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Introduction
Amino acids are organic compounds of biological importance 

comprise of two fundamental functional groups i.e., amine and 
carboxylic acid, along with a side chain specific to each amino acid 
[1]. About 500 amino acids have been discovered, in which 20 amino 
acids are essentially required by the human body. Out of these 20 
standard amino acids 9 essential amino acids cannot be synthesize by 
our body; they must be taken from diet and one of them is tryptophan 
(TRP). Among essential amino acids, TRP is of most considerable 
significance due to its diversity of biological tasks in human body [2]. 
It is a vital component of proteins and crucial in human diet for setting 
up a positive nitrogen balance [3]. It produced from proteins during 
digestion by the action of proteolytic enzymes. It is a heterocyclic 
compound with C11H12N2O2 formula and is present in small quantity 
in nearly all proteins. It takes part in nourishment of infants and in the 
biosynthesis of serotonin and niacin [4]. For the reason that, serotonin 
is synthesized from the dietary L-tryptophan made it crucial for brain 
functions and neuronal regulatory mechanisms. Brain serotonin level 
is greatly influenced by an unbalanced intake of TRP in diet [5].

In addition, TRP is an essential and regularly used preparatory 
material in the production of a variety of pharmaceuticals [6]. It has 
been used in the treatment of various diseases such as depression, 
schizophrenia, and hypertension [7]. Some of its derivatives are well 
known potent drugs [8]. It is extensively used in food industries to 
sustain the diet quality and added as a food fortifier and to balance the 
amino acid level. It can also be utilized to monitor the formation and 
dynamics of the proteins owing to its indole moiety [9].

The nutritional and biochemical significance emphasizes the need 
for reliable analytical methods for the determination of TRP in various 
matrixes. The analytical methods used for the determination of TRP 
content in biological media, in food or in pure form include titrimetry 

[10], capillary electrophoresis [11-13], voltammetry [3,14,15], 
chemiluminescence (CL) [16-18], amperometry [19,20], polarography 
[21], high-performance liquid chromatography (HPLC) [22-26], 
fluorescence spectroscopy  and spectrophotometric  method [27,28]. 
Among these methods, titrimetry is the easiest and straightforward, 
but it is insensitive and only the amino acids of samples with more 
than mM concentration can be precisely estimated [10]. Even though 
capillary electrophoresis has attained substantial attention due to its 
high resolution [13], but its operation is very complicated and it is 
critical to adopt good operational practices in order to uphold steady 
migration times and resolution [11,12]. Voltammetric methods 
are somewhat inexpensive and sensitive up to 1.7 mmol l-1 [14]. 
However, the qualitative and quantitative interpretation of results from 
electrochemical data is a tricky job, which is the major drawback of the 
voltammetric methods. Chemiluminescence methods also have lower 
detection limits in the femtomole [16-19,29], range [18,30], and vitamin 
C and protein in the samples may have negative interference in TRP 
analysis [16]. As far as the amperometry method is concerned, TRP 
sample first needed to be pretreated by passing to an anion-exchange 
column to separate from general amino acids. And thus, pretreatment 
made the amperometric procedure laborious, complicated and time 
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Abstract
IBrain functions can be affected by the dietary precursors of neurotransmitters. Tryptophan (TRP) is the precursor 

of serotonin (5- Hydroxytryptamine; 5-HT) neurotransmitter that plays an important role in sleeping, mood, eating 
behavior, consciousness and cognitive functions. Present study describes the estimation of tryptophan in rat brain 
by aqueous-reverse-phase high performance liquid chromatography. Estimation was carried out on a shim pack 
end-capped C-18 column using water as mobile phase (pH=9 adjusted by addition of 0.1 mM NaOH) at a flow rate 
of 1 ml min-1. Eluents were monitored at 273 nm by an ultra-violet detector. The method was linear (R2=0.9973) 
and the limit of detection (LOD) and limit of quantification (LOQ) were 4.3920 and 13.3091 ng ml-1, respectively. The 
developed HPLC method is simple convenient, reliable and economical for the estimation of tryptophan in rat brain. 
In the present study, Albino Wistar male rats were randomly divided into two groups control and seaweeds treated 
rats. Seaweeds (Jolyna Laminiriodes) were orally given to test rats at a dose of 200 mg kg-1 whereas control rats 
were given vehicle for 28 days. After 28 days of treatment, rats were decapitated and its brain samples were taken 
out for the estimation of TRP. Current study observed increased in TRP levels in the brain samples of seaweed 
treated rats as compared to control rats. Therefore present study suggested the use of seaweeds in the treatment 
of disorders caused by TRP depletion. By this newly developed method for the estimation of TRP, effect of various 
drugs on TRP levels in the brain could be studied.
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consuming [19,20]. HPLC method is extensively used for the analysis 
of TRP; however, its analysis stays challenging due to its capability to 
hydrolyze by acids, mostly a precondition for HPLC analysis.

