulation response. Holstein cows (n:18) were divided into three groups for the
superovulation procedure (n=6). The animals in group (1) received intramuscular (im) decreasing doses of FSH (Sti-
mufol, 500 pg porcine FSH and 100 pg porcine LH, Ulg FMV, Li¢ge, Belgium) at 12-h intervals for 4 d. The animals
in group (2) received FSH (500 pg) into the epidural space (e). The animals in group (3) received a single subcutaneous
(SC) dose of FSH (500 pg) added in 10 mL of Montanide ISA 206 adjuvant. CL count in the ovary was measured by
ultrasonography and superovulation was determined based on the presence of >4 CL. For FSH measurement, blood
samples were collected from the V. jugularis of all the animals. Serum FSH (pFSH) concentration was determined by
ELISA. After synchronisation and superovulation procedures, all animals had estrus (100%). Superovulation response
(>4 CL) was detected in six animals in group 1 (im), one animal in group 2 (e), and four animals in group 3 (sc). Su-
perovulation responses in e group were lower than those in im group (P<0,05), but they were like those in sc group
(P>0.05). Serum FSH concentrations were similar between groups for all sampling times (P>0.05).
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INTRODUCTION

uperovulation is one of the crucial stages of em-

bryo transfer (Gordon, 2004). This procedure is
performed to enhance ova production from a cow in
each estrus cycle, inducing ovarian stimulation us-
ing gonadotropins and thus increasing the number of
embryos, depending on the breed characteristics of
the cow (Kanagawa et al., 1995; Bowen, 2003; Son
et al., 2007). Superovulation procedure not only in-
creases the number of oocytes released from follicles
but also stimulates ovulation and enables maturation
of oocytes (Rahman et al., 2008; Sagirkaya, 2009; de
Souza et al., 2011).

Animal response to superovulation varies depend-
ing on body condition score, age, breed, nutritional
status, type of gonadotropin, administration method,-
climate and other environmental conditions (Maple-
toft et al., 2002; Silve et al., 2009; Amiridis and Cseh
2012; Hussein et al., 2017).

FSH is a gonadotropic hormone used for super-
ovulation. It is usually extracted from the pituitary
gland of sheep and pigs. It exerts its effect by bind-
ingto andactivating FSH 2 receptors in small- and
medium-sized folliclesstimulating their development
(Rahman et al., 2008).

Exogenous FSH administration in cows or mature
heifers stimulates the development of multiple fol-
licles, rescuing follicles that would normally be lost
to atresia during the estrus cycle. FSH stimulation is
needed until oocytes reach the size to respond to LH,
and this lasts for approximately 4 d (Bo and Maple-
toft, 2014; Deguettes et al., 2020).

The half-life of FSH is approximately 5 h, and it
is usually necessary to be administered at 12-h inter-
vals for 3 to 4 d, to maintain adequate FSH levels in
the blood and stimulate multiple follicular growth.
Repeated FSH administration is a very demanding
procedure. Common errors during its application are
not uncommon resulting in decreased superovulation
response or no response at all. In addition, repeated
administrations may result in stress in donor cattle,
thus reducing the ovarian response and inhibiting the
LH surge required for ovulation (Bo et al., 2017).

Superovulation application’s other goal is to reduce
the stress for females and to simplify the superovula-
tions protocols while collecting a lot of good-quality
embryos from the donor (Ochea et al., 2015). It has
been reported that in limited studies on epidural FSH

application, superovulation results similar to tradi-
tional applications have been obtained (Tagdemir et
al., 2012; Chumchai et al., 2021. However, it is also
reported that the embryo quality obtained is lower
(Chumchai et al., 2021). It is thought that epidural oils
may help slow release of FSH into the peripheral cir-
culation (Lee et al., 2003a). In addition, the success of
superstimulation in dairy cattle may have been insuf-
ficient, as there were differences in the structure and
proportions of epidural fats between different breeds.
Similarly, the results are not satisfactory in Holstein
cows, which probably have less subcutaneous adipose
tissue (Bo et al., 1994).

The epidural application, which is an alternative to
repeated FSH applications, has been tried by taking
local anesthetics as a role model. It is reported that the
blood FSH level rises 3 hours after the application and
decreases to basal levels at the 36th hour (Sakaguchi
et al., 2018).However, there is also a study stating that
blood FSH level increases very rapidly within 2 hours
and decreases to basal level at the end of 10 hours
(Chumchai et al., 2021). Studies have reported that
superovulation responses close to the classical meth-
od are obtained after epidural application (Tasdemir
et al., 2012; Satilmis et al., 2021).

