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Abstract
Preparations that contain tryptophan are marketed world wide as calmative agents to treat excitable
horses. Tryptophan is the amino acid precursor for serotonin, a neurotransmitter implicated in
sedation, inhibition of aggression, fear and stress, in various animal species and humans.
Experiments have shown that tryptophan supplementation decreases aggression in humans, dogs,
pigs, poultry, and fish, and that it may reduce fearfulness and stress in calves, vixens and poultry.
However, behavioural characteristics more closely linked to excitement, such as hyperactivity in dogs,
are not modified by tryptophan supplementation. Research using a variety of animals other than
horses, has shown that the behavioural response to tryptophan supplementation varies with age,
breed and gender, and can be modified by diet, exercise, social status, and level of arousal.
Significantly, the response is species-dependent, and there are no scientific publications that confirm
the efficacy of tryptophan as a calmative in excitable horses. The few studies where tryptophan has
been administered to horses suggest that low doses (relative to those contained in commercial
preparations) cause mild excitement, whereas high doses reduce endurance capacity, and cause
acute haemolytic anaemia if given orally, due to a toxic hindgut metabolite. As tryptophan continues to
be used as an equine calmative, there is an urgent need for research to confirm its efficacy in horses,
and to establish a safe therapeutic dose range. In the meantime, available data suggest that it would
be imprudent to rely on tryptophan to calm the excitable horse, and instead, that a greater effort
should be made to identify the underlying causes of excitability, and to explore more appropriate nonpharmacological remedies.

Introduction
Tryptophan supplements are marketed worldwide as calmatives for `excitable' horses. This paper
outlines the proposed mechanism of action of tryptophan, and discusses nutritional factors that
influence tryptophan uptake into the central nervous system. The few tryptophan experiments that
have been conducted in horses are examined in detail, and tryptophan research in other species is
reviewed, in search of evidence to support its use as a calmative agent.
Tryptophan use became highly controversial in 1989 when the US Food and Drug Administration
(FDA) took action to limit its availability as a food supplement for humans. This was due to the
association between the use of L-tryptophan supplements made by a Japanese Company, and a US
epidemic of Eosinophilia Myalgia-Syndrome (EMS), involving more than 1500 reported cases, and at
least 38 deaths (for review see Hertzman et al., 1991). It is hotly debated whether the epidemic was
caused by L-tryptophan itself, or a contaminant of the commercial product, but while the FDA

restrictions on human use remain in place today, L-tryptophan continues to be used in the US and
elsewhere in the world, as a supplement for animals.
Several equine calmative preparations are available commercially that contain L-tryptophan, mostly in
combination with other `calming' ingredients such as thiamine and magnesium. These preparations
are sold as pastes or feed additive powders, with recommended tryptophan dosages ranging from 0.8
to 13 mg/kg. Depending on the manufacturer, claims of calmative efficacy are either express or
implied, with at least one Australia-based manufacturer claiming that tryptophan can also enhance
athletic performance (Nature Vet). Some manufacturers recommend everyday use (Hi Form), others
propose daily supplementation for 2-3 days prior to a stressful event (Kelato Animal Health), and one
company advocates usage 24 and 4 h prior to a stressful situation, such as a race (Nature Vet). One
US manufacturer claims that "there are no known side-effects in horses from the supplementation of
tryptophan" (Richdel Inc.).

