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1. Introduction

Domestic cats are popular pets in many countries, but in comparison to other domestic animal
species such as food-production farm animals, horses and dogs, research on feline
reproduction is limited (Binder, 2020). This thesis is aimed at investigating the expression of
Anti-Muellerian Hormone (AMH) in different ovarian structures of female cats. Furthermore,
the incidence of ovarian cysts in a larger number of healthy cats presented for ovariectomy

and a possible correlation between AMH and certain types of ovarian cysts was investigated.

The glycoprotein AMH has recently gained some interest as a marker for the presence of
gonadal tissue in postnatal male and female animals and as a diagnostic aid to assess gonadal
pathologies. This includes several interesting studies in cats (Axner and Strom Holst, 2015;
Snoeck et al., 2016; Ferre-Dolcet et al., 2022; Flock et al., 2022a,b; Giiltiken et al., 2022; Gozer
et al., 2023; Lapuente et al., 2023). Because these findings are summarized in the introductory
paragraphs of chapter 2.2., they will not be repeated here. The reader is also referred to three
comprehensive reviews by Strom Holst (2017), Walter et al. (2020) and Place et al. (2022).

The following part of the introduction will focus on ovarian cysts and compare findings in
different species including the cat. Ovarian cysts have been described to varying degrees in
humans and animals (e.g., cattle, cats, dogs, guinea pigs) for several years. However, their
etiology and pathogenicity in different animal species is still partly unclear and the identification
of the different cyst types seems to be more difficult in some species than in others. In farm
animals such as cattle, cysts derived from non-ovulating ovarian follicles are most evident
because their presence can block ovulatory cycles for prolonged times. Other than cattle, small
companion animals such as female cats and dogs are often neutered to avoid estrous behavior
and unwanted pregnancies. Cysts of non-germinative origin are often diagnosed at surgery

but are usually incidental findings not affecting the estrous cycle and fertility in these animals.

1.1. Cats

There are only few studies of ovarian cysts in cats. The following cyst types have been
described: Wolffian or Mullerian duct cysts, cysts of the rete ovarii and luteinized and non-
luteinized follicular cysts. Only the latter may potentially affect ovarian function and fertility. A

combination of different cysts is possible and sometimes cysts are not classifiable. Follicular



cysts appear to be the most common type of ovarian cysts in cats (Binder et al., 2021). In a
study where the authors defined ovarian cysts as fluid-filled structures > 3.5 mm in diameter
in the ovaries or adjacent to the ovaries, cysts were found in 14 % of female cats; none of the
cats showed clinical signs of disease or disorders of the reproductive tract (Binder et al., 2021).
In an older study, 20 cats with cystic rete ovarii were described. There was no association with
age, breed, or reproductive history of the cats. Clinical symptoms were not described in this
study (Gelberg et al., 1984). Ovarian cysts have also been described in female cats with
ovarian remnant syndrome. The incidence of cysts in these studies reached approximately 50
%, but only a smaller number of animals was studied (Gozer et al., 2023, Flock, 2022). In
agreement with previous studies (Knauf et al., 2014), our research group has recently
suggested that ovarian cysts in cats are mostly incidental findings without clinical relevance
(Binder et al., 2021).

1.2. Dogs

Similar to the cat, ovarian cysts in the female dog are described as Wolffian or Mullerian duct
cysts, - also summarized as cysts of the surface epithelium (SES) - follicular cysts, luteinized
cysts, cystic corpora lutea and rete ovarii cysts (MacLachlan, 1987; Arlt and Haimerl, 2016;
Maya-Pulgarin et al., 2017). Immunohistochemistry may allow some differentiation among cyst
types. Both SES cysts and ovarian cysts stained positive for desmin and cytokeratin AE1/AE3.
All except follicular cysts were negative for inhibin-a and only SES cysts showed a positive

immune response to placental alkaline phosphatase (Akihara et al., 2007).

There is an increased incidence of ovarian cysts in bitches over six to eight years of age and
cyst diameter ranged from 0.2 to 4.0 cm (Knauf et al., 2018). Because progesterone and
estradiol were detectable in fluid obtained from ovarian cysts, the authors suggested that
ovarian cysts inhibit ovarian function in dogs, but cause-effect relation was not analyzed. It is
believed that persistent, hormonally active follicular cysts increase the risk of cystic
endometrial hyperplasia in female dogs and may induce symptoms of hyperestrogenism.
Although evidence based on experimental studies is lacking, in small animal practice ovarian
cysts are frequently treated with GnRH analogues or hCG, and if this treatment is not
successful, ovariectomy or ovariohysterectomy is recommended (Knauf et al., 2014;
Sasidharan et al., 2021).



1.3. Guinea pigs

Ovarian cysts are one of the most common reproductive pathologies in female guinea pigs
(Minarikova et al., 2015). A typical clinical sign frequently noted by the owners is a symmetrical
alopecia over the flank region and abdomen, without pruritus or abnormal appearance of the
skin (Pilny, 2014). A pear-shape appearance of the body conformation is often described.
Furthermore, nonspecific clinical signs like anorexia or lethargy are reported. Animals can also
be asymptomatic and cysts are an incidental finding (Pilny, 2014). Cysts can be diagnosed by
transabdominal ultrasonography or in cases where they are larger also by abdominal palpation
(Nielsen et al., 2003). Most frequent are cysts originating from the rete ovarii, also called serous
cysts. Their prevalence ranges from 60 to over 90 % (Hong, 1980; Keller et al., 1987; Field et
al., 1989; Shi, 2002; Nielsen et al., 2003) and they can vary between 5 ym and over 7 cm in
diameter (Keller et al., 1987). Follicular cysts are less frequent in guinea pigs and reports on
their prevalence vary (Bean, 2013; Laik-Schandelmaier et al., 2017). Ovarian cysts have been
described in guinea pig from all age groups, but there seems to be a positive correlation
between age of the female guinea pig, the prevalence and the size of the cysts (Keller et al.,
1987; Nielsen et al., 2003; Bertram et al., 2018). Neither reproductive history (Keller et al.,
1987; Nielsen et al., 2003) nor duration of estrus (Keller et al., 1987) appear to be affected by
ovarian cysts in guinea pigs. Although the need for routine treatment of ovarian cysts in guinea
pigs thus could be questioned, a textbook chapter author recommends ovariohysterectomy,
hormonal treatment with GnRH or hCG and ultrasound-assisted percutaneous drainage of the
cyst fluid (Krause, 2014).

