Crystallization of Bovine Cervical Mucus
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Abstract

Bovine cervical mucus changes its biochemical composition and biophysical properties due
to the variations in sex steroid levels during the oestrous cycle. As a consequence of oestro-
gen rise, cervical mucus is produced in larger amounts at oestrus—a stage also characterized
by an increase in mucus crystallization when observed under light microscopy. The objective
of this article is to provide an updated review of the main aspects regarding crystallization of
bovine cervical mucus. First, it makes reference to the composition of cervical mucus and
the critical functions that this secretion exerts on bovine reproductive physiology, as well
as in other species. Then, the article deals with the phenomenon of crystallization observed
in cervical mucus, describing the main models used to classify the crystalline patterns ob-
servable in mucus at oestrus stage (some of them resembling ferns, palm leaves and stellar
patterns, among others). Finally, it addresses the importance of the phenomenon of cervical
mucus crystallization for the understanding of bovine reproductive physiology.
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Cristalizacion del moco cervical bovino en el estro:
una actualizacion

Resumen

El moco cervical bovino cambia su composicién bioquimica y sus propiedades biofisicas
durante el ciclo estral debido a las variaciones en los niveles de esteroides sexuales, siendo
producido en mayor cantidad durante el estro como consecuencia del aumento en el nivel de
estrégenos. En dicho estadio también se observa que el moco aumenta su capacidad de cris-
talizar. El objetivo de este articulo es proporcionar una vision actualizada de los principales
aspectos relativos a la cristalizacion del moco cervical bovino. En primer lugar se hace refe-
rencia a la composicién del moco y a las importantes funciones ejercidas por esta secrecion
en la fisiologia reproductiva bovina y de otras especies. Més adelante el articulo trata sobre el
fenémeno de cristalizacion observado en el moco cervical en estro, describiéndose los prin-
cipales modelos utilizados para clasificar los patrones cristalinos observables en ¢l (algunos
semejantes a helechos, hojas de palma o figuras estrelladas, entre otros). Finalmente, se dis-
cute la importancia del fenémeno de la cristalizacion del moco cervical para la comprension
de la reproduccién bovina tanto en estados fisioldgicos asi como fisiopatoldgicos.

Palabras clave: fisiologia bovina, cristalizacion, estro, moco cervical, patrén cristalino.
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Cristalizacio do muco cervical bovino no estro:
uma atualizagio

Resumo

O muco cervical bovino varia a sua composigao bioquimica e suas propriedades biofisicas
durante o ciclo estral devido as variag¢des nos niveis de esteréides sexuais, sendo produzido
em maior quantidade durante o estro como consequéncia do aumento no nivel de estrogé-
nios. Neste estado também se observa que o muco aumenta a sua capacidade de cristalizar. O
objetivo deste artigo é proporcionar uma visao atualizada dos principais aspectos relativos a
cristalizagao do muco cervical bovino. Em primeiro lugar faz-se referéncia & composi¢ao do
muco e das importantes fungdes exercidas por esta secre¢io na fisiologia reprodutiva bovina
e de outras espécies. Mais adiante o artigo trata sobre o fendmeno de cristalizagao observado
no muco cervical em estro, descrevendo-se os principais modelos utilizados para classificar
os padrdes cristalinos observaveis no mesmo (alguns semelhantes a samambaias, folhas de
palmeira ou figuras estreladas, entre outros). Finalmente, se discute a importincia do fend-
meno da cristalizagio do muco cervical para a compreensio da reprodugao bovina tanto em

estados fisiologicos quanto em fisiopatologicos.

Palavras chave: fisiologia bovina, cristalizagio, estro, muco cervical, padrao cristalino.

INTRODUCTION

From the onset of cow domestication thousands of
years ago, man has been able to recognize certain
behavioural and physical changes related to the re-
productive state of cattle (1,2). Among ruminants,
such as bovines, as well as in other species, dur-
ing the oestrus stage a somewhat translucent and
relatively sticky aqueous substance can be seen to
copiously come out from the female reproductive
tract, one of the signs that has been recognized,
from ancient times, as the beginning of sexual re-
ceptivity (heat) (1,2). Such secretion, known as
cervical mucus, exerts several physiological func-
tions that are critical for the development of the re-
productive process in the cow, the same as in other
animals in which this fluid is produced.