Proposed Mechanism and Rationale for Use of Tryptophan
Tryptophan is an essential amino acid and the precursor of serotonin. An increase in this
neurotransmitter in the brain has been associated in numerous studies with an rise in sleepiness or
sedation, and decreased aggression, fearfulness, mania, insomnia and pain sensitivity (Liebermann
et al., 1983; Leathwood, 1987; Mench and Shea-Moore, 1995; Nakanishi et al., 1998; Winberg et al.,
2001), with some exceptions (Bagshaw et al., 1994; Mench and Shea-Moore, 1995; Janczak et al.,
2001; Rouvinen et al., 1999). Tryptophan is converted to serotonin via a two-step reaction. The first
and rate-limiting step is the conversion of L-tryptophan to 5-hydroxytryptophan, catalysed by
tryptophan hydroxylase (Boadle-Biber, 1993). This enzyme is only found in serotonin-forming cells,
whereas the second reaction in the two-step conversion, the decarboxylation of 5-hydroxytryptophan,
can occur in any mammalian cell (Lovenberg et al., 1962, 1968). Under normal conditions in
mammals, tryptophan hydroxylase is not fully saturated by its substrate, and no negative feedback
mechanism from serotonin is known. Theoretically, therefore, increased concentrations of tryptophan
in the CNS equate to increased serotonin synthesis (Fernstrom and Wurtman, 1972).
Hence, the rationale for tryptophan use in horses is that increasing the plasma concentration of
tryptophan will lead to increased tryptophan uptake by the CNS, and increased serotonin production
in the brain. However, even without tryptophan administration, several nutritional factors can influence
the passage of tryptophan across the blood-brain barrier, and alter serotonin production (Fig. 1). It is
important to understand these factors to be able to evaluate critically the results of tryptophan
experiments.

Tryptophan enters the CNS by active transport across the blood-brain barrier, sharing a carrier protein
with other large neutral amino acids (LNAA) such as leucine, isoleucine, methionine, valine,
phenylalanineand tyrosine (Fernstrom and Wurtman, 1972). Because of competition between
tryptophan and the LNAA for carrier binding sites, the rate at which tryptophan enters the brain is a
function of both tryptophan and LNAA concentrations. In humans, for example, a fourfold increase in
the ratio of plasma tryptophan to LNAA, results in double the concentration of tryptophan in the brain,
and a 20% increase in brain serotonin (Leath-wood, 1987). The relative plasma concentration of
LNAA can be increased by feeding a high protein diet that contains more LNAA than tryptophan, or
may be decreased via the release of insulin, which appears to remove selectively the LNAA from
plasma with less effect on tryptophan (Clark and Mills, 1997). Thus, Lyons and Truswell (1988)
showed a positive association in humans, between diets with a high glycaemic index, insulin
concentrations, and the ratio of tryptophan to LNAA in plasma. Fernstrom and Wurtman (1971)
observed an increase in brain serotonin after feeding a carbohydrate meal to rats.
Unlike most amino acids, tryptophan circulates in the plasma bound extensively to plasma proteins,
chiefly albumin (McMenamy and Oncley, 1958). This binding is believed to restrict the tissue uptake
of tryptophan in response to insulin (Lipsett et al., 1973), but also limits the competition between
tryptophan and the LNAA for transport into the CNS. Estimates of the level of tryptophan binding vary
from 20% to 90%, depending in part on the concentration of free fatty acids, which compete with
tryptophan for binding to albumin. An increase in free fatty acids following a high fat meal for example,
can result in elevated free plasma tryptophan, and ultimately, more serotonin production (Newsholme
et al., 1987). This phenomenon is part of the `central fatigue hypothesis', a theory based on the
observation that exercise promotes an increase in plasma free fatty acids, and a decrease in plasma
LNAA due to uptake by skeletal muscle. As both conditions favour more tryptophan entering the CNS,
increased production of brain serotonin might be expected, and this could account for the decreased

