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ABSTRACT 
Brain functions can be affected by the availability of dietary precursors of neurotransmitters. The diet induced 
increase in tryptophan (TRP) availability has been shown to increase brain serotonin (5-HT, 5-
hydroxytryptamine) synthesis and various related behaviors. A prominent role of serotonin in memory functions 
is widely acknowledged. Increased brain 5-HT concentration is shown to enhance cognitive function whereas 
decreased 5-HT metabolism in brain has been shown to impair memory.  This study was designed to investigate  
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the effects of single dose and repeated TRP administration on brain TRP, 5-HT and its metabolite 5-
hydroxyindole acetic acid (5-HIAA) levels and on memory functions in rats. TRP at a dose of 100 mg/kg body 
weight were orally administered to rats. Assessment of memory in rats was done using the water maze test 
(WM). Brain TRP, 5-HT and 5-HIAA levels were comparable to control after single TRP administration. 
Repeated administration of TRP for 6 weeks significantly increased brain TRP (P<0.05), 5-HT (P<0.01) and 5-
HIAA (P<0.01) levels with respect to controls. Memory enhancement effect of TRP was not seen after single 
oral administration whereas repeated TRP intake significantly (P<0.01) enhanced memory functions of rats as 
evidenced by the decreased latency time to reach the hidden platform in WM. Our results indicate that repeated 
but not single oral TRP administration is involved in the enhanced memory functions in rats. 
 
Keywords: tryptophan, 5-HT, memory, water maze test. 

 
INTRODUCTION 
 
TRP is an essential amino acid, the source of which is 
dietary only. It is the precursor of neurotransmitter 
serotonin. Brain serotonin synthesis depends on the 
uptake of its precursor TRP (Curzon, 1981), which in turn 
is dependent on the plasma ratio of TRP to large neutral 
amino acids (LNAAs) which compete for the same 
transport system in brain (Feurte et al., 2001). TRP 
loading increases plasma TRP/LNAAs ratio and increases 
brain TRP, 5-HT and 5-HIAA levels and therefore 
increases brain serotonin activity (Markus et al., 2002). 
 
TRP is widely used as a natural tool for the support of 
serotonin mediated brain functions and as a challenge 
probe for the serotonin mediated behavioral responses. In 
normal circumstances brain TRP is an important factor for 
controlling the synthesis of 5-HT (Fernstrom, 1985). TRP 
hydroxylase, the rate limiting enzyme of the biosynthesis 
is only 50% saturated with its substrate (Hamon et al., 
1981; Young and Gauthier, 1981) therefore an increase in 
TRP will tend to automatically increase brain serotonin 
production (Young and Teff, 1989). It has been well 
established that increased serotonergic neurotransmission 
is associated with increased memory consolidation 
(Laercio et al., 2004; Haider et al., 2006) whereas low 
brain 5-HT impairs memory functions (Porter et al., 2003; 
Haider et al., 2005). Previous studies showed that single 
TRP injection did not alter 5HT and 5HIAA levels 
(Bergqvist et al., 1996) while other studies reported that 
TRP administration increased 5HT synthesis (Haleem et 
al., 1998). 
 
We have previously reported that increased 5-HT 
synthesis by repeated TRP administration for 6 weeks 
enhanced memory functions (Khaliq et al., 2006). The 
present study is designed to specifically investigate the 
effects of single and repeated TRP administration on brain 
TRP, 5-HT and 5-HIAA levels and on memory functions 
in rats.  
 
MATERIALS AND METHODS 
 
Animals  
Eighteen adult male locally bred albino Wister rats (180-
200g) purchased from Aga Khan University hospital were 

used in the study. All animals were housed individually 
under a 12 h light-dark cycle (light on at 6:00h) and 
controlled room temperature (22 ± 2°C) with free access 
to cubes of standard rodent diet and tap water for at least 
3-4 days before experimentation. All experiments were 
conducted according to a protocol approved by Local 
Animal Care Committee. 
 
Chemicals 
TRP was purchased from Merck (Germany). The 
methanol used in the study was obtained from Sigma 
Chemicals (USA). All the other chemicals used were also 
of the highest quality available. 
 
Drug administration 
TRP at a dose of 100mg/kg body weight was orally 
administered to rats. For oral administration a small 
stainless steel feeding tube fixed to a 1 ml syringe was 
used. The drug was carefully given in the mouth of rat 
and it was made sure that the rat took in the entire dose. 
An equal amount of vehicle (water) was given orally to 
control rats. 
 
