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Effects of Dietary L-Tyrosine on Dopaminergic Neurons
and Cutaneous Melanosomes in the Silky Fowl
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SUMMARY: The silky fowl is characterized by hyperpigmentation. Currently, however, the physiological mechanism of
hyperpigmentation has not been fully disclosed. Additionally, peripheral melanocytes and central dopaminergic neuronfaoiduce m
and neuromelanin by the same substrate — L-tyrosine, respectively, but the relationship between dopaminergic neuronsrahd periph
melanogenesis remains unclear. In the present study, different levels of dietary L-tyrosine are fed to different grasilky édwhe
After 4 weeks, midbrain dopaminergic neurons and melanosomes of cutaneous melanocytes are identified and counted by paraffin
section, tyrosine hydroxylase (TH) immunohistochemistry and transmission electron microscopy, respectively. Within 0-8r@réticonc
range, L-tyrosine enhances the number of dopaminergic neurons and meland3obn@s).( Moreover, the increased number of
dopaminergic neurons and that of melanosomes is positively corrd®ate0.6279). The results demonstrate that L-tyrosine promotes
the increase of midbrain dopaminergic neurons and melanosomes of cutaneous melanocytes. L-tyrosine regulates positively cutaneo
melanogenesis through dopaminergic neurons via the TH in silky fowl.
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INTRODUCTION

The silky fowl (Gallus gallus domesticlBrisson) is  impression of a consumer toward a broiler and can ultimately
an economically important avian species in China araffect consumer choice in the market and economic value
Southeast Asia. The meat and eggs of silky fowl have higtf the silky fowl. Currently, the genetic basis, influencing
antioxidant activity, nutritional and medicinal value (Zhandactors, molecular mechanisms of melanogenesis are
et al, 2022; Liaocet al, 2022; Qiuet al, 2023; Juet al, gradually being elucidated in the silky fowl (Huagigal,
2025). Phenotypically, a unique feature of the silky fowl i2023). However, the information on physiological and
the presence of numerous melanocytes/melanin in variotigological mechanisms involved in hyperpigmentation is
organs except feather. Because of physiologicatill very limited.
hyperpigmentation, the silky fowl is considered an excellent
animal model for studying the mechanism of melanogenesis  Melanin is most often produced in melanocytes,
(Dorshorstet al, 2010). In addition, melanin plays manywhich are mainly located in the basal layer of the epidermis
important roles, such as radioprotection, antioxidatiorfBonaventureet al, 2013). However, another melanin —
predator-prey interactions, thermoregulation, diseaseuromelanin is produced by oxidation of catecholamines
resistance, inhibiting virus, and inhibiting mtDNA damagén the central nervous system (Hagthal, 2025). Previous
and mitochondrial overoxidation in the body (ElObetd studies have confirmed that dopaminergic neurons have been
al., 2017; Liacet al, 2022; Qiwet al, 2023; Livet al, 2025). shown to be involved in neuromelanin biosynthesis (Liang
As a result, the presence of melanin may be the cause ofetsal, 2004; Nagatset al, 2023). Currently, data on the
medicinal value and therapeutic effect. Thus, melanin is aelationships between central dopaminergic neurons and
economically important trait that determines the firsperipheral melanogenesis remains scarce. The present study
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sought to determine the relationships between midbraamd horseradish peroxidase labeled streptomyces ovalbumin
dopaminergic neurons and cutaneous melanocytiar 15 min each. Afterwards, the sections are visualized with
melanosomes in the silky fowl, and attempt to understad3-diaminobenzidin (DAB) chromogenic Kit. After
the cytologic mechanism of physiological hyperpigmentatiodehydrating and mounting, the microphotographs are taken
in avian. Elucidation of peripheral melanogenesiby the BM 2000 light biological microscopy (Nanjing, China).
mechanisms will contribute to the regulation of

neuromelanogenesis. Therefore, it is of great significandeansmission electron microscopy (TEM)

for screening candidates for inhibition of central

neuromelanogenesis and the treatment of Parkinson's disease  The ultrastructure of cutaneous melanocytes and their

in human in future. melanosomes is identified by TEM. Briefly, small pieces of
dorsal skin are excised and fixed in 2.5 % glutaraldehyde/

MATERIAL AND METHOD PBS for 24 h at 4C and post-fixed in 1 % Og@r 2 h. The
samples are dehydrated in ethanol and acetone, and then

Animals and experimental design embedded in Epon812. The samples are sectioned with an

