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1 Abstract

There have during the later years been done more research on the use of anti-Mdllerian
hormone (AMH) as a diagnostic tool in dogs and cats, of both female and male. There are
still many uses of AMH that is not confirmed, but they are showing promising results in the
few studies done. More research needs to be done about the use of AMH to confirm the
results in many of the studies. The aim of this paper is to get an overview in the usefulness
of AMH concentration as a diagnostic marker in small animal medicine. It has shown to be
a helpful marker in different clinical disorders and may be used more frequently in small

animal clinics as a potential marker for diseases related to gonadal disorders.
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3 Abbreviations

AMH — Anti-Mullerian hormone

ORS — Ovary remnant syndrome

SCT — Sertoli cell tumor

GCT — Granulosa Cell tumor

PCOS - polycystic ovarian syndrome
ELISA — Enzyme linked immunosorbent assay
AN — Anoestrus

LP - Luteal phase

FP - Follicular phase

IOT - Immunotech

DSD - Disorders of sexual development
Al — Artificial insemination

LH — Luteinizing hormone



4 |Introduction

Anti-Mdillerian hormone is naturally produced and secreted by the granulosa cells in females
and sertoli cells in males. It is inhibiting the development of the uterus in female fetuses, and
it will lead to the development of the male genital tract in mammals [8, 19]. AMH
concentration have been known and used in human medicine over a longer period of time.
It has been proven to be a useful diagnostic method to detect ovarian reserve and menopause
in women, and it have also shown promising results in the detection of polycystic ovarian
syndrome and primary ovarian insufficiency [23]. It has been more commonly known and
used during the later years, and especially in connection with detecting fertility status in
females [18].

Anti-Mdllerian hormone is present in both female and male dogs and cats. The value of
AMH may vary slightly in baseline value depending on the age of the animal and depending
on if it isa male or female, dog or cat [33]. The use of anti-Mdllerian hormone as a diagnostic
tool can be useful to diagnose reproductive disease. It has shown it can also be a helpful
marker to detect where in the estrus cycle the bitch is in due to its increased value in female
dogs during the late anestrus and up until proestrus about 6 days before estrus and may be
used in addition to progesterone and LH [42]. It may also be useful detecting the oestrus in
felines, but more research should be done in this area [12]. AMH concentration as a
diagnostic tool may help make it easier to diagnose ovarian remnant syndrome, or confirm
if the dog or cat have gone through ovariectomy or ovariohysterectomy, are castrated or is
intact [14, 33]. It could also potentially help diagnose sertoli cell tumor and granulosa cell
tumor. It have also shown promising results as a marker in other gonadal related problems
like semen quality, detecting ovarian cysts and possibly detect the litter size in bitches [10,
17, 18, 27, 33]. There have not been done much research on AMH in dogs and cats and the
first serum AMH documented in research was detected in dogs and cats in 2011 [34]. Mainly
this paper will focus on the diseases or conditions where the AMH concentration could be a

helpful diagnostic parameter in dogs and cats of both sexes.

5 Objectives/questions

Anti-Mullerian hormone in small animal veterinary medicine practice have shown can be
used in different ways to diagnose disease and conditions related to the gonads. It is not well

known as a diagnostic method and the hormone is not well known by general veterinary



practitioners. This paper will give an overview of anti-Mdllerian hormone and summarize
the various research done with the use of anti-Millerian hormone as a diagnostic marker in
the clinical practice of small animal medicine focusing on dogs and cats of both sexes. As
the AMH main task is the development of the male reproductive tract and stopping the
development of the female reproductive tract, it may be used for other diagnostic purposes.
The value of the AMH has shown to be a beneficial diagnostic parameter for detecting the
gonadectomy status of the dogs and cats. Some other purposes of the hormone may be used
for in diagnostic purposes is to detect ovarian remnant syndrome, granulosa cell tumor,
Sertoli cell tumor [1, 8, 14, 18].

6 Literature review
6.1 The physiology of anti-Millerian hormone

Anti-Millerian hormone also known as Millerian inhibiting hormone is a glycoprotein
hormone which is produced in the granulosa cells in female and in Sertoli cells in males and
secreted from here. This hormone is a part of the transforming growth factor-3 subfamily
[6].

In males the anti-Mdllerian hormone will inhibit the formation of the uterus in the fetuses
by inhibiting the development of the paramesonephric duct that in females are developing
into the female reproductive tract, and instead the wolffian duct is maintained and will form
the male reproductive tract by regression of the Millerian duct [29, 44]. In males the
androgen from the testis will maintain the wolffian duct also known as mesonephric duct
[8]. The wolffian duct will form the vas deferens, epididymis and seminal vesicles [8, 16].
In females mammals the Mdllerian duct, also called paramesonephric duct will develop into
the uterus, ovaries, salpinx, cervix, and the upper two thirds of the vagina and the wolffian
duct will regress [8, 33, 40]. The AMH are secreted in the granulosa cells of the follicles.
Depending on the growth stage of the follicle in the ovary, the layers of granulosa cells
changes, and the layers thickens as it gets closer to the small antral follicular stage. The antral
follicles have the most layer, which is from two to six layers of granulosa cells and the
highest level of AMH is secreted. After this stage ovulation or atresia of the follicle occur
and the levels of AMH will decrease. [44]. As for females the secretion of AMH has shown
to be highest during the pre-antral and antral follicular phase, and it could be due to the

increase of granulosa cells. The secretion have shown to be absent in the primordial follicles,



but is present in the primary and secondary follicles as these contain layers of granulosa cells
and the primordial follicles only contain pre-granulosa cells [44].