Therefore, it is usual to perform the time-consuming and 
sophisticated alkaline hydrolysis for the entire duration of the assay 
of TRP by HPLC [22-26]. Even though TRP have a luminescent 
chromophore, there is another fluorescing chromophore, tyrosine, 
in protein hydrolysates [30]. The spectrophotometric technique is 
normally adopted because of relatively cheap and easy instrumentation 
in contrast to other techniques. Unfortunately, the previously reported 
spectrophotometric methods [27,28,31], also experiences several 
weaknesses such as call for time taking heat pretreatment steps, 
complicated extraction of samples to minimize the interferences by 
other impurities and formation of diazotized complex. The object of 
the present study was to develop a quick, sensitive, economical, simple, 
safe and robust method that can be employed in routine analysis of 
TRP in biological samples. Moreover, the newly developed method 
was employed for monitoring the effect of seaweed (a natural herb) on 
brain TRP concentration level in rats.

Experimental
Materials and reagents

Methanol, hexane, EDTA, sodium metabisulphite, perchloric 
acid, cysteine, tryptophan, HCl, ortho-phosphoric acid, acetic acid, 
ammonium hydroxide and NaOH were purchased from Sigma 
chemicals Merk, Germany. Freshly prepared deionized filtered water 
was used to prepare the mobile phase. Filter paper of 0.45 micrometer 
for Millipore, UK was used. All reagents used were of analytical grade.

Instrumentation

Shimadzu HPLC model no. LC-20A, UV-Vis Spectrophotometer 
Shimadzu model 1800, Sonicator of Power Sonic model no. 603, 
filtration assembly of Sparmax with vacuum pump model no. TC-
2000, analytical balance of Dender model no. TP-214, high speed 
homogenizer of Germany Seiko, model no. MD-HMN-07, table top 
centrifuge 12,000 rpm multi-purpose model no. 1236 was used.

Prepartion of solutions

Standard preparation: Accurately weighed 0.0001 g of tryptophan 
and dissolved in deionized in order to prepare the standard solution of 
4000 ng ml-1 in 25 ml volumetric flask. By the dilution of this primary 
stock standard solution of 4000 ng ml-1 secondary stock standard of 
1000 ng ml-1 was prepared. The working standards were prepared by 
the dilution of these two standards.

Sample prepartion and extraction 

Animals: Twelve Male Albino Wistar rats were purchased from 
Aga Khan University Hospital and used in the present study. They were 
placed individually in their home cages during the treatment. Standard 
rodent diet and tap water was available to them throughout the 
treatment procedure. All experiments in the present study were done 
according to the protocol approved by Local Animal Care Committee.

Drug administration

Male Albino Wistar rats weighing 150-180 g were divided into 
two groups: Control and test group (n=6). Jolyna Laminiriodes at a 
dose of 200 mg kg-1 were prepared in cooking oil and were given to 
test rats for 28 days whereas control animal received equal amount of 
vehicle (cooking oil) for 28 days. For oral administration of drugs small 

stainless steel feeding tube was used that was attached to 1 ml syringe. 
It was made sure that proper amount of dose was taken in by the rats. 
After 28 days of treatment procedure, rats were decapitated and brains 
taken out were dipped in chilled saline.

