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1  | INTRODUCTION

Bile acids (BAs) are well known as main functional components of the 
bile. Usually, bile is secreted by hepatocytes and is stored and con‐
centrated in the gallbladder. During digestion, bile is secreted into 
the lumen of the small intestine, where its acids act as emulsifiers of 
nutritional components (Russell, 2003). From the intestine, BAs are 
absorbed, re‐transported to the liver via portal circulation and then 

re‐secreted into the bile (Arias et al., 2009). BAs can also be cytotoxic 
and exhibit pathological effects if they accumulate in high concentra‐
tions. In humans it is known that BAs can be efficiently eliminated in 
urine. They are mainly sulphated, which increase the solubility and de‐
crease the intestinal resorption, for urinary excretion (Alnouti, 2009).

BAs, particular primary BAs, are synthesized from cholesterol 
by the liver (Russell, 2003). Cholic and chenodeoxycholic acids (CA; 
CDCA) are the primary BAs in most species of domestic animals  

 

DOI: 10.1002/vms3.217  

O R I G I N A L  A R T I C L E

Profile of bile acid subspecies is similar in blood and follicular 
fluid of cattle

Carina Blaschka1  |   Alberto Sánchez‐Guijo2 |   Stefan A. Wudy2 |   Christine Wrenzycki1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2019 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd

1Clinic for Veterinary Obstetrics, 
Gynecology and Andrology, Molecular 
Reproductive Medicine, Justus‐Liebig‐
University, Giessen, Germany
2Steroid Research and Mass Spectrometry 
Unit, Center of Child and Adolescent 
Medicine, Faculty of Medicine, Justus‐
Liebig‐University, Giessen, Germany

Correspondence
Christine Wrenzycki, Clinic for Veterinary 
Obstetrics, Gynaecology and Andrology, 
Department of Molecular Reproductive 
Medicine, Faculty of Veterinary Medicine, 
Justus‐Liebig‐University Giessen, 
Frankfurter Strasse 106, D‐35392 Giessen, 
Germany.
Email: christine.wrenzycki@vetmed. 
uni‐giessen.de

Present address
Carina Blaschka, Livestock Biotechnology 
and Reproduction, Faculty of Agricultural 
Sciences, Georg‐August‐University, 
Goettingen, Germany

Funding information
Deutsche Forschungsgemeinschaft, Grant/
Award Number: WR 154/3‐1

Abstract
The composition of follicular fluid (FF) has an impact on the developmental capacity 
of the oocyte and the resulting embryo. FF is composed of blood plasma constituents 
which cross the blood follicular barrier and the secretory components of granulosa 
and theca cells. Moreover, it has been shown recently that follicular cells have the 
ability to synthesize bile acids (BAs). BAs are present in several fluids of mammals 
especially in bile, blood and urine. FF is an essential impacting factor on the oocyte 
quality and therefore resulting embryos. To achieve a better understanding of this 
subject, the presence and concentration of BAs were measured in fluid collected 
from bovine follicles, categorized according to their size, throughout two entire oes‐
trus cycles and compared to those in blood and urine. The body fluids were collected 
during the same examination procedure and in total samples from four heifers were 
obtained. A broad spectrum of 11 BA derivatives was measured applying liquid chro‐
matography–tandem mass spectrometry (LC‐MS/MS). The simultaneous and direct 
quantification of BAs in different body fluids of cattle are reported. Within the fol‐
licular fluid, blood and urine, cholic acid and glycocholic acid are the dominant BA 
subspecies irrespective of the oestrus cycle stage. Moreover, BA concentrations in 
blood compared to those in the FF were similar. For the first time these results clearly 
highlight the presence of different BA subspecies in FF, blood and urine during the 
oestrus cycle in cattle.
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(Elliott & Hyde, 1971). Microorganisms in the small intestine transform 
these into secondary BAs, like deoxycholic and lithocholic acids (DCA; 
LCA; (Lefebvre, Cariou, Lien, Kuipers, & Staels, 2009)). In addition, pri‐
mary and secondary BAs can be conjugated with amino acids, either 
glycine or taurine, which are then designated as bile salts (Elliott & 
Hyde, 1971). Conjugated BAs are: glycocholic acid (GCA), taurocholic 
acid (TCA), glycodeoxycholic acid (GDCA), taurodeoxycholic acid 
(TDCA), glycochenodeoxycholic acid (GCDCA), taurochenodeoxycho‐
lic acid (TCDCA), glycolithocholic acid (GLCA) and taurolithocholic acid 
(TLCA).

