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[ ZE] B3R D(vitamin D, VD) P8I 20 2 om0 M {2 1 2058 A I RO T REMLI . 753 SRR &6
THEEEBR G 5 W% (R I: (ELISA ) X5 62 451 77 J& AR (postpartum depression, PPD ) S35 LA M 31 (e B 7= 41 43 50 HEA T 1038 25 F2 3k 4
Z D[25(0H)D] . 5-F2 )l (5-hydroxytryptamine , 5-HT) A K H ¥ IR 2 (norepinephrine , NE ) 7K R s XA NG 7 ) i S i
5 TTAN PRI [RIVE P DR 2%, 5% T PP B ms 5 U 4 (methylthiazolylietrazolium , MTT ) b (6 355 46 I i T ot 25 S0 40 L A 489 50 %% 5 47
PEEENFRVEAG I B Akt (total Akt, T-Akt) K 852 1L Akt (phosphorylated Akt, p-Akt) % [ AYZEIR I, G55 50 S MARZE 2 25 4 1M 375
25(0H)D . 5-HT FI NE 7K PR T e Xt BEZH (3 P < 0.05) 5 Ifi 5 BE S AR AL AR 4 19 10035 25 (OH) D 5-HT I NE 7K F- 5552 B S 41
(FJP <0.05), RINLEEEF B, VD AL EARME 7 =087 D Z e AN G A 3R 2 S-HT NE (19433 /K- 5 5 %] R4 H
B, VD+BIPE/N TP RNA (negative siRNA) 21 #1122 T MG FE 6 1 5-HT \NE 433 7K 14 55 (341 P < 0.05) 5 Tl S5 X IR LA, VD+
VD ZA/NT4E RNA (VDR siRNA ) ZH #1204 38 58 28 % 5-HT NE 43 WK V25 S I 5e 11272 L (3 P > 0.05) 5 s Eil 4
R, SRR LA, p-AkUER I I ZGIATE VD + negative siRNA 4 2511 (P < 0.01) 5 1 VD+VDR siRNA 2 5% BRZH U4, p-Akt
BHRIATCRELL (P > 0.05) ; 54 R L, VD + DMSO 2H 0l 25 7T 41 M 184 58 28 % 5-HT  NE 23 WK - 5 35 44 (2 P <
0.05) ; 1M1} VD + LY294002 (PI3k/Akt {5530 I 3057 ) 2 #h 28 T AN AL 51 %6 B 5-HT  NE 40K, 55 R L 48 25 7 e gei2%
B (P >0.05), &5 : VD IEUERG D 2T AN G K AR E S-HT F1NE (943306, v BB PI3-k/Akt {5 530 I O H0TG A 5% , it
YEFIWT REAE PPD I R Bl IA K™ e 4 b HAT i FHAN
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Mechanism of vitamin D promoting the secretion of neurotransmitters via PI3k/Akt

signaling pathway
LIU Shumei', LI Lihua', LU Junhua', GAO Lingjuan®, LANG Yuling"

'Nursing College of Mudanjiang Medical College , Mudanjiang 157000; Institute of Translational Medicine , Nanjing
Medical University , Nanjing 210004, China

[Abstract] Objective: This study aims to investigate the possible mechanism by which vitamin D (VD) regulates the secretion of
neurotransmitters in hippocampal neurons. Methods : The serum levels of 25 hydroxyvitamin D[25(OH) D ], 5-hydroxytryptamine
(5-HT)and norepinephrine (NE )were detected by chemiluminescence and enzyme immunoassay (ELISA) in 62 postpartum depression
(PPD) patients and 31 healthy pregnant women. The proliferation of hippocampal neurons was determined by
methylthiazolyltetrazolium (MTT) colorimetric method. Western blotting was used to detect the expression of total Akt (T-Akt) and
phosphorylated Akt(p-Akt). Results: The serum levels of 25(OH)D, 5-HT and NE in the mild depressed group were lower than those
in the healthy control group, and the differences were statistically significant (all P < 0.05). The serum levels of 25(OH)D, 5-HT and
NE in the severe depression group were significantly lower than those in the mild depression group(all P < 0.05). VD had a significant
dose-dependent effect on the proliferation of hippocampal neurons and the levels of secreted 5-HT and NE in vitro. In addition, the
proliferation and secreted 5-HT and NE levels of neurons were significantly different between VD +negative small interfering RNA