Experimental protocol 
Animals were randomly divided into control and two test 
groups. One test group received 100 mg/kg TRP for 6 
weeks to determine the effect of repeated TRP 
administration while the other group received an equal 
dose of TRP orally only on the last day to determine the 
effect of single dose of TRP. Weighed amount of food 
was placed in the hopper of all the cages. Body weight 
and food intakes were monitored weekly. Behavioral 
activities of rats were also monitored. Rats were 
decapitated after 6 weeks between 10:00 and 11:00 h to 
collect brain samples. The experiments were performed in 
a balanced design in such a way that the control and drug 
treated rats were killed alternatively to avoid the order 
effect. After decapitation brain samples were excised very 
quickly from the cranial cavity within 30 seconds of the 
decapitation and stored at low temperature (-70°C) until 
analysis of 5-HT, 5-HIAA and TRP by HPLC-EC. HPLC-
EC determination was carried out as standard (Haleem et 
al., 2002). A 5-II Shim-Pack ODS separation column of 
4.0 mm internal diameter and 150 mm length was used. 
Separation was achieved by a mobile phase containing 
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methanol (14%), octyl sodium sulfate (0.023%) and 
EDTA (0.0035%) in 0.1 M phosphate buffer at pH 2.9 at 
an operating pressure of 2000-3000psi on Schimadzu 
LEC 6A detector at an operating potential of 0.8 volts for 
biogenic amines and 1.0 volts for TRP. 
 
Behavioral test 
Water Maze Test 
The effects of single dose and repeated TRP 
administration on spatial memory was examined by 

assessing performance in a Water Maze test developed in 
our laboratory (Khaliq et al., 2006). The WM apparatus 
used in the present study consisted of a transparent 
rectangular glass tank (60 x 30cms) filled with room 
temperature-water opacified with powder milk, to the 
depth of 12cm. A wooden platform (15 x 13cms) was 
hidden 2cm below the surface of water in a fixed location. 
The experiment was performed after 6 weeks for 
examining the effect of repeated TRP administration on 
memory. Initially the rats were trained and during the 
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Fig. 1. Effect of single and repeated L-tryptophan 
administration on short term memory and long term 
memory in water maze test. Values are means ± S.D (n = 
6). Significant difference by Neuman-Keuls test. 
Following one- way ANOVA. **p<0.01 from respective 
water treated controls. 

Fig 2. Effect of single and repeated L-tryptophan 
administration upon plasma brain tryptophan, 5-
hydroxytryptophan and 5-hydroxyindole acetic acid 
levels. Values are means ± S.D (n = 6). Significant 
difference by Neuman-Keuls test. Following one- way 
ANOVA. *p<0.05; **p<0.01 from respective water 
treated controls. 
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training session each rat was placed into the water facing 
the wall of the tank and allowed 120 seconds to locate and 
climb onto the submerged platform. The rat was allowed 
to stay on the platform for 10 seconds. If it failed to find 
the platform within the allowed time it was guided gently 
onto the platform. Animals were tested for short term 
memory (STM) 60 minutes after training and finally for 
long term memory 24 h later. The STM and LTM were 
determined by recording the retention latency (RL; the 
time taken by each rat to locate the hidden platform 1h 
and 24 h after training). The cut off time for each session 
was 2 minutes.  
 
STATISTICAL ANALYSIS 
 
Results are presented as mean ± SD. Neurochemical and 
behavioral data were analyzed by one way ANOVA. 
Posthoc analysis was done by Newman-Keuls test. P 
values < 0.05 were considered significant. 
 
RESULTS 
 
Effect of single and repeated L-Tryptophan 
administration upon short term memory in rats 
Effect of TRP on STM was assessed one hour after the 
first trial. Analysis by one way ANOVA showed a 
significant treatment effect (F=15.1 df 2,15 P<0.01). Post 
hoc analysis showed that STM was significantly 
improved following repeated TRP administration 
(P<0.01). No effect on STM was observed following 
single administration of TRP (fig. 1b). 
 
Effect of single and repeated L-Tryptophan 
administration upon long term memory in rats 
Long term memory was assessed 24 hour after the 1st 
trial. Analysis by one way ANOVA showed a significant 
treatment effect (F=8.04 df 2,15 P<0.01). Post hoc 
analysis showed that LTM was significantly improved 
following repeated TRP administration (P<0.01). No 
effect on LTM was observed following single 
administration of TRP (fig. 1c). 
 