motor drive and increased sensation of fatigue, experienced after a period of strenuous exercise
(Newsholme et al., 1987).
The role of tryptophan as a cause of central fatigue is not universally accepted. Indeed, there is a
history of controversy over the central and peripheral factors that cause muscle fatigue (for review see
Gandevia, 2001). For many physiologists, it was convenient to assume that the only important
changes are those that occur in muscle. Substrate supply is particularly important, and glycogen
loading can enhance endurance (Green et al., 1995). However, through advanced techniques such as
Trans-Cranial Magnetic Stimulation, it has been shown convincingly, that between 10% and 20% of
muscle fatigue in humans originates in the CNS (Taylor and Gandevia, 2001). Furthermore, both
peripheral and central fatigue seem to have multiple causes. The neurotransmitters associated with
central fatigue may include noradrenaline, dopamine and GABA, while humoral factors that might
signal changes to the CNS, could include cortisol, glutamine, and cytokines such as interleukin-6
(Gandevia, 2001).
The role of serotonin (and hence tryptophan) in central fatigue, is supported partly by evidence for a
"thermal switch" in the hypothalamus, which limits exercise performance once the core temperature
reaches a critical threshold (Gandevia, 2001). In humans, serotonergic neurones project into the
hypothalamus (Tork and Hornung, 1990), and exercise endurance deteriorates, when the
environmental temperature is high (Pitsiladis and Maughan, 1999). A link between serotonin and
thermal regulation was shown in men and women, who were made to exercise during heat stress.
Endurance was prolonged when the participants were fed dietary supplements containing branched
chain amino acids (Mittleman et al., 1998). Presumably, the supplements limited tryptophan entry in to
the CNS, and reduced serotonin synthesis.
Other evidence for the role of tryptophan/serotonin in central fatigue, includes the observation that
exercise increases tryptophan concentrations and serotonin turnover in various parts of the CNS
(Chaouloff et al., 1986). Furthermore, exercise endurance can be improved with serotonin
antagonists, and declines with serotonin ago-fists (Davies, 1995), or inhibitors of serotonin re-uptake
(Wilson and Maughan, 1992; Bailey et al., 1993, Davies, 1995). For reviews on the association
between serotoninand exercise, see Jacobs and Fornal (1993), or Chaouloff (1997).
In summary, the type and level of dietary fat, protein, and carbohydrates, as well as the exercise
status of a horse, could all influence tryptophan uptake into the CNS, and the response to tryptophan
administration. Experiments designed to evaluate tryptophan as a calmative have not always
considered these factors.

Effects of Tryptophan in Horses
Despite its popular use as a `natural' calmative for horses, few scientific studies of tryptophan have
been conducted in this species, and only one has focused on behavioural effects. Bagshaw et a].
(1994) administered L-tryptophan to 10 mature Arabian and Standardbred mares subjected to
isolation stress. The amino acid was given orally at two doses (0.05 and 0.1 mg/kg), and the horses
were isolated in an enclosed stall. Two to four hours after tryptophan dosing, isolated horses given
0.1 mg/kg had higher heart rates and exhibited more walking-sniffing activity than controls. Mares
given the lower dose also showed more activity when in visual contact with other mares.
Bagshaw et al. (1994) concluded that at the level administered, tryptophan had no sedative effect, but
seemed to cause a mild excitation (Bagshaw et al., 1994). This was likened to the `serotonin
behavioural syndrome' described in rats by Mokler et al. (1992). This condition is characterised by
front-paw treading, hindlimb abduction, head weaving, and tail-lashing, and is reported to occur when