Extraction of TRP from brain samples

Brain samples were then homogenized in 5-10 volumes of 
extraction medium. Extraction medium is prepared by 0.4 M perchloric 
acid containing 0.1% sodium metabisulphite, 0.1% EDTA and 0.01% 
cysteine. Samples were then centrifuged at 10000 × g in Eppendorf 
tubes for 15 minutes at low temperature. Supernatants were used for 
HPLC analysis. 

Chromatographic conditions

The liquid chromatographic system consisted of a Shimadzu model 
LC-20A, pump with a LC-20 AT, variable wavelength UV detector. 
Pentium-IV PC loaded with LC-Solution Software. Analysis was 
conducted on an end-capped Shim pack C-18 (150 mm × 4.6 mm, 5 
µm particle size) analytical aqueous-reverse-phase column with mobile 
phase of water (buffer) at pH 9 maintained by addition of 0.1 mM 
NaOH. The samples were introduced through a rheodyne injector 
valve with a 20 µl sample loop. Assays were performed at temperature 
of 40°C and at a flow rate 1 ml min-1. The eluents were monitored at 
273 nm.

Method Development and Experimental Condition 
Optimization

Selection of stationary phase: HPLC is high ranking tool for 
analysis. Its advantages of short retention time method reliability and 
sensitivity. Therefore, primary objective of this study is to develop 
simple, economical, hasty and effective liquid chromatographic 
method to determine tryptophan in rat brain. In this way, a C-18 end-
capped column (with dimension of 150 mm × 4.6 mm × 5 µm particle 
size) of silica was used for determination of TRP.

Selection of mobile phase: In solvent selection, different solvents 
including water in several compositions were tried. Acetonitrile due 
to its carcinogenicity and high coast were avoided. The pH of mobile 
phases was also varied by the addition of different acids and bases to 
obtain the best separated and resolved peak.  

Mobile phase flow rate: The flow rate of pump A or/and pump B 
in between 0.5-2.0 ml min-1 were varied for selecting the suitable flow 
rate to carry the experimental work.

Selection of temperature: The temperature of column was varied 
linearly in between room temperature of 28°C and 40°C in order to 
obtain the optimum separation.

Selection of wavelength: In order to select the wavelength for 
tryptophan analysis, the standard tryptophan solution is prepared and 
scanned across the UV-Visible region (180-760 nm) and the cut-off 
point was determined for the analysis of TRP i.e., λmax.

Method validation

The proposed method was validated for various parameters given 
by ICH 2006 guidelines [32].

System suitability test

The system suitability was estimated on each working day of 
method validation. Initially, RP-18 column was conditioned with 
mobile phase to equilibrium, then ten replicate TRP standard solutions 
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were injected and various parameters including capacity factors (k’), 
theoretical plates (N), tailing (T), separation factor (α), and resolution 
(Rs) were calculated. 

Specificity

The specificity studies were carried by injecting and taking 
chromatogram of standard and spiked sample and solution, and the 
possible interferences of unwanted species were observed. 

Linearity

Linearity of the method was found out from constructing the 
calibration curve between peak area and concentration of standard 
TRP at various concentration levels (1.0-250 ng ml-1). The regression 
parameters such as intercept, slope, and correlation coefficient were 
calculated. 

Recovery

A concentrated solution of TRP with known concentration was 
prepared and shortly before extraction small volumes were added in a 
fraction of homogenized rat brain (n=3) such that final concentrations 
of tryptophan were 1, 5 and 10 ng ml-1. The untreated brain extracts 
fractions of these biological samples acted as reference and standards 
containing these different concentrations were run as calibrants. The 
chromatogram of all standards and reference extracts were taken under 
the standard conditions selected in proposed method. The percent 
recovery of the method was calculated for TRP in rat brain by applying 
the equation as given below.

% Recovery = C/X × 100 

Where, C and X are the concentrations of tryptophan in spiked 
samples and in reference standard, respectively. 

Precision 

The precision of the method was analyzed in terms of intra-day 
and inter-day percent relative standard deviation (% RSD) at λmax of 
analyte. The tryptophan was analyzed at three concentration levels of 
1, 5 and 10 ng ml-1 with triplicate injection on the initial day and three 
consecutive days under the same experimental conditions and % RSD 
of each analyte was calculated by using formula;

% RSD = (SD/ X’) × 100 

Where, SD and X’ are the standard deviation and mean of analyte 
at specific concentration, respectively. 