BAs are present in several body fluids like bile, blood and urine. 
Recently, BAs were also detected in follicular fluid (FF) of humans 
(Nagy et al., 2015; Smith et al., 2009) and cattle (Sanchez et al., 
2014; Sanchez‐Guijo, Blaschka, Hartmann, Wrenzycki, & Wudy, 
2016). Smith et al. (2009) determined the total BA concentration 
in human FF depending on an hCG (human chorionic gonadotropin) 
treatment. They detected a significant higher concentration of BAs 
in FF compared to serum and postulated BA production via follicu‐
lar cells. In humans, Nagy et al. (2015) also determined a significant 
higher concentration of BAs in the fluid of follicles than in serum. 
Moreover, they associated individual follicular BA subspecies with 
embryo quality. Sanchez et al. (2014) compared total BA concen‐
tration in plasma and FF of lactating cows and heifers. Plasma and 
FF of lactating cows contained a significant higher concentration 
of total BAs than that of heifers. Recently, different BA subspe‐
cies have been quantified in FF derived from follicles of different 
sizes	 (3–5	mm,	6–8	mm,	9–14	mm,	≥15	mm)	 collected	 from	abat‐
toir‐derived ovaries during interoestrus. The primary BA CA and the 
corresponding conjugated form GCA showed the highest concen‐
trations irrespective of the follicle size (Sanchez‐Guijo, Blaschka, et 
al., 2016).

FF is composed of blood plasma constituents, which cross the 
blood follicular barrier and the secretory components of granulosa 
and theca cells (Fortune, 1994; Hennet & Combelles, 2012). Thus 
the FF consists of a large amount of components such as proteins, 
cytokines, growth factors, peptide hormones, steroids, energy me‐
tabolites and other unknown components (Leroy et al., 2011; Sutton, 
Gilchrist, & Thompson, 2003; Van Hoeck et al., 2013; Wrenzycki & 
Stinshoff, 2013). Therefore, the composition of FF has an impact on 
the developmental capacity of the oocyte and the resulting embryo. 
But the function of BA in FF and their role within folliculogenesis is 
still unknown. Moreover, the origin of the BAs is largely unclarified.

The increase in knowledge related to the pattern of the BA sub‐
species depending on the oestrus cycle stage in cattle will provide a 
better understanding of the physiological processes and their possi‐
ble relevance in fertility. Moreover, the extended knowledge may be 
used for the improvement in in vitro production systems of oocytes 
and pre‐implantation embryos.

Therefore, the aim of the present study was to quantify and com‐
pare the BA subspecies in FF collected at a defined oestrus cycle 
stage and in blood and urine samples obtained throughout the entire 
oestrus cycle of heifers.

2  | MATERIAL AND METHODS

2.1 | Collection of follicular fluid via ovum pick‐up 
(OPU)

Follicular fluid was collected from four heifers provided by 
Masterrind GmbH (ET station, Loxstedt, Germany). Undisturbed 
general physical conditions as well as sound gynaecological health 
were required. Before the individual OPU sessions, the animals re‐
ceived an epidural anaesthesia according to their respective body 
weight (2% procainhydrochlorid, 2% procasel, Selectavet, Weyam‐
Holzolling, Germany).

All experiments with animals were conducted according the 
German ethical guidelines of animal welfare, which were approved by 
regional council (Regierungspräsidium) Giessen of the State of Hesse 
(Reference numbers V 54–19 c 20 15 hr 02 GI 18/14 Nr. A1/2016).