Effect of single and repeated L-Tryptophan 
administration upon TRP, 5HT and 5HIAA levels in 
brain 
Concentration of brain TRP, 5HT and 5HIAA were 
determined following single and repeated administration 
of 100mg/kg TRP. Analysis by one way ANOVA 
revealed significant effect following TRP administration 
on brain TRP (F=4.9 df 2,15 P<0.05), 5HT (F=24.3 df 
2,15 P<0.01) and 5HIAA (F=67.8 df 2,15 P<0.01). Post 
hoc analysis by Neuman Keuls showed that TRP 
(P<0.05), 5HT (P<0.01) and 5HIAA (P<0.01) levels were 
significantly increased after repeated TRP administration 
whereas single oral administration of TRP did not 
increase 5HT levels with respect to controls (fig. 2).  
 

DISCUSSION 
 
One manner to study the role of 5-HT in behavioral 
functions is through nutritional manipulation of its 
precursor TRP. It is an essential amino acid and its source 
is solely dietary. In the present study we examined the 
effect of single and repeated oral administration of TRP at 
a dose of 100 mg/kg on the alteration in learning and 
memory performance and 5-HT metabolism in rat brain. 
Two hours after single administration of TRP, rats were 
trained in WM. STM and LTM were then assessed after 
1h and 24h respectively. Rats administered with the single 
dose of TRP showed no difference in retention latency 
with respect to controls. Other group of rats fed with the 
same dose of TRP repeatedly for 6 weeks showed an 
increase in memory performance in WM as evidenced by 
decrease in latency time to reach the platform. The 
repeated oral administration of TRP produced a 
significant increase in brain TRP, 5-HT and 5-HIAA 
levels compared to controls whereas single oral 
administration of TRP did not show any increase in 5-HT 
metabolism.  
 
Previous study showed that alteration in brain serotonin 
levels were also associated with altered levels of its 
precursor TRP in the brain (Weltzin et al., 1994). 
Evidence also showed that brain 5-HT is influenced by 
the supply of TRP to brain (Stancampiano et al., 1997; 
Lieben et al., 2004). Bergqvist et al., 1996 reported that 
single injection of TRP did not alter 5-HT and 5-HIAA 
levels in rats. Previously in our laboratory it was reported 
that TRP injected at dose of 50 mg/kg for 4 days caused 
increase in 5-HT and 5-HIAA levels (Haleem et al., 
1998). Other studies reported that TRP rich diet increased 
TRP/ LNAA ratio (Beulens et al., 2004; Markus et al., 
2005) and increased 5-HT metabolism (Feurte et al., 
2001; Markus et al., 2002). TRP depletion studies stated 
that 2 hour after the oral consumption of TRP free diet 
caused significant reduction in brain TRP and 5-HT levels 
(Stancampiano et al., 1997a,b; Lieben et al., 2004). 
However, in the present study single oral administration 
of TRP at a dose of 100 mg/kg did not increase brain 
TRP, 5-HT and 5-HIAA levels after 2 hours. 
 
Diet induced increase in TRP availability increases brain 
serotonergic activity and improves cognitive performance 
(Schmitt et al., 2000,2005; Booij et al., 2006). The role of 
serotonin in learning and memory is now well established. 
The relationship between serotonin and learning and 
memory has been reported earlier (Khaliq et al., 2006). 
Increased brain TRP and serotonin levels have been 
shown to improve cognitive performance (Haider et al., 
2006; Haider et al., 2007) whereas decrease in brain 
serotonin levels has been shown to decrease memory 
functions (Haider et al., 2005). In the present study lack 
of any effect on memory functions after single TRP 
administration may be attributed to the lack of any effect 
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on 5HT metabolism. Repeated TRP intake in general 
increases brain serotonin metabolism and increases 
memory function in rats. These results suggest that this 
effect of TRP is probably mediated via increased 
serotonergic neurotransmission. The discrepancy in the 
results emphasizes that dose and route of administration 
(i.p. or oral) is important in TRP related experiments.  
 
In light of our previous and present findings we report 
that increased brain 5-HT metabolism by repeated but not 
single oral TRP administration is implicated in the 
enhancement of memory functions in rats. 
 
