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Abstract

€ the ultrasonographic characteristics and hormonal profile of
es (HAFs) in late follicular phase (3 days prior to the expected
case. For this reason, normal cyclic Straight Egyptian Arabian
rrhagic anovulatory follicle formation after 2 successive cycles

. - A N examination was done using real time B-mode scanners.
Ovarian examination and collection of blood samples were done daily during the late follicular phase till the

occurrence of ‘hemorr}'\ag? in affected mares and ovulation in control normal cyclic ones. Depending on the
ultrasonographic examination, blood samples were selccted at 3 days prior to expect time of ovulation (day-3) and
on day of expected ovulation (day 0). The assaying hormones were Anti-Milllerian hormone (AMH), estradiol 17-B,
progesterone and cortisol. Ultrasonographic characteristics did not show changes between the HAF and normal
cyclic mares. Meanwhile, hormonal profile revealed significant decrease in the concentration of AMH in HAF group
vs normal cyclic ones in day-3 and day 0. Unlike to this manner, estradiol concentration showed significant increase
in HAF mares in the two periods of the study. Progesterone concentration recorded si gnificant increase only in HAF
affected mares on day 0 of study. Whereas, the cortisol concentration did not reveal any significant changes all over
time of investigation. In conclusion, Ultrasonographic characteristics helped in the diagnosis of AHFs in mares
rather than prediction. Whereas, lower concentrations of AMH could be served as predictor for the development of
HAF in mares helping in appropriate management for this affection.
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The objective of the current study was to investigat
mares affected with hemorrhagic anovulatory follic]
time of ovulation) to predict the development of the
mares (n=9) and those suffering from repeated hemo
(n=15) were investigated. Ultrasonographic ovaria

Introduction .
Anovulatory cycles in the mare represent a In mares, blood extravasation into preovulatory

source of substantial reproductive inefficiency follicles together with the failure of ovulatio_n
and economic loss to the equine breeding lead lto ge‘l’le.l‘ljpme}?gl: of b I}-]Iemorrhagllc
industry. When a mare fails to ovulate, these not Anovulatory Follicles (HAFs) which are mostly
only time and mare management costs lost, but luteinized (McCue and Squires 2002; Ginther
valuable semen and the expense associated with et al, 2007; Cuervo-Arangao and Newcomb,
its attainment, processing and handling may also %01}0)1 HA(I; tl;ormatlon o&(_l:urrgd ﬂo;n a Vla?lg
be incurred as well (Matcalf, 2010). The mare is ollicle and began on the day of expecte

a seasonally polyestrus breeder characterize@ by g;]f;g;é ﬁ}::so‘;,ias iﬁfaglﬁldgnggnbéha;seialg
cessation of cyclicity in the autumn as day light predict whether a follicle will ovulate or form

coeases. In the early spring, the mare 6% Yy (Ginther et al, 2007). In addition, there s
) I:(eimstll:leonﬁli:?Ogvut]):tti‘:)/;eno;hes:;lsli)?l Ovarhich ” ng precurs?r signs Olf E-IAF fohrmatiton' attpd most

. . of normal preovulatory characteristics are
characterized by a resurgence of follicular usually present (Lefrance and Allen, 2003).

?Cti.Vity’ irregular  oestrous cyc_les and h ilgh Ultrasonographic ~ description of HAF is
l(rg.ldfsce of regressing dominant follicles explained by (Cuervo-Arango and Newcomb,
1nther, 1992). ) : 2009") which is the previously fluid filled
O‘C:l,ﬂlt tis difficult to predict wglether aefgll)l;:ilzn\g’ég follicle of ane]i.loi(;l eclglotextuf;e Iﬁ"S- wi}‘:h
ale or regress even for an echogenic specks that float freely in the
Drélgtltio_nl?r (Cuervo-Aralllgo and dClzgcl:] %;r’igz follicular ﬂuic:]and swi;l ift‘ l:)alloted,‘ﬁnd wit]hout

N with the use of ovulation induc i follicular collapse o ¢ granulosa layer
AMovulatory follicles not respond well (Watson becomes increasingly echo dense and deeper.