(siRNA) group and control group (all P < 0.05). In the VD+VD receptor (VDR) siRNA group, there was no statistically significant
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difference in proliferation of neurons and the levels of 5-HT and NE when compared with contrd group (all P > 0.05). Western blot
results showed that the expression of phosphorylated Akt in the VD+negative siRNA group was significantly increased when compared
with control group, with statistical differences (P < 0.01). There was no significant difference in the expression of phosphorylated Akt
between the VD+VDR siRNA group and control group (all P > 0.05). In the VD+DMSO group, the proliferation of neurons and the
levels of 5-HT and NE were significantly different when compared with control group (all P < 0.05). However, there was no significant
difference in proliferation of neurons and the levels of 5-HT and NE between VD+LY294002 (inhibitor of PI3k/Akt signaling pathway )
group and control group (all P > 0.05). Conclusion: VD promotes the activity of hippocampal neurons and secretion of 5-HT and NE,
which may be related to the activation of PI3k/Akt signaling pathway. That plays an important role in the clinical prevention and

treatment of PPD and postpartum care.

[Key words] postpartum depression ; vitamin D ; PI3k/Akt signaling pathway ; 5-hydroxytryptamine ; norepinephrine

725 HAR (postpartum depression, PPD) £ F ¥
WL PR AR 3 060 J L WL 4 B i, 5 A R
i 22 388 Jo K PN - R AR AR G R D), HERE A
TR IR TE A DRkt 2 AR IR S T AR AR5
SRR e NI R & B (1 T R S N s 0V
PPD A G I PR TR S 4P BT 52t . FRFE PPD
RIRHN 7.3%~37.14% , L AFHK 2 I E FEETHY
FRAE , PPD AN ™ 5200 7 4 15 B 4 2 3 0 B
JE 2l R AR AT R 20, X I S g
Fh2x i ™ AR . H T PPD EAR R fa
BRI LoME B0 R A A 38 AR R, BT I, 7
ARG AR B PPD B T AR, X PPD R E AT B A
HAFREMIGRME. TEiEE=uEE s , 22044
Z D(vitamin D, VD) YK BLZ 5 PPD JC R B %,
CAWTFE R, AR 2 L A AN R R B Y
VD=, ©F1 VD BEA ZE 23 M, mT DAL i
HAWIEF KT IS 5T 438 5 43, H
I R B R BT B 4 2 R D 324K (vitamin D
receptor, VDR) (335 , 47 T Fr i -JiA- 5 1 Bt
Ay DI fE , T2 #F 5-3% (4 1 (5-hydroxytryptamine
5-HT) ‘& IR 22 HF IR 2 (norepinephrine,
NE) [ 483, 0 VD W] R i {2 ifF b A b 28328 ot
B 53 WA B G AR AE , {5 H BT DIBLE A T,
AMFFEAUSR R AL A 4 B e 9 B PPD i Fi
VD Bji6 PPD HYAH AL K HAER T PPD Hh iy B %
It A AL

1 X&FAE

1.1 %
BERE20124F 1 H—20194F 12 A fE4PHT E
B SR 2L E B PRk e iAo =4, Horp a2 PPD H
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FH 62 (AN TG PPD BN 42 ), filt 2 =4 31 451
(XFHEZH ). PPD U 4FI4(35.1 £ 6.3) % (28~39 %),
ZEJE(35.11 + 1.44) JH (32~38 & ) s R HELH , 5B 4F I
(33.5+7.7)% (26~41 %), 2£J(35.42 + 2.01) J#] (33~
38Ji]) . HAIRIF RS0 — Rk A, 22 5 048
THEE (P >0.05) , BA R Pk, AT R R
AV R IS BN H P H T B 22 e P 2R 51 25 [ BR2p e Bl
S ERT(2010)13 5 A TE,
1.2 Fik
1.2.1 “ANARAE