The ultrasound guided aspiration of FF was implemented with 
a GE Logiq e ultrasound unit combined with a 7.5 MHz‐probe (type 
8C‐RS, GE Health care, Munich, Germany). The carrier for the ultra‐
sound probe was individually developed, handmade by the precision 
mechanics of the Institute of Farm Animal Genetics of the Friedrich‐
Loeffler‐Institute in Mariensee, Germany and equipped with a needle 
guide. The aspiration needle is a standard commercial cannula (20G x 
2	¾	̎	(0.9	x	70	mm)	and	a	short	bevel)	of	Terumo	from	Leuven,	Belgium.

All visible follicles were categorized according to their size 
(3–5	 mm,	 6–8	 mm,	 9–14	 mm;	 ≥15	 mm).	 The	 aspiration	 was	 per‐
formed as described (Kruip, Boni, Wurth, Roelofsen, & Pieterse, 1994; 
Pieterse, Kappen, Kruip, & Taverne, 1988). Each ovary was transrec‐
tally fixed and placed in front of the ultrasound probe. The follicles 
were punctured through the vaginal wall. The aspiration was deemed 
successful if the cavity of the follicle collapsed during puncture. 
Pathological changes (intrafollicular haematoma, a slight hardening of 
the ovarian tunica albuginea, fibrous tissue accumulation around the 
ovaries) are described in the context of the OPU, but experience with 
the use of this method shows that no major negative effects on repro‐
ductive potential of animals are to be feared (Petyim, Bage, Forsberg, 
Rodriguez‐Martinez, & Larsson, 2000, 2001).

After the puncture of the different follicle classes, the aspi‐
ration needle was changed and the tube was rinsed with phos‐
phate‐buffered saline (PBS) without bovine serum albumin. Until 
arrival at the laboratory, the samples were stored on ice at least 
for 40 min.

At the laboratory, the samples were centrifuged for 3 min at 300 g  
to separate the fluid from components of any cells and the superna‐
tant	was	stored	at	−20°C	until	further	analyses.

2.2 | Collection of blood samples

Blood samples were collected during two physiological oestrus cy‐
cles (three healthy heifers) and before the OPU sessions (four differ‐
ent healthy heifers).

The animals were examined via rectal palpation, sonography 
(LOGIQ e, GE Healthcare, Solingen, Germany) and vaginoscopy 
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to assess the oestrus stage. They were categorized according to 
the oestrus cycle stage based on morphological criteria (Hafez & 
Hafez, 2000) and following the nomenclature published by Senger 
(2005).

Blood was obtained from the vein at the tail (vena caudalis me‐
diana). The samples were centrifuged (300 g for 5 min at room tem‐
perature),	the	serum	was	collected	and	stored	at	−20°C	until	further	
analyses.

2.3 | Collection of urine samples

At each OPU session, urine samples were collected from each ani‐
mal. The external genital tract was cleaned and massaged. The pro‐
cedure took place before blood was taken and the animals got the 
epidural	anaesthesia.	The	urine	samples	were	stored	at	−20°C	until	
further analyses.

2.4 | Analyses of bile acids via liquid 
chromatography–tandem mass spectrometry (LC‐MS/
MS)

FF, serum and urine collected within the OPU sessions and serum 
obtained during the oestrus cycles were analysed by LC‐MS/MS.

