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Author’s Abstract

Saliva crystallization in cattle

The accurate heat and pregnancy detection is ontheofdecisive factors of
successful livestock breeding. Available methodsianagement of livestock reproduction
are time-consuming and expensive. The saliva sagpls simple and noninvasive
procedure, which is applicable in untamed animal$ the presence of veterinary is not
needed. The phenomenon of crystallization of bddid fis known over 60 years. The
saliva crystallization was mainly described in wom@nly two studies focused on saliva
crystallization in animals are available. The aihthis thesis was confirmation of presence
of saliva arborization in cattle and observation abfanges in crystallization during
synchronized cycle and pregnancy. The Giemsa stas)additionally tested as tool for
better searching of crystals. The eight cows ofskéah breed were included into research
and 408 samples were microscopically evaluatedtal.tThe samples were obtained daily
from the first application of preparation of synahization till 34" day after insemination.
The crystals were scored according to followingtesys O = none, D = dotted, BL =
branch-like, FIL = fir-like, FEL = fern-like, BL+Fl = mixed branch-like and fir-like,
BL+FEL = mixed branch-like and fern-like, FIL+FEL mixed fir-like and fern-like,
BL+FIL+FEL = mixed branch-like, fir-like and fernkle, A = atypical. All mentioned
types of crystallization were confirmed in testednzals as well as the changes during
whole observed period. At the time of artificials@mination were presented only two
types of arborization (BL+FIL and BL+FIL+FEL), btitese types are on lower level of
development. The predominant types of crystallargtinoticeable after insemination
(FIL+FEL, FIL, BL), were marked in only in pregnaamimals. The changes in dominance
of these types varied with increasing number ofsdaer insemination. It was confirmed,
that sample quality influenced the density of aigtSome of crystalline patterns, detected
in cattle saliva, were similar with crystals debed in other studies focused on
crystallization of body fluids.

Key words: reproductive cycle, crystalline patterns, arbatian, ferning, heat and

pregnancy detection



Autorsky referat

Krystalizace slin skotu

Spravna detekcije a l¥ezosti je jednim z rozhodujicich fakioasgsného chovu
hospodéskych zvtat. Dostupné metody v managementu reprodukce héskydh zviat
jsou casow i finanéné narané. Odir vzorki slin je jednoduchy a neinvazivni zakrok,
ktery |ze aplikovat i u tégt neoch@enych zviat a k jeho realizaci neni zapeibi asistence
veterinarniho Iéki@. Jev krystalizaceilhich tekutin je znam jiZz figs 60 let. Krystalizace
slin byla vice popsana u Zen. Existuji pouzé studie zabyvajici se touto krystalizaci u
zvirat. Cilem této prace bylo potvrditipmnost krystalizace ve slinach domaciho skotu a
sledovat jeji zrény béhem synchronizacéije a liezosti. Déale bylo testovano barvivo
Giemsa, jako poidtka pro lepSi hledani krystal Do studie bylo zZ@zeno 8 krav
holStynského plemene a mikroskopicky bylo vyhodmoceelkem 408 vzokk Vzorky
byly odebirany derthod prvni aplikace synchronu do 34. dne po inseanikaystaly byly
klasifikovany podle desetistiipvého systému: 0 = Zzadna, D =c¢Kevitad, BL =
vétvickovita, FIL = jedlovita, FEL = kapréovita, BL+FIL = wtvi¢ko-jedlovita, BL+FEL
= wetvicko-kapralovita, FIL+FEL = jedlovito-kaprdiovita, BL+FIL+FEL = \&tvicko-
jedlovito-kapra’ovita, A = atypicka. VSechny typy krystalizace bypotvrzeny u
testovanych zvat, steji tak jako jeji zndny behem celého sledovaného obdobi. V den
inseminace dominovaly pouze dva typy krystaliza& ¢FIL, BL+FIL+FEL), které ale
nebyly nejvysSiho stugn vyvoje. Po inseminaci setgvladajici typy krystalizace
(FIL+FEL, FIL, BL) vyskytovaly jen u tezich zvfat a znéna dominance jednotlivych
typt se nénila s gibyvajicimi dny po inseminaci. Potvrdilo se, Ze litaavzorku ovlivnila
hustotu krystal ve vzorku. Nkteré krystalické Utvary se shodovaly s krystalpsanych

v jinych studiich.

Kli éova slova reprodukni cyklus, krystalické utvary, arborizace, detekije a
biezosti, cervikalni hlen
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ACTH — adrenocorticotrophic hormone
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1. Introduction

Heat and pregnancy detection is one of the decfasters in sustainable breeding
of dairy cows. The reproductive success rate dependhealthy females, heat detection,
timing the insemination, using the high quality sermand proper insemination technique.
The insemination should be timed in correlatione&irus, because ovulation is very
difficult to detect (Gundgan, 2008).

A lot of techniques for a detection of a heat angigpancy are quite expensive,
demanding for a time and some methods must be dgree veterinary. A obtaining of
saliva samples is very simple process, which cgoelormed by a breeder.

The phenomenon of crystallization was studied imerous researches. The
crystallization of human cervical mucus was discedeby Papanicolaou in 1946, the
relationship between crystalline patterns and &mogsn activity was noticed in this study.
In 1951, Campoz da Paz reported the inhibiting uariice of progesterone on
crystallization (in Forman, 1956).

The crystallization of cervical mucus or the othedy fluids was assessed in many
species, such as cows (Alliston et, 41958; Noonan et a1975; Ahmadi et al 2005),
rhesus monkeys (David & Mastroianni, 1968), pigayhes, 1970; Betteridge & Raeside,
1962), ewe (Raeside & McDonald, 1959) and bitchHesgland & Allen, 1989). The
crystallization occurs also in the other body fhjiduch as in nasal mucus (Peterson,
1984), saliva (Pardo-Carmona et, @&010), cerebrospinal fluid, fluid from follicles,
hydrosalpinx and ovarian cysts (Zondek, 1954; itd@ag & Brennan, 1989).

Saliva crystallization was mostly described in wom@ullander & Sonesson,
1965; Barbato et al., 1993; Guida et al., 1993aB#no et al 1993; Pattansuttinont et al
2007). The description of saliva crystallization amimals was presented by Pardo-
Carmona et al(2010), who tested crystals in saliva for deteingroptimal mating time in
bitches. Other study of animal saliva was mentiomgdHaberova (2010), where changes
in the saliva crystallization of camel€dgmelus bactrianus) were observed. The saliva
arborization in cattle has not been described yet.
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2. Aims of the Thesis

The main goal of this thesis was the verificatioh tbe presence of saliva
crystallization in domestic cattle during reproduetcycle and pregnancy.

After confirming the creation of crystals, it wascessary to find the connection
between the type of crystallization and phase efréproductive cycle or the pregnancy of
tested animals.

The other aim was to try Giemsa stain as a toobéiter searching of crystals in
cattle saliva.

Further goal of this study was the evaluation ofpligpbility of saliva
crystallization in practice for monitoring of theproductive cycle and pregnancy diagnosis
in cattle.

The phenomenon of saliva crystallization was dbescrifrom available resources in
the bibliographic research and compared with otkeoswn methods connected with

crystallization.

2.1. Hypotheses

1. The saliva crystallization will appear in cattle.

2. The saliva crystallization will match up with theystallization of cervical mucus in
cattle.

3. The saliva crystallization in cattle will corresgbto reproductive cycle.

4. 1t should be possible to determine phase of reftdekicycle according to the type
of crystallization: the type will be influenced bye phase of reproductive cycle.

5. The type of crystallization will differ in pregnaahd cycling animals.
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3. Bibliographic Research

3.1. Cattle reproduction

The breeding of cattle is the main sector of animalbandry in Europe. According
to the Czech Statistical Office in Czech Repulihe, number of cattle is 1, 350, 000 pieces
of cattle, of which 380, 000 are dairy cows and , D are cows used for calves
production. Countries with the most important daiaftle breeding programs are France,
Germany, Great Britain and Poland. The economicsatife husbandry is influenced by
fertility of cows. In females the fertility is eusted by production of gametes, oocyte
fertilization, maintenance and finishing of pregognoptimal parturition and number of
viable calves (Stupka et al., 2010).

The maturation in cows is connected with productidbrgametes (Stupka et al.,
2010). In heifers this secretion occurs in age ofdhths. The age of puberty in cows is in
range 7-18 months (Noakes et al., 2001). In Halsteivs the first mating is around 13-14
months of age (Stupka et al., 2010).

The reproduction in cattle is directed by the nes/gystem and hormones. The
basis of this system is the cascade hypothalampisuitary gland — gonads. The cows
belong to polyestrous animals, thus they can gohett several times a year which can be
repeated in periodic cycles (Bouska et al., 2006).

The length of cycle is usually 21 days. Typicar@stehavior occurs immediately
before ovulation. The last sign of estrus is acsmt of a bull. The cycle is divided into
four stages (Peters & Ball, 1986). The pre-esthasp is called proestrus which lasts three
days, cycling on the 19 2d" and 2% day. In this period new follicle is created. The
estrus, second phase, lasts 12-36 hours and isclifdend 2° day of cycle. This time is
represented by Graaf’s follicle maturation, cempening, flowing of mucus from vulva.
In 6-16 hours after subsiding of estrus signs th@ation comes. Metestrus ensues after
estrus which lasts commonly 4 days. On ovary thipuluteum is developed. The corpus
luteum becomes larger in diestrus, which lastsliyst@ days. In the case of unsuccessful
insemination the corpus luteum begins to regressth® other hand in pregnant animals
diestrus proceeds to gestation (Marvan et al., 2007

The pregnancy lasts 285-290 days. The parturitias three stages: preparatory

phase, expulsion of the fetus and expulsion ofl fetambranes. Usually cow has one
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calve. Multiple births are occurred in 1-4%. Thetddion begins after parturition and is
hormonally regulated. The normalized lactation etedmined in 305 days. The new
periodic sexual functions start around'%4@ay after calving. The first heat after parturitio
is usually silent. Under normal conditions it isspibole to do insemination in 60 after birth.
The optimal length of calving interval is 365-378yd, this means one calve from cow per
year (Stupka et al., 2010).