During the time until puberty in female dog there is only small secretion of AMH from the
granulosa cells and the secretion will increase after puberty before it wills start to decline
again after the bitch turns four years old [17, 34, 38]. Female cats have shown to have a
higher level of secretion of AMH when they are kittens up to 3 months old, and it will decline
as they grow older and have a decreased value from when they turn 12 months old [36].
Male dogs and cats have a higher AMH levels in young animals compared to after the
puberty. After puberty the levels are decreased, but still detectable. The highest value of anti-
Mdiillerian hormone have been measured in uncastrated male cats [33, 40]. In female dogs
the AMH levels have shown to decline after the bitch turn four years old. The levels have
shown to vary during the oestrus cycle [33, 42]. During the anestrus and proestrus the values

of AMH have shown to be significantly increased in non-pregnant bitches [42].

6.2 The use of AMH as a diagnostic marker in dogs and cats

In dogs and cats, female and male the AMH can be used to confirm if the animal is intact,
castrated or spayed. There are certain cases this might be used as if an animal is adopted or
rehomed and the surgical scar is not visible any other reason the owner and veterinarian may
not know if the animal is spayed or castrated [33]. The lower AMH concentration is strongly
related to a spayed or neutered dog or cat. If the serum AMH higher, it could be that there is
ovarian or testicular tissue present, which could indicate that the animal has ORS or is
cryptorchid, or that the dog or cat is not spayed or castrated [14, 33]. If the AMH shows a
negative result more testing should be done to rule out the possibility that there is no gonadal
tissue present as it is not a confirmation that the animal has an absence of gonadal tissue [34,
42]. Other methods used to determine residues of gonadal tissue could be ultrasonographic
imaging, P4 and oestradiol sampling, exploratory surgery [14, 33].

Other use of AMH can be in granulosa cell tumor or sertoli cell tumor as the sertoli and
granulosa cells are secreting the AMH. This will lead to a higher level of blood AMH
concentration [18, 27]. It has been indicated that AMH concentration may also be used for
detecting the semen quality in dogs, litter size of the bitch, and detecting cryptorchid male

dogs and ovarian cysts in females [10, 13, 17].



6.3 Diagnostic tests available for detecting AMH

There have during the later years been developed more tests to detect the AMH levels. The
tests available for detection of AMH levels in canine and felines are tests made for humans
and newer assays are made for canines and can be used for felines. In the table below is an

overview over the assays used to detect AMH in humans as well as dogs and cats.

Table 1
Table containing the available tests found to be used for testing of AMH levels in dogs and
cats.
Tests available, species Company, reference
Commercial ELISA, human Immunotech (10T) [28]
Commercial ELISA, human Diagnostic System Labs (DSL)[28]
AMH Gen I, human Beckman coulter[20, 28]
Commercial ELISA, canine Ansh Lab[37, 38]
Commercial ELISA, canine Spaycheck, Preventia diagnostic
Inc.[33]
Chemiluminescence immunoassay, | Roche[12]
human

Previously there have veterinarians only had access to a human AMH ELISA test, and
chemiluminescence immunoassay have also been used and approved for detecting serum
AMH in dogs and cats [12, 33]. Human AMH Gen Il ELISA kit may be used for dogs and
cats [2, 13]. It is a newer generation of the previous commercial ELISA tests from IOT and
DSL [20, 28]. The ELISA from IOT was used for the Gen Il ELISA to calibrate the test [20].
In a study done in cats Gen Il Elisa have been proven to have a 100% sensitivity and
specificity in female felines. This suggest that it could safely be used in felines [2].

During the later years companies have manage to produce a commercial ELISA test for
serum AMH concentration in canines. One created by Ansh Labs but is so far only for
research purposes only within the United States. The test for canines from Ansh Labs have
at least been used since 2015 for research and shown good results[15, 17, 34, 42].

One study done did testing to evaluate if a commercially available qualitative serum AMH
ELISA assay for canines could be used to differentiate the intact and spayed female dogs
with the use of AMH concentration, they tested it on 39 intact and 30 spayed bitches in the



study and found that the specificity was at 100% and sensitivity at 97.4%. This was the
Spaycheck AMH ELISA from Preventia diagnostics Inc [33], and it seem to be advantageous
to use to detect the gonadal status in dogs.

The canine-specific AMH ELISA test have shown have a considerably higher specificity
and sensitivity than the human-specific AMH ELISA [17]. This canine specific test would
be preferred to use for detecting AMH as it has a higher specificity and sensitivity.

One study used a chemiluminescence immunoassay made for humans to detect AMH
concentration in felines. The assay was approved for felines. It had a minimum detection
limit of 0.01 ng/ml and a maximum of 22.96 ng/ml [12]. This could be disadvantageous as

the levels above and below those values are not detected.