The sample preparation and the BA quantification followed the 
procedure outlined by Sanchez‐Guijo, Blaschka, et al. (2016). Biological 
fluid (200 µl) was incubated after the addition of deuterated internal 
standards with gently shaking for 30 min at room temperature. After 
protein precipitation, the supernatant was collected and mixed with 
3 ml of water in a glass tube. After activation of SepPak C18 cartridges 
(Water Corporation), the content of the glass tube was added to the 
cartridge and washed with 3 ml of water followed by 6 ml of hexane. 
BAs were eluted from the cartridge with 5 ml methanol. After evap‐
oration of the methanol under nitrogen stream, the samples were re‐
constituted in 250 μl of a solution containing 50% of MeOH, 49.75% 
of water and 0.25% ammonium hydroxide. The reconstituted samples 
were centrifuged and 10 µl of the supernatants was injected in the 
LC‐MS/MS system with measurements performed as triplicates. The 
analytical column was an Accucore Phenyl‐X column (50 × 4.6 mm, 
2.6 μm), from Thermo Fisher Scientific (Dreieich, Germany). The HPLC 
system, an Agilent 1200SL, was connected to a triple quadrupole 
mass spectrometer (TSQ, Quantum Ultra, Thermo Fisher Scientific, 
Dreieich, Germany) using electrospray ionization in negative detection 
mode (Sanchez‐Guijo, Blaschka, et al., 2016). This method allows the 
simultaneous measurement of the following BAs: CA, CDCA, DCA, 
GCA, TCA, GDCA, TDCA, GCDCA, TCDCA, GLCA, TLCA. Limits of 
quantification (LOQ) were 10 ng/ml for DCA, LCA, GDCA, GCDCA, 
GLCA and TLCA; 15 ng/ml for TDCA and TCDCA; 20 ng/ml for CA and 
GCA; 25 ng/ml for CDCA and TCA.

As no differences could be detected related to the size of the 
follicles the fluid stems from, data were pooled.

Blood collected during the physiological oestrus cycle was also 
analysed for free (unesterified) cholesterol as reported by Sanchez‐
Guijo, Neunzig, et al. (2016), LOQ: 60 nmol/L.

2.5 | Analyses of estradiol‐17β and progesterone via 
radioimmunoassay (RIA)

The serum obtained from the animals during two oestrus cycles and 
the OPU sessions was also analysed via RIA. The determination of 
estradiol‐17β (E2) and progesterone (P4) via RIA was applied to verify 
retrospectively the supposed cycle stage at the day of sampling.

Concentrations of P4 and E2 were determined in duplicate using 
well‐established radio‐immunological methods after extraction of 
the samples with organic solvents. The measurement of P4 followed 
the procedure outlined by Hoffmann, Kyrein, & Ender (1973) as previ‐
ously described (Klein, Schams, Failing, & Hoffmann, 2003). Samples 
(0.1 ml) were extracted twice with 2 ml hexane. The antiserum ap‐
plied was generated against 4‐pregnene‐11α‐ol‐3,20‐dione‐hemisuc‐
ciate‐BSA. Intra‐ and inter‐assay coefficients of variation were 8.8 
and 8.9% respectively. The limit of quantification was 0.1 ng/ml.

Measurements of E2 were performed as previously described 
(Hoffmann, Hoveler, Hasan, & Failing, 1992; Klein et al., 2003). 
Plasma samples (0.25 ml) were extracted twice with 2.5 ml toluene. 
The antiserum was directed against oestradiol‐17β‐6‐carboxymeth‐
yloxim‐BSA. Intra‐ and inter‐assay coefficients were 7.1 and 17.6% 
respectively. The limit of quantification was 2 pg/mL.

2.6 | Analysis of creatinine via photometer

The creatinine (Cr) concentration was measured in the urine samples ob‐
tained during the OPU sessions measuring a detectable colour reaction 
(Jaffé‐method) using a photometer (EPAC 6140, Eppendorf, Germany).

A standard commercial kit (LT‐CR0121, LT‐SYS Labor + Technik 
GmbH, Berlin, Germany) was used as recommended by the manufac‐
turer. The concentration of Cr was determined as the reference level 
for BAs in urine. The concentration of Cr is not influenced by nutri‐
tion and/ or protein metabolism (Kraft & Dürr, 2005). Moreover, it is 
subjected to a largely glomerular filtration in the kidney. Therefore, 
it can be used to calculate the different residence time of urine in the 
bladder to relativize the influence of the dilution (Bile acids [ng/mL]/ 
Creatinine [mg/mL] =ng BA/ mg Cr).

Blood collected during the physiological oestrus cycle was also 
analysed for total cholesterol (Kraft & Dürr, 2005; Leroy et al., 2004; 
Sanchez et al., 2014). A commercial kit (LT‐CH 0101; Labor + Technik 
Eberhardt Lehmann GmbH; Berlin; Germany) was used as recom‐
mended by the manufacturer.