LKB-V type ultramicrotome (Stockholm, Sweden), and
The 180 one-day-old silky fowls are randomlystained with 1 % uranyl acetate and Reynold¢s lead citrate
divided into 6 groups (Three repeats per group), and the 80 20 min. Finally, the stained sections are observed and
chickens of each group are fed by the diet (Table I) withhotographed by a Hitachi H-600 TEM with a high-
different levels of L-tyrosine, control, 0.2 %, 0.4 %, 0.6 %esolution digital camera (Tokyo, Japan).
0.8 % and 1.0 %, respectively. After 4 weeks, all chickens
are executed after anesthesia by ethyl ether, and the tissBigtistical analysis
are excised. All animal procedures were approved by the
animal ethical committee of Foshan University (Foshan, The quantitative analysis for TH immunopositive
China; No. Fosu2022038). cells and melanocytic melanosomes of skin is performed,
respectively. Data are analyzed by Office Excel (Microsoft,
Tyrosine hydroxylase (TH) immunohistochemistry (IHC) USA) and SPSS 19.0 software (IBM, USA). The number of
IH immunopositive cells and melanosomes is showed as
TH IHC is employed for midbrain dopaminergicmeant standard errorx(z s), histograms and line charts,
neurons identification. The midbrains of the chickens amespectively. The differences between groups are tested by
sampled and fixed in 4 % paraformaldehyde/PBS, and theeast Significant Difference (LSD). Moreover, the
are made into paraffin sectionsy(f). After deparaffination, correlation is analyzed between the increased number of
the sections are pre-treated by heat mediated antigen retried@baminergic neurons and that of melanosomes.
in 0.01 M sodium citrate buffer (pH 6.0) at 95 for 15 min.
After cooling, the sections are incubated in 3 %}nd goat RESULTS
serum for 15 min each, and then they are incubated in the
anti- TH antibodies (1:200 dilution) (Millipore, USA) at 37 The effects of L-tyrosine on the number of TH
°C for 3 h. The sections are incubated with anti-mouse Ig@munopositive cells

The TH immunopositive cells are

Table I. Composition and nutrient levels of basal diet. ’ : )
observed in all groups (Fig. 1a-1f). Their cell

Ingredient Content,%  Nutrient compaosition Content, % :

Com 51.40 Metabolizable energy, MJ/kg 1246 bodies appear as subrotund, cone-shaped and
Com starch 1350 Crude protéin 17.41 polygon. The cytoplasmic processed are
Peanut meal 18.60 ca 097 frequently observed. The cytoplasm and
Wheat bran 3.00 Available phosphoRis 0.46 processes of TH immunopositive cells show
Rapeseed meal 7.00 MRt 035 brown, but their nuclei are negative, and show
Rapeseed oil 2.00 Ly$ 094 pale and vesicular. From the control group to
NaCl 0.30 Tyr? 038 the 0.8 % group, the color of the cytoplasm is
Limestone 130 gradually deepened, and immunopositive is
CaHPQ 1.70 gradually strengthened. In particular, in the 0.6
Premix” 0.60 % and 0.8 % group, TH immunopositive cells

1) Premix provided per kg of diet: VA 12 500 IU; VD3 3 750 IU; VE 20 IU; VK3 3.75 MIshow stronger immunostain cytoplasm and
VB1 3.75 mg; VB2 8 mg; VB6 3.75 mg; VB12 25 mg; biotin 100 mg; nicotinic acid 50 mg; .

folic acid 1.25 mg; calcium pantothenate 12.5 mg; Cu 8 mg; Fe 80 mg; Zn 40 mg; Mnl pcesses, _and the color apprt_mmates to
mg; | 0.35 mg; Se 0.15 mg. 2) Calculated values. 3) Determined values. chocolate (Fig. 1d, 1e). However, in the 1.0 %
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group, the cytoplasmic color of TH immunopositive cells igells (Fig. 1a-1f). The TH immunopositive cells of each group
light brown (Fig. 1f). In addition, the neuromelanin is notare counted and analysis, respectively. The results are shown
observed in the interior and vicinity of TH immunopositiven Figures 3a and 3c and Table Il. From the control group to
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Fig. 1. Microphotographs of tyrosine hydroxylase immunohistochemistry in midbrain of the silky fowl. (a), (b), (c), (8)ige), (

control, and 0.2 %, 0.4 %, 0.6 %, 0.8 %, 1.0 % L-tyrosine concentration group, respectively. The tyrosine hydroxylase iitiveunopos

cells are stained brown, but the nuclei are negative, and appear as pale and vesicular. The black arrowheads showeaepresentativ
tyrosine hydroxylase immunopositive cells. Bar=5.20.
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the 0.8 % group, the number of TH immunopositive cells ithe difference is significanPg0.05). In the 1.0 % group, the
gradually increasing. The number of TH immunopositive cellsumber is decreasing. The difference is not significant
of the 0.8 % group compared with that of the control grougP>0.05) compared with the control group.