Detection and quantification limits 

For this purpose pure tryptophan (standard) sample were manually 
spiked with 1.0-250 ng ml-1 concentrations of tryptophan. Calibration 
curve was prepared and slope of regression line and standard deviation 
of lowest concentration detectable and lowest concentration measured 
were taken into account (Figure 4). 

The LOD and LOQ were determined were determined by using the 
following formulas;

LOD = 3.3 × SD/S

LOQ = 10 × SD/S

Where, SD and S are the standard deviation and slope of the 
calibration curve, respectively. 

Robustness 

In order to check the robustness of proposed method on analytical 
results the chromatographic parameters such as pH (±1) and flow rate 
(0.1 ml min-1) were deliberately varied. One parameter was changed 
in the experiments at a time and assays were carried out in triplicate.

Single point external standard method

In this study, we applied single point external addition method, 
standard solutions of TRP was not added in samples. The 20 µl of 
standard and each sample (control and test) were injected after 
filtration with 0.45 µm filter paper in HPLC column. Each sample 
was run for 15 min and the peak area of tryptophan in standard and 
sample at chromatogram were recorded. The concentrations of TRP 
were calculated in all twelve rat brain samples (6 controls and 6 tests) 
in order to find the effect of seaweeds administration to rat brain TRP 
level. The concentrations were calculated by using following formula;

Cu = Au/As × Cs

Where,

Cs = concentration of standard

Cu = concentration of unknown sample

Au = peak area of unknown sample

As = peak area of standard sample

Results and Discussion
The amino acid L-tryptophan is of particular scientific and 

medical attention, because it is not only a fundamental precursor of 
a large number of biologically active metabolites, such as the cerebral 
indolylamine serotonin, 5-hydroxytryptamine (5-HT), the pineal 
hormone melatonin and the many other metabolites of the hepatic 
kynurenine pathway that plays a vital role in brain function and related 
regulatory mechanisms [6] but also required for protein synthesis 
and hence growth. The 5-HT is engaged in mood, consciousness and 
sleep [33,34]. It is metabolized to a variety of other biologically active 
substances in vivo as melatonin, nicotinic acid and nicotinamide 
adenine dinucleotide (NAD) [35]. Indoleamine-2,3-dioxygenase 
(IDO) is an enzyme that is generated in different cells by interferon-
gamma during inflammation. TRP catabolism increases due to hyper 
activation of IDO in many pathological conditions like viral infections, 
autoimmune disorders and malignant diseases. The net consequence 
of this action is the reduction in TRP concentration in the body. This 
depletion in turn influences 5-HT production in brain and sends the 
patient into depression [33-37]. Therefore, TRP depletion is commonly 
used to recognize the susceptibility of patients towards depression 
[38,39]. 

Hence, due to the great importance of this amino acid it is 
worthwhile to develop new, speedy and economical methods for both 
qualitative and quantitative analysis in various matrices.

Various methods have been developed for the analysis of TRP as 
described above in a number of matrixes; here we report a simple, safe, 
efficient and economical HPLC-UV method for the TRP determination 
in biological fluids with detection limits up to ppb level (ng ml-1). 
Some chromatographic parameters such as column type, mobile 
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phase, wavelength and conditioning time were investigated to obtain a 
suitable peak for TRP within an acceptable time.

Optimization of chromatographic conditions

A number of parameters were varied for developing and optimizing 
chromatographic method for the estimation of TRP concentration in 
rat brain up to the ppb level.

In mobile phase selection, an isocratic mood was applied for 
elution instead of gradient to avoid re-equilibration. Initially, methanol 
was used as an important component of the mobile phase in different 
ratios with hexane (100%, 70: 30, 50: 50, 30: 70) and then with water 
(90: 10, 70: 30, 50: 50, 30: 70), but it was failed to estimate tryptophan 
in biological sample due to bad resolution, separation and long 
retention time. Instead of methanol acetonitrile was used, but due to 
its carcinogenicity and high coast we avoid acetonitrile and made an 
acetonitrile free method. 