N B E RIS IR AR L3R (HAMD) #47
TPAL I 18 , J 3 o0 AR E R - HAMD 343 <7 43 R
1B, >T~17 57 R AR, >17~24 43 Sy v B4
BB, >24 73 HEFEIAR . HEBRARAE : B 28 RSB B
B RIGAG MG B E AR BT R DL
PR HAWRSHER B o ARTFIETCH IR, X
W R BEAIIAR - E FEAAR=1:1: 1, 3 ZHBFIE T Z I NA
P R R AF0% | [ 2 J] R ] Joa A R g DC P S 0
1.2.2  fg4rem

i B AR 3 s R K UL 4 mL, TS 4 E 1 S
LA 3 000 r/min B 0> 15 min #4715 05 .
P [K e601 HL AL 27 B G THORL T4 A A I A8 5 i 3
25 (OH) D 7KF (& 2% {5 Bl 50~150 nmol/L) ; K L
T2 T F) R B % EE S0 2 W B (ELISA ) 170 & itk
17 5-HT (B %5 39~361 pe/l) NE(Z2%35 [l 10~
70 /L) ARSI, i A7 ASr I ™A 4% RE VR 53061 7
1.2.3  +]» F 4 RNA (small interfering RNA, siRNA)
M

A FE ] pGenesil- 1 1R A HE siRNA 5T
R CH LRI P A YR A BR A F1 424 ) , VDR
siRNA 5|#) 751 1 5'-CCCUUCAAUGGAGAUUGCC-
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GCAUCA-3'(_[{i%),5'-UGAUGCGGCAAUCUCCAU-
UGAAGG G-3' (R if) ; [al i e B S H AL Je e iy
JF HUAE R B PHEXT B | Negative siRNA 5|9 751k 57 -
GUACCGCACGUCAUUCGUAUC-3'(_I-3%) ,5'-UAC-
GAAUGACGUGCGGUACGU-3' (Fiiif) .
1.2.4  WRINRARE B Ad 22 7000 JO3E I B 2a

BB Wistar 7LD, DL 0.125% JBEREETTIH
1k, DI (375 84% DMEM. 10% DLl i 5% Kat:
175 1% A2 VERE RS 1 x 10°/mL 2 i
B, AREEEESE 24 b, I D A P R b 2 BT 4
A K B R 2 48 he DR RE IR IR Eh i 2o 4l ik
BLAT K 440 - RRZH . 1x107° mol/L VD £H . 1x10°* mol/L
VD 41 . 1107 mol/L. VD 41, BIKf 1x10™° mol/L | 1%
107 mol/L.1x107 mol/L. VDAEFH 2 Ic4iiff 24 h 5 ,
HEAT TR RRAGIN s Q0K 15 57 1 b 2 e 40 L BEAIL 23
H 34 X R4 VD +Negative siRNA 41 . VD+VDR
siRNA 21 , B f Negative siRNA F1 VDR siRNA J5i k7
WYL 48 h T, 23 W AN 1 <10 "mol/L VD #k 2L 15 7
24 h, SEATAHOCHE BRI 5 K 555 1 28 T 240 Ma
W4T R 340 X IR . VD+DMSO 41 . VD+LY294002
2l ,1.Y294002( Cell Signalling Technology 7~ 7l , J & )
2 PI3K/AK A5 538 F& (AR, AT A 2 i P13k 1)
it 1% 4, 4 DMSO &% LY294002 /5 #2504 i 18 h
S5 A3 S 1 X107 mol/L VD 4223555 24 h, 47
AHCFE AR
1.2.5 BDHh 22 50 4a e ed 38 78 R Abn)

SR LR L UM (MTT) e {63k . X550
T Sh A 22 U A0 Mt A [RIVE FH R 2R 7R85 3R 45 R
4 h IR R 0.5% 1) MTT, 21k 85 5% |, 5% 13
W, A DMSO 150 wL, ffi 25 &9 78 0 % . R H
570 nm A, FERFHRA 0 E & ZHROGREE . 55
a3 BB A (PT) =52 56 21 W ' B (0T BEZH W 't B
{Ex 100%.
1.2.6 P 2704 55k 5S-HT NE 9 7K -F A4

BRI K B 2 oran s A e T 24 1L

F P4 i A 50x10° 4 /mlL, BE£L 200 pL,
YRR 37 24 he BN FEAERIE ZE -4 1.2,
4, BRI NE L SR FR48 h, THILE AR, I
R W, 3% ELISA 5 & Ui B #E 4T 5-HT.
NE F A
1.2.7 & Akt Z AR AL Akt 69 F A

