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1- INTRODUCTION 

Synthesized from the essential amino acid Tryptophan, 

the neurotransmitter Serotonin is a monoamine that 

interferes with many important brain functions such as 

sleep/wake cycle, alert system, dietary behavior and 

learning.
[1-2]

 Also, reduced serotonin release in the 

synapse is directly related to the onset of depression 

symptoms.
[2-3]

 In the brain, nerve nuclei that synthesize 

the neurotransmitter serotonin are concentrated in the 

midbrain region, in the Raphe Nuclei Complex (RN).
[4]

 

Hypothalamus receives a high-density neural connection 

from the Raphe nuclei, one of the most prominent and 

most closely related hypothalamic targets, are the 

suprachiasmatic Nuclei (SCN)
[4-8]

, the locus of the 

circadian clock.
[9-11]

 The circadian characteristics of 

serotonergic neurons have been previously well defined. 

The circadian behavior of Raphe nuclei has been studied 

for both the synthesis and release of serotonin.
[12-15]

 

Tryptophan Hydroxylase (TPH, the rate limiting enzyme 

in serotonin synthesis), and the mRNA levels of this 

enzyme both exhibit day-to-day changes in critical parts 

of the circadian system. These changes persist when rats 

are housed in constant darkness for a specified period of 

time, indicating their internal origin and their control by 

the biological clock. The protein synthesis of this 

enzyme has been site-calibrated on specific parts of the 

Raphe nuclei thought to be directly related to the 

components of the circadian system, the ventral nucleus 

of the Raphe complex (Median Raphe, MR) known for 

its anatomically close contact with the biological 

clock.
[13-14]

 Studies have indicated that the circadian 

variations of serotonin-containing cells are under the 

influence of the biological clock, mediated by 

glucocorticoids.
[16]

 

 

In this study, we checked another component of the 

Raphe complex, the dorsal nuclei (Dorsal Raphe, DR), 

which are anatomically complex and known nuclei, such 

as in MR, interfering with the daily system through 

anatomical connections with several brain circadian 

structures.
[4-8]

 The protein synthesis of tryptophan 

hydroxylase was calibrated at the site throughout the DR 

sub-nuclei to determine what the daily clock is practiced 

on these serotonergic neurons by using the technique of 

fixing the frozen brain tissue sections by thermal shock 

on nitrocellulose filters, allowing an accurate anatomical 

study of the whole Raphe DR. 

 

2- MATERIALS AND METHODS 

2-1: Animal models 

In this study, Wistar male rats obtained from Faculty of 

Medicine, University of Strasbourg (France) were used. 

They were housed in typical conditions for the sequence 

of light and darkness at 12:12, where the lighting is 

adjusted automatically and the lighting period extends 

from 6 am to 18 pm (6:00 pm). 48 hours before cerebral 
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sampling, half of the rats were housed with constant 

darkness without any white light, to examine the effect 

of the biological clock on the concentrations of 

tryptophan hydroxylase, while the second half remained 

in light and dark cycle 12:12. Brain specimens were 

taken every 4 hours by decapitation, rapid dissection of 

the cranial area and extraction of the entire brain tissue 

Intact without any sabotage for a maximum of 30 

seconds, the brain is then frozen by electrocution in the 

cooled isopentane solution in liquid nitrogen to -30 ° C 

for a minute and a half and then stored in the freezer at -

80 ° C until the preparation of tissue sections. 

 

2-2: Preparation of brain sections 

Brain sections were prepared using a cooled precision 

cutter where the cutting chamber temperature is -20˚ C 

(Cryostat, Leica Instruments GmbH, Germany) and the 

thickness of the tissue sections is 20 µm. 10 histological 

levels were prepared along the entire anterior to posterior 

anatomical length of the dorsal Raphe nuclei within the 

anatomical extension of the midbrain, where the tissue 

section is placed directly on a Millipore HAHY filter and 

is associated with intermolecular forces. This leads to the 

simultaneous fixation of all proteins within this brain 

section in order to study them quantitatively. The results 

of the fixation of proteins on brain sections have been 

tested and validated in previous studies. 

 

2-3: Immunoautoradiography for tryptophan 

hydroxylase enzyme 

The sections installed on the nitrocellulose filters for 45 

minutes are treated with Tris saline (TBS) at a 

concentration of 50 mmol and containing bovine serum 

albumin (Bovine Serum Albumin, BSA) at a 

concentration of 0.5% from Roche (TBS-BSA 0.5%) to 

saturate the nonspecific binding sites within the sample. 

The sections were then incubated with the presence of 

the antibody solution of tryptophan hydroxylase 

manufactured in the laboratories of Dr. Michel Maitre at 

the Faculty of Medicine of the University of Strasbourg 

(France)
[19-21]

 by extending 1/250 into a 1% TBS-BSA 

solution. The next day, after three washings (3x10min) 

with 0.5% TBS-BSA solution, the sections were 

incubated for two hours in the presence of a radioactive 

iodine-labeled G protein (NEN, G [I-125]) by extending 

1/500 into a 1% TBS-BSA solution that qualitatively 

interferes with antibodies. The sections were then 

washed with TBS gradient solutions (50 mmol with 0.5% 

BSA, 50 mmol, then 500 mmol), 10 minutes per wash 

and dried after passing with distilled water and then 

stacked for two days against Kodak Biomax films. The 

films were quantified and analyzed using the image 

reading software (Biocom, RAG2000) by measuring the 

optical density (OD) of the Raphe nuclei tagged along 

their anatomical anterior and posterior anatomical length 

and using the ANOVA (Analysis Of Variance) method 

for comparative statistical study. 