3.1.1. Heat and pregnancy diagnosis

Successful heat detection is a main aid in detextion of optimal time for
artificial insemination. Detector animals, tail deanarkings, pressure-sensitive mount
detectors, ultrasonography, electrical resistanceeproductive tract, ultrasonography,
pedometers and electronic pressure sensitive mietettors belong among means used
for heat detection (Hafez & Hafez, 2000).

Requirements for visual heat detection include tifigng multiple signs of estrus
from signs of forthcoming estrus, time exploitaldaly for monitoring of all cows,
frequency of observation per day (Hall et al. 1959)

Visual observation detects estrus behavior. Thagdsin expression during estrus
are described as restless, nervousness, mountogy, nncrease degree of walking,
sniffing, nudging, putting the tail to the side thgy contact with other animal, swelling of
vulva, clear mucus from vulva, low appetite and@ased interest in surroundings (Foote,
1974).

The detectors of mounting are placed in front o¢ theginning of tail. The
instrument is activated by animal mounting. Markihg tail head is based on the same
principle (Hafez & Hafez, 2000). In the study oke®&nson and Britt (1977) cows were
observed by rump-mounted detector. The results edsarements were supplemented by
serum progesterone.

The electronic pressure-sensitive mount detecaaliotelemetric estrus detection,
works on the base of sending radiotelemetric sighta¢ sensor is located in the midsacral
region of the cow and a signal is transmitted @rgenna to software program (Dransfield
et al., 1998).
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For heat detection by animals are used vasectonoizedrgically altered bulls and
hormone treated cows (Hafez & Hafez, 2000). Thehowwith androgenized animals was
also used in the study of Stevenson and Britt (1977

The decreasing electrical resistance was deschibealinal fluids during proestrus
and estrus (Hafez & Hafez, 2000). Lewis et al. @)98ed for experiment radiotelemetric
sensor, which was introduced through the vulva ¢éasuare electrical resistance of tissues.

Due to higher activity of cows during estrus, mdmgeders use pedometers. The
counter is placed on leg or neck (Hafez & HafezD®O0 Maatje et al. (1996) used
pedometers with an alarm signal. The heat detedbyprpedometers is based on the
comparing activity between two periods.

All of modern electronic technologies could be uded enhancing of heat
detection. On the other hand the pedometers sht@utdipplemented with other method for
heat detection, usually visual observation (Rorial ¢ 2002).

The steps which can improve effectiveness werertegpoin Hafez and Hafez
(2000) as: better identification of animals, proimotand observation of cow relationships,
the best nutrition and health, good footing surfasage of accurate records and devices,
determination of employee responsibility, good neas and hormonal synchronization
programs.

The estrus synchronization helps to timing of mf insemination. Due to
hormonal regulated estrus the accurate time ofabtvaul could be expected (Hafez &
Hafez, 2000). Nowadays the method of estrus symcrton is usually used in modern
livestock husbandry.

The correct decision about gestation is one of than tools of suitable
management of reproduction. One method how to atalberd fertility is the successful
designation of pregnancy.

The pregnancy diagnosis includes observation asal @hysical examination, tests
on chemical base and electronic instruments (Hafeafez, 2000).

The intention in pregnancy determination in bovisenot to detect those that are
pregnant but recognize those that are not pregs@arthat they can be reinseminated or
removed from the herd. The ideal age for first wagun dairy cows is 24 months (Hafez &
Hafez, 2000).
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A lot of methods for diagnosis of pregnancy aredffe between 25 and 40 days
after conception. There is no test which is usablpregnancy diagnosis before the first
expected estrus (Hafez & Hafez, 2000).

The onset and maintenance of pregnancy in most stamgpecies is caused by
prolonged luteal phase of the estrus and by theepie of a single corpus luteum (CL) or
a number of corpora lutea (CLs) (Noakes et al.,1200

Among management methods for pregnancy is arramegedsure to a bull or
artificial insemination, failure to return estrusaessation of the estrus cycle, presence of
corpus luteum, metesrus bleeding, visible changemammary glands and abdominal
ballottement (Hafez & Hafez, 2000; Noakes et &QD)

Many owners consider the coexistence of cow anbasu& sufficient indicator for
pregnancy detection. Cows that became pregnargadhe bull and its efforts to mating.
Non return estrus is caused by the presence ofyenalbound 15 — 17 days after ovulation.
In this period the corpus luteum is maintained dredestrus cycle is arrested. Successful
conception is characterized by cessation of theiestycle. Also metestrus bleeding could
be used for recognizing a non pregnant cow. Ifihegding is monitored in a cow that was
no detected in estrus a few days previously, &nsndication that estrus was unrecorded
and that this animal is not pregnant (Hafez & Hag€00).

The changes in mammary glands are best visiblews gregnant for the first time.
During the fourth months the teats start to enlange so it is easy to differentiate non —
pregnant and early pregnant heifers. The mammkydgbecomes harder from sixth
month. The biggest enlargement and oedematousrtendae observed during the onset
of parturition (Noakes et al., 2001).

Abdominal ballottement is the last management ntethb is based on quite
spirited banging on the ventral part of abdomere fitean of this operation is to press the
fetus (Noakes et al., 2001).

Other way how to investigate cows for pregnancyatpation per rectum. This
method is practicable around day 30 after concepéiod then until parturition. Four
indications of pregnancy are determined by rectalpation: fetal membrane slip
(allantochorion), amniotic vesicle, placentomes @nesence of fetus (Hafez & Hafez,
2000).
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Palpation of caruncles (cotyledons), which aretetan the gravid horn, is double
at 10-11 weeks. From about 3 months cotyledonssldide structures in the midline.
During gestation the caruncles become bigger (Noakal., 2001).

Difference in size of uterine horns, flexibility @rluctuance of the uterine wall,
fixation of the cervix, hypertrophy of the uteriagery, and changes on the ovaries belong
among auxiliary signs of positive pregnancy (Haeidafez, 2000).

Various methods including chemical tests, usuadljed laboratory techniques, are
also used for pregnancy diagnosis. The progesteestieis based on determination the
level of progesterone in blood and milk. The samm&plasma or milk are taken around
day 21 or even earlier after the previous estmugakes of low degrees of progesterone in
blood or in milk, the cow is considered to be noagmant (Peters & Ball, 1986; Noakes et
al., 2001).

An early pregnancy factor (EPF) is an immunosupgivesglycoprotein connected
with gestation. This method is still experimentadpe (Hafez & Hafez, 2000).

The level of bovine Pregnancy Specific Protein Bnisasurable between day 15
and 24 after insemination. During pregnancy lew#lsPSPB increase and is ascertained
until calving (Hafez & Hafez, 2000).

The placenta produces estrone sulphate (HoffmarBcBuler, 2002; Eley et al.,
1979). It is detectable in milk in pregnant andtddag animals, while in non-pregnant
animals low concentration are noticed or estrorighsiie is untraceable (Hafez & Hafez,
2000; Noakes et al., 2001).

Vaginal investigation can be done manually or MigsuaFor examination an
illuminated speculum is employed (Noakes et al0130

From 6-7 weeks of pregnancy, the ultrasonographethod should be used.
Examination of early pregnancy is based on non-gehic area (black) and on the other
hand the reaction on the presence of fetal fluilse confirmation of pregnancy is
conditioned by the embryo or fetus detection (Nsadteal., 2001).

For multiple gestations determination fetal elecairdiography is used (Noakes et
al., 2001).

3.1.2. Hormones and hormonal changes

The reproduction of mammals is controlled by cdnmmarvous system and

endocrine systems. The hormones are defined astsagena chemical, organic or
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physiological basi and have inhibitory, stimulat@yd regulatory effects on organs and
tissues. The hormone classification is accordintype of action or biochemical structure.
On the basis of biochemical structure hormonescategorized to four groups: proteins,
steroids, fatty acids and amines (Hafez & Hafe®(030

The reproductive processes are directed by pritnamnones while reproduction is
regulated by metabolic or secondary hormones. Tmbnes of cattle reproduction are
originated from hypothalamus, pituitary gland, gidsauterus or placenta (Hafez & Hafez,
2000).

Among hypothalamic releasing hormones belong gamnapin-releasing hormone
(GnRH), prolactin — inhibiting factor (PIF) and adocorticotrophic hormone (ACTH).
Oxytocin and vasopressin are also released in hgfgnhus and they are maintained in
neurohypophysis. The surges of GnRH activate 8enref luteinizing hormone (LH) and
follicle stimulating hormone (FSH) (Hafez & HafeX)00).

From adenohypophysis FSH, LH and prolactin areasgld, which are counted into
gonadotropic hormones (Hafez & Hafez, 2000). Thenmale of FSH is instigation of
follicles to grow and maturate (Reece, 1998). Theoyulatory pulses of LH cause the
rupturing of a follicle and consequently ovulatidrhe creating of corpus luteum is other
function of LH (Reece, 1998). The FSH and LH arelamestrogens and progesterone
control During higher concentration of estrogen secretibriLld and FSH decreases.
Contrary in case of increased influence of progest the releasing effect of
gonadotropins is inhibited (Reece, 1998). In stoflypobson et al. (2000) cows were
treated by ACTH and LH profiles were decreased, BBH levels were similar. After
parturition levels of FSH increase and ensues a@@tion of next dominant follicle
(Crowe et al., 1998; Beam & Butler, 1997). A fewlitmlar waves are typical for estrus
cycle in bovine, usually two or three (Savio et 4891; Savio et al., 1990). The prolactin
inhibiting factor (PIF) provides prolactin produmii This hormone is responsible for
lactation (Hafez & Hafez, 2000).

Neurohypophyseal hormones are only stored in nepaphysis. Oxytocin and
vasopressin are transferred by nervous system hygmothalamus to posterior pituitary.
The second source of oxytocin is corpus luteum varies. Oxytocin influences
contractions of uterus during estrus and parturitiSuckling or milking increase the

production of oxytocin. Oxytocin from ovaries stilates secretion of prostaglandin, F

18



(PGFRy,) which caused luteolysis. Melatonin produced inepi gland is responsible for
seasonality in small ruminants (Hafez & Hafez, 2000

PGR, belongs to prostaglandins together with prostagtaitl (PGE). PGk,
activates new reproductive cycle after unsuccedstftilization (Hafez & Hafez, 2000).
The prostaglandin£ is used in estrus synchronization (Rathbone g2@01).