6.4 Anti-mullerian hormone in human medicine

AMH levels can provide information about a woman’s reproductive health and may also
help guide with fertility treatment options. AMH can be used for detecting the ovarian
reserve in humans as the AMH concentration is related with the number of follicles that can
potentially ovulate and the quality of the eggs [10, 21]. Studies show that the serum AMH
concentration have relation to the number of antral follicles. The AMH will be increased as
the number of antral follicles is higher. The highest level have shown to be during the second
follicular stage, but they will secrete AMH from the primordial follicular stage and until the
small antral follicular stage [44]. It is also proven that low serum AMH and poor ovarian
response are correlated [35]. This will mean that the AMH can be a possible marker to detect
ovarian reserve and fertility status in humans.

During menopause in humans the AMH levels have shown to decline significantly. Serum
AMH concentrations can be used in humans to help diagnose of ovarian dysfunction like
polycystic ovary syndrome and primary ovarian insufficiency. Studies have shown that the
levels of women with PCOS have had increased levels of AMH compared to the control
group [23, 44]. It was also discovered that the levels of serum AMH varied as depending on
the size of the ovaries in the women with PCOS [23]. The reason for the high AMH
concentration in PCOS has been proven to be due to high number of antral follicles [9], and
as explained above the AMH secretion is higher when there is a larger pool of small antral
follicles.

For granulosa cell tumor in human medicine the AMH concentration have been used to

detect the progress after a surgical removal of the ovaries as well as detecting reoccurrence



of the GCT. In women with GCT the concentration is higher and after surgical removal of

the tumor with the ovaries the AMH concentration will decrease again [22].

7 Methods

In this literature review paper, Google Scholar was mainly used to search for articles about
anti-mullerian hormone and the clinical use of AMH in dogs and cats, but also Pubmed and
science direct was used as webpages for this search. In addition to these web references a
few books were used to gather some physiological explanations about anti-millerian
hormone from the textbook Cunningham’s Textbook of Veterinary Physiology (Bradly G.
Klein), and literature for the description of diseases like sertoli cell tumor, granulosa cell
tumor and ovarian remnant syndrome in dogs and cats from the textbook Veterinary
Reproduction and Obstetrics (David E. Noakes). Also a few reviews that were relevant for
this research was used as a reference.

In the search terms for this paper, where it seemed fit the words “and” or “or” was used.
Search words used for this paper included the following: anti-mullerian hormone; Millerian
inhibiting hormone; physiology; sertoli cell tumor; granulosa cell tumor; ovarian remnant
syndrome; gonadectomy; estrus cycle; progesterone; oestradiol; dog; cat; bitch; female;
feline; male; tomcat; queen; puberty; human; polycystic ovarian syndrome; spay; castrate;
cryptorchid; ovariohysterectomys; litter size; semen quality; ELISA.

Articles was anti-Millerian hormone concentration was used as a diagnostic tool in diseases
related to the reproductive system of dogs and cats was considered to be used in this review.
Most of the articles had control groups or the animals in the study were the control group
which was considered as this would give a more accurate result in the studies. The tests used
for detecting the AMH concentration in the animals was of importance as well as it could
affect the values and result. As reviewing the studies that used different assays for testing
the exact value of the AMH in the animals were not the biggest focus. Looking at the results
of the studies it was chosen that the values were to be described as “higher/increased” or
“lower/decreased” compared to the other in most cases.

The focus was to use the newer research from the last 4-5 years published online in the
above-mentioned web pages, but since there have been limited research done in each topic
some articles published from the earlier years were used as well for this systematic literature

review. As a foundation for which topic that was chosen for this review
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This paper tries to summarize the most common diseases and disorders that can be or
possible be detected by the AMH concentration in dogs or cats. If possible, more than one
article was used to get a better view of the result and a better conclusion if the AMH could

be used as a diagnostic tool in each topic.
8 Result

This section will be summarizing the research literature found on the use of AMH in
clinically relevant reproductive disorders connected to granulosa and sertoli cells and
gonadal status of dogs and cats of both sexes. The sections are divided into species and sexes
and with the different problems related to them. AMH concentration have not been
confirmed to be useful in all the topics due to the lack of more research studies like for the
semen quality in male dogs, litter size and size of the dog. These are used to give an overview

of all the confirmed and possible use of AMH and are therefore included.

8.1 The use of Anti-Mullerian hormone in bitches

8.1.1 Intact or spayed bitches

The Anti-millerian hormone have shown to be a good marker to differentiate the intact
bitches from the spayed. The concentration of AMH will be significantly lower in the spayed
compared to the intact dogs [33, 34, 42]. One study published in the Journal of Veterinary
Diagnostic Investigations 2011 showed that human ELISA assay could be used to detect the
gonadal status in a female dog. They had two studies about dogs gonadectomy status were
the first was from dogs spayed earlier by different veterinarians where they looked at the
AMH concentration of samples sent into the Diagnostic Center at Cornell University in
Ithaca, New York, of the spayed dogs and compared the levels to samples from intact bitches.
It showed the levels of AMH in the spayed bitches were lower than the levels in the intact.
There were only one exemption were the level of a suspected spayed dog showed to be
higher [34]. This could possibly be a disease related issue like ORS.

In the second study they did an AMH concentration check before and after spaying where
they did the spaying at the Cornell University Hospital of Animals. In this study the had a
larger number of young dogs down to the age of 3 months. The dogs between the age of 3-
6 months showed a lower concentration of AMH before spaying and was therefore a less

difference after the spaying, but they still showed a lower concentration of AMH after the
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spay. The bitches above 6 months showed a greater difference in AMH concentration before
and after spaying [34]. Both these studies published in the journal showed that AMH
concentration could be a good diagnostic parameter to detect the gonadectomy status of the
female dog.

