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The link between serotonin (5-HT) and one of the most important elements of prosocial
behavior, charity, has remained largely uninvestigated. In the present study, we tested
whether charitable donating can be promoted by administering the food supplement
L-Tryptophan (TRP), the biochemical precursor of 5-HT. Participants were compared with
respect to the amount of money they donated when given the opportunity to make a
charitable donation. As expected, compared to a neutral placebo, TRP appears to increase
the participants’ willingness to donate money to a charity.This result supports the idea that
the food we eat may act as a cognitive enhancer modulating the way we think and perceive
the world and others.
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INTRODUCTION
“Every good act is charity. A man’s true wealth hereafter is the
good that he does in this world to his fellow”, Molière once said.
Indeed, charitable donating is an essential component of prosocial
behavior and a key determinant of social reliability (Milinski et al.,
2002).

Pharmacological studies in rats and humans suggest that
the neurotransmitter serotonin (5-HT) plays a crucial role
in promoting prosocial behavior (Crockett, 2009). Indeed, as
pointed out by Siegel and Crockett (2013), serotonergic lev-
els tend to be negatively correlated with antisocial behaviors
such as social isolation and aggression, and tend to be posi-
tively correlated with prosocial behaviors such as cooperation
and affiliation. Prosocial behavior can be reduced by lowering
5-HT levels through tryptophan depletion (Wood et al., 2006;
Crockett et al., 2008, 2009) and enhanced through administer-
ing the food supplement L-Tryptophan (TRP), the biochemical
precursor of 5-HT (Colzato et al., 2013) or through administer-
ing selective serotonin reuptake inhibitors (Knutson et al., 1998;
Tse and Bond, 2002).

Here, for the first time, we investigated whether the adminis-
tration of the essential amino acid TRP, contained in food such as
fish, eggs, soy, and milk, can promote charitable donating. TRP
supplementation is known to increase plasma TRP levels and to
influence brain 5-HT synthesis (Markus et al., 2008). We expected
to find a beneficial effect of TRP on charitable donating because
donating was found to selectively activate the subgenual–septal
area (Moll et al., 2006), which shares reciprocal anatomical con-
nections with raphe nuclei (Drevets, 2001), the principal release
center of 5-HT in the brain. Hence, it is likely that the activation
of the subgenual–septal area is modulated through serotonergic
projections—which we aimed to target by the supplementation
of TRP.

MATERIALS AND METHODS
PARTICIPANTS
Thirty-two healthy international south European students (mean
age = 21.8; 4 male, 28 female; mean Body Mass Index = 21.5,
range 17.8–30.8) with no cardiac, hepatic, renal, neurological,
or psychiatric disorders, personal or family history of depres-
sion, migraine and medication or drug use participated in the
experiment. Participants were screened via a phone call by the
experiment leader before inclusion, using the mini international
neuropsychiatric interview (MINI; Sheehan et al., 1998). The
MINI is a short, structured, interview of about 15 minutes that
screens for several psychiatric disorders and drug use, often
used in clinical and pharmacological research (Sheehan et al.,
1998; Colzato and Hommel, 2008; Colzato et al., 2009). Par-
ticipants were randomly assigned to two experimental groups.
Sixteen participants (2 male, 14 female) were exposed to an oral
dose (powder) of 0.8 grams of TRP (supplied by AOV Interna-
tional Ltd.)—which roughly corresponds to the amount of TRP
contained in 3 eggs–and 16 (2 male, 14 female) to 0.8 grams
of microcrystalline cellulose (Sigma-Aldrich Co. LLC), a neu-
tral placebo. These doses were always dissolved in 200 ml of
orange juice. Following Markus et al. (2008) and Colzato et al.
(2013) women using contraception were tested when they actu-
ally used the contraception pill. On each experimental morning,
participants arrived at the laboratory at 9:30 am. Participants
had been instructed to fast overnight (eating was not allowed
after 11:00 pm); only water or tea without sugar was permit-
ted. In addition, subjects were not allowed to use any kind of
drugs before or during the experiment, or to drink alcohol from
the day before their participation until their completion of the
study.

Written informed consent was obtained from all subjects;
the protocol and the remuneration arrangements of 10 Euros
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were approved by the local ethical committee (Leiden University,
Institute for Psychological Research).