1.4. Cattle

In large animals, ovarian cysts are the most common ovarian dysfunction of dairy cattle.
Because of their high incidence and an at least transient blockade of estrous cyclicity, ovarian
cysts can lead to marked economic losses for dairy farmers. The first cases of ovarian cysts
or cystic ovarian follicles in cattle were reported in the 1940s (Cassida et al., 1944; Garm,
1949). Cows with ovarian cysts occasionally can show nymphomania, i.e., signs of irregular or
prolonged estrus (Cassida et al., 1944; Garm, 1949), but the most common clinical sign is
anestrus (Lépez-Gatius et al.,, 2001). Ovarian cysts in cattle are defined as large-walled

anovulatory follicle-like structures, with a diameter of more than 25 mm, which persist for six



to ten or more days in the absence of a corpus luteum (Kesler and Garverick, 1982; Silvia et
al., 2002; Vanholder et al., 2006). The reported incidence of ovarian cysts in postpartum dairy
cows varies between 5 and 25 % and they are divided into follicular and luteal cysts, depending
on the degree of follicular wall granulosa cell luteinization (Casida and Chapman, 1951; Bartlett
et al., 1986; Gaverick, 1997; Silvia et al., 2002). Occasionally they can be differentiated by
transrectal ultrasound with a thicker wall in luteal compared to follicular cysts (Douthwaite and
Dobson, 2000). Treatment options include GnRH analogues or progesterone releasing
intravaginal devices for follicular cysts, PGF2q for luteal cysts and ovsynch protocols which
combine GNRH and PGF2q injections irrespective of the type of cysts (e.g., Lépez-Gatius et al.,
2001; Gundling et al., 2015).

1.5. Pigs

In sows slaughtered for fertility problems, the incidence of ovarian cysts is about 10 %
(Heinonen et al., 1998; Ebbert and Bostedt, 1993; Castagna et al., 2004; Szulanczyk, 2009).
Follicular cysts, follicular theca lutein cysts, follicular lutein cysts and cysts of the corpus luteum
have been differentiated histologically (Karveliene et al., 2007). Whereas single follicular cysts
were not accompanied by pathologies of the reproductive tract, polycystic ovaries were
associated with morphological changes in the oviduct and uterus, suggesting their presence
as a reason for infertility (Karveliene et al., 2007; Szulahczyk, 2009). The method of choice for
the diagnosis of ovarian cysts in live animals is transcutaneous ultrasonography which is also
part of routine pregnancy diagnosis. In one study, ovarian cysts were defined as anechogenic
structures with a smooth, thin wall and a diameter of more than 2 cm that remained visible for
at least 5 days after the onset of estrus (Castagna et al., 2004). Symptoms of cystic ovaries in
sows include an irregular or prolonged estrous cycle or prolonged anestrus and thus reduced
fertility. The presence of ovarian cysts has a more adverse effect on pregnancy rate than on

litter size (Castagna et al., 2004; Karveliene et al., 2007).

1.6. Horses

In mares, follicular cysts as develop frequently in cattle do not exist, but persistent anovulatory
follicles do occur in the mare (McCue, 1998). Anovulatory follicles may contain blood and are
therefore often called hemorrhagic anovulatory follicles (HAF). They result from the failure of

ovulation of a preovulatory follicle, although endocrine changes typical for ovulation may occur,



such as an LH peak, an abrupt drop in estradiol and increase in progesterone concentrations
(Ginther et al., 2006).

Despite the fact that the HAF fails to ovulate, it increases in diameter. Then the HAF wall
thickens and becomes highly echogenic, which indicates active luteinization (Ginther et al.,
2007; Cuervo-Arango and Newcombe, 2010). The incidence of hemorrhagic anovulatory
follicles is approximately 5 % and 20 % of estrous cycles during the early and late phase of the
horse breeding season. They are more frequent in older than in younger mares (Ginther et al.,
2007). During the months with the most pronounced follicular activity (May to August) and after
treatment with hormones to induce estrus and ovulation, mares have a higher risk of
developing HAF (Cuervo-Arango and Newcombe, 2010). More specifically, mares treated with
the synthetic PGF.4 analogue cloprostenol (CLO) are more likely to develop HAF than mares
with spontaneous estrous cycles or those treated with human chorionic gonadotropin (hCG) to
induce ovulation (Cuervo-Arango and Newcombe, 2009). Administration of hCG does not
cause HAF formation, but it may trigger their development by inducing the molecular changes

in the follicular wall associated with the LH surge (Cuervo-Arango and Newcombe, 2012).

Cysts of the surface epithelium usually arise from structural remnants of the Mdullerian or
Wolffian ducts. These cysts are incidental findings in a high percentage of mares and are
usually not associated with reduced fertility, unless in rare cases where they mechanically
interfere with ovulation or the oviductal transport of oocytes. They do not require treatment
(Nielsen et al., 1976; McCue, 1998). If there is a cyst-like appearance of an ovary in the mare,
however, further diagnostics including a thorough gynecological examination should be

performed to rule out ovarian neoplasia (McCue, 1998).

1.7. Humans

Ovarian cysts in humans were first described by Stein and Leventhal in 1935. As in animals,
in women follicular cysts, corpus luteum cysts, lutein cysts and paraovarian cysts occur. In
contrast polycystic ovarian syndrome (PCOS) which is frequently diagnosed in women does
not develop in domestic animals. Dermoid cysts belong to the ovarian tumors, more precisely
to the teratomas (Pradhan and Thapa, 2014). The prevalence of ovarian cysts other than
PCOS is reported as 15 to 20 % in postmenopausal women (Hartge et al., 2000; Dgrum et al.,

2005; McDonald and Modesitt, 2006). Most singular cysts in women resolve spontaneously