Another study done to detect the AMH levels during the oestrus cycle was also testing the
AMH concentration in 19 spayed and 19 intact bitches. It also showed if the bitch had been
spayed for more than one year ago the level of AMH was 0.01 ng/ml with one exemption.
The level of the bitches more recently spayed was a bit higher, but still significantly lower
than the intact bitches with a level between 0.19-1.45 ng/ml [42]. In addition to AMH
concentration they did a gynecological examination and blood progesterone measurements

was done in both the spay/intact study and oestrogen cycle study [42].
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Figur 1: showing the difference in the AMH concentration in the intact and spayed bitches shown in a dot plot [42]

8.1.2 Detecting the AMH concentration during the estrus cycle in female
dogs

During the oestrus cycle of a bitch the AMH is suspected to change due to its relation to

number of antral follicles. A study showed the values of AMH was indeed increased during

the anestrus and prooestrus as the number of antral follicles increased. They produced

immunohistochemical data of AMH during the oestrus cycle of 5 female dogs between the

age of 2,5 to 4,5 years. The immunoreactivity were the highest during the pre-antral and

small antral follicles which increase in number during the anestrus and prooestrus [26]. The
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decrease of the AMH around oestrus could possibly be a result of the development of the
pre-ovulatory follicle or the atresia of the small antral follicle [26]. The study also showed
that the baseline value of AMH may vary between different dogs even though they are about
the same age. It also showed that AMH may be used to predict the LH surge by 8-9 days and
may be used to predict when to use Al in dogs as of the progesterone and LH values could

predict it but may be short time to prepare for the insemination as it only gives a two days’

notice [26].
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Figur 2: Showing the concentration of serum AMH of the five beagles in the study explained above, showing the LH
surge, day 0, as the grey solid line, the dashed line shows the baseline AMH concentration. It also shows how the

concentration of the AMH is increased related to the anestrus and prooestrus [26].

One more recent study done of female dogs to detect the oestrus cycle AMH concentration

and differentiating the spayed from intact bitches from the AMH level was done using a total
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of 59 female dogs [42]. As a preliminary test of the study, they looked at the AMH
concentration in 19 intact bitches and 19 spayed of different breeds to detect if the AMH can
be used to differentiate the intact from the spayed. They used a chemiluminescence
immunoassay for testing the serum AMH which was approved for dogs [42].

The second study explained in this article was a study with beagles and labrador crossbreeds.
The beagles in the study showed a higher baseline value compared to the labrador
crossbreeds. AMH level during the oestrus cycle showed the highest value of serum AMH
during the last three weeks until 6 days before ovulation and it decreased rapid during the
last 3 days before ovulation. The lowest concentration was shown to be during the
preovulatory, anestrus and metestrus and it varied in the bitches [42]. This may indicate that
the AMH may be used as a possible marker to detect oestrus in the bitches. It also indicates

that the baseline AMH may vary between the breeds.

8.1.3 Granulosa cell tumor

Granulosa cells of females produce AMH and in the case of granulosa cell tumors the value
of AMH has shown to be increased significantly. Granulosa cell tumor (GCT) originate from
the granulosa cells. It has been reported to be one of the most common ovarian tumors in
bitches, and is also quite common in queens [32]. GCT may vary in size and can grow to
become quite large [30]. In one study with 9 bitches with GCT the size varied from 0.3 to
15.0 cm [20]. The tumor may create an increase in hormonal activity resulting in secretion
of oestrogen, anti-mullerian hormone and alpha-inhibin which may be used as a potential
marker for diagnosing GCT [14, 15]. To get a definite diagnosis of the GCT a
histopathological examination of the tumor have to be performed [15]. GCT rarely
metastasize. Clinical signs of GCT may present as alopecia, continuous estrus, ascites and
may also present with bone marrow suppression [14].

A study looking into the AMH levels in bitches with ovarian cysts and ovarian tumors was
performed on 63 bitches with variable age from 1-15 years and different breeds. 14 of those
bitches there were not any findings on the histopathological examination. The value of AMH
appeared to be remarkably higher in the bitches with histopathologic confirmed GCT (n=9)
compared to the other bitches with ovarian cysts or ovarian tumors like epithelial tumor,
dysgeneromas and sarcoma. The aim of the study was to differentiate the GCT from other
tumors using AMH. By the result of the AMH values of the GCT it ranged from 1.12 to <

23ng/ml compared to the other ovarian tumors and cyst which had AMH levels ranging from

14



0.11 up to 2.09 ng/ml [41]. This result confirmed that the AMH parameter could be a good
diagnostic method to differentiate from the other types of tumors and for detecting the GCT.

8.1.4 Ovarian remnant syndrome and ovarian cysts

In female dogs or cats, AMH can be used to detect ovarian remanent syndrome (ORS). When
a female dog or cat have gone through an ovariectomy or ovariohysterectomy (OHE) the
serum AMH levels are highly reduced. If there are remnants of an ovary after the OHE, the
value of AMH would be significantly higher due to the ovary tissue left during surgery [31,
42]. The bitches or queens that have a portion left of their ovary may return to oestrus after
the OHE, this may present without getting the red vaginal discharge as they usually get
during a normal oestrus if a complete hysterectomy is performed. Some of the symptoms of
ORS the dog or cat may present with is symptoms of oestrus like swollen vulva, may have
vaginal discharge usually when only ovariectomy is performed, they may also show sexual
behavior and pseudopregnancy [31, 33].