| ¢tal, 2004). The number and echogenicity of the
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. have a
intrafollicular specks increase but T?lté“ follicle
mobile, swirling appearance. he contents
diameter increases and eventually t
acquire a static organized appearance.
Hemorrhagic anovulatory follicles 1nct
been linked to the age of the mare but & 8

duction
use of hormonal treatments for In 1089;
ovulation is involved (Carnevle et al, . é
Ginther et al, 1992; Cuervo-Arangao ?I‘he
Newcomb, 2008; Ginther at al, 2008). 1 CO
HAFs were developed in nontreaty and N
treated mares (Carnevle et al., 1989; Squiné
2002). So, the exact cause of anovuk}tOTy
follicles is still unknown and the mechanisms
that generate different forms of anovulatory
follicles may not be the same (Metcalf and
Roser, 2010). Many researchers reported that
this affection is repeatable, and the affected
mares were called “Repeaters” (Cuervo-Arango
and Newcombe, 2009%). Ginther et al., (2006)
noticed mares during 13 estrous cycles and
concluded that mares with no HAFs during the
preceding season had none during 13 estrous
cycles the next seasons. Controlled studies have
shown in detail hormonal profile and Doppler
ultrasonographic characteristics of development
of HAFs in mares. Ginther et al., (2007) found
only subtle differences in follicular wall
vascularity between ovulatory and HAFs during
3 days prior to ovulation/ beginning of
hemorrhage. In addition, hormonal profiles of
LH, FSH and progesterone did not
significant differences between
ovulatory versus anovulatory cycle
an elevation in the estradiol concentrations. The
authors added that the follicular wal] of
anovul'atory folli'cles Was more vascularized one
day prior to predicted ovulation.
Thus, predictior} of the case would be the first
step for prevention and treatment of the AHFs j
mares. Additionally, it would be of great bep il'n
to the horse breeding industry, clit
Anti-Miillerian Hormone .
specific product, is g glyco(AM}'{)’ an ovarian
transforming growth facy

dence has
Iso the

reveal any
mares  with
S, except for

the femg]e

Produce AMH during
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. \
in early gestation; 50, 1

iffe ducts qutomatically develop intg

female genitalia (B_all et al, 2003),
nol"{rlal "[fcriall hormone IS  expresseq
Anu-le cells of the ovary controlling y

anulosa of primary follicles by i“hibiting
formation follicular recruitment by FSH (R, et
excess:)\;e There were no significant changes in
al., ZOCOZ;cemrations during the estrous cycle or
AMH (Vandel'wa" and Rood.,2014). In
preg.nanci MH elevation indicates granulosa cell
equmes,(GcTS) (Almeida et al., 2011; Bg) et
tumozrf)lz' Gharagozlou et al, 2012), Many
al., rcher,s had dialed with its relationship wi,
reée;s Assessment of AMH level has recently
l()}een \'/alidated, as an additional d'iagnostic test
for GCTs, the sensitivity of detectlpn for AMH
was 98% (Ball et al., 2013). _Desplte that, very
little studies had dialed with its use as 3
diagnostic test for HAFs. ' -
So far, information of systemic concentrations of
hormones before and after formation of HAFs
was spares. Hemorrhage may occur into a
dominant follicle prior to ovulation resulting in
HAF. Initially blood does not clot within the
follicle due to the presence of a heparin like
molecule within the follicular fluid which might
account for the sequential changes seen on the
ultrasonic images within structures and the
variation among  structures (Ginther et al
2007). Anowulatory cycles in the mares
represent a source of substantial reproductive
inefficiency and cconomic loss to the equine
?;zf?;n%lndustw. So, development of predictive
TherefgreAI;S Wwould be of great benefit.
iyestinns t ; aim of the current study was 10
and hogrm z the ultrasonographic characteristics
nal profile (anti-Millerian Hormone,

SEX d .
mﬁ”efam

zigeafiol, Progesterone and cortisol) of maresi_*“,'
(HACFed With hemorrhagic anovulatory follicles. * -