low doses of tryptophan are given, possibly associated with a failure to saturate tryptophan
hydroxylase.
The study by Bagshaw et al. (1994) was criticised by Clark and Mills (1997) on several grounds. Clark
and Mills implied that the background diet used in Bagshaw's study was not tightly controlled. They
also argued that the use of mature mares was inappropriate because the blood-brain barrier becomes
less permeable to tryptophan with age (although no evidence was given to support this assertion in
horses). Thirdly, results for the behavioural variable (activity) were said to be ambiguous, because
increased locomotion can reflect changes in diet selection and appetite, as well as stress. Clark and
Mills (1997) suggest that changes in serotonin could induce a preference for lower carbohydrate
feeds, and increase food-seeking behaviour.
The short duration of Bagshaw's study should also be considered in view of findings in other species,
that behavioural changes are not observed less than a week after commencing daily tryptophan
supplementation (Laycock and Ball, 1990; Winberg et al., 2001). However, perhaps the most clinically
significant aspect of Bagshaw's study is that the level of L-tryptophan administered was much lower
than that contained in most commercial preparations, and no change was seen in blood
concentrations of tryptophan or serotonin in the treated horses. Nevertheless, as Bagshaw et al.
(1994) point out, studies in other species have also failed to detect increased blood levels, despite
increased brain concentrations of tryptophan and serotonin after oral dosing (Fernstrom and
Wurtman, 1972, 1974).
Finally, Bagshaw et al. (1994) reported that the two Arabian mares used in the study were more
active and vocal in isolation, and had lower blood serotonin concentrations than the eight
Standardbred mares. In a separate study, Arabian mares were found to have lower blood serotonin
concentrations than Swedish Warm-blood mares housed on the same property, and fed the same
diets (S.L. Ralston, unpublished data). This implies an association between serotonin and behaviour
in horses, and suggests that there may be breed differences in the behavioural response to
tryptophan administration.
In contrast to Bagshaw's low-dose tryptophan study, Paradis et al. (1991a) explored the toxic effects
of tryptophan at high concentrations. A group of adult Shetland Ponies given a single dose of
tryptophan (600 mg/kg) by stomach tube, exhibited signs of restlessness, elevated respiratory rate,
haemolysis, and haemoglobinuria. A second group treated once orally with a lower dose of tryptophan
(350 mg/kg) showed less severe haemolysis, but also presented with increased respiratory rates within 24 h of dosing. Serum concentrations of bilirubin were increased, and findings consistent with
haemoglobinuric nephrosis were evident at necropsy.
However, a third group of ponies given a single intravenous (IV) infusion of tryptophan (100 mg/kg)
showed no clinical abnormalities, haemolysis, or haemoglobinuria (Paradis et al., 1991a). Although
the IV dose was the lowest used, plasma tryptophan concentrations were elevated to the same extent
as seen following oral treatment. Paradis et al. (1991a) concluded that oral administration of tryptophan leads to the formation of a haemolytic metabolite in the digestive tract, possibly indole. A
similar effect is seen in cattle, where rumen microorganisms convert tryptophan to 3-methylindole,
which causes severe acute respiratory disease (fog fever'). Respiratory symptoms are not observed in
cattle after IV infusion of tryptophan (Carlson et al., 1968), or after oral dosing with rumen-protected
tryptophan (Nakanishi et al., 1998). It is not known how much oral tryptophan reaches the hind gut in
horses and undergoes microbial metabolism, but it is known that the conversion of tryptophan to
indole (but not 3-methyl indole) occurs in caecal fluid in vitro (Paradis et al., 1991a), and that severe
haemolysis occurs following oral dosing with indole (Paradis et al., 1991b).