The ORS does not necessarily occur right after the OHE, it may occur from 1 month or up
to 10 years after the surgery and is highly variable [3]. A study showed that AMH does not
increased in all cases with ORS. Due to the gonads are the only place where there is AMH
production there is a possibility that if the ovarian remnant mostly contains luteal tissue the
production of AMH might not be high enough to be detected in the blood. Corpa lutea does
not produce AMH so in this case there are little production of the hormone [33].

The same study also shows that the use of both AMH and P4 as a diagnostic tool could be
useful for the detection of ORS. For the detection of AMH levels, serum samples were taken
for the qualitative serum AMH ELISA test available for dogs. For the P4 levels, serum was
used in a chemiluminescent immunoassay test approved for the use in dogs. After testing the
AMH and P4 levels in the dogs it showed that in some cases, the AMH was negative and the
P4 was positive, and other cases the AMH was positive and the P4 negative, and some cases

both were positive.
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AMH test result

P4 test result Pasitive Inconclusive Negative

Positive 25 6 6
Inconclusive 4 4 1
MNegative 1 1 0

Figur 3: “Distribution of serum AMH and P4 test results for 48 spayed bitches with histologic confirmation of ORS ” [33]

In those cases where both the P4 and AMH were negative there were no ovarian remnant
detected during the exploratory surgery. Histological samples were gathered in 53 of cases
where they did an exploratory laparotomy but only 48 were confirmed positive with ovarian
remnant. Due to the lack of spayed dogs in the study that had gone through both testing of
AMH, P4 and the exploratory surgery with the process of taking histological samples, there
were only 2 bitches confirmed with all three negative result [33].

Studies have shown that serum AMH, human chorionic gonadotrophin hormone and
Progesterone (P4) can be used as a diagnostic method for detecting ovarian remnant
syndrome [5, 31, 33, 34]. It was acknowledged in one study from 2011 that serum AMH
concentration alone could detect any presence of ovaries or ovary remnants by the use of a
human-based ELISA test, but is said to have a high cost [34]. During the later years there
have been developed a commercial ELISA test for serum AMH concentration in canines

created by Ansh Labs but is available worldwide [2].

8.1.5 Prediction of litter size in bitches

Anti-mullerian hormone have shown to be a potential marker for determining the litter size
in bitches. There have been studies looking at the size of the dog compared to the normal
value of serum AMH compared to the dogs size and then compared it to the litter size of
the bitch[17]. In the study they also found the mean AMH concentration in bitches above 4
years old is lower than in the bitches below 4 years of age [17].

According to one study done were they looked at the litter size and weight of the bitch,
they could not definitely confirm if the AMH concentration could be used to determine the
litter size. This may be due to a low number of animals in the trial as well as the AMH
concentration have shown to possible be influenced by the age, body weight and their litter
size [11].

16



8.2 The clinical relevance of anti-Mdillerian hormone in male dogs

8.2.1 Castrated or intact male dogs

It may be useful to be able to detect the gonadal status in male dogs as some dogs may be
cryptorchid or the dog have an unknown gonadal status. One study done at two institutes
included 50 intact males and 48 castrated males in their study on the use of AMH
concentration as a diagnostic tool to detect the castrated from the intact male dog [37]. The
study showed a higher concentration of AMH in intact male dogs and a lower
concentration in the neutered male dogs. They could confirm that the specificity and

sensitivity was at a 100% in the study about the castrated and intact male dogs [37].

8.2.2 Sertoli cell tumor

AMH is secreted in male dogs and cats by sertoli cells. This means that AMH may be a
potential biomarker for the detection of sertoli cell tumor (SCT) as the AMH is suspected to
be higher in these cases [18]. Sertoli cell tumors are one of the more common tumors in male
elderly dogs [1]. It is often known by the signs of feminization and are producing oestrogen.
Some of the symptoms may be symmetrical alopecia, hyperpigmentation, penile atrophy,
gynecomastia, prolapsed prepuce and attraction to males. This type of tumor may occur more
often in cryptorchid dogs [18, 29]. The secretion of oestrogen can cause an obstructive
uropathy due to squamous metaplasia of the prostate gland. During the rare cases were SCT
causes metastasis, the metastatic tumors may also secrete oestradiol [30].

Oestradiol have been used as a marker for the SCT, but it is not a certain diagnostic method
alone. It has been reported in cases were healthy dogs have oestradiol values above normal
value and can be highly variable, and they may not show any relation of clinical signs of
high oestradiol [1, 29]. Serum AMH may be considered as a diagnostic tool for this type of
tumor due to the secretion of AMH by the sertoli cells, it has been known that the AMH can
be a marker for young immature and neoplastic sertoli cells [4, 18]. It seems like it has not
been many studies about the use of AMH as a diagnostic tool for Sertoli cell tumor in dogs.
One study done to analyze if AMH can be used as a biomarker they compared dogs with a
palpable testicular mass to healthy male dogs. The study showed promising results as 6 dogs
with confirmed SCT had significantly increased levels of AMH [18].