(McDonald and Modesitt, 2006) and the vast majority of ovarian cysts turn out to be benign
alterations (Hartge et al., 2000; Dgrum et al., 2005). Although the majority of ovarian cysts in
women do not require therapy, complications can occur in some cases. The three classic
complications of ovarian cysts in human gynecology are hemorrhage, rupture, or torsion of the
ovarian cyst. These complications usually require emergency surgical management
(Bottomley and Bourne, 2009). Ovaries with cystic alterations are thought to be more prone to
torsion or rupture in pregnancy than in nonpregnant women (Houry and Abbott, 2001). The
prevalence of PCOS in women is estimated to be 5 to 10 %, suggesting PCOS as one of the
most common reproductive endocrinological disorders in women of reproductive age
(Knochenhauer et al.,, 1998). The PCOS is characterized by irregular menstruation,
hyperandrogenism, polycystic ovarian morphology and obesity (PCOS Consensus Group,
2004; Azziz, 2018). The androgen excess is often manifested by hirsutism, androgenetic
alopecia and persistent acne (Franks, 2012). Also, common features in PCOS are insulin
resistance and elevated serum LH concentration. In addition, PCOS is associated with an
increased risk of type 2 diabetes and cardiovascular pathologies (PCOS Consensus Group,
2004).
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2. Own Investigations

21. Aims and Hypotheses of this Thesis

It was the aim of this thesis, to determine AMH concentration in the blood of female cats
presented for routine ovariectomy and to study AMH protein expression in follicles, corpora

lutea and cysts of the surgically removed ovaries.

The study tested the following hypotheses:

(1) AMH is synthesized almost exclusively in the granulosa cells of the preantral and small
antral follicles.

(2) Plasma AMH concentration reflects the number of ovarian follicles.

(3) Plasma AMH concentration decreases with age of the cat but is not affected by the

presence or absence of corpora lutea and ovarian cysts.
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ARTICLE INFO ABSTRACT

Keywords: In female animals of different species, Anti-Miillerian hormone (AMH) is produced by follicular granulosa cells
Cat and has been associated with the ovarian follicle pool. Because concentration of AMH in plasma of ovary-intact
Ovary

female cats is apparently more variable than previously assumed, we have analysed AMH concentration in blood
of cats (n = 93) presented for routine ovariectomy and assessed ovarian histology and AMH protein expression in
the surgically removed ovaries. We hypothesised that AMH is synthesized only in preantral and small antral
follicles and that plasma AMH concentration reflects the antral follicle count (AFC). Corpora lutea were detected
in 35% of the female cats, whereas plasma progesterone concentration was >1 ng/mL in 57% of the cats.
Follicular cysts were present in 15 cats (16%). Positive immunostaining for AMH protein was detected in close to
all primordial and antral follicles, ovarian cysts, 70% of corpora lutea and 28% of atretic follicles. Concentration
of AMH in plasma averaged 6.8 + 0.5 ng/mL (range 1.3-21.7 ng/mL). The AFC increased with increasing AMH
concentration with a moderate positive correlation between AFC and AMH (r = 0.286, p < 0.01). Plasma AMH
concentration was not affected by season or cats’ age, weight, stage of the estrous cycle and presence of follicular
cysts. In conclusion, AMH protein is expressed in all endocrine structures of the cat ovary. While AMH is a marker
for the presence of ovarian tissue, its usefulness to assess ovarian function in individual female cats is of limited

AMH
Immunohistochemistry
Estrous cycle

value.

1. Introduction cows [10], does [11], ewes [12] and female cats [13]. Although AMH
concentration is associated with the number of follicles and thus oo-
Anti-Muellerian Hormone (AMH) is a glycoprotein in the trans- cytes, its concentration is not correlated with per cycle pregnancy rate in
forming growth factor-p family and has long been associated with its women (reviewed by Ref. [9]). The concentration of AMH in plasma of
role for fetal sex differentiation first described in rabbits [1]. Only much women has been suggested to be relatively stable across the estrous cycle
later its role as a marker for the presence of gonadal tissue in postnatal and among consecutive cycles [14]. More recently, however, this sta-
male and female animals and as a diagnostic aid to assess gonadal pa- bility has been questioned [9]. Similarly, variations in plasma AMH
thologies has been described. In male animals, as in men, AMH is concentration throughout the estrous cycle and between cycles in indi-
expressed by Sertoli cells in fetal, neonatal, prepubertal and post- vidual animals have been described for cats [13,15]. Serum AMH con-
pubertal testes and in non-descended testes of cryptorchids (e.g., bull: centration was also higher in pregnant compared to cyclic cats [16] and

[2,3]; stallion: [4,5]). In females, AMH is expressed by the granulosa in prepubertal female cats [13].
cells of preantral and small antral follicles, is correlated with the ovarian Irrespective of fertility, in female dogs and cats, AMH can be deter-
follicle pool and AMH concentration in plasma allows predicting the mined when it is desirable to assess the presence of ovarian tissue. In
ovarian reserve of gonadotrophin-responsive follicles in women [6-9], animals abandoned by their owners, it may be difficult to diagnose
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https://doi.org/10.1016/j.theriogenology.2023.08.028

Received 9 August 2023; Received in revised form 30 August 2023; Accepted 30 August 2023

Available online 1 September 2023

0093-691X/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).



8. Claapen et al.

whether they are already spayed. Females are also presented with the
suspicion of the ovarian remnant syndrome, i.e., incomplete ovariec-
tomy [15,17-19]. In cats, plasma AMH concentration decreases when
gonadal function is downregulated with implants releasing the GnRH
agonist deslorelin. In this context, determination of AMH has been
suggested as a useful tool to determine resumption of ovarian activity
following cessation of deslorelin effects [20].

Although AMH is increasingly determined for diagnostic purposes in
female cats, its concentration in plasma of ovary-intact, healthy females
is apparently more variable than previously assumed. Therefore, ovarian
remnant syndrome cannot always be diagnosed accurately by AMH
determination [21]. Previous studies on AMH in cats, however, often
included only a limited number of animals acquired by convenience
sampling. Experimental studies in cats are resticted and, in many
countries, legal regulations allow such studies only with cats originating
from a source explicidy approved for breeding experimental animals. If
possible, descriptive studies must include a larger number of cases to
allow meaningful conclusions. To gain more insight into the ovarian
source of AMH and its release into the circulation, we have determined
AMH concentration in blood of female cats presented for routine
ovariectomy together with AMH protein expression in follicles, corpora
lutea and cysts of the surgically removed ovaries. Cases were selected
from all female cats presented to a large animal hospital over a one-year
period. We hypothesised that (i) AMH is near-exclusively synthesized in
the granulosa cells of preantral and small antral follicles, (ii) plasma
AMH concentration reflects the number of ovarian follicles, (iii) plasma
AMH concentration decreases with age of the animal but is not affected
by the presence or absence of corpora lutea and ovarian cysts.