8) in late folljcy;

rior t0:. -
the Xpected time of ar phase, (3.days p 5

ovulation) to predict the
h;;ilt;z?em of the case. 2I‘o test - these
is ;
i . 5 re were
Mvestigated iy, this studypeatel‘s mares
Experim Mater.ials and Methods
e curre:::] al animals apq housing i
EYptian A Sudy was performed on 24 Straigh!
£ CEL rabiang mares located in private stu
Years g]gq aram, iza, Egypt. Mares were 5"
Were und’e?“h an average wejght 400 kg Mare
ambient llghtmg before and during
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the study. They were kept in
ossibility of access into paddocks during the
day. Mares were found suffering from repeated
hemorrhagic anovulatory follicle formatiop after
7 successive cycles of hemorrhage formation
Mares were allocated into 2 groups: '
Group (1): nine mares and serve gg control
normal cyclic. :
Group (2): fifteen mares showed repeated
anovulatory hemorrhagic follicle formatiop,
Nutrition
The animals were fed Egyptian clover
(Trifolium alexandriunm) and legume hay. The
animals were provided with concentrated ration
and wheat straw in amounts sufficient to
maintain body weight and had free access to
water and mineralized salt.
Ultrasonographic ovarian examination:
Ultrasonography was performed using real time
B-mode scanners (Sonoscape -China) equipped
with 4-7.5 MHz frequency linear-array rectal
transducer. The scanner has a built-in electronic
caliper system for measuring distance, area and
circumference, angle and auto follow
measurements. Ultrasonic gel
(Carboxymethylcellulose) was wused as a
lubricant during scanning. Ultrasonographic
scan was performed once every day during
estrous phase until the occurrence of hemorrhage
formation and  (in group under study) and till
ovulation in control group.
Blood sampling and hormonal assay:
Blood samples were collected daily from each
mare by jugular vein puncture in plain centrifuge
tubes followed by centrifugation at 3000 rpm for
10 minutes to obtain serum then kept frozen at

boxes with

| (A) e
Fig. (1) Normal growing follicle (A) mature follicle
Indicating normal ovulation (C)-
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1(]'022;05)1 for hormonal assay. Samples for

al assay were selected depending on the
ultrasonographic images at preovulatory and
ovulatory stages.
Human AMH ELISA kit (Nova Tec,
Immunodiagnostica GmbH Waldstrafe
Dietzenbach, Germany) was used to estimate
serum AMH concentration. Human AMH was
previously validated to equine AMH assay by
Gharagozlou et al,, (2014) and Hyatt et al.,
(2015).
The concentrations of estradiol 17-p and
progesterone were assayed by ELISA technique
using kits from Biochek, Inc. (CA.USA).
Cortisol ELISA assay was done using diagnostic
kit from Calbiotech USA.

Results

Ultrasonographic scanning that was carried out
in control normal cyclic mares during estrous
phase showed normal growing follicles and
appearance of normal mature follicle in the late
follicular phase (Fig.1-A,B), Then followed by
normal act of ovulation and formation of early
CL (Fig.1-C) that appeared as echogenic grey
granular structure. Meanwhile as in the affected
mares there was normal growth of follicle but in
the late follicular phase, the follicle enlarged and
did not show normal act of ovulation but showed
appearance of echogenic particles within the
antrum of the follicles. In addition to appearance
of jelly-like materials (Fig.2-A) that with time
changed into large luteal tissue (Fig.2-B) or
organized blood clot (Fig.2-C) that persisted for
long period until the beginning of the next
follicular phase.

1 late follicular phase (B), normal luteal tissue formation
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(A) . :cho : . :
Fig. (2) Anovulation characterized by appearance of ech Ed by hyperechoic mass formation (C).
formation (B), organized blood clot formation characteriz

Regarding the results of hormonal proﬁle,'as
shown in Fig (3) and (6) anti-Millerian
Hormone  concentrations  were significantly
lower (P<0.05) in mares affected with HAFs in
the two periods of the study (3 days before
expected ovulation and day of expected
ovulation, day -3 and day 0) compared with the
control normal cyclic mares. As it recorded the
concentrations of 1.64+0.05 ng/ml vs 2.44+0.10
ng/ml on day -3 and 1.69£0.06 ng/mi vs
2.48+0.05 ng/ml on day 0, respectively.