When a drop of cervical mucus collected at oestrus
is deposited on a transparent surface and allowed

to dry at room temperature, the mucus tends to
crystallize in highly arranged geometric patterns,
characterized mainly by arborescent morpholo-
gies, among other arrangements (1,3-7). Assess-
ment of the properties of cervical mucus through-
out the oestrous cycle shows that the extent of the
crystallization phenomenon reaches a maximum
at oestrus in comparison to any other stage of the
cycle (4). This is mainly due to raised levels of oes-
trogens in this stage which are exerting their effects
on the cervical mucosa, and, therefore, changing
the mucus features. This explains why the assess-
ment of mucus crystallization has been suggested
by some researchers as a useful tool to determine
the onset of sexual receptivity in cows (1,8,9) and
other animals (10,11).

The objective of this review article is to discuss the
main aspects of the phenomenon of mucus crys-
tallization, with special interest in the characteris-
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tics of the crystalline patterns observed in bovine
cervical secretion.

BOVINE CERVICAL MUCUS

Cervical mucus is produced by mucus-secreting
cells that line the grooves and folds resembling
‘blind-ended crypts, present in the cervical epi-
thelium (12). Secreted more copiously at oestrus,
mucus volume can reach up to 100 mL. Regard-
ing the chemical composition, cervical mucus is
a hydrogel with 92 to 95 % of water content (13)
and comprises soluble and non-soluble substances
(14,15). Among the soluble substances are pro-
teins, such as lactoferrin (16), immunoglobulins,
several enzymes, e.g., glucosidases and matrix me-
talloproteases (17,18), a number of low-molecu-
lar-mass compounds, such as carbohydrates (e.g.,
fructose and glucose) (13,19,20), amino acids,
lipids, such as cholesterol (13,20), and inorganic
ions (electrolytes), the most important being Na*,
K*, Ca* and CI'(21). On the other hand, the non-
soluble fraction consists of high-molecular-mass
glycoproteins known as mucins (15,22-24), main-
ly those classified as secreted gel-forming mucins
(25). These are highly glycosylated proteins and
probably constitute the main factor responsible
for the rheological properties of mucus, such as
its variable elasticity, viscosity and spinnbarkeit,
among others (26).

The cyclical variations in the levels of oestrogens
and progesterone have a marked effect on bovine
cervical mucus. In general, these hormones ex-
ert their influence by directly acting on secreting
endocervical cells, mainly via mechanisms medi-
ated by classical steroid receptors (27); as a con-
sequence, the composition, the physicochemical
and structural properties, and the rheological at-
tributes of the cervical secretion are changed (28).
Regarding this, it has been shown that mucus water

content varies along the cycle, increasing at oestrus
(29,30), due mainly to the rise in oestradiol levels
observed in this stage. Also, mucin types are differ-
entially expressed during the stages of the oestrous
cycle (12,24), a change also related to fluctuations

in sex steroid hormones.

FuUNCTIONS OF BOVINE CERVICAL
MUCUS

Bovine cervical mucus has several important
functions in the reproductive process, among
which are:

The cervical secretion protects the bovine repro-
ductive tract by maintaining the epithelial surfaces
moist and lubricated. This is due to the high level
of hydration that characterizes this gel (15), since
mucins are capable of binding large volumes of wa-
ter (22,31).

Cervical mucus takes part in sperm selection and
transport, being the first medium spermatozoa
must go through when ascending to the site of
fertilization (15,32,33). During the periovula-
tory period, mucus secretion increases, becom-
ing less viscous and more hydrated, facilitating
the ascent of spermatozoa (15,32,33). Also, in
this period, the mucus structure would facilitate
the movement of normal spermatozoa and in-
hibit the ascent of gametes with morphological
alterations, acting as a selective filter (33). On
the other hand, in the luteal phase, the amount
and hydration of the secreted mucus decreases
while its viscosity increases, preventing sperma-
tozoa migration. According to Becher et al. (34),
this ability of bovine cervical mucus to ‘filter’
spermatozoa has proven to be useful in the areas
of human andrology and gynaecology regarding
sperm penetration tests, during which bovine

mucus was sometimes used to compensate for
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the small volume of cervical mucus that can be
obtained from a woman.