K FH A BN 15 # VDR siRNA 5 negative
siRNA UK % YL if Do o 22 ST A0 M 48 h J& , it 1 x
107 mol/L VD YEFH 24 h, JEHUANIEE 11,4 °C 15000 g
B0 20 min, B 20 pg & H T 8% ~10% 1) SDS -
PAGE [ i#FA7HLIK , ¥ 73 25 09 82 11 L % 7% % PVDF
JBE, BT 5% M AR s i B 2 h, 5 —Hi st
N sk Akt (T-Akt) 555 B2 16 Akt (p-Akt) (B B ik B
A 1:1 000, Cell Signalling Technology 7~ F] , 3¢ [#] ) it
7,5 HRP AR LI 90 (EHU e 1eG, Wi Bk FE
9 1:5000) S8, JH Bio-Rad BE i AR 20 B AR 2%
AT IR E FH 500, LAB-actin K E(E NN Z:
13 %it¥H

K HISPSS 26.0 #4758 1407, SE 8 B LA
YIRS bR (3 + ) Fon , 2241 RV R 7 225040
LA ) 22 57, 45 Z A A FE AR SE T2 22 S A T PR
W FE A, X5 9 E AR Y P ABLEAT bonferroni K¢ 1F .
JUTA G 960 1) S UG 565, 462 38 7K E=0.05 .

2 % R

2.1 328%& % S o 25(0H)D . 5-HT #= NE &K -F
YA AT 5

R R FREEMARAL B A 1Y I 25(0OH)D |
5-HT FINE 7K ik AR T BT R4, 22 S A 5
TR SL(PY) <0.05,n=31) ; T T BEHIARZH A o I
7% 25(0H)D \5-HT MINE 7K - 552 B HVARZH o i 3
RIS, 225 A GEi 24 (P < 0.01,0=31,%1),
2.2 REVKRE VD stifs Bad 2 70 4a 3G 58 B 5 ik
5-HT.NE 4 % &

X ARG 35 0 T T e 28 e 20 B e i AS R R B8 )

&1 FEMEBARBRXRAME S 25(0H)D.5-HT & NE KF b
Table 1 Comparison of serum 25(OH)D, 5-HT and NE levels between postpartum depression group and healthy control

group (x%s)
21531 [k 25(0H) D (nmol/L) 5-HT(pg/L) NE(pg/L)
fat R R 2l 31 101.48 + 39.10 184.62 + 74 .59 38.51 +20.35
BREEMARA 31 56.16 = 24.45" 54.31 +33.54° 18.04 + 11.03"
AR 31 25.71£9.31" 21.34 +9.58" 7.51 £5.39"
Fiy 61.083 102.256 40.910
P1H <0.001 <0.001 <0.001

SHE BRA LA, P < 0.05; SAR AR UL, P < 0.05.
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VD, YEH 24 hJ5 , WLEE VD X0 280 40 B8 5 28 K 43
W S-HT NE FJFE0H . SEEZE R R, 1 X107 mol/LVD
YER R Z e, 5 0T RRAL L, X 20 I 34 5 %
53U 5-HT NE K1 22 R o gi it L (P>
0.05,n=6) ; 1] 1x10°* mol/L. VD VF F Vi T 1 £ JC 40
M, 5 1x107° mol/L. VD 2 b3, 41 g 384 78 5% | 43 b
5-HT.NE f7K-F i 23, 22 5 A gt s (3
P<0.05,n=6); 1X10"7 mol/L VD 215 1x10™* mol/L
VD 41 b, W B R 2 ST AN e 3 58 % ) 5-HT  NE 43
WK YN, Z R A FE (P <
0.05,n=6) ; H3& 2 455 0] UL, VD X} ifg S ph 28 o020 ifd
AT RE A SE A A R RO