2.7 | Statistical analyses

Data of quantifiable BA derivates in serum and FF, obtained within 
the OPU sessions, were investigated for calculation of a relation of 
the BA concentration in both body fluids. Hence, for quantifiable BA 
subspecies concentration in serum and FF pairwise linear correla‐
tion analysis (Pearson correlation coefficient) was performed. Data 
from all cattle used for OPU were pooled for each BA subspecies of 
serum. Also, FF data were pooled from all classes of follicles and cat‐
tle for each BA subspecies.
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Moreover, the linear correlation (Pearson correlation coefficient) 
was tested for the concentration of total and unesterified choles‐
terol in serum, collected within a physiological oestrus cycle. Data 
from all cattle used for serum collection were pooled for free and 
total cholesterol.

A p value less than 0.05 was considered to be significant. All sta‐
tistical analyses were performed with SigmaStat (version 3.5, Systat 
Software GmbH, Erkrath, Germany).

3  | RESULTS

3.1 | Quantification of follicular BA subspecies 
obtained during the OPU sessions

CA and GCA are the dominate BAs in FF irrespective of the oestrus 
cycle stage. Moreover, CDCA was the BA in lowest concentration in FF 
during the whole oestrus cycle. Data are shown in Table 2 and Figure 1a.

F I G U R E  1   Concentration (ng/ml) of BAs (CA: cholic acid, CDCA: chenodeoxycholic acid, DCA: deoxycholic acid, GCA: glycocholic 
acid, TCA: taurocholic acid, GDCA: glycodeoxycholic acid, TDCA: taurodeoxycholic acid, GCDCA: glycochenodeoxycholic acid, TCDCA: 
taurochenodeoxycholic acid) in different fluids. The results are shown as mean ± SEM. (a) BA derivatives in follicular fluid obtained via OPU. 
(b) BA derivatives in serum obtained during OPU sessions
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3.2 | Quantification of BA subspecies in blood of 
cycling heifers

The concentrations of BAs in blood collected during two physiologi‐
cal oestrus cycles are shown in Table 1 and Figure S1. The BAs in 
highest concentrations were CA and its conjugated form GCA. The 
lowest concentrations were measured for CDCA, LCA, GLCA and 
TLCA.

The profile of the different BA subspecies in blood collected 
during the OPU sessions showed similar values compared to those in 
blood collected during the physiological oestrus cycles. The highest 
amounts were determined for CA and its amino acid conjugate GCA. 
The lowest concentrations were measured for CDCA. Results are 
shown in Tables 1, 2 and Figure 1b.

3.3 | Correlation of BA subspecies and cholesterol

Pairwise analysis for BA concentration in serum and FF yielded a 
strong correlation between CA in serum and CA in FF during the 
pro‐oestrus, oestrus and interoestrus. Also, a strong correlation was 
detected for GCA in serum versus GCA in FF during the oestrus and 
interoestrus. The correlation coefficients of the BA subspecies in 
serum versus FF during the different oestrus cycle stages are shown 
in Table 3 and Figure 2.

Pairwise analysis of free versus total cholesterol concentrations 
in serum during the physiological oestrus cycle resulted in a signifi‐
cant correlation, irrespective of the cycle stage (Table 4).

3.4 | Quantification of BA subspecies in urine of 
cycling heifers

In urine, CA showed the highest concentration of all BAs, whereas 
GDCA was determined in the lowest concentrations. CDCA, TDCA, 
GCDCA and TCDCA were not detectable. The concentrations of 
BAs in urine were related to urine Cr concentration to eliminate vari‐
ations in urine density. Also in relation to the Cr concentration, the 
BA derivatives show the same proportionality. Still CA is the BA with 
the highest concentration and GDCA with the lowest one. The re‐
sults are shown in Table 2 and Figure S2.

4  | DISCUSSION

BAs are usually known to be involved in physiological processes 
like solubilization of dietary lipids. But recently published data 
suggested a relation between BAs and reproduction in humans 
(Nagy et al., 2015; Smith et al., 2009) and cattle (Sanchez et al., 
2014; Sanchez‐Guijo, Blaschka, et al., 2016), which opened a new 
field of research.