The cervical secretion constitutes an immune bar-
rier that inhibits the ascent and colonization of
microorganisms, since some of the compounds
present in mucus can inhibit the penetration and
proliferation of microbes (35).

During pregnancy, cervical mucus protects the
uterus from environmental noxious agents, since
during this period mucus forms a highly viscous
barrier known as cervical mucus plug (31,36).

A number of substances have been identified in the
fluids of a cow’s reproductive tract, among which
there are sex steroid hormones (37). These are
also present in cervical mucus and probably modu-
late the acrosome reaction (acrosomal exocytosis),
as it has been proposed for human cervical mucus
(38-41). In cows, this idea is also supported by evi-
dence obtained by using scanning electron micros-
copy when studying cervical sections in follicular
phase, in which spermatozoa with intact acrosomal
membranes in some mucus-filled luminal regions
were observed (12). However, further studies are
needed to elucidate the role exerted by sex steroid
hormones present in bovine cervical mucus on ac-

rosomal EXOCYtOSiS.

CERVICAL MUCUS
CRYSTALLIZATION

In general terms, crystallization can be defined as
the process through which a component of a lig-
uid solution changes to its solid phase, tending to
separate from the solution and to precipitate in
the form of crystals. Crystallization constitutes a
means to reach a more stable, lower energy state
from a metastable solution by reducing the solute
concentration (42). Crystallization is produced

by molecular aggregation leading to the formation
of crystalline nuclei (nucleation), with the subse-
quent growth of those nuclei. Therefore, nucle-
ation is the precursor of crystalline growth.

The process of crystallization is not exclusive to
cervical secretion; it is present in a number of
other biological secretions, for example, human
and bovine saliva (43). Secretions able to crys-
tallize are characterized by containing mucopro-
teins (e.g., mucins) or other organic compounds
and electrolytes, especially salts, such as NaCl,
KCl and CaCl, (13,44). In fact, NaCl is the main
salt found in cervical mucus, providing the mu-
cus with ionic strength (21). In general, cervical
mucus crystallization has been studied by spread-
ing mucus sample drops onto a glass slide so that,
after drying at room temperature, a smear or film
forms on the slide. This can be observed with-
out staining by using a standard light microscope
(1,4,5,45). The first to report on cervical secre-
tion crystallization was Papanicolaou (1946),
who focused on the fern-like arrangements ob-
servable on women’s mucus, suggesting that this
phenomenon could be used as a predictor of ovu-
lation (10). As a result of the crystalline shapes
that were observed, from then on, cervical mucus
crystallization has also been called an ‘arboriza-
tion’ or ‘ferning phenomenon’ (Figure 1). Garm
and Skjerven (46) studied crystallization in the
cervical mucus of cattle, finding abundant fern-
like crystals during the follicular phase, which
disappeared during the luteal phase and were
non-detectable in the early stages of pregnancy.
Later, several researchers determined that the
highest arborization occurred at the onset of, or
during, oestrus (1,47,48). In this regard, Abusi-
neina (1) stated that the study of cervical mucus
in relation to the presence or absence of crystal-
lization, and the type of crystallization observed,
is an indicator of the stage of oestrous cycle and
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the day of ovulation; therefore, it is useful to con-
firm clinical findings as well as for experimental
applications. MacDonald (29) reported that in the
periovulatory period, when spermatozoa are able
to migrate through mucus, the proportion of water
content is over 98 %, and the salt content in the
dry residue is more than 50 %. As the proportion
of salts in the dry residue starts to decrease, so does
the water content. This change leads to a decrease
in the arborizations observed in the dried mucus
sample. In the mucus obtained from pregnant
cows, the water content is 90 % and no arboriza-
tion can be observed. In relation to this, Noonan
et al. (4) noticed an inverse relationship between
the extent of arborization and the content of dry
matter in cervical mucus samples. The concen-
tration of dry matter in cervical mucus reached a
minimum at oestrus and a peak at mid-cycle, while
mucus ferning appeared at oestrus to a greater ex-
tent than at any other stage of the oestrous cycle.

