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Fig. 1 The synthesis process of vitamin D in biological organisms

Bl EREEZIDIEY SRR EHTE

2 VDS SHSEBEERMATEMSEAT

VD J& KBNS RE A RO, PR R
girpil ) 5484 R D 321K (vitamin D receptor,
VDR) FIE=Z1& (MARRS, mVDR) M54 17
FER ST (K 2) 2, VDR BT 555
BYEFA RMALGE . BIERE, e
F MGt S AN, VDR &A% Z K
st F R B, 1,25(0H),D, 5 H 45 &1,
BRI, VD 5 MARRS 454 F 545 Ca* .
Cl B i, RFEAEFEFAMEH 2 [,
MARRS Z At HAT ZEHJE T30, REISLE A DNA
IR L S 2

WF5ERWT, VD A Lo 5 58 fal o] S PE AR DG 1 2

FhEERI Ik, WATHR e e BTS2 KR, ks
ZfMIER TIRE, DA, ARG R >, #
o ZFEE A RGNS S, VD=
A REF B I FHCIZREG . VD 36 AT LU R L AR
#5iPE A5 38 38 (voltage-dependent calcium channels,
VDCC) RIEMEHER 280 BRI . IR 220 Ay
PESEAEBRYIRE . [T, VDA TG 2 R
C (PKC). HEHMM A (PKA) . BElmHENLEE 3
fitf (PI3K) %, 77 L #! vDCC (L-VDCC) FF
B, PR Cat N P, SRR R, UHETEZ VD
DN S = B i e e = R B Y E P S e S
FEIFRIB ST, X PIEHE R 14 5 5 fke o S 3 5 A
KT RPETOLR A MEEF], D1-Cre Fl D2-Cre %
FEP/INR NAC FIE M SCIRAA T, VDR 52 1 D1



"1532- EMUHESEYYIEHRRE  Prog. Biochem. Biophys. 2024; 51 (7)
@ 1,25(0H),D, @
RSN 55 VDR ‘
L N
@ MARRS ~ mVDR
\ J / @ VDREIE \
4 o
VDR
smie |
1,25(0H),D,
RXR
Bk H AR
o0CENe LY
3¢ v
- < 1:0¢8)( VDR
£ BRI — N
Lz VDR
R 1
K Equlie \ ERE AN
o ééﬂ;; <+— (GDNF ) «—( GDNF mRNA ) — ]

Fig. 2 The signal transduction pathway of vitamin D
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Fig.3 The regulatory function of VD on the DA neural projection pathway
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Abstract Vitamin D is a unique fat-soluble vitamin that plays an indispensable role in human health. It exists in
various forms, the most significant being vitamin D, (derived from plant sources) and vitamin D; (synthesized
naturally in human skin upon exposure to sunlight). Vitamin D’s primary function is to facilitate the absorption of
calcium and phosphorus, which are crucial for maintaining healthy bones. Beyond its role in bone health, vitamin
D significantly influences the immune system, muscle function, cardiovascular health, and the regulation of brain
functions. A deficiency in vitamin D can lead to various chronic diseases such as rickets, osteoporosis, decreased
immunity, increased risk of mental disorders, and cancers. The synthesis of vitamin D in the human body, both
peripherally and centrally, relies on sunlight exposure, dietary sources, and various supplements. As a neuroactive
steroid, vitamin D impacts both the physiological and pathological processes of the nervous system and plays a
key role in brain health. It profoundly affects the brain by regulating neurotransmitter synthesis and maintaining

intracellular calcium balance. As an essential chemical molecule, vitamin D participates in complex signal
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transduction pathways, impacting neurotransmitter functions and synaptic plasticity. Vitamin D’s role in
regulating dopamine (DA) —a neurotransmitter critical for motivation, reward perception, and other higher
cognitive functions—is particularly noteworthy. Recent studies have revealed that vitamin D not only promotes
the synthesis of DA but also plays a role in regulating DA levels within the brain. It exerts neuroprotective effects
on DA neurons through anti-inflammatory, antioxidant actions, and neurotrophic support, thereby creating an
optimal environment for DA neurons, influencing neuronal structure, and affecting the movement of calcium ions
within nerve cells, positively impacting the overall health and functionality of the DA system. Furthermore,
vitamin D can regulate the synthesis and release of DA, thus affecting the signal transmission of various DA
neural projection pathways in the brain. This function is vital for understanding the complex interactions between
neural mechanisms and their effects on key behaviors and cognitive functions. This review aims to delve deeply
into the synthesis, metabolism, and pathways of vitamin D’s action, especially its regulatory mechanisms on DA
neurons. Through this exploration, this article seeks to provide a solid theoretical foundation and research
framework for a deeper understanding of vitamin D’s role in motivation and reward behaviors. This
understanding is crucial for appreciating the broader significance of vitamin D in the fields of neuroscience and
neurology. In summary, research and discoveries regarding vitamin D’s impact on the nervous system highlight
its importance in neural health and function. These insights not only enhance our understanding of the complex
workings of the nervous system but also open new avenues for the prevention and treatment of neurological
diseases. The exploration of vitamin D’s multifaceted roles offers promising prospects for developing new
therapeutic strategies, underscoring the compound’s potential in addressing a range of neural dysfunctions and
diseases. As research continues to evolve, the profound implications of vitamin D in the field of neurology and

beyond become increasingly apparent, marking it as a key target for ongoing and future scientific inquiry.
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