Owing to the difficulty of the conventional super-
ovulation procedures, researchers have been trying to
develop simpler protocols such as FSH subcutaneous-
ly (SC) in single-dose by using anadjuvant. An alterna-
tive way of prolonging FSH release following a single
im administration is to combine it with certain vehi-
cles that lead to slow release over a few days. These
substances are often polymers; they are biodegradable
and do not react with body tissue (Bo et al., 2017).

When agents that slow down FSH release are used
for superovulation in cattle, FSH can be adminis-
tered as a single dose. Therefore, the administration
of FSH in combination with vehicles, such as Mon-
tanide, aluminium hydroxide (AH) (Kimura, 2016),
polyvinylpyrrolidone (PVP) (Takedomi et al.,1995),
or hyaluronan (Tribulo et al., 2012), has been reported
to slow down FSH release, ensuring that FSH reach-
es the concentration required for superovulation in
blood and remains at a high level for sufficient time.

Montanide ISA 206 (Seppic, France) is a vac-
cine adjuvant with water, oil, water (W/O/W) proper-
ties, which is used in the testing and administration of
many vaccines in the veterinary field. It is preferred as
it provides a long release time.
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This study aimed to compare three ways of FSH
administration [single-dose subcutaneous (sc) using
an adjuvant, single-dose epidural without an adjuvant
and the conventional intramuscular (i.m) repeated de-
creasing doses] on blood FSH levels and superovula-
tion response.

MATERIAL AND METHODS

The study was conducted with the approval of
Selguk University Veterinary Faculty Experimen-
tal Animals Production and Research Center Ethics
Committee (SUVDAMEK) (2018/19).

In total, 18 Holstein cows aged 4 to 6 y and having
a milk yield > 35 to 40 L were included in the study.
Cows that did not have a postpartum uterine infection,
did not have any pathology in their genital organs and
were between 90-130 days after calving were used in
the study. Animals were selected based on clinical ex-
amination (i.e., general examination, rectal examina-
tion, and ultrasonography) results. Animals were di-
vided into three groups for superovulation procedures
(n=06). In all animals, controlled internal drug release,
which was silicone impregnated with 1.38 g proges-
terone (CIDR 1380®, Pfizer/Zoetis), was introduced
intravaginally in the evening of the beginning day (day
0) and 100 pg GnRH (Gestavet® GnRH, HIPRA) was
administered (im) in the evening of Day 2.

In group 1 (im), starting on the evening of day 4,
FSH (Stimufol, 500 pg porcine FSH and 100 pg por-
cine LH, Ulg FMV, Li¢ge, Belgium) was administered
(im) in decreasing doses (1.5, 1.5, 1.5, 1.25, 1.25, 1, 1,
and 1 mL) at 12-h intervals, for 4 d to induce super-
ovulation.In group 2 (e),a single injection of FSH (500
ug) was administered into the epidural space in the
evening of Day 4. In group 3 (sc),a mixture prepared
with FSH (500 pg)added to 10 mL of Montanide ISA
206 (Seppic, France) adjuvant was administered as a
single sc injection, in the evening of Day 4.

Preparation of the adjuvant: Stimufol (6 U) to be
used for the six animals in group 3 was prepared by
diluting it with 10 cc dilution solution included in its
kit. Montanide ISA 206 vehicle (60 cc) was filtered
into sterile 50 cc Falcon tubes a 40 um injector fil-
ter and sterilised. Montanide and drug solution (60 cc
each) were added into a previously autoclaved glass
bottle. It was homogenised using a magnetic stirrer
for 3 h in the cooling cabinet at > 4°C. After the ho-
mogenisation, the drug was dosed into previously au-
toclaved glass bottles (20 cc each). The bottles were

sealed with sterile rubber cap and metal cap and kept
at 4°C until used.