Also, as for other properties of cervical mucus,
variations in the occurrence of crystallization
during the oestrous cycle are equally due to the
changing levels of sex steroid hormones. In gen-
eral, oestrogens are considered to promote crys-
tallization, while progesterone decreases it (13).
In this regard, it has been proposed that the high-
er occurrence of arborizations at oestrus depends
on oestrogen dominance during the follicular
phase (49). Oestrogens would cause an increase
in the ferning phenomenon through mechanisms
that stimulate the electrolyte metabolism in the
cervical epithelium (50,51). On the other hand,
in the luteal phase, increased levels of progester-
one would counteract the effects of oestrogens
on the cervix, explaining the decrease in arboriza-
tions (50,52), a fact that is in agreement with the
inhibitor effect on crystals previously reported
for this hormone (53). The influence exerted by
these sex steroids coincides with the observation

Figure 1. Typical morphology of bovine cervical mucus at oestrus observed
under light microscopy (200X). An arborescent crystalline
pattern resembling a fern frond can be observed

Rev. Med. Vet. ISSN 0122-9354: Bogotéd (Colombia) N° 28: 103-116, julio-diciembre del 2014 107



Manuel E. Cortés / Fernando Gonzalez / Pilar Vigil

made by Elstein (54), who states that, among the
many attributes of cervical mucus, arborization
is, without a doubt, one of the most sensitive to
variations in the levels of sex steroids. Nowadays,
it is well-known that crystallization constitutes a
useful property for studying both cervical mucus
and the reproductive cycle (5,55). On the other
hand, it is also worth mentioning that the crystal-
lization of cattle saliva undergoes changes during
the oestrous cycle, and hence the analysis of such
crystallization can help in the diagnosis of early
pregnancy (43).

CRYSTALLINE PATTERNS FOUND
IN BOVINE CERVICAL MUCUS

To our knowledge, the first model to classify crys-
tallization patterns of bovine cervical mucus was
proposed by Abusineina (1), who divided the
observed arrangements into three types. Type
A corresponds to the crystallization observed
when the mucus is translucent, acellular, elastic
and easily obtained from the cervix. Under a light
microscope, Type A crystallization is character-
ized by the presence of a long, thin stem (main
axis), which may be straight, waving or curved.
From such a stem, well-defined venations of
variable length protrude with tiny subvenations
(Figure 2A). This type of crystallization would
be associated with ovulation and generated as a
consequence of high oestrogen levels (1). Type
B crystallization corresponds to that observed
when mucus is semi-translucent, elastic and eas-
ily obtained from the cervix. When observed
under a light microscope, this type is nearest in
shape to a fern frond (1). Venations and subvena-
tions are well-defined and easy to observe (Figure
2B). Type C corresponds to the crystallization of
opaque mucus, evidencing cellularity and being
difficult to obtain from the cervix. When ob-

served using light microscopy, Type C crystalli-
zation is irregular and its fern-like morphology is
atypical. The central axis is short, with or without
venations and subvenations, which are irregular
(1) (Figure 2C). Some disperse linear crystalline
patterns can be found, either cruciform (Figure
2D) or stellate.

Another model for the classification of bovine cer-
vical mucus at oestrus was proposed by Bishnoi et
al. (56) and implemented by Tsiligianni ef al. (8),
based on an arbitrary scale (ranging from 0 to 4).
Score 0 corresponds to the absence of crystalline
formations (Figure 3A). Score 1 is assigned to the
formation of atypical crystals only (Figure 3B).
Score 2 is assigned when many atypical and a few
typical fern-like crystals are observed (Figure 3C).
Score 3 represents the formation of many typical
fern-like crystals and a few atypical crystals (Fig-
ure 3D). Finally, score 4 is given to patterns show-
ing the typical fern frond crystal arrangements
(Figure 3E).