2. Materials and methods
2.1. Animals

For this study, both ovaries from 98 healthy cats (Felis catus) were
collected over a one-year period at random stages of the estrous cycle.
Cats were presented for routine ovariectomy at Vetmeduni Vienna,
Austria. From the 98 cats, 88 came from a local animal shelter, 54 of
which had already been rehomed and their new owners had been issued
a voucher for a castration by the animal shelter. At the time of castra-
tion, they had been with their new owners for 8-378 days. A total of 34
cats were presented directdy by the animal shelter before being rehomed
and ten cats came from private owners independent from the animal
shelter. According to their current owners, none of the cats had received
any hormonal treatment such as progestins or GnRH agonists. Before
castration, a clinical examination of the reproductive tract including
transabdominal ultrasonography and collection of a blood sample for
pre-surgery determination of hematoerit and total protein concentration
was carried out, to ensure general health of the cat, normal development
of the reproductive wact, absence of a visible pregnancy and absence of
abnormalities of ovaries and/or uterus. Furthermore, recent parturition
was excluded. Cats belonged to the breeds European shorthair (n = 78),
European Longhair (n = 4), British Shorthair (n = 3), Persian (n = 1),
Burmese (n = 1), Scottish Fold (n = 2), Sphynx (n = 3) and Maine Coon
(n=06)

Because of processing-related damage to some very small ovaries,
complete histological evaluation was not possible in five cats. Therefore,
93 out of 98 cats were included into the analysis. Age of the 93 cats
included for statistical analysis ranged from 4 months to 9 years (19.3 +
18.4 months) and their weight from 1.5 to 4.7 kg (3.1 £ 0.6 kg). Out of
93 cats, four were kept together with gonad-intact males but none of
these females was confirmed pregnant.

The study was approved by the Ethics and Animal Welfare Com-
mittee of Vetmeduni Vienna (ETK-020/02/2021). Because the reason
for ovariectomy was not connected to our study and AMH analysis in
blood plasma was performed from a routine pre-surgery blood sample,
no further animal experimentation license by the competent Austrian
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authority was required. All owners were provided with a study infor-
mation sheet and consented to participate in the study.

2.2. Surgical procedures

During preparation for surgery, a venous catheter (Vasofix Safety
G22, Braun, Melsungen, Germany) was placed into one cephalic vein
and one blood sample per animal was collected into an EDTA tube (S-
Monovette EDTA 1.3 ml, Sarstedt, Nitmbrecht, Germany). After deter-
mination of hematocrit and total protein, the remaining blood was
centrifuged and the plasma aliquoted into two tubes and stored at
—20 °C until determination of progesterone and AMH. Routine ovari-
ectomy with partial resection of the uterine horns was performed via a
small ventral midline incision. In case of macroscopic abnormalities of
the uterus (thickening of the uterine wall in nine cats), the incision was
extended, and an ovarichysterectomy was performed. The ovaries and
uterus (in case of the nine ovarichysterectomized cats) were collected
and fixed in 4% neutral buffered formalin immediately after surgery.
After 48 h of fixation at room temperature they were placed into 70%
ethanol solution.

2.3. AMH and progesterone analysis

Plasma progesterone and AMH concentrations were determined with
enzyme linked immunosorbent assays (ELISA) validated for cats in our
laboratory (Progesterone ELISA DE1561, Demeditec Diagnostics, Kiel,
Germany; Canine AMH ELISA, AL-116, Ansh Labs, Webster, TX, USA).
For the progesterone ELISA, the intra-assay coefficient of variation was
7.8%, the interassay coefficient of variation was 13.2% and the minimal
detectable concentration was 10 pg/mL. For the AMH ELISA, the intra-
assay variation was 5.3%, interassay variation was 19.2% and the
minimal detectable concentration was 5 pg/mL.

2.4, Histopathological examination

The fixed ovaries were cut longitudinally. Several transverse sections
of both uterine horns were produced where applicable. The tissue
specimens were embedded in paraffin wax after preparation. Sections (3
um thick) were excised from the resulting tissue blocks using a micro-
tome. The sections were transferred to slides, dried overnight at 37 °C
and then stained with hematoxylin and eosin. The slides were scanned
with the Fritz Microscopy Slide Scanner (PreciPoint, Garching, Ger-
many) at 20x magnification. For histologic evaluation, anwal follicles,
corpora lutea, atretic follicles and follicular cysts were counted on both
sections of each ovary. Antral follicles were defined as fluid-filled
structures with an intact follicular wall that allowed differentiation
between a zona granulosa, basement membrane, theca interna and theca
externa. In awetic follicles, a clear differentiation of follicular wall layers
was absent, and the theca was increasingly replaced by collagenous
tissue. Follicular cysts were defined as fluid-filled souctures >3.5 mm in
diameter and either the follicular wall covered by a monolayer of
granulosa cells (n = 12) or multiple layers of luteinised theca cells (n =
3). For all ovarian structures, the mean of the counts from both ovaries
was then calculated and used for statistical analyses. Cysts of the
Wolffian or Muellerian ducts (n = 4 cats) and rete ovarii cysts (n =5
cats) classified as published previously by our group [22] were recorded
but not included into further analysis.

2.5. Immunohistochemistry

For immunohistochemisuy, 3 pM paraffin sections were cut with the
microtome. These were deparaffinized by xylol and rehydrated in a
graduated aleohol series (100, 95 and 70% ethanol). The sections were
then placed in distilled water and the endogenous peroxidase activity
was blocked with 30% HpO» in distilled water. After rinsing with tap
water, the tissue sections for antigen masking were steamed for 30 min
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in Tris-EDTA at a pH of 9.0 and then cooled for 20 min. The slides were
rinsed in PBS and treated for the protein block with 1.5% Normal Geat
Serum (Sigma Aldrich, Vienna, Austria) in PBS for 30min (150 pl goat
serum in 10 ml PBS). After blockage, the sections were incubated
overnight at 4 °C with a primary rabbit polyclonal AMH antibody
(1:5000; Genetex, Hsinchu City, Taiwan, cat. no. GTX129593). Simul-
taneously, IgG conuols (1:15000) were performed. After incubation
with the primary antibody, slides were rinsed in PBS for 2 x 5 min and
incubated with a second antibody (BrightVision Poly-HRP-anti-rabbit,
ImmunocLogie, Duiven, The Netherlands) for 30 min. After rinsing with
PBS, the samples were incubated with DAB solution (Quanto, Richard
Allan Scientific, Kalamazoo, M[, USA; TA-125-QHDX) for 5 min and then
washed with distilled water. The slides were counterstained with he-
matoxylin, then rinsed with aqua fontis, thereafter dehydratated with
96% and 100% ethanol and finally with xylol. Slides were covered with
DPX (Fluka, Buchs, Switzerland) and cover glass. All stains were positive
and all IgG controls negative. All immunohistochemistry evaluations
were made by a single observer and AMH staining was classified as
either positive or negative and no attempt was made to score staining
intensity in case of positive staining. Specificity of antibody binding was
confirmed by Western blot in the authors’ laboratory as described
recendy [16].

