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Abstract: Objective to assess the influence of administering the tryptophan in the white 

male rats Rattus novergicus's testosterone and estradiol hormone levels. This research is 

experimental with the design of the posttest only control group design. The samples used 

as many as 28 rats were divided into 4 treatment groups. Each group is given an 

intraperitoneal injection of tryptophan with a dose level of 40mg, 50mg and 60mg/kg of 

bady weight. While one group was separated and made as control group. The treatments 

are given for 14 days and measured hormone levels using RIA. Based on assessment 

results, it was observed that there was a decrease in the average levels of testosterone 

(13,78nmol/L) and also observed an increase in the average level of the estradiol 

(8,65pg/dl) in the male white rat Rattus norvegicus when compared to the control group. 

The doses of tryptophan administered in the treatment group 1 is 40mg obtained the 

average testosterone levels 12,95nmol/L and average estradiol level of 9,87pg/dl. The doses 

of tryptophan administered in the treatment group 2 is 50mg obtained an average 

testosterone level of 11.03nmol/L and average estradiol level of 10,17pg/dl. The 

administration of tryptophan caused a decrease in the average testosterone levels in the 

control group and an increase in the average levels of estradiol compared to the control 

group even though the increase and decrease in the mean was not significant. It is likely 

that intraperitoneal administration of tryptophan has inhibitory effect of estradiol on 

testosterone. 
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I. INTRODUCTION 

 

Tryptophan is one of the essential amino acids needed in the process of protein biosynthesis. 

Tryptophan cannot be synthesized in the body; its needs can be obtained from food
(1)

. 

Tryptophan can be found in several types of food, such as egg whites, cod, soybeans, beef, 

salmon, turkey, chicken, sesame seeds, and several other types of food
(2, 3)

. After 

consumption, tryptophan is metabolized into bioactive metabolites, including serotonin, 

melatonin, and kynurenine
(4)

. 

Tryptophan functions as a supporter of the serotonin neurotransmitter in the brain generated 

by the hypothalamus
(5, 6)

. Furthermore, serotonin will affect the hypothalamus' function as a 

central regulator of behavior, regulating body temperature, the osmolality of body fluids, the 

urge to eat, drink, regulate body weight, and regulate hormonal functions including 

reproductive hormones
(7, 8)

. Tryptophan in the blood is mostly converted to serotonin in the 

intestine, and a small portion enters the brain. Then it will be changed to 5-Hydroxytriptopan 

with the help of the tryptophan hydroxylase enzyme. Finally, it is converted to serotonin with 
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the help of the enzyme Dopa Decarboxylases
(4, 9)

. Previous research has shown that the 

administration of tryptophan with different intensities can increase serotonin levels in the 

brain, depending on the brain's area being evaluated and the time of administration
(10)

. 

Serotonin will influence the hypothalamus' central regulation, one of which is reproductive 

hormones such as testosterone and estrogen. Research has been conducted that these two 

hormones exert direct and indirect effects on the serotonin transporter protein (5 HTT)
(11)

. 

These two hormones are secreted by different cells. Begins with the secretion of 

Gonadotropin-Releasing Hormone (GnRH) in the hypothalamus. Later this hormone will 

stimulate the anterior pituitary to secrete two hormones that play a role in spermatogenesis. 

The first is LH; it will stimulate the interstitial Leydig cells to produce testosterone. 

Testosterone plays a role in the maturation of spermatozoa 
(12)

. Many studies have been 

conducted on the effects of giving this tryptophan to female rat sex hormones, but are still 

rare in male rats. The second is the FSH hormone that works on the Sertoli cells 
(13)

. FSH will 

stimulate the Sertoli cells to produce estrogen 
(12)

. Estrogen functions at the stage of changes 

of spermatid to spermatozoa. Elevated estrogen levels in male rats have proved that 

spermatogonia and spermatid also suffer damage
(14)

. 