A well-known classification model for the crys-
tallization of cervical mucus of the periovulatory
period was reported by Odeblad (57) and later
validated by other investigations (58,59). Initially
proposed for women’s cervical secretion (57), it
is interesting and worth mentioning that, when
studying bovine cervical mucus according to the
classification proposed by Odeblad, geometrical
crystallizations very similar to those obtained for
human cervical mucus are observed (5,7). The
types (and subtypes) proposed by Odeblad, and
observable in bovines, are: Type S Crystallization:
its morphology resembles straight lines that tend
towards a parallel arrangement (Figure 4). Type L
Crystallization: it is characterized by a palm leave
or fern frond morphology, with a well-defined cen-
tral axis and 90° branching (Figure S), similar to
the patterns observed in human cervical mucus
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Figure 2. Crystallization patterns (200X) according to the classification proposed by Abusineina (1)

A. Type A Crystallization is characterized by the presence of a long, thin ‘stem’ (main axis), which may be straight, waving or curved.
From such a stem, well-defined venations of variable length protrude, some of them showing tiny subvenations. B. Type B Crystallization
resembles the shape of a fern frond. Venations and subvenations are well-defined and easy to observe. C. Type C Crystallization is irregular

and its fern-like morphology is atypical. The central axis is short, with or without venations and subvenations, which are irregular. Type C
occasionally presents cruciform arrangements (D), among other shapes.

Figure 3. Crystallization patterns according to the classification proposed by Bishnoi et dl. (56)

A. Score 0 corresponds to the absence of crystalline formations (400X). B. Score 1 is assigned to the formation of atypical crystals only
(400X). C. Score 2 corresponds to many atypical and some typical fern-like crystals (200X). D. Score 3 represents the formation of many

typical fern-frond resembling crystals and a few atypical crystals (100X). E. Finally, Score 4 is given to patterns showing the typical fern frond
crystal arrangement (400X).
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(57,59,60). Type P Crystallization: grouping sev-
eral crystalline subtypes, this pattern has 60° angle
branchings originating from the main axis. It is
divided into five subtypes, but those generally ob-
served in bovine cervical mucus are four: Subtype
P2, consisting of a well-defined main stem (axis),
from which branchings protrude to both sides,
forming 60° angles with the main stem. This crys-
talline pattern is evidently fern-like (Figure 6A).
Subtype P6 has a very attractive geometry, resem-
bling a star, with a central nucleus from which six
well-defined axes protrude (7). Each axis forms
a 60° angle with the next, and branchings of vari-
able length originate from each axis (Figure 6B). In
general, this subtype has been found to form some-
what larger crystalline units than other subtypes of
P mucus (58); also, subtype P6_ in humans would
be linked to the fertility peak (61). Subtype Pa

has a crystallization centre from which multiple

branchings irradiate in all directions (Figure 6C).
Lastly, another subtype corresponds to mucus Pt,
which does not have such an orderly arrangement
like the aforementioned subtypes; the crystals ap-
pear to be more disperse and not always joined
(Figure 6D), as observed in women (58,59).

Similarly, it is worth mentioning that, when ob-
served under light microscopy, bovine cervical mu-
cus also shows some crystalline arrangements that
cannot be satisfactorily categorized into any of the
previously described models (Figure 7). Finally,
certain arboriform crystallizations of heifer cervical
mucus have been reported to show a fractal-like or-
ganization, i.e., crystalline structures are comprised
of smaller parts that resemble the whole in a smaller
scale (6). These fractal patterns have also been pro-
posed for human mucus (62), even though their
biological significance is yet to be explained.

Figure 4. Type S mucus crystallization of a heifer at oestrus observed
under light microscopy (400x)

Crystals, possessing variable but somewhat rounded morphology, arranged together
forming rows. Some disperse isolated crystals are also noticeable.
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Figure 5. Type L mucus crystallization of a heifer at oestrus observed under light microscopy (400X).

This crystalline pattern, resembling a palm leave or fern frond, has a structure with a straight main axis and ramifications protruding at a 90°
angle from which small indentations can originate, again at a 90° angle.