In the study by Paradis et al. (1991a), no signs of sedation were reported in ponies given the
tryptophan infusion, while those treated orally became restless. While this brings into question the
efficacy of tryptophan as a calmative in horses, it should be noted that the doses used were between
27 and 750 times higher than those found in commercial preparations.
Furthermore, the study was conducted on a small number of animals (four horses per group), which is
less than optimal for behavioural work.
The third and most recent paper on this topic focused on the central fatigue hypothesis, and the
effects of tryptophan on exercise capacity in horses (Farris et al., 1998). Endurance times were
recorded in seven mares exercised to fatigue on a high-speed treadmill, and treated with tryptophan
and (or) glucose infusions in a cross-over design. When the mares were not given tryptophan, they
showed a reduction in muscle glycogen concentrations with exercise, and responded to glucose
infusions with better endurance. This shows the importance of peripheral factors in causing fatigue,
particularly substrate supply, as discussed earlier (Green et al., 1995). Furthermore, glucose infusions
caused no change in plasma free fatty acid concentrations, or in the ratio of free tryptophan to LNAA,
which is not consistent with the central fatigue hypothesis proposed by Newsholme et al. (1987).
Nevertheless, when the mares were given tryptophan (100 mg/kg), their endurance was reduced
significantly (' 16%), which is consistent with the effect seen when rats were treated with serotonin
agonists (Davies, 1995), and supports a role for tryptophan and serotonin in contributing to central
fatigue. Furthermore, glucose infusions caused no improvement in endurance when tryptophan was
given. Thus, while substrate supply may be the most important limiting factor in the normal exercising
horse, Farris et al. (1998) showed that by causing central fatigue, tryptophan can reduce endurance,
regardless of substrate supply.
Apart from inducing central fatigue, serotonin has been shown to have peripheral effects consistent
with impaired exercise performance. Bailey et al. (1993) noted that after exhaustive treadmill exercise,
rats previously given a serotonin agonist had significantly higher muscle glycogen concentrations than
those given a placebo, or a serotonin antagonist. Similarly, in the study by Farris et al. (1998), there
was a tendency for the mares to use less muscle glycogen during exercise, if they were given
tryptophan. Hence, it is possible that tryptophan and (or) serotonin, may prevent the utilisation of
muscle glycogen during prolonged exercise, thereby reducing endurance capacity due to an inability
to utilise this energy substrate.
Thus, at high doses tryptophan may reduce endurance capacity, which would have adverse
consequences for horses involved in stamina-related pursuits such as racing, endurance and
eventing. High doses of tryptophan also induce haemolysis if given orally, compromising the health of
the animal. Low doses of tryptophan may be excitatory in the horse, and no scientific studies have
shown that tryptophan is an effective calmative in horses when used in the dose range provided by
commercial preparations. For evidence that tryptophan supplements may be beneficial in this regard,
we are compelled to extrapolate from research conducted in other species.

Effects of Tryptophan in Non-Equine Species
The actions of tryptophan have been studied extensively in humans and other species. Experiments
in humans have focused on depression and aggression (Liebermann et al., 1986; Leathwood, 1987;
Young,1991; Bellisle et al., 1998), sleep (Hartmann, 1986), and dietary interactions (Liebermann et
al., 1986; Bel-lisle et al., 1998). Animal studies have focused on reducing stress, fearfulness and
aggression, especially in production situations (Laycock and Ball, 1990; Bagshaw et al., 1994; Mench

and Shea-Moore, 1995; Nakanishi et al., 1998; Warner et al., 1998; Rouvinen et al., 1999; DeNapoli
et al., 2000; Janczak et al., 2001; Winberg et al., 2001).
Tryptophan supplementation is reported to reduce depression in mice (Hilakivi-Clarke et al., 1990), to
increase the feeling of well-being in humans suffering depression (Liebermann et al., 1986), and to
reduce the incidence of self-mutilation in caged monkeys (Mench and Shea-Moore, 1995). Although
these observations indicate an effect of tryptophan on mood or behaviour, they are of limited
relevance to the treatment of excitable horses, and will not be explored further here (for reviews, see
Liebermann et al., 1986; HilakiviClarke et al., 1990; Mench and Shea-Moore, 1995).
More relevant to horses, is evidence that tryptophan may affect fearfulness. This judgement is based
partly on changes in exploratory behaviour. Unfortunately, such changes seem to be sex and speciesdependant, and are interpreted differently by different investigators. For example, newly-weaned
calves spend more time lying down when supplemented with tryptophan, with less exploratory
behaviour and vocalisation (Nakanishi et al., 1998). The investigators interpreted this as reduced
stress and fearfulness. Newberry and Blair (1993), who observed that tryptophan-supplemented
chickens flap less when handled, reached a similar conclusion.
However, Janczak et al. (2001) interpreted reduced exploratory behaviour in tryptophan-treated mice,
as increased fearfulness. Rouvinen et al. (1999) report that tryptophan also tends to reduce
exploratory behaviour in male silver foxes, whereas the opposite effect is seen in female foxes. In
agreement with Janczak et al. (2001), but in contrast to Nakanishi et al. (1998), Rouvinen et al. (1999)
associate increased exploratory behaviour in females with enhanced confidence and decreased
fearfulness.
Extreme fearfulness can lead to hysteria, which can be a significant problem in flocks of layer hens,
causing a marked effect on egg production. Laycock and Ball (1990) fed a diet containing 5 g
tryptophan/kg feed to a commercial layer flock of 10,000 hens suffering from hysteria, and showed
that the symptoms were abolished two days after the cessation of a six-day course of treatment. Feed
intake increased, and a 23% increase in egg production was observed over the supplementation period. Hysteria gradually returned after the tryptophan supplementation ceased, although it was
eliminated without return when in a subsequent experiment, tryptophan was administered to the entire
barn, rather than just one room.
Increased concentrations of tryptophan, serotonin and associated metabolites, were also found in the
brains of tryptophan-supplemented birds (Laycock and Ball, 1990).
Tryptophan depletion and the consequent lowering of brain serotonin have been linked to increased
aggression in humans (Young, 1991), whereas tryptophan supplements have been used with some
success in treating pathologically aggressive people (Young, 1991). Furthermore, although tryptophan
was reported to potentiate territorial aggression in male mice (Lasley and Thurmond, 1985), the
majority of studies report decreased aggression in a variety of animal species. Thus, in male
chickens, tryptophan supplementation decreases aggressive pecking, especially in the more
dominant birds (Shea et al., 1991). Reduced territorial behaviour and aggressive dominance is also
seen in dogs given tryptophan (DeNapoli et al., 2000). Pigs subjected to pre-slaughter stress perform
fewer aggressive acts if supplemented with 5 g tryptophan/kg feed (~55 mg/kg body weight) for five
days pre-slaughter, but with no reduction in the incidence of PSE meat (Warner et al., 1998).
Similarly, rainbow trout supplemented with dietary L-tryptophan (0.15% and 1.5% of feed wet weight)
perform fewer aggressive acts than controls, when faced with a small intruder (Winberg et al., 2001).

