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ABSTRACT

Hypocalcemia in dairy cows is caused by the sudden 
increase in calcium demand by the mammary gland for 
milk production at the onset of lactation. Serotonin (5-
HT) is a key factor for calcium homeostasis, modulating 
calcium concentration in blood. Therefore, it is hypoth-
esized that administration of 5-hydroxy-l-tryptophan 
(5-HTP), a 5-HT precursor, can increase 5-HT concen-
trations in blood and, in turn, induce an increase in 
blood calcium concentration. In this study, 20 Holstein 
dairy cows were randomly assigned to 2 experimental 
groups. Both groups received a daily i.v. infusion of 1 
L of either 0.9% NaCl (C group; n = 10) or 0.9% NaCl 
containing 1 mg of 5-HTP/kg of BW (5-HTP group, 
n = 10). Infusions started d 10 before the estimated 
parturition and ceased the day of parturition, resulting 
in at least 4 d of infusion (8.37 ± 0.74 d of infusion). 
Until parturition, blood samples were collected every 
morning before the infusions, after parturition samples 
were taken daily until d 7, and a final sample was col-
lected on d 30. Milk yield was recorded during this 
period. No differences between groups were observed 
for blood glucose, magnesium, and β-hydroxybutyrate. 
Cows receiving the 5-HTP infusion showed an increase 
in fatty acid concentrations from d −3 to −1 before 
parturition. Serum 5-HT concentrations were increased 
at d −4 related to parturition until d 5 postpartum 
in the 5-HTP group compared with the C group. In 
addition, cows from the 5-HTP group had increased 
5-HT concentrations in colostrum, but not in mature 
milk, on d 7 postpartum. Serum calcium concentrations 
decreased in both groups around parturition; however, 
calcium remained higher in the 5-HTP group than in 
controls, with a significant difference between groups 
on d 1 (1.62 ± 0.08 vs. 1.93 ± 0.09 mmol/L in control 
and 5-HTP groups, respectively) and d 2 (1.83 ± 0.06 
vs. 2.07 ± 0.07 mmol/L in control and 5-HTP groups, 

respectively). Additionally, colostrum yield (first milk-
ing) was lower in the 5-HTP group compared with the 
C group, but without consequences on colostrum IgG 
concentrations. Milk yield did not differ between groups 
during the rest of the experiment. The study data were 
consistent with the concept that infusion of 5-HTP to 
dairy cows increases blood 5-HT concentrations, which 
in turn is a significant regulatory component in the 
chain of effectors that affect calcium status around par-
turition, hence the occurrence of clinical or subclinical 
hypocalcemia.
Key words: serotonin, hypocalcemia, calcium, 
5-hydroxy-l-tryptophan

INTRODUCTION

Hypocalcemia (HC) is a frequent problem in par-
turient dairy cows (Oetzel, 1988). According to Re-
inhardt et al. (2011), in countries with high-yielding 
cows the incidence of clinical hypocalcemia (calcium 
concentration <1.5 mmol/L) is estimated to be 5%. 
Hypocalcemia is caused by the inability to maintain 
appropriate circulating calcium concentrations in blood 
as a consequence of the abrupt demand of calcium by 
the mammary gland during transition from pregnancy 
to lactation. Hypocalcemia is known to affect many 
intracellular functions (Martinez et al., 2012) and to 
increase the risk of numerous production-related dis-
eases in transition cows, compromising not only ani-
mal welfare but also performance. Calcium is required 
for muscle contraction, and therefore inappropriate 
concentrations affect the function and motility of the 
rumen, abomasum, intestine, and uterus (Cameron et 
al., 1998; Kimura et al., 2006; Goff, 2008), with severe 
consequences on energy metabolism. Prevention of HC 
in dairy cows is based either on the administration of 
calcium (Goff, 2008; Gelfert et al., 2010) or on the pre-
partum inclusion of diets with a high content of anionic 
salts, such as chloride or sulfate salts (Charbonneau 
et al., 2006). These salts reduce the dietary cation-to-
anion ratio with the aim of decreasing blood pH, which 
is compensated in part by bones accepting hydrogen 
ions in exchange for calcium (Lemann et al., 2003). 
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However, the dosage of calcium that needs to be ad-
ministered to prevent HC differs between cows and de-
pends on factors such as age or previous HC problems. 
As a limitation, the very low palatability of anionic 
salts can cause a reduction of feed intake (Moore et al., 
2000), which is already low during the last 3 wk before 
parturition. This reduction in the feed intake increases 
the risk of various production-related diseases such as 
mastitis due to impaired immune function (Compton et 
al., 2007). Therefore, the development of more efficient 
approaches to avoid HC without the aforementioned 
negative side-effects is necessary.