The cows in all groups were treated with 35 mg
PGF2a (Estrumate, MSD, 263 mcg of Cloprostenol
sodium, India) on Day 7 and 25 mg PGF2a on Day
8 in the morning, and the CIDR was removed from
the vagina. Estrus were determined using a pedome-
ter. On the 16™ day of the experiment CL count in the
ovary was measured by ultrasonography (Mindray DP
50, linear probe) and superovulation was determined
based on the presence of 4 CL. For FSH measure-
ment, blood was collected from the v. jugularis of all
the animals before FSH administration and at h 0.25,
0.5,0.75, 1, 2, 3, 4, 6, 8, 12, 18, 24, 36, 42, 48, 54,
60, 66, 72, and 96 after FSH administration. The col-
lected blood was centrifuged at 2,000 rpm for 15 min
to separate their serums. Serum samples were kept at
—20°C until the assayed. Serum FSH (pFSH) concen-
tration was determined by ELISA using a commercial
kit (Porcine Follicle Stimulating Hormone Elisa Kit,
Bioassay Technology Laboratory, Shanghai, China)
with a detection limit of 0.017 ng/mL and a measure-
ment range of 0.26 to 8.33 ng/mL. The sensitivity of
the kit has been reported to be 0.28 U/L were read
(Bioassay technology Laboratory Cat. No. E0183Po).

Homogenity of variance test was used to determine
the distribution of data. The normality of the data dis-
tribution was assessed with the Shapiro—Wilk test and
the homogeneity of variance with the Levene’s test.
The data did not display normal distribution. Mann—
Whitney U test was used for statistical analysis of
superovulation responses. Mean serum FSH concen-
trations at each sampling time between groups were
also evaluated with Mann—Whitney U test (P>0.05).
SPSS-Statistics-22 package software was used for the
tests.A P-value of 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

It was determined that all of the cows that under-
went synchronization and superovulation procedures
showed oestrus (100%). As a result of the ovarian ex-
amination performed on the 16th day, superovulation
response (>4 CL) was detected in 6 animals in Group 1
(im), 1 animal in Group 2 (e), and 4 animals in Group
3 (sc)(Table 1), total CL counts, and left ovary CL
count in group 2 (e) were lower than in group 1 (im)
(P<0.05), and similar to group 3 (sc) (P>0.05). Serum
FSH concentrations were similar between groups for
all sampling times (Table 2) (P>0.05).
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Table 1. Superovulatory response in the three groups of the trials

PARAMETER Group 1 (im) (n:6) Group 2(e) (n:6) Group3 (sc) (n:6)
Superovulated animals (number) 6° 1° 4ab
Superovulated animals (ratio - Mean+SD) 1,00+0,0* 0,17+0,41° 0,67+0,522°
CL/Right Ovary (mean) 2.33 1 1,67
Cl/Left Ovary (mean) 4,33¢ 0,664 3,33
TotalCL (mean) 6,67° 1,66" 5,13¢f
Follicle (total) 3 1 20

<0.05 was considered statistically significant. The difference between group im and group e was statistically significant.

Table 2. SerumFSH concentration(ng/ml) in intramusculer,epidural and, subcutaneus groups (mean £SD)

Time Group 1 (im) Sd Group 2 (e) (n:6) Sd Group 3 (sc) (n:6) Sd
(n:6)

0.25 2,015+0,388 2,087+0,517 2,539+1,760
0.5 1,925+0,468 2,020+0,804 2,819+2,159
0.75 2,089+0,357 2,091+0,630 2,379+0,994
1 2,037+0,542 2,062+0,925 2,480+1,279
2 1,973£0,363 2,031+0,451 2,881+1,847
3 1,9224+0.,262 2,005+0,645 2,901+2,168
4 2,107+0,543 2,077+0,679 2,844+2.204
6 2,074+0,483 2,191+0,636 2,545+1,665
8 1,996+0,400 1,971+0,542 2,522+1,734
12 1,915+0,355 2,007+0,558 2,536+1,898
18 2,051+0,374 1,913+0,539 2,543+1,956
24 2,079+0,449 2,170+0,736 2,515+1,584
30 2,032+0,406 2,089+0,731 2,611+1,549
36 2,038+0,455 2,165+0,718 2,474+1,444
42 2,208+0,436 2,182+0,675 2,346+1,031
48 2,021+0,401 2,163+0,700 2,420+1,842
54 2,055+0,394 2,111+0,780 2,314+1,423
60 2,098+0,448 2,111£0,616 2,438+1,280
66 1,905+0,331 2,11540,664 2,36+1,069
72 2,068+0,464 2,052+0,621 2,397+1,211
84 1,945+0,544 2,022+0,554 2,487+1,428
96 2,005+0,499 2,025+0,631 2,417+1,569

P<0.05 was considered statistically significant. No significant differences were noticed between groups in any of the sampling times.
- Serum FSH ng/ml)
3,300
3,100
2,900
2,700
2,500