In the last study, aggression was reduced in trout after seven days of daily supplementation, but not
after three days (Winberg et al., 2001). This delayed response is consistent with results obtained by
Laycock and Ball (1990) in layer hens, where it took six days for tryptophan to alleviate hysteria.
Because tryptophan would be expected to increase serotonin synthesis and release quite rapidly (i.e.,
within a few hours), Winberg et al. (2001) postulated that the effects of tryptophan on aggression may
involve an additional mechanism, involving the slower conversion of serotonin to melatonin. In earlier
studies, Munro (1986) demonstrated that aggression was inhibited in cichlid fish injected with
serotonin, but that this effect was inhibited if S-adenosyl homocysteine (a substance that inhibits the
conversion of serotonin to melatonin) was also injected.
Finally, the effects of tryptophan on hyperactivity may be especially relevant to its use as a calmative
in horses. For example, the behavioural criteria for assessment of hyperactivity in dogs include:
excessive pacing or circling, not remaining in sit-stay or down-stay positions when required, being
easily distracted by extraneous stimuli, impulsive behaviour (not waiting), limited attention span,
excessive vocalisation, and not heeding commands (DeNapoli et al., 2000). Such behaviours
resemble those that an excitable horse may display in a stressful situation. In the study by DeNapoli
et al. (2000) using dogs, tryptophan reduced aggression, but did not reduce hyperactivity. This is
consistent with the results of earlier studies in rats (Callaway et al., 1993) and children (Halpern et al.,
1994; Popper, 1997), where hyperactivity was not reduced by treatment with selective inhibitors of
serotonin re-uptake.