We tried deionized water at various pH as a mobile phase. Initially, 
we maintained mobile phase at acidic pH by drop wise adding 
hydrochloric acid, ortho-phosphoric acid and/or acetic acid but the 
retention time of the tryptophan peak was high as previous researches 
showed. Then we maintained basic pH of the mobile phase by adding 
ammonium hydroxide and/or sodium hydroxide and monitored the 
chromatogram. The deionized water only was also used as mobile 
phase. The best resolved peak with optimum retention time at 11 min 
of TRP was obtained by taking mobile phase of pH 9 which pH was 
previously maintained by addition of 0.1 mM NaOH. Therefore, the 
pH 9 mobile phase (deionized water with NaOH) was finally selected 
for further study. This experimental work was carried out by adjusting 
flow rate of pump A, 0.5 ml/min and 0.5 ml min-1 of pump B. The 
optimum temperature of column was choosed at 40°C. The standard 
tryptophan solution was prepared and scanned across the UV-
Visible region. The maximum absorbance of the TRP was observed at 
wavelength of 273 nm and it is considered for further study as detector 
wavelength. The concentration of standard, retention time and peak 
area are represented in Table 1.

Method development

The proposed method is validated for the qualitative and 
quantitative analysis of TRP in biological samples at 273 nm according 
to the ICH guidelines for system suitability, specificity, linearity, 
accuracy, precision, limits of detection and quantification, and 
robustness [32].

System suitability

The system suitability was evaluated regularly (working day) and 
was determined to be in the approved limit. The efficiency of column 
was calculated by number of theoretical plates and tailing factor. The 
value of number of theoretical plates was greater than 7000 and tailing 
factor was less than 1 (Table 2 and 3).

Specificity

Specificity of the proposed method was demonstrated by means 
of blank serum spiked with samples. The chromatogram showed no 
interfering peak of serum at the TRP retention time which indicated 
the specificity of method.

Linearity

Linearity and regression analysis was performed using Microsoft 
Excel 2007 Software. The method showed excellent linearity in 
standards solutions at pH value of 9 over concentration range of 1.0-
250 ng ml-1 with correlation coefficient (r2) of 0.9973. The mean linear 
regression equation of standard curve is y=10215x + 29609 

Accuracy/Recovery

Percent recovery values of TRP at three concentrations in rat brain 
extract were calculated. The accuracy of the newly developed method 
was represented by the value of % recovery and is found to be in the 
range of 92.43-101.49% as illustrated in Table 4. The spiked samples 
provide high level of recovery of TRP in rat brain samples.

Precision

Precision was calculated as percent relative standard deviation 
(% RSD). The developed method provides good repeatability and 

Standard Concentration (ng ml-1) Retention Time    (min) Peak Area
Tryptophan 1.00 × 103 11 10577 × 103

Table 1: Peaks area, height and retention time of standards of TRP.

tR K’ N T Rs α
11 1.200 7744 0.940 1.950 6.777

Table 2: The chromatographic system suitability parameters for tryptophan 
analysis.

Stan-
dard

 

LOD LOQ Added 
concen-
tration

Found Recovery Precision

Intra-
day

Inter-
day

(ng ml-1) (ng ml-1) (ng ml-1) (ng ml-1) (%) (% RSD)
TRP 4.3920 13.3091 1.044

5.035
10.00

0.965 ± 0.13
5.11 ± 0.19
9.87 ± 0.15

92.43
101.49
98.70

1.99
1.42
0.82

2.01
1.98
0.98

Table 4: LOD, LOQ, % RSD and % recovery of the analytical method means ± 
SEM for TRP.

Parameters N T Rs

pH 8
9

10

6993
7534
8578

1.51
1.35
1.41

0.99
1.76
1.89

Flow rate 0.9
1.0
1.1

7859
7759
6998

0.95
1.23
1.11

1.53
1.49
1.68

Table 5: Robustness data for tryptophan analysis.

Concentration of Standard TRP (ng ml-1) Peak Area
1.0 10577
20 211540
50 543101

100 1145200
250 2545500

Table 3: Concentration and peak area of standard solutions of TRP for prepar-
ing calibration curve for linearity.