2,300

FSHng/mL

2,100
1,900
1,700
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Figure 1. Blood FSH concentration in the three groups of the trial.
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The primary purpose of superovulation in cattle
is to obtain many transferable embryos and to en-
sure acceptable pregnancy rates after transfer (Bo et
al., 2002). However, the response of donor cows to
gonadotropin administration, which is an important
cost factor for the embryo transfer industry, is highly
variable. The superovulation response is affected by
several factors such as genetics, physiological charac-
teristics (age, ovarian condition, and the follicle pop-
ulation), nutritional status, health conditions, season,
farm management, different commercial preparations
of FSH, dose, and route of administration (Mapletoft
et al., 2002; Silve et al., 2009; Amiridis and Cseh
2012; Hussein et al., 2017).

For the stimulation of follicular development in
donor cattle, conventionally, FSH extracted from the
pituitary or produced as recombinant is administered
twice a day, while eCG is administered (im) as a sin-
gle-dose. Mapletoft et al., 2002). However, due to its
long half-life, large follicles may remain on the ova-
ry even after ovulation. Estrogen released from these
follicles can adversely affect the number of embryos
collected (Forcada et al., 2011). Another important
disadvantage of eCG is that it causes antibody for-
mation in the donor animal (Dieleman et al., 1993).
During the embryonic development period, high
blood estradiol levels can cause nucleus anomalies
(Kanagawa 1995).

A single-dose FSH protocol was developed to be
an alternative to conventional twice-daily treatment
protocols for the superovulation of cows. The sin-
gle-dose protocol is expected to increase usability in
farms that lack adequately trained personnel.

It was reported that the administration (sc) of a
single dose of pFSH was highly effective in inducing
superovulation in cattle but was not as effective as the
conventional method in cattle with lower body condi-
tion scores (Bo et al., 2017). It was notified that may
be associated with low superovulation response slow
absorption, the amount of adipose tissue, or the appli-
cation site after single-dose sc pFSH administration
(Bo etal., 1994).

In many studies, superovulation response has been
achieved in cows with single-dose FSH treatment
involving different adjuvants. In these studies, hyal-
uronic acid (HA, wt 2%) (Tribulo et al., 2011; Tribu-
lo et al., 2012), PVP (wt 25% to 50%) (Takedomi et
al.,1995; Yamamoto et al.,1995) or gelatin (wt 3.2%)
(Hill et al.,1985) have been used. It has also been re-

ported that polyethylene glycol (PEG, 3% to 140%)
supplemented with Novocain can be used (Kosovskij
et al., 2016). Novocaine allows the blood supply to
increase at the injection site by dilating the vessels.
While PEG or PVP allows injectionboth SC and IM,
good results can be obtained when HA is adminis-
tered IM only. Gelatin is applied SC only in the neck
area (Deguettes et al., 2020).

A study comparing the use of AH-gel with the
conventional method reported that there was no dif-
ference in superovulation response and transferable
embryo rates. After the im administration of a sin-
gle-dose FSH dissolved in AH-gel, FSH was detected
in the blood in the first 2 h, peaked in 12 h, and detect-
ed even after 3 d (Kimura, 2016).

In superovulation studies using PVP, results sim-
ilar to the conventional method have been reported
showing that it can be used successfully(Takedomi
et al., 1995; Yamamoto et al., 1995; Tribulo et al.,
2011; Chasombat et al.,2013). Hyaluronan is a poly-
mer found in the reproductive organs of most animals
and does not react when administered parenterally. It
is a simple glycosaminoglycan with high biocompat-
ibility, and when used as a diluent, it facilitates the
continuous release of drugs (Oh et al., 2010). Stud-
ies using hyaluronan have reported similar results to
those of the conventional method (Tribulo et al.,2010;
Tribulo et al., 2011; Rogan et al., 2010). No super-
ovulation study has been found reporting Montanide
ISA 206. In the presented study, CL response close to
the conventional method was produced in the group
receiving FSH with Montanide ISA 206. Montanide
ISA 206 was found to be as effective as other adju-
vants used for slow release of FSH.

In a study, there was no statistically significant dif-
ference in superovulation response of Ongole cattle
after im FSH administration at equal doses twice a
day or single-dose epidural (Imron et al., 2016).

In another study, researchers compared that were
two various amounts of decreasing doses, epidural, and
im single doses FSH applications, and as a result, re-
ported no significant statistical difference between the
groups. Researchers reported that the reasons for this
result are unclear however, may be dependent on due
to the slow absorption of FSH (Tasdemir et al., 2012).