REFERENCES 
 

Bergqvist PB, Hjorth S, Apelqvist G and Bengtsson F 
(1996). Acute effects of L-tryptophan on brain 
extracellular 5-HT and 5-HIAA levels in chronic 
experimental portal-systemic encephalopathy. Metab. 
Brain Dis., 11(3): 269-78. 

Beulens JW, Bindels JG, de Graaf C, Alles MS and 
Wouters-Wesseling W (2004). Alpha-lactalbumin 
combined with a regular diet increases plasma Trp-
LNAA ratio. Physiol. Behav., 81(4): 585-93. 

Booij L, Merens W, Markus CR and Van der Does AJ 
(2006). Diet rich in alpha lactalbumin improves 
memory in unmedicated recovered depressed patients 
and matched controls. J. Psychopharmacol., 20(4): 
526-35. 

Curzon G (1981). Influence of plasma tryptophan on 
brain 5-HT synthesis and serotonergic activity. Adv. 
Exp. Med. Biol., 133: 207-19. 

Fernstrom JD (1985). Dietary effects on brain serotonin 
synthesis: relationship to appetite regulation. Am. J. 
Clin. Nutr., 42: 1072-82. 

Feurte S, Gerozissis K, Regnault A and Paul FM (2001). 
Plasma Trp/LNAA ratio increasesduring chronic 
ingestion of an alpha-lactalbumin diet in rats. Nutr. 
Neurosci., 4(5): 413-8. 

Haider S, Khaliq S, Ahmed SP and Haleem DJ (2006). 
Long term tryptophan administration enhances 
cognitive performances and increases 5HT metabolism 
in the hippocampus of female rats. Amino Acids, 31: 
421-425. 

Haider S, Khaliq S and Haleem DJ (2007). Enhanced 
serotonergic neurotransmission in the hippocampus 
following tryptophan administration  improves learning 
acquisition and memory consolidation in rats.  
Pharmacology Reports (in press). 

Haider S, Shameem S, Ahmed SP, Perveen T and Haleem 
DJ (2005). Repeated administration of lead decreased 
brain 5HT metabolism and produces memory deficits 
in rats. CMBL, 10: 669-676. 

Haleem DJ, Naz H, Perveen T, Haider S, Ahmed SP and 
Khan NH (2002). Serotonin and serotonin 1A receptors 
in the failure of ethanol treated rats to adapt to a 
repeated stress schedule. J. Stud. Alcohol., 63: 389-396. 

Haleem DJ, Jabeen B and Perveen T (1998). Inhibition of 
restraint induced anorexia by injected tryptophan. Life 
Sci., 63(14): 205-212. 

Hamon M, Bourgoin S, Artaud F and El Mestikawy S 
(1981). The respective role of tryptophan uptake and 
tryptophan hydroxylase in the regulation of serotonin 
synthesis in the central nervous system. J. Physiol., 
(Paris) 77(2-3): 269-79. 

Khaliq S, Haider S, Ahmed SP, Perveen T and Haleem DJ 
(2006). Relationship of brain tryptophan and serotonin 
in improving cognitive performance in rats. Pak.  J. of 
Pharma. Sci., 19(1): 11-15. 

Khaliq S, Haider S, Mukhtar A and Haleem DJ (2006). 
Gender difference in memory functions following 
long-term tryptophan supplementation in rats. Pak. J. 
of Pharmacol., 23(1): 39-45. 

Laercio OS, Cristiane K, Maura S, Flavio B and Flavia B 
(2004) Serotonin reuptake inhibitors in auditory 
processing disorders in elderly patients. Laryngoscope, 
114(9): 656-659. 

Lieben CK, Van Oorsouwk, Deutz N and Blokland A 
(2004). Acute tryptophan depletion induced by a 
gelatin based mixture impairs object memory but not 
effective behavior and spatial learning in rats. Behav. 
Brain Res., 151(1-2): 53-64. 

Markus CR, Jonkman LM, Lammers JH, Deutz NE, 
Messer MH and Rigtering N (2005). Evening intake of 
alpha-lactalbumin increases plasma tryptophan 
availability and improves morning alertness and brain 
measures of attention. Am. J. Clin. Nutr., 81(5): 1026-
33. 

Markus CR, Olivier B and de Haan EH (2002). Whey 
protein rich in alpha- lactalbumin increases the ratio of 
plasma tryptophan to the sum of large neutral amino 
acids and improves cognitive performances in stress 
vulnerable subjects. Am. J. Clin. Nutr., 75(6): 1051-6. 