2.6. Statistical analysis

Data were analysed with the SPSS statistics software (version 28,
IBM-SPSS, Armonk, NY, USA). Data for AMH were not normally
distributed (Kelmogorov-Smirnov test) and therefore non-parametric
tests were used throughout. The AMH concentration in different
groups of cats was compared by Kruskal-Wallis test (>two groups) or
Mann-Whitney test (two groups). To analyse correlations between AMH
concentration in plasma and antral follicle count, Spearman’s coefficient
of variation was calculated. The number of cats in different age groups
with plasma progesterone concentration >1 ng/mL and <1 ng/mL was
compared by chi® test, All values given are means and standard error of
mean. A p-value <0.05 was considered statistically significant.

3. Results

Omne or more corpora lutea were detected on histology in 32% of the
cats, whereas plasma progesterone concentration was >1 ng/mL in 55%
of the cats (Fig. 1a). The percentage of cats with plasma progesterone
concentration >1 ng/mL increased with increasing age (Fig. 1b). None
of the cats was visibly pregnant using abdominal ulwasonography.
Follicular cysts were present in 15 out of 93 cats and the average number
of cysts in these cats was 3.3 &+ 3.1 (£SD; range 1-13) per cat. Repre-
sentative soructures determined on cat ovaries are shown in Fig. 2.

Positive immunostaining for AMH was present in close to all pri-
mordial, primary, secondary and tertiary follicles and in all follicular

(a)
100:

m CL
B noCL
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60

40:

Positive and negative (%)

Progesterone
21 ng/mL

Corpus luteum
on histology

Fig. 1. (a) Percentage of cats with and without corpora lutea determined by histology or by plasma progesterone concentration (>1 ng/mL CLand <1 ng/mL
CL); (b) percentage of cats with plasma progesterone concentration >1 ng/mL and <1 ng/mL by age group (total number of cats included into analysis n
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cysts, but only in 28% of atetic follicles. Out of the corpora lutea, 79%
stained positive for AMH (Fig. 3).

In all fellicles, AMH immunostaining was restricted to granulosa cells
and in antral follicles was evident in granulosa cells of the follicular wall
and cumulus oophorus (Fig. 4a and b). Inmunostaining was, however,
negative in the majority of atretic follicles (Fig. 4c). Lutein cells in most
corpora lutea stained positive for AMH, but immunostaining was visu-
ally less intense than in follicular granulosa cells and not always evenly
distributed within the corpus luteum (Fig. 4d). In the 15 follicular cysts,
AMH protein expression was restricted to a monolayer of cells covering
the wall of the cyst (n = 12; Fig. 4e) or multiple layers of luteinized cells
(n = 3; Fig. 4f).

For all 93 female cats, the mean AMH concentration in plasma was
6.8 £ 0.5 ng/mL (median 5.5 ng/mL). The concentration of AMH ranged
from 1.3 to 21.7 ng/mL with the highest concentration in a 4-menths-old
cat, Out of the 93 cats, 39 (41.9%) had a plasma AMH concentrations
<5 ng/mL, 78 (83.9%) a plasma AMH concentrations <10 ng/mL. The
distribution of plasma AMH concentration in all 93 cats is summarized
in Fig. 5. The antral follicle count (average of two sections from both
ovaries) ranged from 1.3 to 35.5 (7.1 & 0.5) and was 20 in the 4-months-
old cat with the highest AMH concentration. Antal follicle count
increased with inereasing AMH concentration in plasma (Fig. 6a) and
there was a significant positive correlation between antral follicle count
and plasma AMH concentration in cats (Fig. 6b).

The concentration of AMH in plasma did not differ among female
cats of different age groups, different weight and included into the study
at different times of the year (Fig. 7a—c).

Concentration of AMH in plasma of cats was not affected by stage of
the estrous cycle when cats were assigned to the follicular and luteal
phase either by the presence or absence of corpora lutea on histology or
by progesterone concentration >1 ng/mL or <1 ng/mL (Fig. 8a and b).
Plasma AMH concentration did also not differ significantly between cats
with and without follicular cysts (p = 0.41; Fig. 8c).

4., Discussion

The results of this study indicate that in cat ovaries, AMH is syn-
thesized not only by preantral and small antral follicles but also by luteal
cells after ovulation and formation of corpora lutea. Whereas AMH
protein expression in cat preantral and antral follicles has been reported
previously [16] and is in agreement with findings in other species (e.g.,
dog: [23]; cow: [24]; horse: [4]; pig: [25], human: [26]), AMH protein
expression in corpora lutea is not a general finding across species. Its
expression after ovulation in luteal cells has been considered a phe-
nomenon unique to the polyovulatory pig [25] whereas luteal AMH
protein expression has been excluded in the mono-ovulatory horse [4].
Recently, an expression of AMH in interstitial cells of cat corpora lutea at
mid pregnancy has been described but no interpretation of this finding
was given [16]. The present study provides the first evidence for AMH