It has been reported that the distribution of drugs
in the epidural space is affected by epidural fats. After
injection, the drugs diffuse into the dura mater, epi-
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dural veins, and epidural fat. Drugs absorbed from
epidural fats can then gradually re-distribute into the
dura mater and epidural veins (Lee et al., 2003 a, b).
Therefore, it is thought that epidural fats contribute to
the slow release of FSH into the peripheral circulation
and that the FSH concentration can be maintained
above baseline for more than 72 hours (Sakaguchi et
al., 2018).

In the present study, no statistical difference was
found between the conventional group administered
with two doses per day for 4 d (Group 1) and the
group 3 (sc) administered with FSH diluted in Monta-
nide. There was no statistical difference between the
epidural and sc administration groups (groups 2 and
3). A study comparing SC and epidural application
could not be found. But, this result is consistent with
the literature that compared sc or epidural FSF to the
conventional method (Devroey et al., 2004; Chum-
chai et al., 2021; Sakaguchi et ala., 2022). There was a
difference between the conventional method and epi-
dural administration (P < 0.05). The superovulation
response obtained after epidural (Group 2-¢) adminis-
tration were found to be lower than classical adminis-
tration (Group 1-im).

In a study, three different protocols (protocol 1:
pFSH/im 4 times a day for 2 d, protocol 2: LH/iv 6
times a day for 6 d, and a combination of protocols
1 and 2) were applied to cross-bred beef heifers and
blood FSH levels were measured. It was reported that
FSH concentration increased continuously for the
first 24 h, gradually decreased until h 60, and then
decreased to the baseline level in Groups 1 and 3, and
there was no change in FSH level in Group 2 (Crowe
etal., 2001).

Coke et al. (1997) reported that in heifers treated
with FSH (Group 1, ovine FSH/im 1 mg every 6 h
for 30 h; Group 2, FSH and pulsatile LH 50 mg pig
LH every h for 96 h; Group 3, saline) an increase of
blood FSH concentrationwas observed up to thrice of
that of the control group in Groups 1 and 2 (Coke et
al., 1997).

Another study compared a control group with no
stimulation, a group administered with 200 mg FSH
twice a day (a total of 200 mg FSH), and groups ad-
ministered (sc) with single-dose 200 and 300 mg FSH
with hyaluronan. The results of this study revealed
that, although the blood FSH remained at the baseline
(0.5 ng/mL) in the control group, it reached 1 to 1.2
ng/mL in the group receiving FSH twice a day and re-

mained at these levels until h 60. (Vieira et al., 2015).

In a study, was reported that where a single dose of
sc FSH was administered to the different areas in the
body of Holstein cattle, the blood FSH level increased
to 1 to 1.5 ng/mL in 12 h and then decreased to the
baseline level. In the same study, researchers reported
after a single-dose im and a single-dose sc, blood FSH
levels were increased up to 2.5 ng/mL and 1.2 ng/mL
in the first 12 h and were decreased to the baseline
level after 24 h in all groups (Bo et al., 2017).

It was reported that following single-dose sc ad-
ministration of two different doses of FSH (20 and 30
AU-armour units) diluted in 10 or 50 mL of normal
saline, blood FSH concentrations reached a maximum
of 1.5 ng/mL after 20 AU, and 3.5 ng/mL after 30 AU
(Hirauzumi et al., 2015).

In the present study, serum FSH values increased
above 1.9 ng/mL in all three groups. Serum FSH val-
ues were found to be higher than in the other groups
and remained above 2.5 ng/mL until the 36th hour

Epidural administration was insufficient in creat-
ing a superovulation response. This result, which is
not consistent with other studies. Studies should be
carried out by using other solvents or adjuvants in-
stead of the solvent used during the dissolution of
lyophilized FSH.After sc application with Montanide
ISA 206, blood FSH levels were higher than other ad-
ministration routes and the superovulation response
was close to that of the traditional method, suggesting
that the use of adjuvant may be advantageous. Due to
the ease of application, it was concluded that the num-
ber of studies should be increased by using different
adjuvants and FSH preparations.

CONCLUSIONS

In conclusion, sc single-dose administration of
FSH with adjuvant (Montanide ISA 206) yields re-
sults similar to the multiple in administration and op-
timised protocols can be pursued by testing the other
Montanide species or using adjuvants.
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