Serial 
Number

Sample 
Code

TRP in biological 
samples (ng ml-1)

Serial 
Number

Sample 
Code

TRP in biological 
samples (ng ml-1)

1 Control 1 120.7 7 Test 1 36.3
2 Control 2 77.8 8 Test 2 27.6
3 Control 3 137.5 9 Test 3 421.4
4 Control 4 65.9 10 Test 4 64.4
5 Control 5 94.4 11 Test 5 70.5
6 Control 6 13.3 12 Test 6 87.1

Average Control 84.95 Average Test 117.89

Table 6: Concentration of TRP in rat brain (Standard TRP = 1.0 × 103 ng ml-1).
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reproducibility of the results with value of 0.82-1.99% for intra-day and 
0.98-2.01% for inter-day precision as tabulated (Table 4).

Limit of detection and limit of quantification

To assure the validity of results obtained, limit of detection, the 
lowest amount of analyte that the system can detect and limit of 
quantification, the lowest amount of analyte that the system quantified 
were determined by the standard deviation of area under the curve and 
mean at low concentrations.

The standard deviation of the response can be calculated using the 
standard deviation of y-intercepts of regression lines. The LOD and LOQ 
of the method are 4.3920 and 13.3091 ng ml-1, respectively (Table 4).

Robustness 

The pH and flow rate were deliberately changed and successive 
effects in chromatograms were monitored. These variations had a 
minor effect in operating conditions. Theoretical plates (N) ranged 
in between 6000-9000 and tailing factor was less than 2. The data 
mentioned in Table 5 signified that there were not many variations 
in theoretical plates and tailing factor that proved the robustness of 
planned method.

The linearity, the value of limit of detection and limit of 
quantification represented that the method is capable of quantifying 
concentration of TRP in ng ml-1 hence; we developed a ppb level, 
robust and economical method using end-capped C-18 HPLC column.

 

0.0           1.5           3.0           4.5           6.0           7.5           9.0           10.5           12.0           13.5           15           16.5           18.0    min 
0 

25 

50 

75 

100 

mV 
Detector A Ch1:273 nm  

Figure 1: Chromatogram of standard TRP showing peak at 11 min.
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Figure 2: Chromatogram indicating brain TRP level in a rat administrated by seaweed (test).

0.0 2.5 5.0 7.5 10.0 12.5 min 
0 
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500 
mV 
Detector A Ch1:273nm  
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Figure 3: Chromatogram indicating brain TRP level in a rat not administrated by seaweed (control).
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Tryptophan level in rat brain administrated by seaweeds and 
saline

The newly developed HPLC method was subsequently applied to 
observe the effect of seaweed (Jolyna Laminiriodes) on TRP levels. It 
was observed in the present study that seaweeds administration for 28 
days significantly increased brain TRP levels in seaweeds treated rats as 
compared to control rats.

In biological samples (rat brain), 5-hydroxy tryptophan was always 
presented and it might interfere in determination of tryptophan (TRP). 
Hence, under optimized conditions, the peak of TRP was identified at 
11 min retention time and by comparing chromatogram of standard 
TRP of 1.0 × 103 ng ml-1 (peak area = 10577 × 103) (Figure 1) with the 
chromatogram obtained from biological samples (Figures 2 and 3), the 
concentration in brain extracts is quantified (Table 6). 

Table 6 and Figure 5 shows the effects of Jolyna Laminiriodes 
(seaweeds) on brain TRP levels in brain samples. The significant 
difference between test and control tryptophan concentration is clear. 
Seaweeds treated rats exhibited significantly higher concentration of 
tryptophan (117.89 ng ml-1) as compared to control rats (84.93 ng ml-1).

Therefore, it is said that the seaweed (Jolyna Laminiriodes)) is one 
of among the natural products that could enhance tryptophan level in 
brain and could use as a drug.

y = 10215x + 29609
R² = 0.9973
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Figure 4: Calibration curve for linearity test of standards of TRP.
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Figure 5: Graphical representation of comparison of tryptophan 
concentration in rat brains.

Conclusion
In conclusion, a rapid, cheap, conventional and acetonitrile free 

HPLC method is developed to monitor the level of tryptophan rat brain 
samples. Present study also suggested the use of seaweed to increase the 
tryptophan concentration in tryptophan depletion disorder.
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