Il Progesterone = 1 ng/mL
Hl Progestarone < 1 ng/mL
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Fig. 2. Hematoxylin and eosin staining of representative cat ovaries with different structures: (a) small antral follicle (AF) with oocyte (b) multiple antral follicles
(AF) (c) atretic follicle (At) (d) multiple corpora lutea (CL) and (e) luteinized cyst (Cy) and (f) multiple follicular cysts (Cy).
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Fig. 3. Percentage of primordial, primary, secondary, tertiary and atretic fol-

licles, corpora lutea and follicular cysts staining positive for AMH in cats (total
number of cats included into analysis n ~ 93).
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expression in corpora lutea of non-pregnant cyclic cats, although with
our experimental design, non-detected early pregnancy in a small per-
centage of these cats cannot be ruled out. Most interestingly, AMH was
expressed only in 80% of the corpora lutea and not always evenly
throughout an individual corpus luteum. Because of our experimental
design, the exact day of ovulation and thus age of the corpora lutea could
not be determined. If the expression of AMH in cat luteal tissue is
anyhow related to corpus luteum age can only be speculated. It can be
assumed that AMH synthesis may continue after ovulation but gradually
cease in the aging corpus luteum. The physiological function of luteal
AMH is at present not clear. Based on its expression in the corpus luteum
of cyclic sows, it has been suggested that AMH contributes to regulation
of the cyclic recruitment of small antral follicles and prevents premature
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exhaustion of the ovarian follicular reserve [25]. Although AMH is not
expressed in the corpus luteum of women, the hormone inhibits the
gonadowophin-induced expression of the steroidogenic enzyme
CYP19A1 aromatase and thus exerts an inhibitory role on early stages of
follicular development [27]. In the female cats from our study, AMH
expression was markedly reduced only in atretic follicles which is in
agreement with findings in cows [24].

Similar to follicles, AMH expression occurred also in granulosa cells
and luteinized cells of follicular cysts, indicating that these are capable
of producing AMH. Although the term ovarian cyst is widely used in
clinical small animal reproduction, we have recentdy suggested that
ovarian cysts in cats are mostly incidental findings without clinical
relevance [22]. Such structures in cats may more resemble (hemor-
rhagic) anovulatory follicles in mares which delay the next estrus [28,
29] than follicular eysts in cattle which can be the cause of a prolonged
anestrus (e.g., Refs. [30,31]). This interpretation is supported by the
unchanged AMH expression in cysts in the cats of our study when
compared to physiological ovarian follicles. With regard to AMH protein
expression, in horse ovaries strong AMH immunolabelling was observed
in granulosa cells of growing follicles, whereas only faint expression was
detected in granulosa cells of dominant follicles [32]. Although to the
best of our knowledge, AMH expression has not been studied in horse
anovulatory follicles, cats apparently differ from mares with a contin-
uous AMH expression in growing large follicles.

Concentration of AMH in plasma of ovary-intact female cats varied
markedly among animals, but AMH was always detectable and well
above the minimal detection threshold of our assay. In healthy cows, it
has been suggested that AMH concentrations are to some extent char-
acteristic for the individual animal [24] and the same may be true for
female cats. In contrast to cats, however, 40% of postpartum cows had
undetectable plasma AMH concentrations not associated with obvious
ovarian pathologies [33].

‘When cats were grouped by antral follicle count, AMH concentration
was higher in cats with more antral follicles compared to those with
fewer anmral follicles detected on histology. There was, however, only a
loose linear correlation between AMI concentration in plasma and
antral follicle count. Although at first glance, our data may only partially
agree with findings in other species, it must be considered that although
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Fig. 4. Immunohistochemical staining for AMH: (a,b,c) ovaries with multiple positively stained primordial (PF), primary (black arrows), secondary (SF) and antral
follicles (AF) and non-stained atretic follicles (At), (d) positively stained corpora lutea (CL) besides positively stained follicles and (e) follicular cysts with a single
laver of positively stained cells covering the wall of the cyst (Cy), (f) lutein cyst with positively stained cells (Cy) and inserted negative control with corpus luteum

(CL), antral follicles (AF) and a cyst (Cy).
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Fig. 5. Distribution of individual AMH concentration and their median (solid
blue line) in plasma of all cats included into the study (n  93). (For inter-
pretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)

the oldest cats in our study were 9 years old, only 10 were older than 3
years. With a life expectancy in cats of over 15 years [34], old cats were
thus underrepresented in our study, In horse mares, an overall positive
correlation between antral follicle count and plasma AMH concentration
exists but varied by mare age with a strong correlation in older mares, a
moderate correlation in middle-aged mares and no correlation in young
mares [35]. Our findings do not exclude that the relationship between
AMH and antral follicle count varies across age groups also in cats.
Previous studies have reported higher plasma AMH concentration in
younger and particular in prepubertal cats compared to older animals
[13,15,17,20]. The same has been demonstrated in female dogs [36,37],
mice [38] and horses [35]. Puberty in cats often occurs when they are
between four and six months old [39]. Because prepubertal cats are
rarely presented for ovariectomy at the authors’ institution, it is possible
that increased plasma AMH concentrations in cats of this young age
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group were missed in our study. Although statistical significance was not
reached, plasma AMH concentration in cats up to one year of age,
however, tended to be higher than in older cats.

The concentration of AMH in plasma of eats was not affected by the
presence or absence of corpora lutea which is in agreement with pre-
vious studies in women [14] and pigs [410] and horses [35]. Some var-
iations in plasma AMH concentration throughout the estrous cycle and
between cycles in individual animals have been described previously for
cats [13,15] but based on the larger cat population with individual cats
only included once cannot be confirmed in the present study. Concen-
wation of AMH in plasma was not affected by the presence or absence of
follicular cysts which was to be expected because of unchanged AM
protein expression in these apparently anovulatory structures follicles
and ovarian cysts.

For a long time, cats have been considered a species with mating-
induced ovulations only, but recently, regularly oecurring spontanecus
ovulations have been described in cats based on ovarian histology [41].
Based on plasma progesterone concentration, the percentage of cats
with active luteal tissue was even higher in the present study. Because
only two sections per ovaries were accessed, apparenty not all corpora
lutea present were detected by histological examination. None of the
cats was visibly pregnant and - except for four females - contact to
tomeats was excluded by the owners. Our findings thus confirm and
extend previous studies on spontaneous ovulations or luteinisation of
follicles in female cats.

5. Conclusion

The AMH protein is expressed in granulosa and luteal cells and thus
in all functional structures of the cat ovary. Therefore, in ovary-intact,
postpubertal cats, AMH concentrations do not differ among stages of
the estrous cycle or between cats with and without ovarian cysts, While
AMH clearly is a marker for the absence of ovarian tissue in cats, its
usefulness to assess ovarian function in non-spayed cats is of limited
value.
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Fig. 6. (a) Mean antral follicle count (AFC) per ovary in cats with different AMH concentration in plasma and (b) correlation between AFG and plasma AMH
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and (c) with and without follicular cysts determined by histology.
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3. Concluding Discussion and Perspectives

This concluding discussion will only briefly repeat and summarize the interpretation of the
results from the publication in this dissertation. Instead, based on our findings, perspectives

for future research on reproduction of cats are proposed.