The role of BA within folliculogenesis and their origin are still 
unknown. On the one hand they could diffuse from blood to FF 
through the follicular wall. In this case it should be assumed that 
the concentration in blood and FF should be nearly identical. 

Nonetheless, it is known that follicular development is associ‐
ated with a steady increase in size and hence fluid accumulation 
in the follicle. This would suggest an increasing dilution of the 
BA subspecies with the increase in follicle size. Data from this 
study do not support this hypothesis. No statistical differences 
were detected in BA concentrations throughout the oestrus cycle 
(Table 1). A possible explanation could be a continuous diffusion 
into the follicle.

On the other hand, BA could be actively synthesized by the 
follicular cells as postulated by Smith et al. (2009). Therefore, the 
content in FF compared to blood would be expected to be higher. 
Smith et al. (2009) detected higher concentrations of BAs in human 
FF than in serum collected 30 min after the FF collection. In addition, 
Nagy et al. (2015) reported higher values of BAs in FF than in serum. 
In the present study concentrations in blood either collected during 
the physiological oestrus cycle or the OPU sessions compared to 
those in the FF were similar or slightly higher (Figure 2). Therefore, 
we speculate that the BAs in bovine FF were mainly diffused through 

TA B L E  3   Correlation of bile acid subspecies in serum and FF 
within the oestrus cycle

  Pro‐oestrus Oestrus Post‐oestrus Interoestrus

CA r 0.939 0.974 0.644 0.442

p .00548 .000974 .168 .0146

n 6 6 6 30

CDCA r 0.771 0.0425 0.997 0.541

p .229 .957 .00302 .00244

n 4 4 4 29

DCA r 0.866 0.846 0.961 0.434

p .0578 .0339 .00222 .0167

n 5 6 6 30

GCA r 0.775 0.867 0.756 0.509

p .0702 .0253 .0821 .00408

n 6 6 6 30

TCA r 0.839 0.791 0.879 0.554

p .0368 .0607 .0209 .00181

n 6 6 6 29

GDCA r 0.842 0.660 0.741 0.460

p .0356 .154 .0918 .0105

n 6 6 6 30

TDCA r 0.775 0.726 0.713 0.455

p .0700 .102 .112 .0151

n 6 6 6 28

GCDCA r 0.947 0.825 0.690 0.332

p .00417 .0431 .129 .0843

n 6 6 6 28

TCDCA r 0.850 0.764 0.639 0.403

p .0681 .0772 .172 .0333

n 5 6 6 28

Abbreviations: n, number of repetitions; p significance level, p	≤	.05;	
r, correlation coefficient.
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the cell layers of the follicle wall. The significant positive correlation 
of bile acid derivatives in blood and FF reinforces this hypothesis 
(see section 3.3). Moreover, this might be confirmed by the fact that 
it was possible to quantify DCA, a secondary BA. Secondary BAs are 
generated by intestinal bacteria, and therefore their presence in FF 
would not be possible if the only source of BAs was ‘de novo’ syn‐
thesis. Hence, this supports a diffusion process of BAs from blood to 
FF in cattle. If the BAs were accumulated in the follicle alone via dif‐
fusion processes, the concentration would have to decrease with in‐
creasing size of the follicle due to a dilution related to the increasing 
volume of the FF. Further on, a decreasing BA synthesis of follicular 
cells could be assumed. Sanchez et al. (2014) determined that the 
amount of total BAs in FF of the dominant follicle were lower than 
the plasma concentrations. Furthermore, they observed threefold 
higher concentrations of total BAs in FF of dominant follicles and 

plasma originating from lactating cows than in those from heifers. In 
the current study, samples were collected only from heifers. A pos‐
sible effect of the lactation respectively the suggested ‘metabolic 
stress’ (Sanchez et al., 2014) could not be confirmed. Both Sanchez 
et al. (2014) and Smith et al. (2009) measured the total BA concen‐
tration with a colorimetric kit. Hence, the present study determined 
a more detailed spectrum of the BA subspecies in serum and FF in 
correlation to the oestrus cycle. Moreover, the difference in the 
amount of BA in serum and FF could also be studied.