The prostaglandins are considered as agents ofractions of muscles in
reproductive and gastrointestinal tracts, creatiboorpus luteum, ovulation, calving and
expulsion of milk (Hafez & Hafez, 2000).

The gonadal steroid hormones affect sexual behawmiomammals (Ford &
D’Occhio, 1989). The hormones of gonads in femaes classified into steroids
(estrogens, progestins) and protein (relaxin). Taain types of steroid are produced by
ovaries: 18-carbon estrogens and 21-carbon progegkiafez & Hafez, 2000). The
estrogens occur in natural or synthetic form (Red@98). All ovarian estrogens are
substituted by estradiol (primary estrogen), estmal estrone (Hafez & Hafez, 2000). The
1713 estradiol dominates in non-pregnant animalsoanthie other hand the estrone prevails
in pregnant animals, where the volume of estroreases rapidly 3-4 weeks before
parturition (Reece, 1998). The estrogens are resiplenfor development of secondary
reproductive signs, mammary gland and duct (Hafelda8ez, 2000). Also the estrogens
evoke sexual behavior (Reece, 1998). In rumindr@gestrogens are connected with gains
in body weight. Progesterone is produced by cdlisogous luteum, placenta and adrenal
gland (Hafez & Hafez, 2000). In ACTH treated anisnkdvels of progesterone decreased
(Dobson et al., 2000). The activities of progesterare usually connected with estrogen
action (Reece, 1998). The main function of progesie is to maintain the pregnancy and
help to develop alveoli in mammary gland. The psbgene inhibits uterine contractions
during gravidity (Reece, 1998). For estrus syncization is used synthetic progesterone
(Hafez & Hafez, 2000).

With pregnancy is also connected hormone relaxiafé® & Hafez, 2000). In
mammals, relaxin achieves highest value duringagjest (Anderson et al., 1982). It is
produced mainly by corpus luteum and in some spesi®o by uterus and placenta. The
main role of relaxin is expansion of cervix and imagduring onset of parturition (Hafez &
Hafez, 2000). According to the results of Musahle{1986) cows treated with relaxin had
shorter pregnancy and the cervix expanded to theimmuen during a few hours after

treatment. The stimulatory influence of treatedaxali on cervix dilatation, pelvic
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expansion, progesterone decreasing and soonengakas confirmed by Badinga et al.
(1992).

The inhibins and activins, from gonadal fluids, @anfluence on regulation of FSH
and LH. The inhibins control hormonal regulation fufllicle development during
reproductive cycle. The inhibitory influence on F®kbduction has follistatin, which is
also isolated from follicular fluid (Hafez & Hafe2000).

The group of placental hormones in cows includexeital lactogen, which is
important for fetus nutrition and its growth. Inidacows it was noticed that there were
higher amounts of placental lactogen than in beefsqHafez & Hafez, 2000).

For pregnancy diagnosis is used protein B, whiclevenmtively influences

regression of corpus luteum during early pregndhiafez & Hafez, 2000).

3.2. Crystallization

During the period of increased level of estroganshe blood many body fluids,
mainly cervical mucus, nasal mucus and saliva,teteapecific crystalline patterns after
they were smeared and left dry on the glass slitie changes of these crystals are
influenced by increasing or decreasing level ofog®ns. In the luteal phase of the
reproductive cycle the crystallization expires hesea of progesterone causing (Rob &
Stehlik, 1983).

Physiologically the crystals are created duringghtaestrus and the heat. From the
pathological point of view the crystallization igsile with increased intake of the feeds
with fytoestrogens or feeds contaminated by fungesusFusarium (Rob & Stehlik,
1983).

The crystallization phenomenon has been known ewgy years (Papanicolaou,
1946; Rydberg, 1948). Yamane (1921) observed ty&tals in semen from cattle, horses
and rabbits (in Kihlstrom & Fjellstrom, 1969). 11946, Papanicolaou described, that the
cervical mucus created the crystals, which wereessmted a kind of crystallization. This
mucus was smeared on the glass slide and lefitdmas noticed, that these crystals were
distinctive near the peak of follicular activitycaaround ovulation time. During the other
phases of reproductive cycle the reduction or al®sesi crystallization were observed
(MacDonald, 1969).

Rydberg (1948) described the crystallization agnmésding fern or palm leaves (in
MacDonald, 1963).
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In woman, Rydberg also noticed that the crystaés ammposed of sodium chloride, but
their forms are determined by proteinaceous mémiXihlstrom & Fjellstrom, 1969). The
crystallizing cervical mucus is composed of 97% as$tsodium chloride (NaCl). The
presence of estrogens, mucoproteids, sodium (N&patassium (K) ions is very needed
for the crystallization. The protein molecules, @rhiare included in a crystalline nucleus,
bind the molecules of water together with saltsaNd K. The crystals are created by these
salts in the fibers of protein molecules, this wiag crystalline patterns are formed (Rob &
Stehlik, 1983).

3.2.1. Crystallization of cervical mucus

The structure of the cervix in the cows, ewes amatgjis much simpler and manner
than the cervix in women (Heydon & Adams, 1979)eTdervical mucus plays a very
important role in cervical function. It controlscadirects sperm migration (Mattner, 1966;
Davajan et al., 1970).

The cervix plays an important role as a barrierfiier in fertilization and
reproduction (Vaissaire, 1977; in Silva et al., 999The accurate estrus detection is an
important factor for reproductive management. Thestallization of cervical mucus was
researched in many species by different authorso Atany authors described the cyclic
changes of cervical mucus as related to the maistgele (Wollner, 1938). The cervix
and its secretion have important influence on tbpraductive success of mammals
(Mattner, 1973; Hafez & Kanagawa, 1972 in Zaaij@993). The statement of
crystallization dependency on blood estrogen andggsterone concentration was
described in Heydon & Adams (1979). Papanicolad®4%) described the argyrophil
secretion in cervical mucus and its distinct ragarnthe peak of follicular activity at the
time of ovulation (in Salvatore, 1961). Allistonadt (1958) demonstrated the cognition of
Rydberg (1948) about relationship between chlorigied crystallization. Also Moghissi
(2002) mentioned dependability arborization of @ml mucus on concentration of
electrolytes, especially sodium chloride (NaCl). the study of Linford (1974) were
described the maximum values of crystallizatiortggas during estrogen dominance and
minimum of these values during progesterone dont@an

Bone (1954) and Zondek (1954) mentioned that thatacoination (e.g.
electrolytes, cellular debris) of cervical mucusymaad to incorrect observations by
influencing the crystallization (in Raeside & Mclad, 1959). Zondek (1953) pointed out
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that if the cervical mucus is blended with blood @ases of erosion of the cervix or
intrauterine bleeding), it cannot be utilized fdaservation of crystallization, because blood
has inhibiting influence on creating crystals (mndek & Rozin, 1954).

The cervical mucus was tested in animals and asbuman. The phenomenon
crystallization was observed in following mammalspws (Ahmadi et al., 2005;
Gund@an, 2009; Jezkova el., 2008; Alliston et aJ 1958), pigs (Betteridge & Raeside,
1962; Haynes, 1971), ewe (Raeside & McDonald, 19%@es (Dinger & Noiles, 1982)
and rhesus monkey (David & Mastroianni, 1968). llnoathe researches the samples of
cervical mucus were smeared on the glass slidesledhdo dry at room temperature.
Lamond and Shanahan (1969) left to dry samplesruadanfrared lamp at 40°C. The
sampling methodology differed according to authdmscows cervical mucus should be
collected by an aluminium speculum with plasticetuNoonan et al., 1975), a plastic
inseminating tube (Alliston et al., 1958), a pipeflezkova at al., 2008; Lamond &
Shanahan, 1969), an inseminating catheter and glagmal speculum (Ghannam &
Sorensen, 1967). In rhesus monkey the cervical mmwas obtained by a cotton-tipped
applicator (David & Mastroianni, 1968). In ewes gdmg was done by glass rod or
aspiration (Raeside & McDonald, 1959).

The changes in bovine cervical mucus was noticetl@ynan et al. (1975), when
the samples of cervical mucus was obtained fromscdwing the estrus cycle and early
pregnancy. The crystalline changes were monitordaeatime of estrus.

Alliston et al. (1958) studied the crystallizatiohcervical mucus in heifers. Each
of samples was evaluated by different author aadittal classification was defined by the
median of the values assigned or by agreement olleadt two authors as to its
classification. The crystalline patterns were clait®d according to the following score: (1)
No patterns. (2) Patterns around bubbles onlyT{®jcal patterns, but covering less than
one half of the total slide area. (4) Typical patse covering more than one half of the
total slide area, but not complete. (5) Typicakgraus over complete slide area, both short
and long ferns present. (6) Typical patterns ovanpmlete slide area, only long ferns
present.

In the study of Gundgan (2009) the crystallization of cervical mucus was
positively connected with vaginal hyperemia, vubeiema and ovulatory follicle size.

Ahmadi et al. (2005) researched the crystallizatboervical mucus in correlation

with parturition. The samples were obtained fromwvgon late gestation. The crystalline
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patterns were scored (0-4) according to Tsiligiaenial. (2001): (0) no crystals, (1)
atypical crystals, (2) many atypical and few typicystals, (3) many typical crystals and
few atypical crystals, (4) only typical crystals.

The influence of crystallization of cervical muonas tested in cows by Jezkova et
al. (2008). The samples of cervical mucus wereinbthon the day of insemination.

The crystallization of cervical mucus as a meangafy pregnancy diagnosis in
cows was demonstrated by Ghannam and Sorensen)(196& crystallization was
evaluated according to shape and extent of crittin. Four groups of crystallization
were determined: very-marked patterns were charaete by heavy crystallization, the
crystals were long ferns; marked patterns wereadterized by short, curved, feather-like
structures; mixed patterns were represented bypthsence of some fern-like crystals
accompanied by areas lacking crystallization; negagroup was typical by absence of
crystallization. The variations in crystallizatiomere noticed according to the phase of
estrus cycle in which the samples were collected.