PROCEDURE
All participants were tested individually. Upon arrival, following
Colzato et al. (2013), participants were asked to rate their mood
on a 9 × 9 Pleasure × Arousal grid (Russell et al., 1989) with values
ranging from –4 to 4. Heart rate (HR; in beats per minute) and
systolic and diastolic blood pressure (SBP and DBP) were collected
from the non-dominant arm with an OSZ 3 Automatic Digi-
tal Electronic Wrist Blood Pressure Monitor (Spiedel & Keller).
One hour following the administration of TRP (corresponding
to the beginning of the 1 hour-peak of the plasma concentra-
tion; Markus et al., 2008) or placebo, participants again rated their
mood, before having HR, SBP, and DBP measured for the second
time.

Next, after having performed an unrelated computer-based
attentional blink task that requires the detection of two targets in
a rapid visual on-screen presentation, which took about 30 min-
utes, participants were presented with the donating task. After the
donating task, participants again rated their mood, before having
HR, SBP, and DBP measured for the third time.

DONATING TASK
Following van IJzendoorn et al. (2011), participants were not
informed beforehand that the donating task was part of the exper-
iment. Donating behavior was measured by the amount of money
the participant donated. After having received 10 Euros (one 5-
Euronote, two 1-Euro coins, and 6 Fifty-cent coins) for their
participation in the study, participants were left alone and asked
whether they were willing to donate part of their financial reward
to charity. Four money boxes (Unicef, Amnesty International,
Greenpeace, and World Wildlife Fund) had been positioned on
the table. All money boxes were filled with four Fifty-cent coins in
order to enhance credibility (see van IJzendoorn et al., 2010, 2011,
for a similar task).

Hence, the donating task was standardized, without the pres-
ence of an experimenter, and with a fixed amount of money
in a fixed number of notes and coins. The donating task used
in the van IJzendoorn et al. (2011) study was similar in terms
of participants donating their own money to a real charity but
it differed in terms of having the choice between four differ-
ent charities compared to solely Unicef. Donated money was
transferred to the bank accounts of the charities after data
collection.

STATISTICAL ANALYSIS
Heart rate, systolic and diastolic blood pressure, mood, and arousal
were analyzed separately by means of repeated-measures analy-
ses of variance (ANOVAs) with effect of time (first vs. second
vs. third measurement) as within-subjects factor and with group
(Placebo vs. TRP) as between-group factor. A t-test for inde-
pendent groups was performed to assess differences between the
two groups (Placebo vs. TRP) in the amount of money donated.
Effect magnitudes were assessed by calculating Cohen’s d (Cohen,
1988). A significance level of p < 0.05 was adopted for all statistical
tests.

RESULTS
PARTICIPANTS
No significant differences were found among group with respect
to age (21.7, SD = 1.4 vs. 21.8, SD = 2.9, for the placebo and
TRP group respectively), t(30) = 0.15, p > 0. 88, and sex, χ2 (1,
N = 32) = 0.00, p = 1.00.

DONATING TASK
As expected, participants donated significantly more euros to the
charities in the TRP condition (1.00, SD = 0.79) than in the
placebo condition (0.47, SD = 0.59), t(30) = 2.14, p < 0.05,
Cohen’s δ = 0.78.

PHYSIOLOGICAL AND MOOD MEASUREMENTS
Analysis of variance s revealed that HR (78, SD = 10.9 vs. 72,
SD = 9.4 vs. 69, SD = 9.2 and 75, SD = 13.1 vs. 71, SD = 8.5
vs. 68, SD = 11.2, after placebo and TRP, respectively), DBP (68,
SD = 10.4 vs. 63, SD = 9.0 vs. 64, SD = 10.6 and 71, SD = 8.5
vs. 66, SD = 7.2 vs. 70, SD = 9.4, after placebo and TRP), SBP
(110, SD = 12.8 vs. 104, SD = 11.2 vs. 106, SD = 11.8 and 114,
SD = 8.1 vs. 109, SD = 10.3 vs. 112, SD = 9.7, after placebo and
TRP), mood (0.9, SD = 1.4 vs. 1.4, SD = 1.4 vs. 1.2, SD = 1.4 and
0.9, SD = 1.6 vs. 1.0, SD = 1.6 vs. 1.2, SD = 1.6, after placebo
and TRP), and arousal (0.6, SD = 1.8 vs. 1.1, SD = 1.5 vs. 0.4,
SD = 1.8 and 0.5, SD = 1.6 vs. 0.5, SD = 1.5 vs. 0.2, SD = 1.3, after
placebo and TRP) did not significantly change after the intake of
TRP, F’s < 1.

DISCUSSION
The present study is the first demonstration that charitable donat-
ing can be enhanced by serotonin-related food supplements. We
argued that TRP supplementation, and the resulting boost in
5-HT should be beneficial for the participants’ willingness to
donate money to a charity.