Serotonin (5-hydroxytryptamine; 5-HT), a biogenic 
amine and tryptophan derivative, is synthesized in 
the central nervous system, regulating physiological 
processes related to mood or appetite, and in many 
peripheral tissues, including the mammary gland. Se-
rotonin has been demonstrated to regulate mammary 
gland metabolism, including the regulation of calcium 
concentration in blood transferred from bone (Hernan-
dez et al., 2008, 2007, 2012,). In addition, 5-HT has 
been also suggested to regulate energy balance, mainly 
through the modulation of glucose and lipid metabolism 
(Sugimoto et al., 1990; Watanabe et al., 2014; Laporta 
et al., 2015). Thus, the presence of 5-HT receptors in 
several immune cells and the ability of these cells to take 
up 5-HT suggest that 5-HT influences the activity of 
the innate and adaptive immune system (Ahern, 2011; 
Baganz and Blakely, 2013). As it has been described by 
Hernández-Castellano et al. (2014), the immune sta-
tus can influence the transfer of immune components 
from blood to colostrum. As a consequence, it can be 
hypothesized that 5-HT may also affect IgG concen-
trations in colostrum. Based on the known actions of 
5-HT, we tested the hypothesis that administration of 
5-hydroxy-l-tryptophan (5-HTP), a 5-HT precursor, 
causes elevated serum 5-HT concentrations and, in 
turn, increases calcium concentrations, thus reducing 
the incidence of HC in cows around parturition (±3 d 
relative to parturition).

MATERIALS AND METHODS

This study was approved by the Cantonal Commit-
tee of Animal Experiments (Canton of Fribourg, Swit-
zerland) and all experimental procedures followed the 
Swiss law of animal protection. Animal health status 
was monitored (for diarrhea, mastitis, and fever) and 
animals did not experience any symptoms of illness 
apart from those expected in this study (those related 
to HC such as paresis and fine tremors over the flanks 
and triceps). At parturition, all cows had an optimal 
BCS (ranged from 3.0 to 3.5).