Figure 6. Subtype P crystallizations identified in the cervical mucus of heifers at oestrus under light microscopy

A. Subtype P2 crystallization (400X): characterized by an evident fern-like morphology. It consists of a well-defined main axis, from which
branchings protrude on both sides, forming 60° angles with the main axis. B. Subtype P6_ crystallization (400X): a star-like geometry, with a
central nucleus from which six well-defined axes protrude at a 60° angle with each other. From each of these axes, branchings of variable length
originate. C. Subtype Pa crystallization (200X): units of this crystalline pattern are commonly found close to one another. In each, a central point
can be recognized from which branches originate in all directions. D. Subtype Pt crystallization (400X): it has a main axis from which variable
length branches originate. Both the main axis and the branches seem to be constituted by somewhat discontinuous crystal patterns.
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Figure 7. Cervical mucus crystallizations of heifers at oestrus observed by using
light microscopy and not ascribable to any known classification model (400X)

LA
ATETR

TV /YA LR

A. A crystalline structure can be observed with six axes originating from the centre, some of them curved and possessing ramifications of
variable length and width. B. Branched morphology, to some extent resembling algae. C. A structure can be observed from whose centre sev-
eral curved, not-well defined axes protrude, which are arranged resembling a rosette. D. A big central, fairly symmetrical crystal is observable

next to other smaller crystals arranged in a somewhat triangular pattern.

CONCLUDING REMARKS

During the oestrous cycle, and especially at oes-
trus, it is possible to identify several geometric ar-
rangements for the crystalline patterns of bovine
cervical mucus; this fact has made it possible to
propose the previously described classifications.
The reason for the existence of such types of crys-
tallization has not been completely elucidated,
but considering that bovine cervical epithelium
could be comprised of different secretory regions
(12,63), those crystalline patterns would be result
of the differential influence exerted by raised lev-
els of oestrogens at oestrus on such regions. Thus,
cervical mucus is probably a heterogeneous en-
tity formed by the admixture of several subtypes
of secretion (59,64,65), with proportions varying
in the periovulatory period and, to a lesser extent,

during other stages of the cycle. This fact would
explain the existence of different morphological
types (and subtypes) of mucus crystallization;
other possible underlying causes are variations in
salt content (as a result of modifications in elec-
trolyte metabolism at the level of the cervix) and
water content, as well as the arrangement and type
of mucin present in cervical mucus due to changes
in levels of sex steroid hormones.

The study of the crystallizations present in bovine
cervical mucus at oestrus and other stages could
lead to a deeper understanding of bovine reproduc-
tive physiology, both in physiological and patho-
physiological conditions. Being able to relate one
specific type of cervical mucus crystallization with
a cow’s fertility peak could be especially relevant in
reproductive management. In addition, associating
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a certain pattern of crystallization with oestrogens
and progesterone levels could be of great impor-
tance in the field of veterinary medicine. In this re-
gard, it is known that alterations in cervical mucus
ultrastructure are linked to fertility problems (lack
of pregnancy) in cows (66,67), as it has also been
reported in women (60). Among women with fer-
tility problems due to endocrine-metabolic disor-
der known as polycystic ovary syndrome (PCOS),
an alteration in cervical mucus ultrastructure has
been observed together with modifications in the
patterns of mucus crystallization (60); in addition,
altered rheological properties (e.g, changes in elas-
ticity) have also been reported in cervico-vaginal
secretions of PCOS women (68). Considering the
foregoing, it is possible that changes in mucus ul-
trastructure and rheology are also accompanied by
changes in crystallization patterns in some cows
with fertility problems secondary to endocrine
disturbances.

Finally, further research in this area should focus
on identifying the physiological meaning of the
different crystalline patterns of bovine cervical
mucus at oestrus, as well as on identifying the bio-
chemical mechanisms triggering changes in elec-
trolyte metabolism, in mucus hydration, and in
mucin expression at the cervix, all of which could
explain the observed variations in crystallization
patterns. It is also of importance to elucidate the
mechanism through which changes in sex steroid
levels influence the types of crystallizations ob-
served among healthy cows and in those suffering
from reproductive disorders.
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