Oppositely, as shown in Fig (4) and (7) estradiol
I7-B (E;) concentrations were significantly
higher (P<0.05) in mares affected with HAF
compared with the normal cyclic mares in the
two periods of investigation, As it recorded
values of 2.9620.17pg/ml vs 1.7%0.17pg/ml on

(B)

enic particles inside the antrum (A), lar

8¢ luteg tisy

day -3 and 4.99+0.29 pg/ml vs 3.38+0.21 pgpy
on day 0. Also, Fig (6) showed that progesterone
concentrations ~ were sngmﬁcantl)f Increaseq
(P<0.05) on day 0 in HAF group as it recordeq ,
concentration of 0.83+0.09 ng/ml vs 0.6240,07
ng/ml in normal ovulatory group. Meanwhie,
cortisol concentrations reveal no significant
changes neither in HAF mares nor in normal
cyclic ones all over the periods of study as
shown in Fig (5 and 8). As it recorded a
concentration of 56.58+1.62 ng/ml in AHF

mares’ vs 57.40+1.48 ng/ml in normal ovulatory
ones on day -3. That concentrations did not
differ on tha

t of day O which recorded 2
concentration of 58.18+].44 ng/ml in affected
mares’ vs 58.03+1.30 ng/ml in control ones.

AMH and progesterone Concentrations jn
3 HAF and contro| Mmares on day -3

ng/ml

aR
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Estradiol concentration in HAF ang control
mares on day -3

pe/mi
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AMH and progesterone concentrations in
HAF and control mares on day O
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Dicussion

In the current study,
product, concentratio
late follicular phase o
ovulation) and day 0
in Hemorrhagic Ano
and norma] cyclic mares.
revealed significant
concentrations in mareg with HAFs 5
day -3 and day 0) in Comparison
periods in norma] cyclic mares, Th;
nearly in consisten; With that |
Gharagozlou et al,, (2014), bu
samples were collected af mid
Given that, ip €quine, A

expressed by granulosa cgjjq o
small antra] follicles (Ball ¢¢
disruption ip the celjg funct

IS primar|
f se y

al, 209
ion

|
]’\f——\’ T e S
Ecortisol; 58.18 o i

50

Control

_—

56.03

responsible for dim;

nished follicular activity in
Mmares with HAFs.

Therefore, it seems th
behaviorg] anestrous in that mares stems from
the diminisheg granulosa cells function an
roresponding redyceq flocullogenesis imposad

by HAFs (MeCye and Squires,2002; Gintll:{
¢t al, 2007), Additionally, Gharagozlou et
(2013) expla;

hed that the decrease in AMH

iz
Concentrationg may indicate the f"“"?n
Auiescence impogeq by anovulatory follicles
Mareg For

more confirmatjon, the serum n:r:r»‘a'
increased to  its e
er disappearance of HABM 9
IS in another study at ¢ ot
AMH  concentrations wert o
etween mares  with Lute’[n:‘n
"OVUlatory Eolictes (LUFs) with ovui¥s
opes: !llustrating that LUFs do not imﬁ‘;;\;s
diminisheq Eranulosa cells function as do

SAME researche
Noticed that
Ifferent
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o, Guervo-Arango and Ne
oncluded that these two type
;O”icles (HAFs and LUFs)
gimilar ultrasound features,
qone of the following

"eombe (2913
§ of anovulatory
appear to Share
They added thg,
endpoints

: differ
significantly between them, follicular diametey
follicular contents  score, interva) form hCG’
administration  to