Animals and Treatments

Twenty multiparous Holstein dairy cows from the 
Agroscope research station (Posieux, Switzerland) were 
randomly assigned to 2 experimental groups of 10 ani-
mals each [control (C) group and 5-HTP group). On the 
day before the start of infusions, cows were fitted with 
indwelling intravenous catheters (Abbocath-T; Hospira 
Deutschland GmbH, Munich, Germany) with a length 
of 14 cm and a diameter of 14 gauge in the jugular vein. 
Both groups received a daily i.v. infusion of 1 L of either 
0.9% NaCl (C group) or 0.9% NaCl containing 1 mg of 
5-HTP/kg of BW (5-HTP group). According to La-
porta et al. (2015), this 5-HTP dosage increased blood 
5-HT concentration in late-lactation cows. Infusions 
lasted for 1 h (0700–0800 h) and were performed from d 
−10 before the predicted parturition until parturition. 
Blood samples were collected every morning before 
the infusions before calving and daily after parturition 
until d 7. An additional sample was collected on d 30 
postpartum. Milk yield of all individual morning and 
evening milkings was recorded until d 30 postpartum. 
During the experimental period cows received hay ad 
libitum (DM content = 890 g/kg of fresh matter, on s 
DM basis, consisting of 125 g of CP/kg, 235 g of crude 
fiber/kg, 14.6 g/kg of calcium, and 5.7 MJ of NEL/kg) 
and had free access to water. In addition, cows received 
concentrate supplementation (consisting of wheat bran, 
apple pomace, oats, magnesium oxide, molasses, and 
a vitamin-mineral premix) to meet their energy and 
nutrient requirements according to the guidelines pub-
lished by Agroscope (2015). Briefly, cows received and 
consumed a concentrate (6 MJ of NEL/kg of DM and 5 
g of calcium/kg) before and after parturition (0.5 and 
2.5 kg/d and cow, respectively). In addition, cows were 
supplemented with a vitamin-mineral premix provid-
ing 2.5 g of calcium/d before parturition and 31.8 g of 
calcium/d after parturition.

Sample Collection

Blood samples were taken from the jugular catheter 
and placed into tubes for plasma collection, containing 
3K-EDTA, as well as tubes for serum collection. Blood 
was stored on wet ice until centrifugation at 2,500 × 
g for 20 min at 4°C to obtain either plasma or serum, 
which was stored at −80°C until analysis. Milk samples 
were aliquoted and then stored at −80°C.

Variables Measured in Plasma and Serum

Glucose, fatty acid, and BHB plasma concentrations 
were measured using commercial kits from Randox 
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(GL364, FA115, and RB1007, respectively; Randox 
Laboratories Ltd., Schwyz, Switzerland). Total calcium 
serum concentrations were determined using a com-
mercial kit from Diatools (DIA00461, Diatools AG, 
Villmergen, Switzerland). Magnesium serum concen-
trations were determined using a commercial kit from 
Randox (MG531, Randox Laboratories Ltd.). Sero-
tonin concentrations in serum were determined using 
a commercial 5-HT ELISA (IM1749, Beckman Coulter 
GmbH, Sinsheim, Germany).

Variables Measured in Colostrum and Milk

Total IgG concentration in colostrum was measured 
using a commercial ELISA kit specific to bovine IgG 
(Bethyl Laboratories, Montgomery, TX) with some 
modifications as described by Lehmann et al. (2015). 
Similar to blood, 5-HT concentrations in colostrum and 
milk were determined using a commercial 5-HT ELISA 
(IM1749, Beckman Coulter GmbH).

Statistical Analysis

All results are presented as means ± SEM. Statistical 
analyses were performed using SAS software (version 
9.4, SAS Institute Inc., Cary, NC). The MIXED pro-
cedure was used to evaluate changes during the ex-
perimental period and differences between treatments 
around parturition (from d −4 to 7 postpartum) and d 
30 postpartum. The final model included the treatment 
(C vs. 5-HTP), the experimental period, and the in-
teraction between both as dependent variables and the 
animal as a repeated effect. Finally, a Tukey-Kramer 
test was used to evaluate differences between groups. 
Values were considered significant when P < 0.05.

RESULTS

General Observations

In the present study, infusions started 10 d before the 
expected parturition. Because the day of parturition in 
the experimental animals ranged from d 279 to 286 of 
pregnancy, infusions were performed for a range of 4 
to 10 d before parturition. The distribution of day of 
gestation at parturition did not differ between treat-
ments (280.5 ± 0.9 vs. 280.6 ± 1.0 d of pregnancy in C 
and 5-HTP groups, respectively). None of the studied 
variables were affected by the number of 5-HTP infu-
sions per cow before parturition (7 to 10 infusions vs. 
4 to 6 infusions). Therefore, the first sample before the 
start of the infusions (B) and from d −4 until the end 
of the experimental period were evaluated in this study. 
During our study, none of the cows in the 5-HTP group 

showed HC symptoms. Conversely, 3 cows from the C 
group (30%) succumbed to clinical HC after parturition 
(from d 1–2) and required therapeutic intervention. 
One individual cow that received 5-HTP only once due 
to its early calving exhibited clinical HC 1 d after post-
partum with a calcium concentration of 1.12 mmol/L 
on d 1 after postpartum (data from this cow was not 
included in the statistical evaluations).