Lamond and Shanahan (1969) studied the changesrvital mucus from normal
and ovariectomized cows treated with hormones. diystallization was scored in the
following ways: (0) no presence of crystallizatimnincomplete and complete crystals over
less than half of the area; (1) crystalline patteoner greater part of slide, subvenation
indistinct, short and incomplete crystals; (2) glated crystals, clearly defined venation
and subvenation over the whole area. The ratioshtafride to total protein (CMIt) and
chloride to"residual protein (CMIr) were calculated.

The cervical mucus as an indicator of ovarian #gtiwas also tested in pigs by
(Betteridge & Raeside, 1962). The crystallizaticesvevaluated according to the following
score: negative — no crystallization detectableakhe positive — very occasional and
scattered patterns; positive — occasional but feethed patterns or patterns seen in most
fields; strongly positive — well formed patterngsen most fields.

The research of cervical mucus in rhesus monkey mase by David and
Mastroianni (1968). This study was focused on theetation between ovulation and
status of the cervical mucus.

Raeside and McDonald (1959) studied ewes for tlystaltization of cervical
mucus. The cervical mucus was obtained from cyaimg pregnant animals.

The results of different studies focused on cetvinacus in cows showed the

relationship between crystallization and estrudecyr pregnancy. Alliston et al. (1958)
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published that the rate of crystallization increhgeadually to a maximum at the time of
estrus and decreased to the average time of awlaticcording to Jezkova et al. (2008)
the best results in pregnancy rates were noticedws where the ferny-like crystallization
was detected. The highest motility of sperm wasnlexl in the case of club moss-ferny
like and ferny-like crystallization. Ghannam and&wsen (1966) discovered that the very-
marked crystalline patterns were monitored as eadythree days before estrus and
consequently these crystals continued as longwenstays after estrus. In correlation with
estrus, these patterns appeared from five dayseéeRirus to eight days after estrus. The
normal crystalline patterns occurred in animalshvgilent heat. The crystallization in the
pregnant cows varied between mixed and negative. tgome of marked patterns were
watched. The pregnancy of cows was determined erbésis of the absence of a very
marked crystallization and the presence of a p@sitiaginal pressure after injecting
oxytocin. In their results was mentioned, that ¢be was non-pregnant and still cycling
during presence of very-marked crystallization. the other hand, marked, mixed or
negative crystallization showed that the cow wabeei pregnant or non-pregnant. In
Lamond and Shanahan (1969) the minimum values wg$taltization and chloride
concentration were observed on days 4-19 of theec@ontrary, the maximum values of
crystallization and chloride concentrations wemnfrone day before estrus to 2-3 days
after estrus. The cervical mucus index was evaluatea better indicator of estrus than
crystallization or chloride concentration. As farfurition, Ahmadi et al. (2005) published
that the significant growth of crystals was predemin day 8 to term. In compliance with
Noonan et al. (1975) there was a suggestion, #@iaal mucus was better indicator of
reproductive status than vaginal mucus. Accordmdiftiston et al. (1958), there was a
possibility to use the crystallization of cervicalicus as a means of estrus detection.

The results of arborization in other animals shqwit in pigs the peak of
crystallization was observed two days before on$etstrus. The presence of crystalline
patterns in pregnant animals was very low. At eanggnancy, no crystallization was
watched (Betteridge & Raeside, 1962). The peakrystallization in rhesus monkey was
observed one day before ovulation. On the otherdhdhe extensive decline of
crystallization was noticed in the subsequent d@av{d & Mastroianni, 1968). According
to the results of Raeside and McDonald (1959), mgixdervical mucus with blood, vaginal
mucus, lubricant cream and seminal plasma had tegative influence on the

crystallization. The crystalline patterns were releal near estrus in all abnormal cycles.
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During the silent heat, anoestrus and pregnancyrystallization was also observed. In
normal cycling animals, the crystallization wased¢¢d from three days before estrus until
two days after estrus. In all ewes the crystaliiratvas occurred on the day before and on
the day of estrus.

The mechanism of crystallization in human was reggbby Zondek in 1953 (in
Zondek & Rozin, 1954). In protein solutions whichntain electrolytes the presence of
crystallization was confirmed. Substances, suckeasm albumin, ovoalbumin, fibrinogen,
beta and gamma globulin, peptone, dipeptide, ttigeand polypeptide, were discovered
to create this phenomenon upon admixture with werdectrolytes. Such electrolytes
include sodium chloride, potassium bromide. Howewéer salts (such as calcium
chloride, barium chloride, sodium bromide, potasshitrate, sodium sulfate and sodium
iodate) failed to bring the crystalline reactiorofdek & Rozin, 1954).

Zondek (1959) presented that in monosaccharidegpalydaccharide mixed with
saline or dissolved in this solution the crystaltian was attended. Also protein or
carbohydrates in cervical mucus created crystater ahe contact with the proper
electrolytes.

The various methods could be used for collectingqydas of female cervical
mucus: aspiration (Zondek & Rozin, 1954) or a aotfipped applicator (Forman, 1956).
The obtained samples were smeared on a glassasitiéeft to dry at room temperature
(Zondek & Rozin, 1954) or passed through a flamen@eék & Rozin, 1954) or over a
Bunsen flame (Forman, 1956).

The crystallization of cervical mucus was testedcorrelation with different
factors. Garcea et al. (1984) researched the drgataon of cervical mucus in correlation
with mucus canalization. Harvey et al. (1960) tédtee relationship between consistence
of cervical mucus and its crystallization. In maegearches the value of cervical mucus
was studied in connection with ovulation timing ahd sensitivity of mucus to the sperm,
in the diagnosis of pregnancy, and in the estimatibplacental insufficiency (Wearing,
1959). In Zondek and Cooper (1954) castrated wowee tested, in cases of amenorrhea
and during the postclimacteric period, the crystation was observed 3-4 days with
estrone 1mg, estradiol 0.3mg, or estradiol benzoate

In Zondek and Rozin (1954) the crystallization wéessified according the score:
negative — no typical crystallization, 1 plus —g@ece of typical crystallization in only a

few places, 2 — typical crystallization presensaveral places in a field, 3 plus — distinctly
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positive crystallization, with most of the dried aus in any field in a state of typical

crystallization. The implementation of the crystation test depends on the different
conditions. The function of corpus luteum and, thogulation, were verified by the

strongly positive (3 plus) crystallization test. ddn and Kurzon (1955) divided

arborization to three categories, namely light, evate and heavy.

In research of Harvey et al. (1960) the consistesfcgervical mucus was scored
from O to 21. No crystallization was present in smivith consistency higher than 7.

The crystallization was evaluated by Wearing (1988ly as positive (total and
typical crystalline patterns in the whole field ameer the whole slide expect) and negative
(no total typical crystallization). The mucus celBzation was tested during menstrual
cycle — ovulatory cycle, anovulatory cycle, duripgegnancy and at the menopause.
Campoz da Paz demonstrated that in the anovulayaityg the typical crystals were present
in the second half of the cycle (in Wearing, 1959).

During pregnancy the cervical mucus was studieddydek and Cooper (1954).
After application of injection of 10mg of estrogetie cervix was open and the positive
crystallization was detected similar to that mor@tb during the time of ovulation. After
mixing dried mucus with highly diluted salt solut® (for example NaCl, KCI) the
crystallization of this mucus during pregnancy waswed. In the study of these authors
the crystalline patterns in early pregnancy weresatered.

As for conclusions, Zondek and Rozin (1954) pulddéhhat the utilization of
crystallization test was reject in the lightly pease (1 plus) of crystallization before
menstruation. The impossible utilization of test &etermination of the corpus luteum
function was confirmed by negative presence ofctlystallization in the intermenstruum.
The results showed, that the presence of saltsengéal, dialyzed cervical mucus failed to
create crystals, but the crystallization was obesgrafter mixing mucus with electrolytes.
Also the mucus obtained during postmentruum, prémem, postmenopausal stage and
pregnancy did not show the crystalline patternse st of crystallization was considered
to be utilized as a diagnostic mean for asses$iagunction of corpus luteum. The result
of Garcea’s et al. (1984) study showed, that thaltation had increasing potential daily,
as same as estradiol, but the potential of cryzssibn was on the same value for a long
time. In Harvey et al. (1960) the peak of crystaltion was observed 16 to 17 days before
next period. In the study of Forman (1956) wasetdkshe crystallization of cervical mucus

as a quick and easy examination of estrogen actiVhie test of crystallization studied by
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Forman had negative potential during the postmeakphase due to insufficient estrogen
influence and inhibiting activity of progesteroméear start of ovulation the crystallization
effect became distinctive. The phenomenon of ciztion examined during midcycle

and preovulatory phase was considered as a quatet éast for ovulation. As a mean of
assessing the time of ovulation was also assuneedalty monitoring of cervical mucus.

Wearing (1959) noticed that after the menstrualogeno crystallization was observed.
Much less significant crystals were visible near &md of cycle. This study also verified
the presence of typical crystallization during roigtle. Disproving of the pregnancy was
indicated by typical crystallization of cervical ous. The negative evidence of typical
crystals in samples of cervical mucus was obsemhedng pregnancy. The reduced
occurrence of crystallization during pregnancy wdkienced by a persistence of corpus
luteum. The cervical mucus smear may be used est dor predicting the pregnancy. The
menopause period was presented by negative occaermncrystallization. Zondek and

Cooper (1954) assumed the test of crystallizat®a @ossibility of excluding pregnancy.
The diagnosis of pregnancy was confirmed by styopgkitive crystallization of cervical

mucus contrary to the diagnosis of tumor.

3.2.2. Saliva crystallization

The saliva crystallization was mainly examined iomen (Kullander & Sonesson,
1965; Barbato et al., 1993; Guida et al., 1993aR#no et al 1993; Pattansuttinont et al.,
2007).