One may wonder how this novel finding relates to the observa-
tion of Barraza et al. (2011) and van IJzendoorn et al. (2011) that
the neuropeptide oxytocin (OT) also increases charitable dona-
tion. Serotonergic terminals, mainly originating from the dorsal
and median raphe nuclei of the brainstem, project to the par-
aventricular nuclei (Larsen et al., 1996), where the neurons release
OT. So, comparable effects on prosocial behavior of TRP and OT
are conceivable if one considers the functional and anatomical
interactions between serotonergic and oxytocinergic systems. Fur-
ther, the administration of the serotonergic agonist fenfluramine
to healthy subjects increases plasma OT levels (Lee et al., 2003).
Thus, it may be likely that the willingness to donate money to
a charity is modulated by the effect that 5-HT exerts on OT
levels.

More research is needed to extend and replicate our prelimi-
nary findings with a bigger sample size. Follow-up studies should
correlate the amount of money donated with plasma levels of
TRP. Finally, to evaluate the effect of the TRP administration
on the brain, it would be interesting to investigate whether TRP
supplementation is associated with increased blood oxygenation
level dependent (BOLD) changes in the fronto-mesolimbic net-
works, which are associated with charitable donating (Moll et al.,
2006).
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The present study is the first to show that TRP promotes char-
itable donating, an important element of prosocial behavior. Our
results support the materialist approach that“you are what you eat”
(Feuerbach, 1960)—the idea that the food one eats has a bearing
on one’s state of mind. The food we eat may thus act as a cognitive
enhancer that modulates the way we deal with the“social”world. In
particular, the supplementation of TRP, or TRP-containing diets,
may support the prosocial behavior of charity that Molière was
concerned about.

REFERENCES
Barraza, J. A., McCullough, M. E., Ahmadi, S., and Zak, P. J. (2011). Oxytocin

infusion increases charitable donations regardless of monetary resources. Horm.
Behav. 60, 148–151. doi: 10.1016/j.yhbeh.2011.04.008

Cohen, J. (1988). Statistical power analysis for the behavioral sciences, 2nd Edn.
Hillsdale, NJ: Lawrence Erlbaum Associates.

Colzato, L. S., and Hommel, B. (2008). Cannabis, cocaine, and visuo-
motor integration: evidence for a role of dopamine D1 receptors in
binding perception and action. Neuropsychologia 46, 1570–1575. doi:
10.1016/j.neuropsychologia.2007.12.014

Colzato, L. S., Slagter, H. A., van den Wildenberg, W. P. M., and Hommel, B.
(2009). Closing one’s eyes to reality: evidence for a dopaminergic basis of psy-
choticism from spontaneous eye blink rates. Pers. Individ. Differ. 46, 377–380.
doi: 10.1016/j.paid.2008.10.017

Colzato, L. S., Steenbergen, L., de Kwaadsteniet, E. W., Sellaro, R., Liepelt, R., and
Hommel, B. (2013). Tryptophan promotes interpersonal trust. Psychol. Sci. 24,
2575–2577. doi: 10.1177/0956797613500795

Crockett, M. J. (2009). The neurochemistry of fairness: clarifying the link between
serotonin and prosocial behavior. Ann. N. Y. Acad. Sci. 1167, 76–86. doi:
10.1111/j.1749-6632.2009.04506.x

Crockett, M. J., Clark, L., and Robbins, T. W. (2009). Reconciling the role
of serotonin in punishment and inhibition in humans: tryptophan depletion
abolishes punishment-induced inhibition. J. Neurosci. 29, 11993–11999. doi:
10.1523/JNEUROSCI.2513-09.2009

Crockett, M. J., Clark, L., Tabibnia, G., Lieberman, M. D., and Robbins, T. W. (2008).
Serotonin modulates behavioral reactions to unfairness. Science 320, 1739. doi:
10.1126/science.1155577

Drevets, W. C. (2001). Neuroimaging and neuropathological studies of depression:
implications for the cognitive-emotional features of mood disorders. Curr. Opin.
Neurobiol. 11, 240–249. doi: 10.1016/S0959-4388(00)00203-8

Feuerbach, L. A. (1960). “Das Geheimnis des Opfers oder der Mensch ist was er ißt
[The mystery of sacrifice or man is what he eats],” in Ludwig Feuerbach Sämtliche
Werke, Vol. X, eds W. Bolin and F. Jodl (Stuttgart: Frommann Verlag), 41–67.
(Original work published in 1862).