Blood Constituents

Before the start of infusions, no differences in 5-HT 
concentrations were detected between groups (Figure 
1A). From d −4 to 4 postpartum, cows from the 5-HTP 
group had higher 5-HT concentration in the circula-
tion than those from the C group; however, we did not 
observe any differences between groups on d 5, 6, 7, 
and 30 postpartum. During the experimental period, 
time did not have an effect on 5-HT concentrations in 
the C group. Conversely, in the 5-HTP group, 5-HT 
concentration was significantly higher from d −4 to 4, 
although 5-HT started to decline at d 1 and was not 
significantly different from d 5 to the end of the experi-
mental period.

Calcium concentrations were similar in both groups 
at the beginning of the experiment (Figure 1B). Despite 
the decreased calcium concentration in both groups 
from d −2 to parturition, calcium concentrations re-
mained higher in the 5-HTP group compared with the 
C group postpartum (P < 0.05). The most dramatic 
differences between groups were observed on d 1 when 
some of the cows from the C group exhibited calcium 
concentrations below 1.0 mmol/L (Figure 1C).

Concentrations of glucose (Figure 2A), BHB (Figure 
2B), and magnesium (Figure 2C) did not differ between 
groups during the whole experimental period. Glucose 
concentrations increased in both groups around partu-
rition (d 0; P < 0.05). Thereafter, glucose decreased 
progressively until d 2 postpartum and then remained 
constant until the end of the experimental period. 
Beta-hydroxybutyrate increased in both groups from d 
1 to 7 after parturition (P < 0.05) and decreased again 
by d 30 (P < 0.05). Serum magnesium concentrations 
decreased in both groups from d 1 to 3 after parturition 
(P < 0.05) and were then restored to normal concentra-
tions on d 30 (P < 0.05).

At the beginning of the experiment (B), fatty acids 
remained at basal levels in both groups (Figure 2D). 
Cows from the 5-HTP group had higher fatty acid 
concentrations than the C group on d −3, −2, and −1 
relative to parturition (P < 0.05). We did not detect 
any differences between groups for the rest of the ex-
perimental period. Fatty acid concentration increased 
from d −4 to either d −1 (5-HTP group) or 0 (C group) 



Journal of Dairy Science Vol. 100 No. 2, 2017

SEROTONIN REGULATES CALCIUM HOMEOSTASIS 1583

and remained constant until d 7 postpartum. In both 
groups, fatty acid concentrations were decreased on d 
30 compared with the first 7 d postpartum.

Colostrum and Milk Constituents

Colostrum yield from the first milking after calving 
was decreased (P < 0.05) in the 5-HTP group (5.90 ± 
0.56 kg) compared with the C animals (8.23 ± 0.56 kg). 
However, we did not observe differences in milk yield 
in either group during the following 3 milkings post-
partum (Figure 3). Milk yield increased in both groups 

from parturition to d 30 (P < 0.05); however, during 
the rest of the experimental period (from d 2–30), no 
differences in milk yield were observed between groups 
(data not shown).