The saliva sampling should be done by catheterlékdder & Sonesson, 1965)
imprinting a frosted glass slide over the tonguevith a finger in glove (Pardo-Carmona
et al., 2010) and by clean coffee stirrer (Haber@d0). The samples were smeared on
the glass slide and left to air dry at room tempeea (Kullander & Sonesson, 1965;
Barbato et al., 1993; Pardo-Carmona et al., 20Hberbva, 2010).

The saliva crystallization in female was examinedifferent stage of reproductive
cycle. Kullander and Sonesson (1965) obtained aafrom normally menstruating,
pregnant and post-menopausal women.

In Guida et al. (1993) was hypothesized that estisgcatecolestrogens and opioid
tone have a positive influence on the saliva ctlygsgion. In comparison with Berardono
et al. (1993) who described the leaf crystallizatiof human saliva as a non-specific

phenomenon, independent on the action of estrodpeminones.
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Pattansuttinont et al. (2007) tested infertile wame€or five days were given
100mg of comiphene citrate and the saliva wereectdd daily until seven days after
ovulation. The saliva samples were graded from &&ording to their extent and
intensity.

The studies focused on changes in saliva crystsithz in animals are very limited.
The saliva crystallization in bitches was obserlgdardo-Carmona et al. (2010) and the
presence of saliva in camefSamelus bactrianus) by Haberova (2010).

In the study of Pardo-Carmona et €2010) were used adult bitches. The saliva
were scored according the classification: type @vidence of crystallization, type 1 when
the presence of partial crystallization was notjae@. when no total crystallization was
evident but an initial crystallization was visilwa a part or whole surface of the glass slide
or when the samples showed patterns with long stemislear venation on a part or whole
surface of the slide, with stem-like fir leaves dayple 2 when total and clear crystallization
was observed with stem-like bold fern leaves.

Haberova (2010) studied the saliva of Bactrian danf@amelus Bactrianus). In
comparison with Pardo-Carmona et #&010), where the crystalline patterns were
described according to their coverage and lengthstefs, in Haberova (2010) the
crystallization was classified according to its ep@nce. The score system was described
as: 0 (none or dotted), 1 (branch-like), 2 (mixednich-like and fir-like), 3 (fir-like), 4
(mixed fir-like and branch like), 5 (fern-like), @eticulated) and 0.5 (mixed fern-like,
reticulated, dotted and branch-like).

As for conclusions of all mentioned studies, thestallization patterns of the saliva
from pregnant women showed coarser structure thasdliva from menstruating women.
The coarser crystallization was also noticed in worafter menopause and in one case no
crystallization occurred at all (Kullander & Soness1965). Barbato et al. (199&3rified
the dependability of the salivary crystallizatioretinod of ovulation detection. Nonfertile
period was characterized by no crystallization. it&oh crystallization showed the
beginning of the fertile period. According to thesults, a direct correlation between
salivary crystallization and the phase of repronhactycle was verified. Also Guida et al.
(1993) described the saliva crystallization in ceection with the menstrual cycle in
women. In Pattansuttimon et al. (2007) were deteechitwo peaks of median saliva
crystallization scores; one was two days prior atiah and the other was five days post

ovulation. No correlation between the peak of salivystallization and day of ovulation

28



detected by ultrasound was observed. The resulisvesh that in clomiphene citrate-
stimulated cycles was not found coherence the aiigsttion of saliva with ovulation.
Berardono et al. (1993) noticed the crystallinadtires in saliva of male.

The observation of the saliva crystallization wasisidered a new technique for
monitoring reproductive cycle (Guida et al., 1998ut according to the results of
Berardono et al. (1993) the saliva crystallizatiwas not recommended as a reliable
method to establish the woman fertile period.

In case of animals, the results in bitches showed daliva crystallization (type 1
and 2) appeared some days before and after thenaptime for mating. The saliva
arborization lasted for several days, appearingpreefand after the expected day of
ovulation. The variations in saliva crystallizatisere noticed during the follicular phase.
This study was considered as a supplement of ottethods of determining the fertile
period in bitches, but its potential capacity wasdnstrated. In Bactrian cametZa(elus
Bactrianus) all types of crystallization, which were mentidnearlier, were noticed in

saliva as well changes in crystalline patterns.

3.2.3. Crystallization of other body fluids

The crystallization is not specific only for ceralanucus and saliva. It can also be
created in the other mucus secretions and bodgsfldihe crystallization was reported in
vaginal fluid (Dinger & Noiles, 1982; England & Alh, 1989; Noonan et al., 1975), nasal
mucus (Peterson, 1984; Zondek, 1959), aqueous hufbimtet et al 1987; in Golding &
Brennan, 1989), cerebrospinal fluid, fluid fromlides, hydrosalpinx and in ovarian cysts
(Zondek, 1954; in Golding & Brennan, 1989). Goldengd Brennan (1989) described the
basis of crystallization in tears. The crystals avatso observed in colostrum, milk and
semen (Zondek & Rozin, 1954). The Cowper’s fluarfrhuman bulbourethral gland was

researched by Berthou and Chretien in 1995.

In presented studies the samples of different bhogs were smeared on the glass
slides, left to dry and evaluation was done miocopgmally (Tabbara & Okumoto, 1982;
Norn, 1987; Dinger & Noiles; 1982; Noonan et ab7%; England & Allen (1989). In one
case the monitoring of crystallization was made eunthe phase-contrast microscope
(Golding and Brennan, 1989).
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In 1982, Tabbara and Okumoto reported the quiaktatest for tear mucus
deficiency based on the presence or absence dfalsyis conjunctival scrapings from
interior ocular conjunctiva.

The crystallization in nasal mucus was described Hsterson (1984). The
crystalline patterns of nasal mucus in women, watfjular menstrual cycle, were studied
here. The changes in nasal mucus were tested tial@iton with changes in basal body
temperature and phase of menstrual cycle. The degrerystallization was scored from 1
to 4.

Norn (1987) observed two quantitative pipette saspind smears from eyes. Two
types of crystallization were detected. His studgswdesigned on the crystallization in
conjunctival-cytologic preparation

The variations in tears mucus crystallization wesognized and classified for the
first time by Rolando in 1984. Rolando’s classiima system for tear mucus
crystallization is based on the size and spacirigzden crystals (in Pensyl et. d1998).
The study of Pensyl et al. (1998) was focused enetkamination the intraobserver and
interobserver repeatability. According to the résuthe Rolando’s scoring system was
considered as a means of tear crystallization ifileestson.

The correlation between the crystallization in wadjimucus and the teasing in
mares was examined by Dinger and Noiles (1982). vidggnal mucus was tested as a
method for detecting estrus. The samples were rddady the suction and swab methods.
The mucus taken by the suction method techniquatexiecrystallization more effectively
than mucus collected by the cotton swab technique.

Noonan et al. (1975) described changes in vagi&d together with cervical
mucus during estrus and early pregnancy in cows.

The changes in crystallization of anterior vagiihat in bitches were monitored by
England and Allen (1989). The animals exhibiteg@dal crystallization during the pro-
estrus and estrus. The vaginal fluid was collectatly from anoestrus animals. In this
study, the fluid was obtained using an adaptatioin@ method of Allen and Dagnal from
1982; a sterile insemination pipette was appliédsyringe was used for the suction. The
crystallization was previously identified and digdl into five classes from minor
crystallization (short stems and irregular scatteseellate) to bold crystallization (long
stems and clear venation and subvenation). Criystgtlatterns were compared with the

photographic records and scored in interval 0-codding to the surface area covered by
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crystals the samples were classified by followingeda; up to 1% cover (score 1), 1-5%
(score 2), 5-10% cover (score 3), 10-20% coverrésdd and over 20% cover (score 5).
This information of crystallization score and cogeore were added to give thiéerning
Index’. The changes in the Ferning Index during the sgteriod were noticed (England
& Allen, 1989).

The crystalline patterns were also observed in géminal fluid (Kihlstom &
Fejlistrom, 1969). The study was focused on alamuiyclic variation in the pal-leaf-like
crystals of the seminal fluid. Also was tested twrelation between the crystalline
patterns and the concentrations of proteins andesaorganic ions in the seminal fluid.
The semen from rabbits and bulls was obtained bfjcaal vagina and from human by
masturbation. The samples were freed from sperroatwza centrifuge.

According to the results of Peterson (1984) notieiahip between the nasal
mucus crystallization and the basal body tempegatiars noticed. It was significant that as
the temperature increased, the stage of crystidlizalso increased. Also no correlation
between the nasal mucus crystallization and thesmeal cycle was observed. Norn
(1987) confirmed the presence of crystalline patten 29% of pipette samples from eyes.
This effect was most often in samples with faidyge amounts of mucus, more frequent in
neutrophilia than in lymphocytosis, and the raneshormal cytology. In the study of
Dinger and Noiles (1982) the vaginal mucus crygtaion was not evaluated as the
effective method for the detecting estrus in ma®sising a teaser stallion. Noonan et al.
(1975) reported that the dry matter concentratibraginal mucus reached a minimum
value on the day of estrus and a maximum valueidtycdle. From the day of estrus to the
19" day of pregnancy the dry matter concentration amjival mucus increased and the
crystallization decreased. England and Allen (1988 cluded when crystallization in
vaginal fluid was not created the bitches werete kstrus. This study showed the greatest
crystallization between 1 and 5 days after the makiestrogen concentrations. This was
considered as a correlation with the period befareat ovulation when follicles were
becoming luteinized. The vaginal mucus crystalimatvas regarded by Abusinea (1962)
and Alliston et al(1958) to be more irregular during the estrus ctfeé crystallization of
cervical mucus (in Noonan et.,al975). As for semen, the crystallization was cetg in
about 50% of the ejaculates from bulls and meniartie larger majority of samples of
rabbits. No correlation between the concentratimihnpotassium and the type of crystals

was observed (Kihlstom & Fejlistrém, 1969).
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4. Materials and Methods

4.1. Bibliographic research

The keywords connected with this topic were useoltain available resources,
focused on the crystallization. The researcherdifssent terms for the crystallization. It
was needed to complete these terms. For this stuieg used following key words —
crystallization, crystalline patterns, ferning, anilzation, crystalline structures, cervical
mucus, vaginal mucus, nasal mucus, saliva, bodysflueproductive cycle, heat detection,
fertile period, ovulation, pregnancy. The searchiwas done by combination of these key
words.