2.3 VDR A& B ISk ;i GAab 2 0 e e 3 78 % 5-HT
NE 2k 7K 64 %5 vi

SCHR R I W, VD S S S O 45 A A
VDR KA BRIIRE . AW 0 1 A8 2 siRNA DTER
VDR JEH 1255, I i — 2034k VD XF it i 28
JULN IG5 Ke 433 5-HT NE K (540 o AR A2
B4t B 7R, VD+negative siRNA 2 5 X BG40 HO A%,
Vg Th i 22 T AN M A R K 5-HT NE 507K F ik 2
T, ZR A5 FE X (¥ P<0.05,0=6) ;1 VD+
VDR siRNA 415 % B2 b4, i 2 i 28 0 200 Jf 384 5
[ 5-HT NE 53 b /K- 22 5 3 e ge 2 3 (P
>0.05,n=6,%3),

R2 AREIREVDIEATEDHIATHMMLEEZR 5-HT & NE KT LLE

Table 2 Comparison of proliferative rate,5-HT and NE levels of hippocampal neurons in different concentrations of VD

(x+s)

20 51 %5 W (%) 5-HT(pg/l.) NE (pg/L)
POkl 3 77.67+ 4.04 92.00 + 10.19* 8.41+2.57
1x10™° mol/L£H 3 78.00 + 6.56 135.63 + 28.73 9.25+3.29
1x10™ mol/L £H 3 102.00 + 9.64" 198.37 + 26.13™ 22.10 + 3.08"
1x107 mol/L £H 3 146.67 + 10.69** 290.6 0 + 28.38"*" 56.60 + 5.81'"
FI8 47.398 36.871 100.599
P <0.001 <0.001 <0.001

X IRZH Fbd, P < 0.05; 5 1x107° mol/L 4 L&, *P < 0.05; 15 1x107 mol/L 2H Fb 4%, “P<0.05,

R3 MELVDRXEDHZTHAEILEEZRN 5-HT B NE 27k F bR

Table 3 Comparison of proliferative rate,5-HT and NE levels of hippocampal neurons after VDR silencing

(x+xs)

415 ke T (%) 5-HT(pg/l.) NE(pg/L)
% HRZH 3 64.67 +9.87 112.70 + 15.06 8.09 = 1.53
VD+negative siRNA £ 3 112.00 = 15.72" 190.73 + 1253 40.46 + 5.42°
VD+VDR siRNA 21 3 68.67 + 3.06 109.60 + 14.36 9.44 +2.14
Fia 17.534 32232 83.311
PH 0.003 0.001 <0.001

SXFHRZH LE#R, P < 0.05; 5 VD+VDR siRNA 40 L%, *P < 0.05,

2.4  VDRARIUE A DAy 20 a e F PI3k/Akt 15
53 B0 3% R

VDR siRNA 5 negative siRNA #% 4% 48 h J5 , Jifi
JM1x107 mol/L. VD A FH 24 h, G 5 BN 285 S iR
VD+negative siRNA 2 5 %F B840 L5, p- Akt 25 713
N ERIN, 22 5 A Gt (P <0.01,n=3) ;1M
VD+VDR siRNA 41 5%F B4 L, 2 5 RG24
X(P>0.05,n=3,151),
2.5 AT PI3k/Akt4Z 5 i@ 88 3¢ VD % F i LAY 27T
o e 3G 7H & % 5-HT \NE 45k K- 69 %5 7h

FIFH PI3k/ Akt {5530 i (A 4 1l 771 LY 294002, BH

W PI3k/Akt {5530 i , WEE VD XI5 L pf 28 TT 2 44
B J% 5-HT NE 53 W /K- (5400 o ARSI SE B0 25 5
7, VD+DMSO 21 5 %] JR AT L%, v E i 28 e 20 ff 3
B ) 5-HT NE 73 WK1 i 4w, 2 R A geit
2FE (P <0.05,n=6) ;1] VD+LY294002 41 5 %f
WA LA, T A 28 e 4 MU G 5% 2% S 5-HT \NE 53
K2R TG #E X (PY > 0.05,n=6,%4),

3 3 8

UEYRI VXS VD A7 SRAS (2L 2 A A
it 2, Al Z AR I LA AR K L H, I, 223 4
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A: Western blot K 5547 ; B: 2 g BG0 T, 1: %84 ;2. VD+
negative siRNA #H;3: VD+VDR siRNA 2. 5xFIRZH L4, P < 0.05;
5 VD+negative siRNA 41 b4, "P < 0.05(n=3) .