A case study also showed the result of high AMH concentration in a dog with a tumor in a

cryptorchid testicle on the right side, which was then confirmed as a sertoli cell tumor as
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suspected due to the high oestradiol concentration. The concentration of AMH were

decreased after they performed the castration of both testicles [1].

8.2.3 Semen quality of male dogs

AMH is thought to have a correlation with semen quality in male dogs. There was one study
looking at the use of AMH concentration as a potential biomarker for the semen quality of
45 stud dogs. The results showed a negative relationship between serum AMH concentration
and the semen quality. Both the morphology and motility of the sperm in the male dogs were
negatively correlated to AMH concentration. The other spermatogenesis values did not seem
to affect the AMH levels in any way [10]. A reason for increased AMH and the poor semen
quality may be a result of abnormal sertoli cell function. The parameter may be used for
detecting the sperm quality as if there is an increase of the AMH when there is a decrease in
motility and morphology. Further studies need to be done to confirm this as this is until now

the only study done about the relation of semen quality and AMH concentration [10].

8.2.4 Cryptorchidism

Cryptorchidism is when the testis has not fallen into the scrotum and it could remain in the
abdomen, inguinal ring. Cryptorchid male dogs are prone to testicular neoplasia. One of
those neoplasia could be sertoli cell tumor and as mentioned earlier it could increase the
AMH concentration as the sertoli cells secrete AMH [18, 29]. In stallions with
cryptorchidism it is proven that the AMH concentration is higher in the cryptorchid
compared to the intact as well as in geldings [7]. A study was performed on dogs to detect
if AMH concentrations were higher in cryptorchid canines. The study showed some higher
levels of AMH concentrations in cryptorchid dogs, but the result was inconclusive as the
levels of an intact dog also was in some dogs similar to some cryptorchids. They could
confirm the presence of testicular tissue as the levels of both cryptorchid and intact dogs
were higher than the castrated [13]. The AMH have shown to not be increased in all cases

of cryptorchid male dogs [43]
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Figur 3:the concentration of AMH in castrated, intact and cryptorchid dogs [13].

8.2.5 Disorders of sexual development

Disorders of sexual development is related to the different changes in the reproductive tract
that can take place in a dog both female and male. It was suspected that anti-Mllerian
hormone level could be used as a diagnostic tool in the detection of disorders of sexual
development due to its relation to sertoli cells and it could detect testicular tissue in dogs.
The AMH concentration was proven to be higher in the dogs with DSD compared to the
intact dogs [43].

8.3 The clinical relevance of anti-mullerian hormone in queens

8.3.1 AMH concentration of spayed or intact queens

In cats, studies have shown that the concentration of AMH have been lower in the spayed
compared to the intact female cats. One study could prove that the specificity and sensitivity
were at 100% for confirming the female cat have gone through an ovariectomy or
ovariohysterectomy or is intact using AMH concentration. They also showed the highest
level of AMH were detected in the youngest female cats. The estrus cycle status was known
in all intact female cats, and they used Busrelin to stimulate the female cats in both intact
and spayed. This showed an increase in oestradiol, but did not appear to affect the
concentration of AMH [2]. It has also been confirmed in an earlier study showing the AMH
levels of 16 cats before and after spaying. It showed a very distinctive difference in the AMH

concentration between when they were intact compared to when they were spayed. Three
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cats had AMH levels in between the intact and spayed concentration and was diagnosed with
ovarian remnant syndrome [34]. A newer study could also confirm that the levels of AMH
in spayed female cats is significantly lower than the AMH concentration in intact female
cats [14].
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Figur 4: showing the concentration of AMH in spayed and intact cats as well as the AMH concentration in cats with ovarian
remnant syndrome and ovarian cysts [14].

8.3.2 Ovarian remnant syndrome and ovarian cysts in female cats

A recent study in cats done at Hatay Mustafa Kemal University of veterinary medicine
showed that the AMH concentration could be used as a diagnostic tool to detect spayed from
intact queens. The levels of AMH are significantly low in the cats that are spayed compared
to the intact cats. The study also explained that levels of serum AMH concentration in cats
with ORS as well as cats with ovarian cysts will be notably increased [14]. But this will also
mean that the AMH concentration is not the best diagnostic method to differentiate the ORS
and ovarian cysts in cats.

The ovarian tissue left when a cat present with ORS may vary in size and therefore the values
of AMH may also vary depending on the size of the ovarian remnant. It would in this case
be difficult to differentiate the intact queen from a cat with ORS. Due to this the AMH alone
cannot be used as a single diagnostic method for ORS [14], unless there is knowledge that
the cat have been spayed. Other diagnostic methods for this could be ultrasonography,
exploratory laparotomy, vaginal cytology in addition to anamnesis, usually the cat can

present with estrus behavior [12, 14].

20



8.3.3 Anti-Miillerian hormone concentration in the oestrus cycle of the queen
A study from 2022 investigated the AMH concentration during the oestrus cycle. Five
cycling queens, one pregnant and one acyclic cat were used in this investigation. The three
young queens referred to is at the age of one and did not have their first heat when starting
the study. The other cats were between the age of 1-3 years old and referred to as young
adults[12]. The study showed during the anestrus the levels of AMH were at its highest and
it was at its lowest during the oestrus and metoestrus. The difference in the values between
the young adult and the young queens could suggest that the younger queens have a higher
concentration of AMH compared to the adult cats. The acyclic cat showing the lowest level
of AMH was confirmed with an ovarian cyst [12]. The author suggests that there should be
done more research as there are still some uncertainties about the results. It could be
confirmed that the oestrus cycles of the cats had a repeating pattern, but there were still high

variations between the different cats[12].
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Figure 1: "Dot plot with an overlying box plot of the AMH concentration in the differnt cyclic stages of the young adult
and young queens, of the pregnant cat and the acyclic cat"[12]

In a recent study done detecting AMH concentration in pregnant cats and cats in different
stages of the oestrus cycle it showed that there were no significant difference in AMH
concentration of the pregnant cat or non-pregnant cat in estrus or interestrus [15].