The citations were done according to Guidelines jadirnal “Biology of

Reproduction” (Society for the Study of Reproductia008).

4.2. Animals

Eight Holstein dairy cows from the Czech Universdly Life Sciences Prague
(CULS) Farm Estate Lany-Ruda were chosen for ptesenly. There were kept under
similar conditions of nutrition and management. &lge of animals was two to three years
with the first calving in 2011. All cows were foumal be free of any abnormalities in their
genital system and reproductive cycle.

These animals were included into hormonal estrughgypnization program. The
process of synchronization started on Augu&t 2ZD11, when three milliliters of
Supergestran (NORDIC Phrama, s.r.0.) were appliée application was repeated on
August 18'. Three milliliters of Remophan (Bioveta, a.s.) eersed one week later. On

August 28 tested cows were inseminated.

4.3. Sample collection

This experiment was based on the method presemtddhberova (2010) as was
mentioned in chapter 3.2.2. (Saliva crystallization

Samples of saliva from eight Holstein cows wereaotgd daily during the time
period from 18 August to 28 September 2011. So the saliva crystallization was

monitored during 16 days before insemination andi&s after insemination. Sampling

32



was done after the first morning milking. Testedvsowere milked preferentially. The
animals were taken away into the separated boxes afilking, where they were
subsequently fixed. Cows did not have access th fealiva production was stimulated by
the hand inside the mouth. The samples were ceteftbom the part under upper and
lower lip. Care was taken to avoid causing anyssti® the animals. Each sample was
taken by new and clean coffee stirrer (Fig. 1).0Atke glass slides were washed and
degreased before. Consequently the saliva werersth@athicker layer only on a center
of the slide and allowed to air dry at room tempae for a few minutes. After that the
smears were put into the box and once a week toatespto the laboratory where were
tested for the crystallization.

Fig. 1: The coffee stirrer for saliva sampling (phby author)

4.4. Evaluation of samples

The samples were assessed once a week. The evalohtrystallization was done
by a light microscope at magnification 400x. Figill@strates the system of searching
crystals in slide.
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Fig. 2: System of searching crystals on the glads.s

Crystals were classified according to the adapystesn by Haberova (2010). For
the first time the presence and type of crystdilimawas observed and noted. If the
presence of crystallization was confirmed, its tyyses also described by a scoring system
made by Haberova (2010). The list of types of efigation with abbreviations is shown
in table 1.

Tab. 1. General types of crystallization

Type of crystallization Abbreviation
None 0
Branch-like BL
Mixed branch-like and fir-like BL+FIL
Mixed branch-like and fern-like BL+FEL
Fir-like FIL
Mixed fir-like and fern-like FIL+FEL
Fern-like FEL
Atypical A
Dotted D
fI\gir>r<](j(ijkl(;33ranch-Iike and fir-like and BL + FIL + FEL
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Subsequently the characteristics of different algstvere also examined. Among
these features include thickness and entirety pétals, which are further divided into
three categories of thickness: score 1 = thin,esor medium thick, score 3 = thick. For
entirety was used following score: 1 = entire, @eparated, 3 = broken crystals.

The density of crystals was also classified. It waaluated according to the scale
10-20-30-40-50, which means that the smallest temsicharacterized by the number 10
and the biggest density by the number 50.

Finally sample quality was examined, because itmegessary to assess and take to
cognizance the possibility of contamination of #amples. The quality of samples was
evaluated subjectively and following terms weredu® description of samples quality:
good quality (OK), contaminated sample (C) and #nmear of saliva. All characteristics
and values were noted to table (see in appendix 1).

Only one general type of crystallization was ddsstiin one sample.

4.5. Classification of crystallization

The classification of presented crystalline patemas based on searching of
similar features between saliva crystallizatiowamels and cattle.

The branch-like crystals (Fig. 3) were assessedegular patterns, where the main
branches were significantly longer than side brascfihe connection between individual
branches was asymmetric and also angle of fusiendigerent.

Fig. 3: BL crystallization (photo by author)
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The determination of fir-like crystallization wasone complicated than in case of
branch-like crystallization. According to exampterh score system (made by Haberov4,
2010) the fir-like crystals (Fig. 4) remind branoh fir, thus the connection of side
branches had as same structure as needle of firtra®yp fir-like crystallization in cattle
was decided on the basis of search for similaufeatbetween example from score and
patterns in cattle saliva. The deciding factor &se of fir like crystallization was acute
angle of connection side branches to main branelcadse fir-like crystallization is
represented by noticeable main branch. Thus thstailsywere marked as fir-like if the

symmetric side branches were connected to mairchrander acute angle.

Fig. 4: FIL crystallization (photo by author)

The determination of fern-like crystallization walso based on link between side
and main branches. The perpendicular connectiondagt branches was typical for fern-
like crystals, which are displayed in Fig. 5. Batrf-like patterns in cattle saliva did not
remind typical fern leaf, because the connectiorindividual side branches was very

sparse and the branches had irregular length ippaong with fern leave.
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Fig. 5: FEL crystallization (photo by author)

All of mentioned individual types of crystallizatiacreated the combinations. The
mixed branch-like and fir-like and fern like wasfided when all of three types were
noticed. The fern-like patterns were representeth whe lowest frequency and any
separated fern-like crystals were not detected.

If the branch-like crystallization was supplementetith fir-like features the
crystals were characterized as mixed branch-likd fanlike (Fig. 6). This type of
crystallization was also represented by equal matietween branch-like and fir-like

crystals.

Fig. 6: BL + FIL crystals (photo by author)
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The branch-like crystallization was also detectegether with fern-like patterns.
This combination was noticeable only by presencei-like signs. Thus when the mixed

branch-like and fern-like crystallization (Fig. was determined there were not noticed any
separated fern-like crystals.

Fig. 7: BL + FEL crystallization Fig. 8: FIL + FEtrystals (photos by author)

The mixed fir-like and fern-like crystallization i@~ 8) created the most developed
crystals almost every with basis from one pointe Tetermination of this type was based
on presence of fir-like and fern-like patterns whiwere connected to one crystal.

Sometimes fir-like crystals were separated, bui-fike features were only as supplements
of crystallization.

4.6. Sample staining

The Giemsa stain was used for coloring of samfles.process of sample coloring
was performed according to recommendation of Rajif2@xil). Before usage the stain
had to be warm up. It was done by dilution with hatter in a ratio 1: 9, in a beaker of
100ml, where the majority was represented by watee. solution was poured into vessel
of coloring equipment, which is displayed in Fig-@r coloring were selected five samples
with large and well evident crystals. Before stagnivere noticed coordinates of crystals
on the glass slide. Consequently the glass slidae wut to holder and dipped into vessel

with Giemsa solution for 30 seconds. Immediatelgratoloring the glass slides were
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quickly rinsed under running water and left to dtyyoom temperature (Fig. 9). In case of
stained glass slides were evaluated only noticed padsample.

Fig. 9: The equipment for staining and drying ahgées (photo by author)

4.7. Statistical analysis

The statistical analysis was realized in programdABETICA CZ 10.0 (StatSoft,
Inc. 1984-2011). The general types of crystallmat(Tab. 1) were used for majority
statistical tests. Other generalization of maxitgpe of crystallization was used for easier
assessment. Thus in statistical evaluation of coailain of types of crystallization were
examined higher levels of crystallization, whereswadetermined following system:
FEL>FIL>BL. For example, when mixed branch-like afidlike crystallization was
detected the fir-like crystallization was integdhtiito statistical analysis. The atypical
crystallization was also included into statistieaaluation. When was atypical arborization
detected separately it was statistically assesseatypical crystallization. Contrary when
atypical crystals were observed together with gangpes of crystallization these types
were included to statistical analysis and atypecgsétallization was noticed only in notes.

The occurrence of type of crystallization (befoned aafter insemination) was
evaluated by contingency tables and the data biigioin was tested by Pearson’s chi-
square test. The Kruskal-Wallis ANOVA and multigemparison test were used for

assessment of additional characteristics.
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The differences in crystallization in pregnant amon-pregnant animals were
evaluated by Kruskal-Wallis ANOVA. The control afsults from this test was realized in
contingency tables. The changes in arborizatioar @fisemination were displayed and
evaluated after each five days.

The individual stages during synchronized cyclenwviite most common crystalline

patterns were described separately. Also the preyndetection was evaluated separately.
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5. Results

From available resources was found out, that theaserystallization in cattle have
never been elaborated.

For evaluation of saliva crystallization in cale8 samples were observed in total.
The arborization was confirmed in all tested angnal

The determination of pregnant and non-pregnant alsinvas notified by livestock
specialist from CULS Farm Estate Lany — Ruda. Thegpancy was confirmed in five
animals. The occurrence and characteristics of resditon were separately described
during synchronization of estrus and in pregnaxdt@on-pregnant animals.

The changes of saliva crystallization were notitealuring period before
insemination and also in pregnant and non-pregaaithals. These modifications were
based on size of crystals, crystalline patternge tyf ferning, level of definite
crystallization, interconnection between individualrystals and occurrence of
crystallization. The majority of crystals in cowaded from one point and created irregular

“stars”.

5.1. The evaluation of occurrences of individual typesfarystallization

The results from statistical evaluation showededdhce in distribution of data in
various stages of experiment (Pearson’s chi-sgeatel45,863, DOF = 36, p < 0.00001).
The occurrence of basic individual crystalline teas (maximal types) is displayed in Fig.
10, but these features were detected also in catons.

The branch-like crystals had different form in sttwe. Some of them were
resembled to long and branched “chain”. On therdtlhed branch-like crystals looked like
indefinite formation. The variations in size andrelepment of branch-like crystals could
be considered as the changes of crystallizatiomguvhole synchronized estrus.