E1 EHEBEBY Akt EAQRORIE
The expression of phosphorylated Akt protein

Figure 1
in each group

Bl /b, (4538 i PHOE BB R AR VD A BT R
W, BRI, 22 G 3 B 28 00 s 2 1Ak & B VD
f= PR ENAMRR BR PP I VD kB
SRR 77 5 1 2 A 1) T LA N, O FLAF 98 IE 5K
VD it Z 55 PPD () & A RS B UIAROE 7 A%
62 5] PPD & 3 1L 25 (OH) D, 5-HT F1 NE $E47 4
W, 25 5 8 7, PPD SB35 I3 H AL 25 (OH) D 2 3
B2 R, M2 A0 M6 B 5-HT A NE 5 98 i 5%
%, HEEE PPD B3 25(OH)D i/ 3%
#hFEFEAE M VD XHIE ™ R LA DI REIK & 28 ¢
B, M VD AMUE—FEpai iy A =, HAE N
LR EI R 2, 5 S VDR R A IR
G N RAEZ R AEY)E T RE " . AW
TORIRIHR EE VD XA S5 55 00 fh 28 ST At P 2B ) 27 T
PERIFEIR , BIF 2845 51 2%, VD 7E 18 3515 SR A s 37

R4 BOMIITHEMILERER 5-HT B NE 53k F b8
Table 4 Comparison of proliferative rate,5-HT and NE levels of hippocampal neurons (x£5)

21531 W% (%) 5-HT(pg/L) NE(pg/L)
X HRZH 3 69.33 + 8.50 118.50 + 20.62 8.52+2.41
VD+DMSO 4 3 116.67 + 18.93™ 173.73 £ 11.42" 35.83 £8.54"
VD+LY294002 4 3 61.33 +4.73 110.70 + 13.26 7.82 +1.68
FiH 17.769 14.533 28.190
P 0.003 0.005 0.001

SXEIRA L, P < 0.05; 5 VD+LY294002 26 [v 4%, P < 0.05,

PR 28 0 A 1G5 1) [ B, 0375 5 4306 5-HT AT NE
B K SP-th B S 8, I EL VD X 28 50 40 i AR W2
T Y R M S T B A O E R . R it
— 2 RG] VD A YA D) RE ARSI E /T
YL RNA FRTTER VDR L 1255 , T BH T VD A=
YI2F TN RE R &A% . S5 UL, UUER VDR JE[H i &
K, A MG 5 R K 5-HT NE 507K -2 b 2%
WD IIE SO 5 TR 2 T VD RHASME TR 24800
YA TE R o

P2 020 L 1) A A 0 P DA R el 28358 5 114 3 0
&5 5l S A BRI R, PBK/AKLF
T8 A Sy M Y ot 2278 5 R T~ (BDIN ) /1 2 IR U it
Z R B(TrkB) 1Y P U538 B R H AT T2 %
S BRSNS  EEEIARAE F R R k414
Akt 3 PEAL 07 S PR , HL Ake 3858 16 2 20 A
FIThRE , FEHEBTIARZG P Y7L ARG B,
VD 1E R # Z8 TC A AT {5 p- Ak £ 1 2258 & 3
FE 0 IS #2250 40 MY T PI3K/AKt 1 5 38 1, 1

PI3k/Akt 15 5 38 [ 417 %1 71 L.Y294002 FH. Wt P13k/Akt
{5538 5, Fi 22TC 20 M 1 5 A 25 /b B TR 4
L 53 5-HT I NE [ 7K1 8 35 /0, #2718 PI3K/
Akt {5538 B AE VD 75 S 0 22 0 20 M 0 o 22 36k
i i v A A
25 LR A ST S R PI3K/ Ak AR Ry 2T 4l
PN B4 B A 0 e, R i R 2 T A T P LA
LA A 22 70 20 D 8 o 22 3 T Y O B TR R
I, DL PI3k/Ake {5 5 38 8% 11 S B 1916 97 #0 RO BTG
PPD, BLAT ) R B4 & R 5t o A0 2R B8 SR A M
F S PI3K/Ak {5 5 38 B 55 PPD BRI R, f &
A BT B0 PPD B4 K ML L %5 HBT B i PR Bl
BHERRLEE,
(&% k]
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