 

II. SUBJECTS AND METHODS 

 

Animals  

Research is experimental with design. The post-test only control group design is the design 

used to measure the influence of treatment in the experiment group by comparing it with the 

control group 
(16)

. The animals used are white male rats (Rattus norvegicus) found in the 

pharmaceutical laboratory of the faculty of pharmacy Andalas University with the 

consideration of rats, which is bred and kept for scientific research and often referred to as 

laboratory animals. The laboratory animal was used as a model for research before being 

treated to humans with the intrinsic criteria of rat weight is 200 – 250 grams, age 12 weeks (3 

months). While the exclusivity criteria are sick rats and dead rats. Samples in research based 

on qualifying criteria with intrinsic criteria are male white rat; samples were taken from the 

population using a simple random sampling technique. The number of treatment groups, as 

many as four and samples are set using the formula: (T-1) (n-1) ≥ 15, where T = number of 

treatment groups and n = number of samples per group. From the above formula obtained 

samples as (4-1) (n-1) ≥ 15, n ≥ 6. So the number of samples according to the above formula 

is six, and to anticipate the dropout, the final sample added one rat each group. So the total 

sample count is 7 x 4 = 28 rats. 

 

Tryptophan  

Tryptophan is an essential amino acid in the form of powder dissolved with aqua pro 

injection administered to the mouse by injection intraperitoneal (IP) using a scale measuring 

ratio with the measured results in mg/kg of body weight. Dosages are administered in each 

group, i.e., 40, 50, and 60 mg administered for 14 days 
(15)

. Before being injected, tryptophan 

in powder form will be dissolved with Aqua Pro injection with a degree of solubility 10 g/L. 

 

Testosterone and estradiol 

Data on free testosterone and estradiol levels were obtained from rat blood serum obtained 

from the tail vein taken in the morning after 14 days of treatment using microhematocrit 

capillaries. The collected blood is then put into a measuring cup and placed on a tube test 

rack, then let stand for about 10 minutes. The blood serum is obtained after centrifuging 3000 

RPM for 20 minutes, then separated into a new measuring cup. Subsequently, the hormone 
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levels are measured using the Radio Immuno Assay (RIA)  method in the Biochemistry 

laboratorium of Andalas University. 

Results: 

Research on the effect of tryptophan on testosterone and estradiol levels in male white rat 

Rattus norvegicus has been conducted. First, the normality test is done with Kolmogorov-

Smirnov. Then proceed with the ANOVA statistical test with a 95% confidence level than 

the Multiple Comparisons statistical test (Post Hoc Test Benferroni type). 

Testosterone and estradiol hormone levels male white Rat (Rattus norvegicus) 

 

Table 1.  The test result of ANOVA hormone levels of testosterone (nmol/L) and estradiol 

(pg/dl) male white rat (Rattus norvegicus) in the control group and treatment group after 

tryptophan administration 

 

Hormone 

Mean 

Control group Tryptophan Doses  

p* 40 mg 50 mg 60 mg 

Testosterone 13.78 12.95 11.03 13.57 0.041 

Estradiol 8.65 9.87 10.17 8.08 0.001 

*p: Probability 

From the table of the ANOVA test obtained the p-value of < 0.05, which means there is a 

significant difference between the control group and the treatment group in the male white 

Mouse (Rattus norvegicus). Thus it can be continued with Post HOC Test Bonferroni test to 

see more details of the average significant difference in testosterone and estradiol hormone 

levels in the following table 2: 

 