The branch-like crystallization was among three tmammmon types (36.27%).
The occurrence of branch-like crystals was quitélar in both stages after application of
preparation of synchronization (22.30% after 1spliaption vs. 22.97% after 2nd
application). The size of branch-like patterns wdferent in period before insemination.

Many days before insemination the crystals werellsmigan crystals immediately before
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insemination. The occurrence of branch-like cryiz@ion was more noticeable in
pregnant animals (38.51%) than in non-pregnant alsiifi6.22%).
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Fig. 10: The graph of occurrence of individual tajlne patterns

The fir-like crystallization was monitored mainly combination with other types
but itself was recorded after the first applicatadrpreparation of synchronization. Higher
occurrence of fir-like crystallization was recordafier the second application than after
the first application (9.76% vs. 2.44%). The tdtalquency of this type was more often
marked in pregnant animals than in non-pregnamhaisi (53.66% vs. 34.15%).

The fern-like crystallization was mostly occurreddombination with other type.
The first presence of fern patterns was noticeer dfte second application of preparation

of synchronization but only in combination with ethcrystallization. The occurrence of
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fern-like arborization without other type of crylstawas marked in period after
insemination with higher occurrence in non-pregraaminals (66.67% vs. 33.33%).

Also the mixed arborization differed in size, feat of fir-like crystallization and
connection of individual branches. The branch-lgaterns were represented by higher
density of individual branches.

The mixed branch-like and fir-like crystallizationas also among three most
common crystallizations (19.61%). Its dominance \baster marked after the second
application of preparation of synchronization tredter the first application (32.50% vs.
11.25%). From pregnancy point of view, the occureeaf this type of crystallization had
same level in pregnant and non-pregnant animab (&5 25%).

The mixed branch-like and fern-like crystallizatisias noticed after insemination
only in non-pregnant animals and with very low fregcy (0.25%).

Other type of combined crystallization was desdatilas mixed fir-like and fern-
like. It could be considered as the highest lefet@mbination between two types of
crystallization. The mixed crystallization was obsel after insemination with higher
frequency in pregnant animals (61.90% vs. 38.10Phkjs arborization was among three
most occurred types (20.59%).

Some of crystals or combined crystals were supphéede with the atypical
crystallization. The atypical arborization was a#td in 0.74% separately. Also it was
discovered together with branch-like, mixed brahké-and fir-like and also with fern like
and mixed fir-like and fern-like crystallizationh& atypical crystallization was confirmed
also in pregnant and non-pregnant animals but onlgombination with other type of
crystalline patterns. Individual atypical crystadition was noticeable after the second
application of preparation of synchronization amulyoin non-pregnant animals. The
atypical crystals had different forms, which argptiiyed in Fig. 11.

None crystallization was more detected after seappulication of preparation of
synchronization (32.14%) than after first applioati(10.71%). After insemination this
crystallization occurred with higher frequency iregnant animals than in non-pregnant
animals (42.86% vs. 14.29%). Dotted crystallizatwais noticed in both phases as none
crystallization with greater incidence after seca@mplication than after first application
(42.86% vs. 28.57%). The presence of dotted ciystads only in pregnant animals
(28.57% vs. 0%).
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Fig. 11: Examples of atypical crystallization (phdty author)

5.2. The evaluation of individual stages

As for characterization of insemination stage, én@ere marked only two types of
crystallization namely mixed branch-like and fikdi and mixed branch-like, fir-like and
fern-like. Higher frequency was noticed in mixedach-like and fir-like (62.50% vs.
37.50%). The occurrence of mixed branch-like amdike crystals grew from the first
application of preparation of synchronization thle day of insemination. The artificial
insemination influenced occurrence of some crys®lbatterns, such as mixed fir-like and
fern-like, fern-like and mixed branch-like and fdike. Thus in time of insemination none
most developed crystallization was detected.

In stage after the first application dominated blahke crystallization (68.75%).
Also after the second application highest frequemggs noticeable in branch-like
crystallization (42.50%). In this stage the firstcorrence of fern-like patterns was
monitored. Also atypical crystallization was deggtfor the first time in this phase.

The occurrences of individual general types of talligation in stages of
synchronized estrus are demonstrated in Fig. 12.
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Fig. 12: The appearance of general types of chiztbn in different stages of

synchronized estrus.

5.2.1. Evaluation of period after insemination

As for pregnancy diagnosis any significant diffaxes were not discovered
between individual types of crystallization in pnegt and non-pregnant animals (Kruskal

Kruskal-Wallis ANOVA, p > 0.05). This conclusion waetermined according to results

from Fig. 13.

But the differences in distribution of data in pmagt and non-pregnant animals

were confirmed (Pearson’s chi-square test: 315268%, = 117, p < 0.0001).
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5.2.1.1. The evaluation of occurrence of individual types otrystallization

None crystallization occurred from “@lay after insemination mostly with higher
frequency in pregnant animals. The biggest diffeeewas seen between the day' 2éd
30" (31.25% in pregnant vs. 6.25% in non-pregnant)tddocrystallization appeared in
two cases (16 - 20" day and 28 - 3d" day after insemination) and only in pregnant
animals. Branch-like crystals were more detectedpiagnant animals. The highest
difference was marked after 2tlay after insemination (24.69% vs. 9.88%). Befihis
day the contrast between pregnant and non-pregramtals was not so visible. Mixed
branch-like and fir-like dominated in pregnant aaisnfrom 18 day after insemination
(10% vs. 5%). But from Zlday after insemination this crystallization préediin non-
pregnant cows (12.50% vs. 7.50%). In the end céaieh this ratio was equal (12.50%
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vs.12.50%). Fir-like patterns mostly predominatadpregnant animals during few days
after insemination. After Ziday was observed only in non-pregnant animals8¢a)7and
after 26" day after insemination none fir-like crystals wecurred. Mixed fir-like and
fern-like crystallization significantly dominated pregnant animals up to 1 %lay after
insemination. This feature was most visible af@f day (23.81% in pregnant vs. 13.10%
in non-pregnant). After f6day this crystallization prevailed in non-pregnanimals, but
this effect was not important as before (4.76%2v388%). From 2% day after insemination
mixed fir-like and fern-like crystallization was thappeared. Mixed branch-like and fern-
like was observed only in non-pregnant animals betwthe days #6— 30" after
insemination. Fern-like crystallization was deteldte interval from day B till day 16". At
first fern-like patterns prevailed in non-pregnaoivs (33.33% vs. 0%) and later it was
balanced (33.33% vs. 33.33%). After™@ay this type was not noticed. During first five
days after insemination mixed branch-like, fir-lixad fern-like crystallization occurred in
pregnant animals with higher frequency (25% vs502). Till 16" day this arborization
did not occur. From day 16till day 25" mixed crystallization occurred only in non-
pregnant animals (12.50% vs. 0%) and later predaile pregnant animals (25% vs.

12.50%). In the end of observation this type oftallization was not observed.

5.2.1.2. The assessment of individual five-day intervals

The evaluation of post-insemination period afterhefive days showed the changes
in prevailed type of crystallization. From insentina till 16" day after insemination
mixed fir-like and fern-like crystallization occed with the highest frequency and mostly
with dominance in pregnant animals (54.17%; 80%4&67%; 73.33%). Between the
days 18' and 28" dominated fir-like crystallization with frequenteurrence in pregnant
animals (32% vs. 26.67%). The appearance of mixdiké and fern-like crystals visibly
decreased (26.67% in non-pregnant animals vs. 8@ragnant animals). In this period
increasing potential of branch-like crystals ocennoe was noticeable (from 0% to 28% in
pregnant vs. from 0% to 13.33% in non-pregnantle’RT' day prevailed branch-like
arborization with higher frequency in pregnant amsn(83.33%; 53.85%; 70% vs.
53.33%; 40%; 58.33%) and occurrence of fir-likerdased (6.67% in non-pregnant vs.
0% in pregnant). None mixed fir-like and fern-likeystals were detected from 2dlay
after insemination. In Tab. 2 are displayed obstrimervals from 18 day after
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insemination with occurrences of different typescofstallization in pregnant and non-

pregnant animals.

Tab. 2: The changes in dominance of crystallizaiimrpregnant (P) and non-
pregnant (N) animals from TGday after insemination (columnar frequencies from

contingency tables).

Infervals | Day 16% - 20% | Day 21- 258 | Day 26% - 308 | Day 315~ 348
—_—

(Genera Il P N P N P N P N

t}-‘pe S

0 12% 6.67% 417% (1724 1923% | 6.67% e (1

D 4% i i (1724 3.85% (1 (1724 (1

EL 28% 1333% | B333% | 3333% | 5385%W | 40%: T0% 38.33%

BL + FIL 16% 1333% | 12308 | 3333% | 15338% | 40%: 23% 41.67%

FIL 2% | 2667% | %% 6.67% e e e e

BL+FEL %% s e %% %% 6.67% %% %%

FEL 0% s % I %% 0% I 0%

BL+FIL+FEL (1 12300 | 0% 12300 | 23% 12500 [ 0% 0%

FIL+FEL %% 2667% | 0% %% %% %% %% %%

A %% 6.67% e %% %% %% %% %%
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5.3. The additional characteristics of crystals

The thickness of crystals was characterized togeshita type of crystallization.
Whole types of crystallization were representedalbyevels of thickness. The occurrence
of the highest values of thickness was noticeablmany forms. Maximal thickness was
detected in the whole surface of crystals and ial$be terminal parts of crystals (Fig. 14).
In some crystals base started on the lowest levdlickness and end parts were presented

by the highest value.