As shown in Figure 4, 5-HT concentration in colos-
trum from 5-HTP cows was increased in colostrum 
compared with C cows (P < 0.05), although we did not 
find any differences between milk samples in the 5-HTP 
and C groups on d 7 (P < 0.05). In both groups, we 
measured elevated 5-HT concentrations in colostrum (d 
0) than mature milk (d 7) (P < 0.05). Immunoglobulin 
G concentrations in the first colostrum collected post-

Figure 1. Serotonin (A) and calcium (B) concentrations of cows administered prepartum saline (control; ●) or 1 mg/kg of BW of 5-hydroxy-
l-tryptophan (5-HTP; ○) during the experimental period. Different lowercase letters (a,b) indicate significant (P < 0.05) differences between 
time points within control group. Different uppercase letters (A–C) indicate significant (P < 0.05) differences between time points within 5-HTP 
group. *Indicates a significant (P < 0.05) difference between control and 5-HTP groups within each time point. Error bars indicate the SEM. 
Calcium concentration box plot (C) from cows administered precalving saline (control) or 1 mg/kg of BW of 5-HTP on d 1 after parturition. 
The box extends from 25th to 75th percentile, with a line at the median; the whiskers extend from the 5th to 95th percentile.
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partum did not differ between groups (68.4 ± 16.4 vs. 
60.7 ± 35.6 mg/mL in 5-HTP and C groups, respec-
tively; P > 0.05).

DISCUSSION

In recent studies it was repeatedly shown that 5-HT 
plays an essential role in the regulation of calcium 
homeostasis. In this context, Weaver et al. (2016b) 
described the effect of 5-HTP (1 mg of 5-HTP/kg of 
BW starting on d −7 relative to parturition) on several 
parameters measured in blood (calcium, 5-HT, and 
prolactin), urine (deoxypyridinoline and creatinine), 
and milk (calcium). Similarly, Laporta et al. (2015) 
observed that similar 5-HTP dosages alter calcium and 
energy metabolism in late-lactation dairy cows (fatty 
acids, insulin, glucose, BHB, and parathyroid hormone-
related protein).

We hypothesized that the infusion of 5-HTP would 
modulate calcium concentrations in blood around par-
turition (±3 d relative to parturition). Previous studies 
in rodents showed that prepartum 5-HTP administra-
tion increases postpartum calcium concentrations and 
modulates calcium transport in the mammary gland 
(Laporta et al., 2014a,b). In the present study, the 
administration of 5-HTP (1 mg/kg of BW) before 
parturition induced a remarkable increase not only in 
serum 5-HT concentrations, but also in the concentra-
tion of this monoamine in colostrum. The administered 
5-HTP is most efficiently used for 5-HT synthesis be-
cause 5-HTP, in contrast to the native AA tryptophan, 
cannot be used in any other metabolic pathway (Zaf-
eiriou et al., 2009; Laporta et al., 2013b). Therefore, a 
much higher amount of tryptophan would be needed 
to achieve a comparable induction of 5-HT synthesis 
(Richard et al., 2009). Similar results were obtained in 

Figure 2. Glucose (A), BHB (B), magnesium (C), and fatty acid (D) concentrations of cows administered prepartum saline (control; ●) or 1 
mg/kg of BW of 5-hydroxy-l-tryptophan (5-HTP; ○) during the experimental period. Different lowercase letters (a–c) indicate significant (P < 
0.05) differences between time points within control group. Different uppercase letters (A–C) indicate significant (P < 0.05) differences between 
time points within 5-HTP group. *Indicates a significant (P < 0.05) difference between control and 5-HTP groups within each time point. Error 
bars indicate the SEM.
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early- and late-lactation dairy cows by Weaver et al. 
(2016b) and Laporta et al. (2015), respectively, who 
observed an increase in blood 5-HT concentrations as a 
consequence of a daily intravenous infusion of 1 mg of 
5-HTP/kg of BW. Previous results from Hernandez et 
al. (2012) and Laporta et al. (2014b) indicate that 5-HT 
induces a pathway involving mammary-derived para-

thyroid hormone-related protein (PTHrP), which acts 
on bone tissue to release calcium into the bloodstream 
(Wysolmerski, 2010; Hernandez et al., 2012; Laporta 
et al., 2014b). In addition, Laporta et al. (2015) found 
that the infusion of 5-HTP to late-lactation cows in-
creased the urinary retention of calcium and decreased 
circulating PTHrP concentrations. In contrast to these 
findings, Syed et al. (2001) showed that the secretion of 
PTHrP stimulates Ca resorption in the renal tubules in 
humans. Therefore, it seems that the role of PTHrP in 
the calcium resorption by the kidney is still not clear.