Factors that Influence the Response to Tryptophan
In behavioural science, it is acknowledged that various animal species can respond differently to the
same compound, and that even within species, responses can be influenced by factors such as
breed, gender, social status, and level of arousal (Mench and Shea-Moore, 1995). Accordingly, great
care must be taken when extrapolating to horses, the results of tryptophan studies conducted in
humans, or other animal species.
There is a lack of direct evidence to support the use of tryptophan in horses, but the owner or
veterinarian may be persuaded that tryptophan does have calmative properties, from experience, or
the weight of anecdotal evidence. If tryptophan is to be used, it is well to consider the many factors
that could influence the efficacy of a supplement.
The amount and type of fat, protein and carbohydrate in a horse's diet should all be considered. A low
fat diet producing a low concentration of free fatty acids in the blood, would increase the capacity of
albumin to mop up any free tryptophan as it enters the circulation, reducing tryptophan efficacy. A diet
that contains more fat might have a calmative effect itself, which could either enhance or mask any
effect of tryptophan supplementation. Compared with horses fed mostly roughage, a greater
calmative effect may be seen when tryptophan is given to horses on concentrate diets, for two
reasons. First, some horses become more excitable when fed concentrate diets, so the effects of a
calmative would be more noticeable. Secondly, carbohydrate diets with a high glycaemic index cause
more insulin release, more uptake of LNAA into peripheral tissues, and less competition with
tryptophan for uptake into the brain (Fig. 1). Thus, Leathwood (1987) argues that combined with a
carbohydrate load, tryptophan is an effective sedative at doses that are ineffective when combined
with a protein meal. Finally, the concentration of tryptophan in the protein component of a horse's diet,
relative to the concentration of other large neutral amino acids, will determine whether supplementing
with additional tryptophan is likely to provide any benefit.
Clark and Mills (1997) have cautioned that age may decrease the response to tryptophan, because of
decreased permeability of the blood-brain barrier. Bagshaw et al. (1994) noted the possibility that

there are breed differences in the basal level of serotonin activity in horses, whereas sex differences
in hypothalamic serotonin concentrations have been confirmed in pigs, such that female swine have
less serotonin and are more sensitive to changes in the tryptophan:LNAA ratio than males (Henry et
al., 1992, 1996). This could account for the sex difference in the response to tryptophan noted in the
fox by Rouvinen et al. (1999), and indicates that gender could be a critical factor in the response of
horses.
The concentration of brain serotonin is also known to vary within breed and gender, according to
social status. Generally, subordinate individuals have higher levels of brain serotonin and serotonin
metabolites than dominant individuals (Mench and Shea-Moore, 1995), although the reverse may be
true in primates. (Raleigh et al., 1984) reported that dominant monkeys had higher blood
concentrations of serotonin than subordinates. Serotonin concentrations fell when the dominant monkeys were isolated, but rose again rapidly when they were re-introduced to the group and reestablished their dominant position. Mench and Shea-Moore (1995) explained this apparent anomaly
by suggesting that in dominant individuals, more tryptophan may be metabolised peripherally, and as
such less is available for conversion to serotonin in the brain.
Finally, the level of arousal could influence the response of horses to tryptophan, as it has been
shown in cats that arousal is associated with a higher rate of firing of serotonergic neurones (Trulson
and Jacobs, 1979). Accordingly, Young (1991) has predicted that the effects of tryptophan would be
greatest when animals are aroused, as would be expected in the case of the excitable or stressed
horse. Nevertheless, considering species differences and the range of factors that may influence the
response to tryptophan, it would be imprudent to guarantee a tryptophan calmative response in any
individual.

Clinical Issues
It is difficult to recommend a therapeutic, or even a safe dose rate for using L-tryptophan in horses as
a calmative. Based on a review by Leathwood (1987) of human clinical studies, tryptophan is an
effective sedative at 500 mg (-7 mg/kg) if given with a carbohydrate load. Otherwise, a dose of 1 g or
higher is required to consistently reduce sleep latency in people with mild insomnia. The usual clinical
dose in humans is about 2 g (-28 mg/kg; Leathwood, 1987), which on a body weight basis, is more
than twice that provided by any commercial equine preparation.
Whereas finisher pigs appeared to tolerate 5 g tryptophan per day for five days (Warner et al., 1998),
several participants in a human study reported headache and severe nausea after ingesting a single 5
g dose (Greenwood et al., 1975). In other human studies, 10 g of tryptophan has been ingested (-140
mg/kg) without reported adverse effects (Bellisle et al., 1998).
As discussed earlier, extrapolating the results of monogastric studies to horses could be dangerous
because of toxic hindgut metabolites. Thus, toxic effects on the blood and respiratory system occur in
ponies following oral tryptophan at 350 mg/kg (Paradis et al., 1991a). An IV dose of 100 mg/kg has no
adverse effects on haematology in ponies, but neither does it cause any obvious calmative effect
(Paradis et al., 1991a), and reduces exercise endurance in mares (Farris et al., 1998). Furthermore,
this may not be a safe oral dose, due to conversion in the hindgut to indole (Paradis et al., 1991a). At
the other end of the spectrum, a dose of 0.1 mg/kg appears to be too low, causing mild excitation in
horses (Bagshaw et al., 1994).
We are not aware of any studies on the long-term use of supplemental dietary tryptophan in horses,
however it seems not to be harmful at 2 g/day in humans (Leath-wood, 1987), or at 5 g/kg feed in
chickens (Laycock and Ball, 1990).