Porter RJ, Lunn BS and O’Brien JT (2003). Effects of 
acute tryptophan depletion on cognitive functions in 
Alzheimer’s disease and in the healthy elderly. 
Psychol. Med., 33(1): 41-9. 

Schmitt JA, Jorissen BL, Dye L, Markus CR, Deutz NE 
and Riedel WJ (2005). Memory function in women 
with premenstrual complaints and the effect of 
serotonergic stimulation by acute administration of an 
alpha-lactalbumin protein. Psychopharmacol., 19(4): 
375-84. 

Schmitt JA, Jorissen BL, Sobczak S, Boxtel MP, 
Hogervorst P, Deutz NE and Riedel WJ (2000). 
Tryptophan depletion impairs memory consolidation 
but improves focused in healthy young volunteers. J. 
Psychopharmacol., 14(1): 21-9. 

Stancampiano R, Cocco S, Melis F, Cugusi C, Sarais L 
and Fadda F (1997). The decrease of serotonin release 
induced by a tryptophan-free amino acid diet does not 
affect spatial and passive avoidance learning. Brain 
Res., 762(1-2): 269-74. 



Comparative effects of single dose and repeated oral tryptophan administration 
 

 Pak. J. Pharm. Sci., 2007, Vol.20(1), 71-76 76

Stancampiano R, Melis F, Sarais L, Cocco S, Cugusi C 
and Fadda F (1997). Acute administration of a 
tryptophan-free amino acid mixture decreases 5-HT 
release in rat hippocampus in vivo. Am. J. Physiol., 
272(3): 991-4. 

Weltzin TE, Fernstrom JD, McConaha C and Kaye WH 
(1994). Acute tryptophan depletion in bulimia: effects 
on large neutral amino acids. Biol. Psychiatry, 35(6): 
388-97. 

 

 
INTRODUCTION 
 
Microbial balance is an important factor in the 
maintenance of intestinal homeostasis, and probiotics 
have been proposed to control diarrheal diseases 
(Heyman, 2000). Probiotics are viable bacterial cell 
preparations or foods containing viable bacterial cultures 
or components of bacterial cells that have beneficial 
effects on the health of the host (Fuller, 1989; Salminen et 
al., 1998b). In recent times, there has been renewal of 
interest in the use of probiotics   (as  distinct from antibio- 
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tics) also termed bio-therapeutic agents,  driven  in large 
part by consumers. Well-documented probiotic strains 
(table 1) are clinically proven. Such probiotic 
microorganisms appear to be promising candidates for the 
treatment of clinical condition both in humans and 
animals. Probiotics have been used therapeutically to 
modulate immunity, lower serum cholesterol, treat 
rheumatoid arthritis, prevent cancer, improve lactose 
intolerance, and prevent or reduce the effects of atopic 
dermatitis, diarrhea, and constipation as well as 
candidiasis and urinary tract infections (Reid, 1999). 
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ABSTRACT 
With the growing interest in self-care and integrative medicine coupled with our health-embracing increasing 
population, recognition of the link between diet and health has never been stronger. As a result, the market for 
functional foods, or foods that promote health beyond providing basic nutrition, is flourishing. Within the 
functional foods movement is the small but rapidly expanding arena of probiotics – live microbial food 
supplements that beneficially affect an individual by improving intestinal microbial balance. The consumers’ 
overwhelming interest in and demand for functional foods, including probiotics, make it imperative that health 
professionals stay abreast of the latest research findings and available products. The global market for 
functional foods in the coming years is predicted to grow rapidly. Although Japan currently accounts for about 
one-half of this market, the fastest rate of growth is expected to be in the United States. Probiotic products 
represent a strong growth area within the functional foods group and intense research efforts are under way to 
develop dairy products into which probiotic organisms such as Lactobacillus and Bifidobacterium species are 
incorporated. Such probiotic foods may modulate gut microbial composition, thereby leading to improved gut 
health, for example, through improved tolerance to lactose in lactose-intolerant individuals or improved 
resistance to pathogenic bacteria. The fast-growing probiotics market holds a wealth of opportunities, especially 
for those companies that understand and cater for the final consumer. This monograph provides a summary of 
research on the health benefits of probiotics and offers information regarding the global market potential of 
probiotics. 
 
Keywords: Probiotics, lactobacillus, bifidobacterium, functional foods. 
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