According to Weaver et al. (2016b), 5-HTP infusions 
before parturition are affecting differently Holstein and 
Jersey cows, decreasing the calcium concentrations in 
blood from Jersey cows. Those differences may be ex-
plained by the increased excretion of calcium, with more 
calcium being used in muscle, intestine, or mammary 
gland, or even the different capacity in bone resorption 
between these 2 breeds. Results observed in Holstein 
cows by Weaver et al. (2016b) are in agreement with 
those shown in our study. The udder characteristics and 
specifically the stage of lactation seems to be another 
factor that affects the role of 5-HT in the calcium ho-
meostasis, which is supported by Laporta et al. (2015), 
who showed that calcium concentrations in blood of 
cows in late lactation decreased as a consequence of 
5-HTP infusion.

In the present study we did not measure any param-
eters related to the direct and functional link to bone 
metabolism, and, in agreement to the results described 
by Weaver et al. (2016b), it was obvious that cows re-
ceiving 5-HTP had a less dramatic decrease in calcium 
concentrations at the onset of lactation compared with 
the C group. Indeed, as a consequence of increased 
5-HT concentrations, cows from the 5-HTP group 
seemed to be able to mobilize more calcium from their 
bones than the C group cows; however, other physi-
ological mechanisms that regulate calcium homeostasis, 
such as intestinal absorption or renal retention, could 
have also contributed to these differences. Our findings 
are in agreement with earlier results by Moore et al. 
(2015) and Laporta et al. (2013a), who found a positive 
correlation between serum 5-HT and calcium concen-
trations on d 1 of lactation, confirming a biological role 
of this monoamine in the regulation of calcium homeo-
stasis. Consequently, circulating calcium in the C group 
reached concentrations below 1.8 mmol/L, which is con-
sidered the limit for subclinical HC (Goff, 2008; Jawor 
et al., 2012; Sepúlveda-Varas et al., 2015). Conversely, 
animals receiving 5-HTP never reached blood calcium 
concentrations below 1.8 mmol/L. Despite this fact, it 
seems that the infusion of 5-HTP and the concomitant 
increase in 5-HT in blood had no effect on magnesium 
metabolism. Additionally, only one infusion of 5-HTP 

Figure 3. Milk yields from cows administered prepartum saline 
(control; ●) or 1 mg/kg of BW of 5-hydroxy-l-tryptophan (5-HTP; ○) 
during the first 4 milkings after parturition. Different uppercase letters 
(A,B) indicate significant (P < 0.05) differences within 5-HTP group. 
*Indicates a significant (P < 0.05) difference between control and 
5-HTP groups within each time point. Error bars indicate the SEM.

Figure 4. Colostrum (DO = parturition) and milk (D7 = 7 d after 
parturition) serotonin concentrations of cows administered prepartum 
saline (control; black bar) or 1 mg/kg of BW of 5-hydroxy-l-tryp-
tophan (5-HTP; gray bar). Different lowercase letters (a,b) indicate 
significant (P < 0.05) differences between colostrum and milk within 
control group. Different uppercase letters (A,C) indicate significant (P 
< 0.05) differences between colostrum and milk within 5-HTP group. 
*Indicates a significant (P < 0.05) difference between control and 
5-HTP groups within either colostrum or milk. Error bars indicate 
the SEM.
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does not seem to be sufficient to induce an increase of 
5-HT and, hence, to stabilize calcium concentrations 
(as indicated by the cow receiving 5-HTP only once 
before parturition, which is not based on statistical 
evidence). This single observation is in agreement with 
Laporta et al. (2015), who observed that at least 2 dos-
ages of 5-HTP are necessary to increase blood 5-HT 
concentrations.