BAs seem to be always present in FF and might have an impact for 
the oocytes' and resulting embryos' quality (Nagy et al., 2015). However, 
only little is known about the distribution pattern of BAs in FF, blood 
and urine depending on the oestrus cycle. Therefore, in the present 
study profiles of BA subspecies were determined in FF, blood and urine. 
In a previous study, (Sanchez‐Guijo, Blaschka, et al., 2016) CA and GCA, 
the conjugated form as the predominant BAs, could determine in FF col‐
lected form slaughterhouse‐derived ovaries at one oestrus cycle stage, 
the interoestrus. Those results are confirmed by the data obtained in 
this study. In FF referring to the entire oestrus cycle stage collected 
during the OPU sessions, CA and its amino acid conjugate (GCA) were 
also the major BAs. In contrast, in humans, CDCA and its conjugated 
forms were the predominant BA in FF (Nagy et al., (2015)).

This species‐specificity also seems to be present in blood. In 
humans, CA and CDCA are the primary BAs and LCA and DCA 

F I G U R E  2  Concentration	(ng/ml)	of	BA	derivatives	in	follicular	fluid	(FF)	and	blood;	◊	=	FF,	□	=	blood

TA B L E  4   Correlation of total and free cholesterol in serum

 Pro‐oestrus Oestrus Post‐oestrus Interoestrus

r 0.987 0.957 0.976 0.991

p .00167 .00272 .000831 .0000132

n 5 6 6 7

Abbreviations: r, correlation coefficient; p significance level, p	≤	.05;	n, 
number of repetitions.
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the major secondary BAs whereas in rodents and bears muricholic 
acid (MCA) and ursodeoxycholic acid (UDCA) are the primary BAs 
(Bathena, Mukherjee, Olivera, & Alnouti, 2013; Huang, Bathena, 
Csanaky, & Alnouti, 2011; Washizu, Tomoda, & Kaneko, 1991). 
CDCA has been detected as the major BA in human serum. In com‐
parison, as already reported, (Washizu et al., 1991) CA and GCA 
are the main BAs in bovine serum. This might indicate an affinity 
for conjugation with glycine in bovine serum. CA and its amino 
acid conjugated form (GCA) were the predominant BAs in serum of 
heifers irrespective of the oestrus cycle stage (Table 1, Figure 1). 
In contrast, CDCA was detected with the lowest concentrations in 
bovine serum during the entire cycle.

The precursor of BAs and steroids is cholesterol (Kraft & Dürr, 2005). 
In blood, the main fraction is ligated to unsaturated fatty acids and trans‐
ported with lipoproteins, because of its low water solubility. The metab‐
olism is regulated by the liver and the concentration is correlated with 
the feed uptake and milk yield in cattle (Kraft and Dürr, 2005; Thomas, 
2007). The present study determined a strong correlation between the 
unesterified cholesterol and the total cholesterol themselves.

BAs can also be cytotoxic and exhibit pathological effects if they 
accumulate in high concentrations. Therefore, in humans, the main 
pathway for detoxification and elimination of BAs is the sulfation. 
Bathena et al. (2013) reported a > 89% of BA sulfation in human urine. 
Nevertheless, in mice the elimination by means of sulfation followed 
by urinary excretion seems to be a minor pathway (Huang et al., 2011). 
The present study demonstrated an excretion of different BA subspe‐
cies, especially of the major derivatives in blood and FF, in urine from 
heifers. These might suggest an extraction without sulfation.

5  | CONCLUSION

This study reports the simultaneous and direct quantification of BAs 
in different body fluids such as serum, FF and urine during the oes‐
trus cycle of cattle. Nevertheless, as data were obtained from four 
animals throughout two complete oestrus cycles, further studies will 
be needed to clarify the origin and the possibility of BAs synthesis 
via follicular cells. The knowledge about the impact of BAs on oocyte 
growth and maturation as well as on subsequent embryo develop‐
ment still needs to be determined in detail.
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