Final Considerations
We advocate caution in predicting the effects of tryptophan based on observations in other species,
and have listed numerous factors that could influence the response of any individual. The absence of
direct scientific evidence that tryptophan does calm excitable horses, is also of concern. However, two
other issues should be considered when contemplating the suitability of tryptophan for this
application.
First, excitability needs to be described or diagnosed accurately. Whereas McCann et al. (1988)
characterised nervous or highly-reactive horses as those with a high activity index (horses that spend
more time walking, trotting, cantering and galloping, than `normal' horses), Fraser (1992) described
hyper-reactivity (or hyperactivity) in terms of aggression (mobile aggression, mobile alarm,
threatening, biting, kicking) and aversion. Perhaps a closer consensus on what constitutes excitability
(fearfulness versus mobility or aggression) is needed, before the effects of tryptophan can be properly
assessed.
The second issue concerns identifying the cause of excitable behaviour. Among other factors,
excitability has been linked to feeding rapidly fermentable carbohydrates (Greiwe et al., 1989;
Kohnke, 1998), or surplus dietary energy (Fraser, 1992). In contrast, Holland et al. (1996) found that
activity and reactivity were reduced in horses consuming a diet containing 10% corn oil. Thus, better
dietary management could be more appropriate than tryptophan supplementation in many cases. In
other circumstances, the needs of excitable horses may be served better by a variation in the
exercise regime or housing conditions (Fraser, 1992).
Alternative training methods and more thorough acclimatisation of horses to potentially stressful
situations and environments (e.g., competitions) may reduce the incidence and severity of excitability
in horses. Perhaps it is basic measures such as these, which provide the most reliable, efficacious,
and ethically acceptable solutions to problems associated with `excitability' in horses. In the words of
Janczak et al. (2001) "The dilemma of whether our ethical obligations to animals demand that we
provide environments which suit their ethological needs, rather than pharmaceutically providing them
with the illusion of good welfare (Mench and Shea-Moore, 1995), will remain beyond the time when
the effects of such substances are fully understood".

Conclusions
While tryptophan supplementation appears to be effective in reducing aggression and possibly
fearfulness in some species, its impact on hyper-reactivity and stress are questionable. Few studies
on tryptophan have been conducted in horses, and none has produced direct evidence of calmative
efficacy in this species. It is known, however, that the effects of tryptophan on behaviour are species
dependant, as well as being subject to the influence of diet, exercise, age, gender, breed, social status, and level of arousal.
Oral tryptophan at high doses causes haemolysis in ponies, due to the production in the gut of a toxic
metabolite (Paradis et al., 1991a). Moreover, tryptophan infusion has been shown to reduce
endurance in horses (Farris et al., 1998), and this appears to be at variance with the claims of at least
one supplement manufacturer. The lack of information which establishes a safe and effective oral
dose for L-tryptophan in horses, is of considerable concern.
Based on the available evidence, it would be incautious to rely on tryptophan supplementation to calm
the excitable horse, especially when other measures might be available to address the underlying
cause of excitability, such as altering diets, management and husbandry procedures.
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