Fig. 14: thickness of terminal parts of crystalsdim by author)

The density of crystals was influenced by sampliu(Kruskal-Wallis test: H (3,
N= 408) =123.2143 p < 0.00001). The samples of gopaality (OK) had significantly
higher (multiple comparison test, p < 0.05) deasitihan samples with contamination or
thin smear (Fig.15). The significant differenceX0.05) was not detected between the
density in contaminated samples and thin smearge. dénsity of crystals was also
compared with thickness of crystals. The weak ¢atim was found between density and
thickness (r = 0.3151, p < 0.00001). The statillficagnificant difference (Kruskal-Wallis
test: H (3,408) = 13.6003, p < 0.0035) was confanre samples with good quality and
samples with thin smear, but contamination in sasidid not have statistically significant

influence on thickness of crystals (multiple conipam test, p > 0.05).
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The connection between density and general typesystallization was verified
(Kruskal-Wallis test: H (9, N=408) = 151.8951, ®0001). This finding is demonstrated
in Fig. 16. Significant differences between bratikb-crystallization and mixed branch-
like and fir-like, mixed branch-like, fir-like anférn-like and mixed fir-like and fern-like
were confirmed according to multiple comparisort {ps< 0.05). The branch-like crystals
occurred in lower density. Fir-like arborisation svaerifiably different from dotted
crystallization and significant difference was dkextt between dotted crystalline patterns
and mixed branch-like and fir-like, mixed branckeli fir-like and fern-like and mixed fir-

like and fern-like. Dotted crystallization appearedower density.
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5.4. The coloring of samples by Giemsa stain

The staining of crystals by Giemsa was unsuccessédause this process did not
improve the better searching of crystals. On thatremy stained crystals were less
noticeable or generally damaged and the contamarahbther side materials were colored

primarily.
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6. Discussions

Compared with other studies focused on crystaibmadf different body fluids we
discovered some similarity and also differencesesehfeatures were observed from
methodology to results of other studies.

The methodology of presented study was inspiredgthyly of Haberova (2010).
The samples of saliva were obtained by plasticeeofftirrer. The sampling by coffee
stirrer is not complicated but there is possibibfydamaging the stirrer and consequently
swallowing. Also plastic coffee stirrer can inflwenthe quality of samples and the
structure of crystallization. Other unsuitable ttwmlobtain saliva is frosted glass slide put
on tongue, which was used in bitches by Pardo-Caani®2010). In this case the glass can
injure tongue or animal can destroy the glass shidé consequently swallow fragments.
But in this study a finger gloved was used for obtey saliva. Consequently a finger
gloved was impressed on the glass slide. This ndetbald be used in cattle.

Evaluation of samples was done according to Halde(@010). From study of
camels the scoring system was taken and applieshtiva crystallization in cattle. But
later this system of classification was used ordyn@del of possible similar features of
defined type of crystallization. Thus the arbori@atin cattle differed from crystallization
in camels in all cases of observation.

Monitoring of saliva crystallization or crystallizan of other body fluids was made
mainly by microscope at magnification 400x. Butd®aCarmona et al. (2010) examined
crystals at magnification 100x. But this observaticould cause overlooking of some
details in created crystals. According to study safiva crystallization in cattle the
magnification 100x is considered to be more sugtaldr assessment of density and
occurrence of crystalline patterns.

Classification of the crystallization was mostlyngosubjectively; this means that
one author of research decided the type or levehitallization (Habeorva, 2010; Pardo-
Carmona, 2010). But in the study of Alliston et(4P58) the determination of arborization
was done by two authors independently. From theseovations the median was assessed
and consequently the type of crystallization washeined.

The classification of combinations of saliva crilgtation in cattle was difficult

due to variations of basic types.
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In any study the shape of crystals was not destiibeletails as in the research of
camel’s and cow’s saliva. Apart from the study ofdidig and Brennan (1989) where
were mentioned abundance of crystals and spacesdtbranches.

Some similarity in patterns of saliva crystallipat in cattle was discovered in
other types of arborization of different body flsidor example in saliva and cervical
mucus in bitches (Pardo-Carmona, 2010; England &nAl1989), cervical mucus in
bovine (Noonan et al., 1975), human cervical mu@endek & Rozin, 1954), cervical
mucus in pigs (Betteridge & Raeside, 1962) and hutears (Golding & Brennan, 1989).
The atypical crystallization of cervical mucus waescribed in Rob and Stehlik (1983).
Significant similarity of atypical crystallizatiowas noticeable between saliva and cervical
mucus in cattle. Some of the atypical crystalsaiiva were identical to atypical crystals in
cervical mucus during metabolic disorders and mfteatory processes. There is a
consideration that the atypical crystallization veasised by bad quality of smears or by
some metabolic or reproductive diseases, whichneasletected and confirmed by farmer
of CULS Estate Lany — Ruda. The branch-like cryigtaion in cows was represented by
different variants. The base of branch-like crystaas similar in cows and camels, but the
differences were noticed in size of crystals andannection of individual side branches to
the main branch. The comparison of branch-like tatlygation in cows and camels is

shown in Fig. 17.

Fig. 17: Comparison of BL crystallization in camaltsd cows

A: BL crystals in camels (photo by Haberova, 2010)
B: BL crystals in cows (photo by author)
C: BL crystals in cows (photo by author)
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The frayed crystals were the other feature, whiels vecorded during examination.
It was detected mainly in mixed branch-like andlike crystallization or in fir-like
crystallization. The fraying was visible in wholeystals or only in terminal parts of
branches. This effect was not considered as a quasee of any disease or disorder,
because the occurrence of frayed crystals was eadtie with high frequency. This
phenomenon is shown in Fig. 18.

Fig. 18: The fraying effect of crystals (photo hyttzor)

The low occurrence or less developed crystallinatould be influenced by bad
sampling and subsequent smearing. Because somilsrgsuld be destroy by strong
movements of coffee stirrer. Also the contaminamtsamples could influenced occurrence
of less developed or none crystallization. In tbataminated samples were found rests of
feeds.

The connection between type of saliva crystallaatand stage of reproductive
cycle was not discovered, it could be due to symmization of estrus. Because tested
animals did not pass through the whole reproduatiete and it could be concluded, that
saliva crystallization, scored by mentioned systeould not be used in practice as tool for
heat detection.

The changes in crystallization after inseminatioaravdescribed. The level of
crystallization decreased during the period of nestrus and the lowest level of
crystallization dominated during following days. €Be results were noticed only in
pregnant animals. It was considered, that samplirggttle saliva and the changes in saliva
crystallization after insemination could be implentesl to practice. Because of saliva
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sampling is simple and cheap method as well asraibgeof crystallization. According to
the results, changes in arborization after insetiwnan time of next estrus can distinguish
cycling and non-cycling animals or perhaps pregrammals and cycling animals. But
only 8 animals were included in research. Thera @ossibility of distorted results. The
further and more detailed examination of crystalscattle saliva is needed, especially
crystals occurring in cycling and non-cycling anisna

The localization of crystals was not evaluated, lgtording to subjective
observation was concluded, that the biggest presehcrystals was in the thicker layer of
saliva, near very small contamination, bubbles adde of a glass slide. In study of
Alliston et al. (1958) the occurrence of crystaisuad bubbles was categorized to scoring
system.

The occurrence of individual types of crystallipatiwas compared only with
studies focused on saliva crystallization in ansnabmely camels (Haberov4, 2010) and
bitches (Pardo-Carmona et al., 2010). The biggwilasiity was discovered in study of
camels, because there were also confirmed all tgpesystallization and one of the most
common arborization was branch-like. In case ofHat most developed crystallization
occurred a few days around optimal time of matiogt@ary in cows most developed
arborization appeared after insemination.

The quality of samples and monitoring of crystalswnot influenced by storage of
samples. The smears can be preserved for a fewhmantroom temperature. The glass
slides were closed in plastic or paper transportingx against destruction or
contamination. The negative influence of preseorabn crystallization was verified by
control observation of selected glass slides aftieww months.

None studies were discovered to compare methodilofasstaining by Giemsa.
Unsuccessful samples coloring by Giemsa stain cbeldcaused by wrong method of
staining. The saliva crystallization could be dasthly higher concentration of Giemsa or
long time of action. The process of coloring wasmepeated and other concentrations and

times of influence were not tested.
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7. Conclusion

Completely were evaluated 408 samples of cattlessalhe saliva arborization and
its changes in type of crystallization were congdnin all of examined animals. Other
signs of changes in saliva arborization were markedsize of crystals, level of
development, density of individual crystals, thieke and entirety of crystals and
frequency of occurrence of crystallization in oaenple.

Three most common types of crystallization wereeckeid during whole period of
observation, namely branch-like, mixed branch-kel fir-like, mixed fit-like and fern-
like. Besides common types of arborization the iabjpcrystallization was noticed. It was
detected together with branch-like, mixed bran&k-and fir-like and also with fern like
and mixed fir-like and fern-like crystallization.h& atypical crystallization was also
presented in pregnant and non-pregnant animals aspplement of other types of
crystallization.

The branch-like crystallization dominated aftertbapplications of preparation of
synchronization. Only two types of arborization wemarked in time of artificial
insemination, such as mixed branch-like and fiel&nd mixed branch-like, fir-like and
fern-like. The higher frequency was noticeableasecof mixed branch-like and fir-like.

The thickness, entirety and density were evaluagedupplemental characteristics
of crystals. The statistical conclusiveness wadicoad only in case of density of crystals
in relationship with sample quality. This meanstteamples with good quality were
represented by higher densities of crystals thamaroinated samples or samples with thin
smear of saliva. The general types of crystallmatccurred in different levels of density.
The results showed that less developed crystabtizgdotted, branch-like) appeared in
lower densities than more developed crystals i&;l mixed branch-like and fir-like,
mixed branch-like, fir-like and fern like, mixedike and fern-like).

The changes of crystallization were detected afteemination together with
difference between pregnant and non-pregnant asinokiring a few days after
insemination. The fir-like and fern-like crystatizon dominated from insemination till
16" day after insemination. The fir-like crystallizatiis less developed type and prevailed

between the days 16— 20". The lowest level of these crystallizations, btatike,
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dominated after Z1 day. These highest occurrences were detected innjyregnant
animals.

The Giemsa stain, used by mentioned process, wasamsidered as a tool for
better searching of crystals. The connection betwégpe of crystallization and
reproductive cycle in cattle was not discoveredammals, which were included into
synchronized estrus programme. | cannot recommendidage of this method in practice
yet, because the values of crystallization in mydgtwere not statistically significant.
According to the results, the recognition of phasereproductive cycle using saliva

crystallization, evaluated by mentioned score pispossible.
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APPENDIX 1

Table used for evaluation of crystallization
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