Knutson, B., Wolkowitz, O. M., Cole, S. W., Chan, T., Moore, E. A., Johnson, R. C.,
et al. (1998). Selective alteration of personality and social behavior by serotonergic
intervention. Am. J. Psychiatry 155, 373–379.

Larsen, P. J., Hay-Schmidt, A., Vrang, N., and Mikkelsen, J. D. (1996).
Origin of projections from the midbrain raphe nuclei to the hypothala-
mic paraventricular nucleus in the rat: a combined retrograde and antero-
grade tracing study. Neuroscience 70, 963–988. doi: 10.1016/0306-4522(95)
00415-7

Lee, R., Garcia, F., van de Kar, L. D., Hauger, R. D., and Coccaro, E. F. (2003).
Plasma oxytocin in response to pharmaco-challenge to D-fenfluramine and
placebo in healthy men. Psychiatry Res. 30, 129–136. doi: 10.1016/S0165-1781(03)
00070-2

Markus, C. R., Firk, C., Gerhardt, C., Kloek, J., and Smolders, G. J. F. (2008).
Effect of different tryptophan sources on amino acids availability to the brain
and mood in healthy volunteers. Psychopharmacology (Berl.) 201, 107–114. doi:
10.1007/s00213-008-1254-0

Milinski, M., Semmann, D., and Krambeck, H. (2002). Donors to charity gain in
both indirect reciprocity and political reputation. Proc. Biol. Sci. 269, 881–883.
doi: 10.1098/rspb.2002.1964

Moll, J., Krueger, F., Zahn, R., Pardini, M., de Oliveira-Souza, R., and Graf-
man, J. (2006). Human fronto–mesolimbic networks guide decisions about
charitable donation. Proc. Natl. Acad. Sci. U.S.A. 103, 15623–15628. doi:
10.1073/pnas.0604475103

Russell, J. A., Weiss, A., and Mendelsohn, G. A. (1989). Affect grid: a single-item
scale of pleasure and arousal. J. Pers. Soc. Psychol. 57, 493–502.

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E.,
et al. (1998). The Mini-International Neuropsychiatric Interview (MINI): the
development and validation of a structured diagnostic psychiatric interview for
DSM-IV and ICD-10. J. Clin. Psychiatry 59, 22–33.

Siegel, J. Z., and Crockett, M. J. (2013). How serotonin shapes moral judg-
ment and behavior. Ann. N. Y. Acad. Sci. 1299, 42–51. doi: 10.1111/nyas.
12229

Tse, W. S., and Bond, A. J. (2002). Serotonergic intervention affects both social
dominance and affiliative behavior. Am. J. Psychiatry 155, 373–379.

van IJzendoorn, M. H., Bakermans-Kranenburg, M. J., Pannebakker, F., and Out, D.
(2010). In defence of situational morality: genetic, dispositional and situational
determinants of children’s donating to charity. J. Moral Educ. 39, 1–20. doi:
10.1080/03057240903528535

van IJzendoorn, M. H., Huffmeijer, R., Alink, L. R., Bakermans-Kranenburg, M.
J., and Tops, M. (2011). The impact of oxytocin administration on charitable
donating is moderated by experiences of parental love-withdrawal. Front. Psychol.
2:258. doi: 10.3389/fpsyg.2011.00258

Wood, R. M., Rilling, J. K., Sanfey, A. G., Bhagwagar, Z., and Rogers, R. D.
(2006). Effects of tryptophan depletion on the performance of iterated prisoner’s
dilemma game in healthy adults. Neuropsychopharmacology 31, 1075–1084. doi:
10.1038/sj.npp.1300932

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 28 October 2014; paper pending published: 21 November 2014; accepted: 27
November 2014; published online: 17 December 2014.
Citation: Steenbergen L, Sellaro R and Colzato LS (2014) Tryptophan promotes
charitable donating. Front. Psychol. 5:1451. doi: 10.3389/fpsyg.2014.01451
This article was submitted to Cognition, a section of the journal Frontiers in Psychology.
Copyright © 2014 Steenbergen, Sellaro and Colzato. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

www.frontiersin.org December 2014 | Volume 5 | Article 1451 | 3

http://dx.doi.org/10.3389/fpsyg.2014.01451
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/
http://www.frontiersin.org/Cognition/archive

	Tryptophan promotes charitable donating
	Introduction
	Materials and methods
	Participants
	Procedure
	Donating task
	Statistical analysis

	Results
	Participants
	Donating task
	Physiological and mood measurements

	Discussion
	References