One study that researched the AMH concentration in queens could also determine the value
of AMH in the cats in anoestrus were higher than the levels in the cats in follicular phase

[21]. If comparing the box-plot below to the box-plot shown above they show a similar
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pattern during the estrus cycles of the queens with the highest values during anoestrus and

lower levels in the estrus and metoestrus.

Figure 2: Anti-Mullerian value of 32 postpubertal queens showed in a box-plot [21]

8.3.4 Anti-Miillerian hormone concentration according to the age and

pubertal stage of the female cat
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In humans the level of AMH concentration in female neonates have been shown to be lower

compared to the prepubertal and postpubertal [39]. One study has shown that similar to

humans, the female cats have a lower concentration of AMH in the neonate stage of life and

as for the cats in prepubertal stage of life the AMH concentration were at its highest before

decreasing in the group of cats in postpubertal stage [21]. In the study they grouped the

female cats according to the age of the cats. The AMH concentration were examined

according to the age of the queen. The result showed a higher concentration of AMH in the

queens below 12 months of age. The other age groups of 12 months and those above 12

months of age showed a lower level of AMH [21]. The study suggested that the reason for

the value to decline from one year of age might be due to a gradual decline of the ovarian

reserve as it have been shown in humans [9, 21].
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Figure 3:"Box-plot of anti-Mdillerian hormone of 68 neonatal, prepubertal and postpubertal female cats. Different letters
below the boxes represents P < 0.01." [21]

Another study where they investigated the age compared to the levels of AMH showed that
the youngest female cats had the highest concentration. The level seemed to decrease from
one year of age and above. The study only contained 16 cats and most of them were 1 year

or younger [2].

8.4 The clinical relevance of anti-mullerian hormone in male cats

8.4.1 AMH concentration in castrated or intact male cats

It have been proven that AMH concentration can be used to detect intact from castrated male
cats [2]. One study detecting concentration of AMH in intact and castrated cats showed that
castrated male cats had a concentration below 0.14 ng/ml, and the intact males had
significantly higher concentration of AMH. The concentration in intact males could seem to
vary between the cats depending on their age and individual, but the oldest male cat in this
study was 4 years old. The youngest cats had a higher level of AMH at 81.3 ng/ml and the
lowest concentration for intact males were 4.8 ng/ml [2].
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8.4.2 Anti-Miillerian hormone concentration according to the age of the male

cat
A study done on gonadectomy status in cats showed that the youngest male cats had the
highest AMH concentration. The older cats showed a much lower concentration compared
to the two youngest [2]. According to one recent study done with detecting the AMH
concentration in cats of different ages it was discovered that the male kittens have a higher
concentration of AMH compared to the female kittens. The level of AMH concentration in
the neonatal male kittens were not detectable by the assay used. In this study they only
included 5 neonatal male Kittens to compare them to the female. Their main focus on the
study was to detect the AMH concentration in the female cats [21]. No specific study has
focused on this topic and a proper study should be done to determine if AMH concentration

in male cats is age related.

9 Discussion and conclusion

Anti-mdallerian hormone as a clinical parameter has not shown to be very commonly used in
small animal veterinary medicine. The studies related to this topic have been mostly done
from 2011. Most studies seem to have been done on detecting gonadal status and ovarian
remnant syndrome by the AMH concentration and most studies have shown to focus mostly
on female dogs and cats. For some diseases and conditions, the AMH have proven to be a
very beneficial parameter both alone and in addition to other parameters depending on the
suspected diagnosis.

In the studies about the oestrus detection in dogs it showed that AMH level during the oestrus
cycle showed the highest value of serum AMH during anestrus and proestrus. It showed the
lever to be highest the last three weeks until 6 days before ovulation and it declined rapidly
during the last 3 days before ovulation [42]. P4 and LH values can be used for detection of
oestrus, and it could be detected 2 days before ovulation. This gives a limited time for
breeding [26]. AMH have shown to be a good additional parameter to detect the estrus as
the values is high up to 6 days before ovulation [42].

For the studies detecting gonadal status in dogs, the different studies showed a small
difference in the cutoff value of AMH concentration depending on the assay used.

The results of the studies done on gonadectomy status of dogs showed a very certain
diagnosis using AMH concentration of intact, castrated or spayed dog. The AMH value of

the different gonadectomy status showed that the values were significantly higher in intact

24



dogs compared to the spayed or castrated [33, 34, 37]. In both female and male cats it showed
similar results as dogs of higher AMH levels in intact cats and lower levels in the spayed or
castrated [2, 14, 34]. The studies in this topic also showed a high specificity and sensitivity
of the testing and mostly 100% even though not all of them used the same tests [14, 33, 34,
37]. If the value were seem to be higher in those female dogs or cats it was suspected and
confirmed ovarian remnant syndrome [14, 33, 34]. Due to the findings in these studies, it is
suggested that AMH concentration could be beneficial as a diagnostic tool to detect the
gonadal status of dogs and cats of both sexes.