Concerning the relationship between 5-HT and 
milk production, Matsuda et al. (2004) reported that 
the treatment of mouse mammary gland explants or 
mammospheres with 5-HT caused involution-related 
morphological changes. Conversely, inactivation of 
the 5-HT pathway by gene disruption, a tryptophan 
hydroxylase blocker, or a 5-HT receptor antagonist 
resulted in exaggeration of the developmental changes 
associated with milk secretion. The increased concen-
tration of serum 5-HT in the present study through 
5-HTP infusions may have inhibited lactogenesis, thus 
reducing colostrum yield. As a consequence, less cal-
cium is required for colostrum synthesis. In addition, 
the regulation of the influx and efflux of calcium by 
the mammary epithelial cells may be compromised by 
inadequate concentrations of peripheral 5-HT in rela-
tion to the required amount of calcium (Weaver et al., 
2016a). It is possible breeding for high milk production 
did not change 5-HT activity, and hence the availability 
of calcium, whereas the calcium demand dramatically 
increased. Indeed, Weaver et al. (2016b) found that the 
infusion of 5-HTP in Holstein cows before parturition 
decreased the calcium content in colostrum and milk 
compared with the C group, which may contribute to 
an increased calcium concentration in blood. In contrast 
to Holstein, the same treatment increased calcium con-
centration in colostrum and milk in Jersey cows. In the 
present study, the administration of 5-HTP caused a 
reduced colostrum yield; however, 5-HTP did not affect 
IgG concentrations in colostrum compared with those 
from the C group. In contrast to the present study, 
neither colostrum nor milk yield was affected in the 
study of Weaver et al. (2016b). In our study, colostrum 
yield recorded in cows receiving the 5-HTP infusions 
was sufficient to fulfill the needs of the offspring.

Several lines of evidence have also suggested a role for 
5-HT in the regulation of energy balance, specifically in 
relation to fatty acid and glucose metabolism (Sugimo-
to et al., 1990; Watanabe et al., 2014). As described by 
Sumara et al. (2012), 5-HT enhances lipolysis in mice 
by signaling in adipocytes through the 5-HT receptor 
2B receptor, which could explain the increase in fatty 
acids observed in the present study in cows receiving 
the 5-HTP treatment. An increase in fatty acid concen-
trations has been also described in late-lactation cows 

after the infusion of 5-HTP (Laporta et al., 2015). The 
increase in fatty acid concentrations could increase milk 
fat synthesis without placing the lactating animal in a 
severe negative energy balance. Similarly, Watanabe et 
al. (2014) showed increased fatty acid concentrations in 
sheep after the administration of 5-HT. It is plausible 
that the increase in concentrations of fatty acids in 
blood may be caused by increased adipose tissue mobi-
lization. According to Sumara et al. (2012), 5-HT favors 
gluconeogenesis in mice and suppresses glucose uptake 
in liver by acting on the 5-HT receptor 2B, increasing 
the glucose concentration in blood. Similarly, Laporta 
et al. (2015) observed increased glucose and decreased 
BHB and insulin concentrations in blood from dairy 
cows infused with 5-HTP during late lactation; how-
ever, this was not observed in our study. It is likely 
that the generally greater extent of fat mobilization in 
the parturient period dampened the ability of 5-HTP 
to increase glucose and decrease circulating BHB levels.

CONCLUSIONS

The infusion of 5-HTP (1 mg/kg of BW) for at least 
4 d before parturition causes increased 5-HT concen-
trations in blood and colostrum. Furthermore, 5-HTP 
treatment increased total calcium concentrations 
around parturition compared with the control cows. 
We demonstrated that 5-HTP treatment was able to 
prevent hypocalcemia in parturient dairy cows.
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