Fig. 2. TEM micrographs of cutaneous melanocytes and their melanosomes. (a), (b), (c), (d), (e), (f) is control, and%.20%6, %.4
0.8 %, 1.0 % L-tyrosine concentration group, respectively. The round and electron-dense melanosomes of melanocytes ame observed
each group. The blue arrowheads show representative melanosome in the skin of silky fowl. Bar= 1900 nm.
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Table II. The number of the midbrain TH immunopositive cells and cutaneous melanocytic melanosomes in different L-tyrosine
concentration groups.

Test group control 0.2% 0.4% 0.6% 0.8% 1.0%
Number of TH positive cellsivisual field 13.1+6.F 14.7+4.2 14.9+3.8° 15.4+3.2° 19.145.3 14.145.4

Number of melanosomes/melanocyte 22.4+8.0 25.0+9.3 56.245.F 68.8+10.0 74.0+144° 322465

a—d Different letters within the same column indicate significant differences among groups according to Duncan’s mult{fleG&%e
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Fig. 3. Effects of different concentrations of L-tyrosine in the diet on the number of midbrain dopamine cells and melafosomes
cutaneous melanocytes. (a) A histogram of L-tyrosine concentrations and the number of dopamine cells. (b) A histograsmef L-tyro
concentrations and the number of melanosomes. (c) Line charts of the number of dopamine cells and melanosomes in different L-
tyrosine concentration groups. (d) A correlation of the number of midbrain dopamine cells and that of melanosomes of cutaneous
melanocytes. Asterisks (*) indicate the differences are signifi€att.(5) as compared to control.

The effects of L-tyrosine on the number of 9 group, the number of melanosomes per melanocyte is

cutaneous melanocytic melanosomes gradually increasing. In the 0.8 % group, the number of
melanosomes per melanocyte reaches the maximum; the

By TEM, in the skin, the melanocytes betweemean is 74.@& 14.4. The 0.4 %, 0.6 % and 0.8 % group
collagen fibers are observed (Fig. 2a-2f). The cell bodiggmpared with the control group, the difference is
of melanocytes are irregular. The nuclei of melanocytgsggnificant P<0.05), respectively. In the 1.0 % group, the
exhibit oval, polygonal and flat. Their cytoplasm iszsumber is decreasing. Compared with the 0.8 % group,
electron-lucent. However, the round and oval melanosomig: difference is significanP&0.05), but compared with
are observed clearly in the cytoplasm, and they are electreme control group, the difference is not significa#@.05).
dense. The number of melanosomes per melanocytérisaddition, the increased number of dopaminergic neurons
counted and analyzed. The results are shown in Figuegsd that of melanosomes is positively correlatet (
3b and 3c and Table Il. From the control group to the 086279) (Fig. 3d).
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DISCUSSION TH. The neuromelanin is frequently found in the midbrain
dopaminergic neurons (Sulzet al, 2000; Lianget al.,

In skin, melanin is produced in melanocytes by the2004). Previous studies have demonstrated that dopaminergic
unigue organelle — melanosomes, which contain the enzymeurons and their TH are involved in neuromelanin
tyrosinase to initiate melanogenesis from the L-tyrosin@osynthesis by catecholamines (Suleeal, 2000; Zecca
(Schallreuter, 2007). L-tyrosine is natural amino acid and & al, 2001; Chocarret al, 2023). Above all, catecholamines
the substrate of melanin biosynthesis. It is catalyzed to tan be used as precursors of melanin biosynthesis, regardless
dihydroxyphenylalanine (L-DOPA), which is converted toof dopaminergic neurons of central nervous system or
dopamine by aminoacid decarboxylase. Furthermormelanocytes of peripheral skin (Usunetffal, 2002; d'Ischia
dopamine is converted to norepinephrine and epinephriatal., 2013).