Domestic cats are popular pets in many countries, but as mentioned in the introduction, far
less research is done on cats, including reproduction, compared to other domestic animal
species such as farm animals, horses and dogs (Binder, 2020). Reasons for the low number
of experimental studies in cats are an often uncooperative behavior and the unwillingness of
owners to allow their animals to participate in controlled studies. This unwillingness could be
caused, among other things, by the frequent difficulties in catching and transporting the cats
(Mariti et al., 2016; Pratsch et al., 2018). In addition, legal regulations in many countries only
allow experiments on cats when the animals originate from a source expressly approved by
the competent authorities for the breeding of experimental animals. Exemptions from these
rules are extremely difficult to justify. Strict rules on the approval of studies also apply to

experimental animals.

Veterinary research on reproduction in cats, with the exception of case reports, will greatly
benefit from scientific approaches that do not require authorization for animal experimentation.
In Austria, it is required by law that all cats that regularly free-range outdoors must be neutered
unless they are registered as breeding animals (2. Tierverhaltungsordnung 2004, amended
2016). In Germany, in many municipalities and cities gonadectomy is also mandatory for free-
range cats. This allows access to the reproductive organs of female and male cats without

requiring experimental intervention.

The results of this study show that AMH in the ovaries of cats is synthesized not only by
preantral and small antral follicles, but also by the preovulatory follicles, i.e., larger follicles,
and by luteal cells after ovulation and the formation of corpora lutea. To the best of our
knowledge, the present study is the first to provide evidence of AMH expression in the corpora
lutea of non-pregnant, cyclic cats. So far, AMH expression in the corpus luteum of non-
pregnant animals, has only been detected in pig ovaries (Almeida et al., 2011). Pigs and cats

are both polyovulatory species. Expression of AMH protein has also been detected in
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preovulatory follicles in both species. In contrast, in the monovulatory horse mare, AMH protein

expression is restricted to small antral follicles (Ball et al., 2008).

Our results suggest that AMH synthesis in cat follicles continues after ovulation but to address
the hypothesis that AMH expression in luteal tissue is a specific finding in polyovulatory
species, further research is needed. The experimental design of our current study could, for
example, be applied to the polyovulatory rabbit. In the present study, interestingly, AMH was
expressed only in 79 % of the corpora lutea and not always uniformly within in a single corpus
luteum. Because of our experimental design, the exact day of ovulation and thus the age of
the corpora lutea could not be determined. One may hypothesize that AMH synthesis gradually
declines in the aging corpus luteum. This could be addressed in studies with ovariectomies
performed in cats at defined days after either induced or spontaneous ovulations. The
physiological function of luteal AMH is currently unclear and needed to be addressed in more

complex experimental studies.

Similar to follicles and corpora lutea, AMH expression was also evident in granulosa cells and
luteinized cells of follicular cysts, suggesting that they are also capable of producing AMH.
Although the term ovarian cyst is widely used in the clinical reproduction of small animals, we
have recently suggested that ovarian cysts in cats are mostly random findings with no clinical
relevance (Binder et al., 2021). Cystic follicular structures in cats may more resemble
hemorrhagic anovulatory follicles in mares which delay the next estrus (Ginther et al., 2007;
Cuervo-Arango and Newcombe, 2012) than follicular cysts in cattle which can be the cause of
a prolonged anestrus (e.g., Kesler et al., 1982; Peter et al., 2009). This interpretation is
supported by the unchanged AMH expression in the follicular cysts compared to the

physiological ovarian follicles of the cats in our study.

To classify ovarian cysts more easily and to better assess their incidence in female cats, further
studies on cat ovaries are needed. A possibility for a better differentiation between different
ovarian cyst types could be immunohistochemistry like already performed in dogs. In dogs, it
was possible to differentiate types of cysts by different staining with antibodies against
placental alkaline phosphatase, S100, inhibin a, desmin and cytokeratin AE1/AE3. In some
cases, it was even possible to classify cysts for which this was not possible based on histology
alone (Akihara et al., 2007).
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In female dogs, an increased risk of ovarian cysts has been described when animals were six
to eight years old (Knauf et al., 2018). Depending on the dog breed this is about 70 % of their
life expectancy. With a life expectancy over 15 years in the cat (Montoya et al., 2023), the
animals in our study had not reached such a high age than the dogs in study by Knauf et al.
(2018). The oldest cat in the present study was nine years old and had thus only reached 60
% of her life expectancy. Therefore, further studies in older cats are necessary to determine a
potentially increased incidence of ovarian cysts in older animals. A problem for such studies is
the fact that the majority of cats are spayed at a young age due to legal requirements or

because requested by their owners.

In some studies, ovarian cysts were defined strictly by size, but the range for a definition of
cysts by size varies considerably and in dogs ranges between 0.2 and 4.0 cm in diameter
(Knauf et al., 2018). Therefore, a determination of cysts by size alone should be avoided and
a histological evaluation should be performed: With increasing size, however, the probability

of ovarian cyst versus preovulatory follicles increases.

In our study, the AMH concentration in plasma of ovary-intact female cats varied markedly
among individual animals. AMH was always detectable and well above the minimal detection
threshold of our assay but was not affected by the presence or absence of follicular cysts. This

is in agreement with a similar AMH protein expression in these ovarian follicles and cysts.

When cats were grouped by antral follicle count, AMH concentrations were higher in cats with
more antral follicles than in cats with fewer antral follicles, but there was only a loose linear
correlation between plasma AMH concentration and antral follicle count. Plasma AMH
concentrations were not affected by the presence or absence of corpora lutea, consistent with
previous studies in women (Streuli et al., 2008), pigs (Almeida et al., 2011) and horses (Claes
et al., 2015). Some variation in AMH plasma concentration during the estrous cycle and
between cycles in individual animals has been described previously for cats (Flock et al., 2022;
Lapuente et al., 2023) but based on a larger cat population this could not be confirmed in the
present study. Each cat, however, was included only once and thus only a single AMH result
is available per animal. Further studies with repeated blood sampling in female cats are
therefore justified. Such studies would allow establishing endocrine profile throughout the cat
estrous cycle. Combined with ultrasound examination, it could then be determined if ovarian

cysts can be diagnosed by ultrasound, whether they — as we hypothesize - resolve
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spontaneously or luteinize after ovulation or if there are cases ovarian cysts associated with

pathological changes and clinical symptoms.