Table 2.  Test Results of Benferroni Multiple Comparations on hormone testosterone and 

estradiol male white Rat (Rattus norvegicus) in the control group and treatment group after 

tryptophan administration 

Group Testosterone Estradiol 

Mean difference p Mean difference p 

Control D1* 0.83 1.00 -1.22 0.09 

D2  † 2.75 0.06 -1.52 0.02 

D3 ‡ 0.22 1.00 0.57 1.00 

D1 D2 1.92 0.37 -0.30 1.00 

D3 0.62 1.00 1.78 0.01 

D2 D3 2.53 0.10 2.08 0.00 

*D1: Dose 1; †D2: Dose 2; ‡D3: Dose 3 

Table 2 It is known that among the control groups with groups D1, D2, and D3, there are no 

meaningful differences evidenced by the value of p > 0.05. Likewise, the Inter-group 

treatment of D1, D2, and D3, There are also no meaningful differences (p > 0.05). The 

differences showed estradiol levels between the treatment groups is that between the group 

D1 and the D3 group, between the D2 group and the D3 group indicates a meaningful 

difference (p < 0.05). This shows that administrations of tryptophan significantly affect 

estradiol level but not testosterone. For more details, the difference in testosterone hormone 

levels can be seen in the figure below: 
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The figure above shows that there is a decrease in testosterone levels. At D1 and D2, levels 

of testosterone hormone decreased from control. However, at D3, hormone levels are re-

increased. Despite its improvement, the hormone levels in D3 remain below the control 

levels. It appears that there are differences in the levels of estradiol hormones between the 

controls with the treatment group. In D1 and D2, there was an increase in estradiol hormone 

levels rather than control. At the same time, D3 hormone levels of estradiol are re-increased. 

This increase can occur due to the reduction of estradiol inhibition against Tryptophan 2,3-

Dioxygenase (TDO) in the liver, which causes the reduction of tryptophan to the brain, 

thereby reducing the synthesis of serotonin (5-hydroxytryptamine). It happens when both 

hormone levels are at the closest level, which is administrating dose 2.  

 

III. DISCUSSION 

 

Rat blood samples are taken on the 15th day after 14 days of administering tryptophan 

injection. Based on the assessment results, the experiment showed a decrease in the average 

levels of testosterone hormone in the male white rat Rattus norvegicus compared to the 

control group (13.78 nmol/L). In the treatment group 1, given a tryptophan does 40mg 

obtained average testosterone hormone levels of 12, 95nmol/l, and average estradiol 9, 

87pg/dl. In the treatment group, two doses of tryptophan administered 50mg obtained an 

average testosterone hormone level 11, 03nmol/L followed by estradiol increase by an 

average of 10, 17pg/dl. This suggests both doses may increase the amount of Tryptophan to 

the brain by inhibition of the activity of TDO in the liver, so that serotonin levels in the brain 

are increased, resulting in testosterone levels decreased 
(19)

. Bethea et al. ever conducted 

previous research., discovering that estrogen is shown to increase brain serotonin 
(20)

. Esteban 

also led to similar results, but he intervened with oral tryptophan administration, and the 

results turned out to increase serotonin 
(21)

. In its way in the blood, testosterone binds to the 

sex hormone-binding globulin (SHBG) and albumin, where the amount that binds to the 

SHBG is less in males with females. Only a small fraction of this binds the testosterone is 

passed to the brain. At the same time, the majority are free 
(17, 18)

.  
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Figure 1. Means plot of testosteron and estradiol hormone levels male white 

Rat (Rattus norvegicus) in control group and treatment group after 

tryptophan administration 
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However, when the dose was increased to 60mg in the third group, acquired testosterone 

hormone levels jumped up by an average of 13, 56nmol/L, and followed a drastic reduction 

in the average estradiol levels of 10, 17pg/dl. It is estimated that the levels of free 

testosterone have begun to decline, followed by the decline of estradiol, which is the result of 

conversion from testosterone, so that estradiol that was played in the inhibition of TDO in the 

liver will reduce the amount of tryptophan to the brain, so that serotonin levels regain a 

sustained decline to increase back testosterone levels. The automatic balance regulation that 

occurs in this hormonal system is by what has been mentioned in the Qur'an surah Al-Infithar 

verse 7, which reads                                          means "Who has created you then perfected your 

events and made your (body structure) balanced." 
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