(Daubneret al, 2011). The last three are called
catecholamines. L-DOPA and catecholamines serve as In the present study, dopaminergic neurons are
primary precursors to the melanin biosynthesis, and reguladentified in the midbrain of the silky fowl. Moreover, in
positively melanogenesis along with L-tyrosine (Zeeta the 0-0.8 % L-tyrosine concentration range, the number of
al., 2001; Gillbrcet al, 2004). In addition, in nervous tissuesdopaminergic neurons increases with the increase of L-
dopaminergic neurons are mainly located in midbrairtyrosine concentration. L-tyrosine can be transported into
Different from melanocytes containing tyrosinasespecific neurons, for example dopaminergic neurons, by the
dopaminergic neurons express tyrosine hydroxylase (THjffinity of amino acid transporters in the brain (Elsworth &
TH is the rate-limiting enzyme for L-DOPA biosynthesisRoth, 1997). Previous studies have demonstrated that the
from L-tyrosine, and is a reliable marker for dopaminergitaising L-tyrosine concentrations could rapidly stimulate L-
neurons (Arenast al, 2015). Consequently, TH determinegyrosine hydroxylation by TH of dopaminergic neurons, and
also biosynthesis of catecholamines (Kaugtill, 2007; then stimulates L-DOPA and catecholamine synthesis
Daubneret al., 2011). It has been demonstrated thgfernstrom, 1990; Tolleson & Claassen, 2012; Nagetsu
catecholamines, including dopamine levels, are primaribl., 2023). These catecholamines could be used as precursors
determined by TH protein levels (Nago-lwashitiaal, of neuromelanin biosynthesis (Liamg al, 2004). In the
2023). In the present study, TH was expressed in tipeesent study, however, neuromelanin is not observed in
dopaminergic neurons by IHC investigation. It is suggestetbpaminergic neurons. It is suggested that the increased L-
that dopaminergic neurons can produce catecholaminesD®PA and catecholamine by dopaminergic neurons could
enter the peripheral blood vessels
(Tank & Lee Wong, 2015). Thus,
plasma catecholamine is transported
: Bl : into cutaneous melanocytes by blood
circulation as precursors to promote
peripheral melanin biosynthesis
IR ‘ dopaminequinone |—-—>| DHI quinone H melanin D (Gillbro et al, 2004; Schallreuter,
2007).

TYR/PER : - - :
r} quinone M indole guinone H melanin |

CONCLUSIONS

oH} 1
J

midbrain dopaminergic cell cutancous melanocyte

Our results demonstrate that,
within the proper concentration range,
high concentration of L-tyrosine in
Fig. 4. A schematic diagram of possible metabolic pathways of L-tyrosine (tyr) in the kabdt increases the number of
and its involvement in melanin synthesis. Midbrain dopaminergic neurons uptake tyrdopaminergic neurons in midbrain
convert it to L-dihydroxyphenylalanine (L-DOPA) by tyrosine hydroxylase (TH), whichdgsd melanosome in cutaneous
the rate-limiting enzyme of the pathway. L-DOPA is converted to dopamine by aro”}ﬂ@anocytes in the silky fowl. A
amino acid decarboxylase (AAAD). Dopamine-b-hydroxylase (DH) hydroxylates doDanﬂWhly efficient mechanism for
to norepinephrine, which is methylated to epinephrine by phenylethanolamine Nianin biosvnthesis is sugaested that
methyltransferase (PM). Dopamine, norepinephrine and epinephrine are catecholamin%s. E—_ Y 99
DOPA and catecholamines that produced in the central nervous system are transport %?Hky_ fowl could uptake substrate
peripheral cutaneous melanocytes by blood circulation (BC) as precursors to participhd¥fosine by dual pathways of
melanin biosynthesis. Moreover, cutaneous melanocytes can also uptake directly L-tyrgéfierain dopaminergic neurons and
to produce melanin. Adual L-tyrosine uptake pathway is present in the silky fowl for efficautaneous melanocytes (Fig.. 4)
biosynthesis of melanin. TYR, tyrosinase; PER, peroxidase; DHI, 5, 6-dihydroxyindoladdition to L-tyrosine entered
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- hidroxilasa (TH) y microscopia
electrénica de transmisién,
.tyr.—»Q _ [THecens respectivqrpente. En un ran.go.de
- in midbrain concentracion de 0-0,8 %, la L-tirosina
1 incrementé el nUmero de neuronas
melanosome dopaminérgicas y melanosomas
in melanocyte (P<0,05). Ademas, se observé una

correlacion positiva entre el aumento del
numero de neuronas dopaminérgicas y el
de melanosomasRf = 0,6279). Los
resultados demuestran que la L-tirosina
promueve el incremento de las neuronas
dopaminérgicas del mesencéfaloy de los
hyperpigmentation melanosomas de los melanocitos
jechnlnelanosamely L jsin cutaneos. La L-tirosina regula
positivamente la melanogénesis cutanea
a través de las neuronas dopaminérgicas
mediante la TH en el pollo sedoso.

PALABRAS CLAVE: Pollo;
Célula dopaminérgica; Tirosina
hidroxilasa; Melanosoma.
Fig. 5. A schematic diagram of midbrain dopaminergic neurons involved in skin
melanogenesis of the chicken. L-tyrosine (tyr) is uptaked by the chickens, and can be
catalized to Dopa by Tyrosine Hydroxylase (TH) of midbrain dopaminergic neurons.
Moreover, Dopa can be converted to catecholamines (CA). Dopa and CAis transported to
melanocytes of skin by blood circulation. Dopa and CA serve as substrates and are
biosynthesized melanin by melanosomes of skin. Consequently, midbrain dopaminergic
neurons are involved in dietary L-tyrosine promotes cutaneous melanocytic melanosomes.
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