In conclusion, our study indicates that AMH is clearly a marker for the presence of ovarian
tissue in cats but its usefulness in assessing ovarian function in non-spayed individual cats is
of limited value. Regarding the etiology, clinical relevance and, if necessary, therapy of ovarian
cysts, science-based knowledge in cats is still limited. Overall, our study adds to the current
knowledge on ovarian cysts and AMH in non-pregnant female cats. Our results, however, also
raise new questions and offer some perspectives for future research in feline reproduction.
Such studies may advance veterinary reproduction in one of our most beloved pets. New
findings in domestic cats may also be applied to wild felids and thus provide reproductive

support in wildlife conservation programs.



23

4, Summary

Svenja ClaaRen (2023)
Follicular development in cat ovaries: Expression of Anti-Muellerian hormone and

occurrence of ovarian cysts

In female animals of many species, Anti-Muellerian hormone (AMH) is produced by follicular
granulosa cells and therefore has been associated with the ovarian follicle pool. In this study,
we have analyzed plasma AMH concentration in female cats (n = 93) presented for routine
ovariectomy and assessed ovarian histology and AMH protein expression in the surgically
removed ovaries. We hypothesized that AMH is synthesized only in preantral and small antral
follicles and that plasma AMH concentration reflects the antral follicle count (AFC). Corpora
lutea were detected in 32 % of the cats, whereas plasma progesterone concentration was = 1
ng/mL in 55 % of the cats. Follicular cysts were present in 15 cats (16 %). Positive
immunostaining for AMH protein was detected in close to all primordial and antral follicles, in
all ovarian cysts, 79 % of corpora lutea and 28 % of atretic follicles. Contrary to our hypothesis,
AMH in the ovaries of cats is synthesized not only in preantral and small antral follicles, but
also preovulatory follicles and corpora lutea. Synthesis of AMH in cats thus continues after
ovulation but the physiological function of luteal AMH remains unclear. The unchanged AMH
expression in granulosa cells and luteinized cells of follicular cysts further supports the

interpretations that most ovarian cysts in cats are incidental findings without clinical relevance.

Concentration of AMH in plasma averaged 6.8 + 0.5 ng/mL. When cats were grouped by AFC,
AMH concentrations were higher in cats with more antral follicles than in cats with fewer antral
follicles, but there was only a loose linear correlation between plasma AMH concentration and
AFC (r=0.286, p < 0.01). Plasma AMH concentration was not affected by season, age, weight,

stage of the estrous cycle and presence of follicular cysts.

In conclusion, AMH protein is expressed in all endocrine structures of the cat ovary. Our study
confirms that AMH is a marker for the presence of ovarian tissue in cats but its usefulness in
assessing ovarian function in non-spayed individual cats is of limited value. Our study adds
new information on ovarian cysts and AMH in female cats but regarding the etiology and

relevance of ovarian cysts in cats, science-based knowledge is still limited.
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5. Zusammenfassung

Svenja ClaaRen (2023)
Ovarielle Follikelentwicklung bei Katzen: Expression von Anti-Miiller-Hormon und

Vorkommen von Ovarzysten

Bei weiblichen Tieren vieler Spezies wird das Anti-Muller-Hormon (AMH) von follikularen
Granulosazellen produziert und ist daher mit dem ovariellen Follikelpool assoziiert. In dieser
Studie haben wir die Plasma-AMH-Konzentration von weiblichen Katzen (n = 93) analysiert,
die einer routinemaligen Ovariektomie unterzogen wurden und Ovarialhistologie und AMH-
Proteinexpression in den operativ entfernten Ovarien untersucht. Den Untersuchungen lag die
Hypothese zugrunde, dass AMH nur in praantralen und kleinen antralen Follikeln synthetisiert
wird und dass die AMH-Konzentration im Plasma die Anzahl antraler Follikel (AFC)
widerspiegelt. Corpora lutea wurden bei 32 % der Katzen nachgewiesen, wahrend die
Progesteronkonzentration im Plasma bei 55 % der Katzen = 1 ng/ml betrug. Bei 15 Katzen (16
%) traten follikulare Zysten auf. Eine positive Immunfarbung fir AMH-Protein wurde in allen
primordialen und antralen Follikeln, in allen Ovarialzysten, in 79 % der Corpora lutea und in 28
% der atretischen Follikel nachgewiesen. Entgegen unserer Hypothese wird AMH in den
Eierstocken von Katzen nicht nur in praantralen und kleinen antralen Follikeln synthetisiert,
sondern auch in praovulatorischen Follikeln und Corpora lutea. Die Synthese von AMH bei
Katzen geht also nach der Ovulation weiter, aber die physiologische Funktion des lutealen
AMH bleibt unklar. Die unveranderte AMH-Expression in Granulosazellen und luteinisierten
Zellen von Follikelzysten unterstitzt die Interpretation, dass die meisten Ovarialzysten bei

Katzen Zufallsbefunde ohne klinische Relevanz sind.

Die AMH-Konzentration im Plasma betrug durchschnittlich 6,8 £ 0,5 ng/ml. Wenn die Katzen
nach dem AFC gruppiert wurden, waren die AMH-Konzentrationen bei Katzen mit mehr
Antralfollikeln héher als bei Katzen mit weniger Antralfollikeln, aber es bestand nur eine leichte
lineare Korrelation zwischen der AMH-Konzentration im Plasma und dem AFC (r = 0,286, p <
0,01). Die AMH-Konzentration im Plasma wurde nicht durch die Jahreszeit, das Alter, das

Gewicht, die Phase des Sexualzyklus und das Vorhandensein von Follikelzysten beeinflusst.

Zusammenfassend wird AMH in allen endokrinen Strukturen des Katzen-Ovars exprimiert.

Unsere Studie bestatigt, dass AMH ein Marker fir das Vorhandensein von Ovarialgewebe bei
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Katzen ist, aber seine Verwendbarkeit bei der Beurteilung der Ovarialfunktion nicht-kastrierter
Katzen ist nur von begrenztem Nutzen. Unsere Studie liefert neue Informationen uber
Ovarialzysten und AMH bei weiblichen Katzen, aber beziiglich der Atiologie und Relevanz von

Ovarialzysten bei Katzen sind wissenschaftlichen Erkenntnisse noch begrenzt.
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