. begmmng of follicy]ar
nemorrhage and interval from hemorrhage 1,
organization  of follicular contents, Many
researchers — previously  haq dialed it
Granulosa Cell Tumors (GCTs) and recorded g
great elevation in AMH concentrations (Baj] e
al, 2013; Hyatt et al,, 2015 ang Murase et al,,
2018; in press) whlcl} may reach five folds of its
normal ~ concentration  gg recorded by
Vanderwall and Rood (2014). Moreover,
Ginther at el., (2007) showed that mareg with
preovulatory  follicles  show the  same
ultrasonographic follicular wal] Characteristics,
-uterine  edema  patterns and  reproductive
hormonal profiles during the 3 days prior to
ovulation/hemorrhage, Therefore, AMH
concentrations could be used as a diagnostic too]
to differentiate between  some cases of
preovulatory  affections (HAFs, LUFs and
GCTs) especially when the ultrasonographic
images do not give sharp demarcation between
them.
Unlike AMH, estradiol 17-p showed the
Opposite manner of changes as its concentration
were increased significantly in HAFs mares in
Comparison with normal cyclic ones in the two
periods of study. This result was in accordance
with that recorded previously by Ginther et al.
(2007 and 2008) as they dialed with HAFs
mares and normal cyclic ones in late follicular
Phase ang reported that in both groups, the
Prcovulatory estradiol surge reached a peak 2
days before ovulation or anovulation. They
added that estradio] was hi gher in HAF mares on
% -3 and this difference was confirmed when
“reest follicle was a mean of 32 mm. The role
“eVated estradiol in the formation of HAFs a
days later is not known bUt. greater
YaScularization of the HAF could be involved
inther et a1, 2006). In 2008, the same
AUthors in another study recorded that thc?re wek
? Close temporal and mechanistic relat1on5h;§
2CUE between estradiol and FSH and betV‘fon
Stradio] ang LH as it has a negative effec
oth pPgy and LH. When estradiol decreases,

51

©s and accounts for
an FSH increase and a
slow.to rapid increase in Ly on

adiol peak. The decrease in

© beginning o

on follicle egtrags
reaches a criticg] co
Wit respect of pro
current study show
Concentration in
study. This resy
Squires (2002)
(2010) who state

gesterone concentrations, the
ed a significant increase in its
HAF mares on day 0 of the
It agrees with MeCue and
Cuervo-Arangao and Clark
d that HAF mares are mostly
luteinized and the luteal tissue was associated
Wwith production of progesterone during HAF
development, Moreover, Ginther et al, (2008)
recorded a close negative relationship between
progesterone and LH, According to the last
explanations, we can explain the significant
increase in progesterone concentrations on day0
which could be effect on the LH surge required
for successful ovulation, In earlier studies,
Ginther (1992) based on gross appearance
during transection and stated that luteinization is
consistent with the report that the wall of HAF
consisted of 2-5 mm thickness. The luteinized
wall  was  well vascularized, and the
vascularization remained extensive as the
structure regressed. Ginther et al. (2007) found
that the follicular wall of anovulatory follicles
was more vascularized 1 day prior to predicted
ovulation in comparison to follicles undergoing

successful ovulation. In another  study,
Ellenberger et al. (2009) ovarian cell
populations were examined - with

immunohistochemistry ~ for  expression of
Vascular Endothelial Factors, "1_‘hey conclugled
that, despite the apparent expression of sgfﬁclent
VEGF-A in the AHFs to allow ovulation and
corpus luteum formation, there was a lack of the
receptor, FIK-1, which affects' the pro-
angiogenic activity of VEC_iF-A, Wthl.‘l could .be,
a reason for ovulation failure associated with
tion.

i{ﬁoﬁog?lna not studied critically, negative
correlation seems to be pres:ent b-etween AMH

ogesterone concentrations in the sgudled
glﬁFpraffected mares which was previously
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jaux et al.,
demonstrated in Caﬁle.(Mto :ln 2007)-
and in humans (Fanchin ® collccntrationS.’
Regarding the _cortisol | any sign

. eved

present work did not r < o ;
changes in the two 8101”pstudy_ Metcalf an
during the two periods of the that preovulatory
Roser (2010) concluded tound fo be not
cortisol concentration was 10U mares with
significantly different betweeﬁ those  with
normal ovulatory cycles an t al. (1982)
anovulatory ones. Meanwhll.e, Asa ?’h fé)llicular
stated that cortisol is associated Wit ol
development and ovulation 1N e that
Furthermore, Johnson et al. (2_004) St'a't's and
the case may be accompanied w1th'léllT_11nl ld he
concluded that the protracted lammnl15 and th
associated stress often results in mcrease‘ 13
systemic cortisol. Herein, none of the affecte
mares were lame during the time blood samples

Conclusion

The current study has dialed with HAFs Straight
Egyptian Arabians mares in late follicular phase
prior to expected time of ovulation in an attempt
to predict the case through ultrasonographic
characteristics  and  hormonal profiles.
Ultrasonographic  characteristics revealed no
differences in criteria between preovulatory
follicles in normal ovulatory cycle and in HAF
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