 

3- RESULTS AND DISCUSSION 

Fig. 1, shows the anatomical parts of the dorsal Raphe 

nuclei during the quantitative analysis of tryptophan 

hydroxylase, consisting of a central triangular section, 

the ventral central section (Ventromedian, VM), are 

shown on both sides of two lateral sections (Lateral, L), 

also called the lateral wings of DR, and finally the 

middle dorsal section (Dorsomedian, DM). 

 

 
Figure 1: Detailed anatomical structure of the dorsal Raphea nuclei as shown in the autoimmunoradiography 

detection of tryptophan hydroxylase enzyme.  

 

It appears to have the middle ventral part (VM), lateral 

parts (L) and the middle dorsal part (DM). 

 

Measuring the optical density of tryptophan hydroxylase 

in the ventral middle section of rats that remained in 

typical lighting conditions for 12 hours versus 12 hours 

in the dark showed no systemic changes and semi-

constant levels with day and night succession as shown 

in (Fig. 2). 
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Figure 2: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density in the VM section of the dorsal Raphe nuclei of rats housed in light and dark succession 12:12 (p> 0.05). 

The light period extends from 6 to 18 hours. 

 

Also, no change in the optical density values of 

tryptophan hydroxylase was observed in the middle 

ventral part of the dorsal Raphe nuclei of rats exposed to 

two-day complete darkness conditions (Fig. 3). 

 

 
Figure 3: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density of the VM section of the dorsal Raphe nuclei in rats housed in continuous dark conditions for 48 h before 

sampling (p> 0.05). 

 

On the other hand, within the lateral parts of DR (L, the 

lateral wings), the levels of this enzyme showed 

significant changes in both rats housed in typical lighting 

conditions (Fig. 4) and those that were left in complete 

darkness for two days (Fig. 5), indicating the internal 

origin of these changes subject to biological clock 

systems. These data are consistent with what was 

obtained in a previous study.
[12] 

 

 
Figure 4: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density of the L section of the dorsal Raphe nuclei of rats housed in conditions of light and dark succession 12:12 

(p <0.01, **) The light period extends from 6 to 18 o'clock. 
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Figure 5: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density in the L section of the dorsal Raphe nuclei of rats exposed to continuous dark conditions for 48 h before 

sampling. The statistical differences were significant at (p <0.01. **). 

 

No apparent changes to the circadian systems of 

tryptophan hydroxylase were observed in the middle 

dorsal part of the dorsal raphe nuclei in both groups of 

rats studied (Fig. 6 and Fig. 7). 

 

 
Figure 6: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density in the DM section of the dorsal Raphe nuclei of rats housed in conditions of light and dark succession 

12:12 (p> 0.05) The light period extends from 6 to 18 o'clock. 

 

 
Figure 7: Daily changes in the concentrations of tryptophan hydroxylase enzyme represented by the optical 

density in the DM section of the dorsal Raphe nuclei of rats that were left in continuous dark conditions for 48 h 

before sampling (p> 0.05). 

 

4- CONCLUSION 

The results of this research point to the presence of clear, 

internal-origin circadian variations in the concentrations 

of tryptophan hydroxylase, the enzyme that determines 

the synthesis of the serotonin neurotransmitter, only in 

the lateral parts of the dorsal nuclei of the Raphe 

complex located in the midbrain. The fact that variations 

persist in constant dark conditions indicates that they are 

endogenous, and thus controlled by the SCN; the 

biological clock, and probably mediated by 

Glucocorticoids.
[16,22-23]

 In a previous study, systemic 

changes in the Rapha nuclei tryptophan hydroxylase 
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mRNA content were totally abolished after the adrenal 

gland removal, and complete resetting was obtained 

using artificial Corticosterone surge.
[16]

 

 

Regarding mRNA levels of tryptophan hydroxylase, a 

previous study showed that it had endogenous circadian 

systems, ie, under the influence of the biological clock of 

the SCN, throughout all the DR parts (VM, DM, L).
[12]

 

On the other hand, there is a systemic release of the 

neurotransmitter serotonin in both the biological clock 

SCN, and the thalamic Intergeniculate Leaflets (IGL), a 

key structure in the daily circadian system
[24-27]

, which 

receive serotonin containing neurons from Dorsal Raphe, 

and particularly originating from the lateral parts.
[6,8]

  

 

This explains the presence of tryptophan hydroxylase 

daily variations in only the lateral parts and the absence 

of other parts that do not directly interfere with 

communication with the components of the daily system. 

The gene of tryptophan hydroxylase can have a circadian 

expression at the level of the mRNA, then regulatory 

mechanisms may occur before the translation of RNA 

into a protein so that the variations become limited in the 

anatomically related parts of the circadian components, 

the lateral L parts as we have found, and the MR nucleus 

as demonstrated in previous studies.
[12-14]
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