AMH concentration has proven to be a remarkable additional diagnostic tool for detecting
ORS as it shows an increase in AMH levels and if the animal is known to be spayed it could
be a quite good parameter alone. If the gonadectomy status is unknown higher levels of
AMH could also indicate an intact female dog or cat [14, 33]. Since it has not been proven
to be a good parameter to use alone in every case to detect ORS it should be used as an
additional diagnostic method to detect the disease. It could be used with P4 concentration as
it was discovered in one study that if P4 and AMH concentration together showed a negative
test it was unlikely that the dog or cat was confirmed with ORS. If one of them were positive
and one negative it could mean that the dog or cat had ovarian remnant syndrome [14, 33].
In cats it was shown in one study that the values of AMH was overlapping in cats diagnosed
with ovarian cysts and those with ovarian remnant syndrome [14].

AMH concentration in dogs and cats with granulosa cell tumor were presumed to have
higher levels of AMH in dogs and cats as it have been proven to be higher in humans with
GCT [22]. Studies have confirmed that AMH may be used as a parameter to detect the
granulosa cell tumor in female dogs due to its significantly high concentration of serum
AMH as the granulosa cells are the producer of the AMH [27, 32].

Sertoli cell tumors in dogs have shown to be one of the more common testicular tumors.
Earlier the estradiol has been used as a parameter to detect the tumor as the tumor often have
a secretion of this hormone. One study showed an increase in the levels of AMH in the dogs
with SCT. One case study had the same result when detecting a SCT in a cryptorchid
testicle[1]. This could possibly confirm the use of AMH as parameter for detecting the SCT,
but more research should be done to confirm this. It has though shown to be a good additional
parameter for the diagnosing of this type of tumor.

For the study about the semen quality the result could show that there was an increase in the
AMH concentration when the semen morphology and motility were of low quality [10]. As
this study is suggested to be the first on this topic and the age could influence result of AMH
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concentration baseline [10], more research should be done to confirm this study. More
research should be done in the studies about cryptorchidism in male dogs and litter size in
bitches as well as it showed promising results using AMH levels [13, 17].

The AMH concentration have in a couple studies shown to vary depending on the age of the
dog or cat. This may be thought to take into consideration when using AMH as a diagnostic
parameter [2, 21].

In male cats the only use of AMH concentration that was found during the research was
about detecting the castrated from the intact tomcat. In the studies about this topic, the results
showed that the use of AMH concentration to detect the gonadectomy status in male cats
was beneficial. It could be thought that AMH concentration could be a useful diagnostic tool
for detecting sertoli cell tumors in cats as well as for dogs, but there were no such research
to be found, and it is not very common for tomcats to have testicular tumors and even less
common with sertoli cell tumor [24, 29]. Before the study done by Axnér and Strém Holst
in 2015, there have not been published any research articles about AMH concentration in
male cats and it seems like there is not many published about male cats after this article as
well. More recent there have not been more than a few research where the male cat were
also in focus [2].

As anti-Millerian hormone concentration can be detected by a blood sample and an assay
made for AMH it has shown to be a simple diagnostic method, and if it can be used as a
parameter in more disorders it could possibly make it easier for veterinarians to detect certain
reproductive disorders. A larger number of studies should be performed in some of the topics
to get a better result and to confirm is AMH concentration can be used as a diagnostic tool
or as an additional diagnostic parameter. There should be a standard assay for detecting
AMH levels in dogs and cats as it could give a more accurate result when comparing the

studies.
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10 Summary

The main purpose of this paper is to summarize the clinical use of anti-mullerian hormone
as a diagnostic method in small animal veterinary practice. Due to difficulties diagnosing
certain conditions there might be need for additional diagnostic tools in some diseases. AMH
can be used as a single marker or an additional diagnostic tool to determine conditions related
to the production of AMH in the granulosa cells and sertoli cells. There have during the last
couple decades been done more research in the field of using AMH as a diagnostic method
in conditions like ovarian remnant syndrome, sertoli cell tumor, granulosa cell tumor,
detecting the estrus cycle in the bitch and queen. It may also be used for detecting if the
animal is spayed/castrated or intact. AMH concentration have shown to be a very good
parameter to detect the gonadectomy status of both dogs and cats of both sexes. It has also
proven useful in the detection of ovarian remnant syndrome and granulosa cell tumor of
female dogs and cats. The studies about AMH as a parameter for detecting oestrus have
shown to be positive. It might not be the best as a parameter alone since the AMH value can
vary in the different individuals, but due to a similar increase during the anestrus and early
proestrus until 6 days before ovulation, it has shown to be useful as an additional parameter
to P4 or LH concentration. It is also a beneficial parameter in detecting sertoli cell tumor and
detecting if the male dog has any cryptorchid testicle, but more studies should probably be
done in the latter one as the studies referred to in this review didn’t detect if the cryptorchid
testicle had any neoplasia such as sertoli cell tumor which then can increase the AMH
significantly more.

The use of AMH in detecting semen quality, litter size has proven to be uncertain. Limited
studies have been done on these topics, but the few studies done have shown it could possibly

be a useful parameter, but more research must be done before confirming this.
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