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Study on the anti-apoptotic effect of n-3 polyunsaturated
phosphatidylserine on rat hippocampal neuron cells

FU Wan-Dong', YANG Yan?, ZHOU Yu-Fang', LIAO Miao-Fei'"

(1. Zhejiang Ocean Development Research Institute, Zhoushan 316021, China,
2. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China)

ABSTRACT: Objective To study the effect of n-3 polyunsaturated phosphatidylserine on the anti-apoptotic ability
of rat hippocampal neuron cells (RHNC). Methods An apoptosis model using RHNC as the target and phorbol
acetate (PMA) as the inducer was established. Using docosahexaenoic acid (DHA)/eicosapentaenoic acid (EPA)
phosphatidylserine (DHA/EPA-PS) as a protective agent, the morphology of cells at different stages of apoptosis was

observed under a laser confocal microscope after staining with acridine orange. The effect of n-3 polyunsaturated
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phosphatidylserine, represented by DHA/EPA-PS, on the anti-apoptotic ability of RHNC was studied at the cellular

level through the Annexin V-FITC/PI double staining experiment. Results An RHNC apoptosis model with a PMA
concentration of 10.0 mg/L and an action time of 24 hours was established. The 15.0 mg/L DHA/EPA-PS showed the

best cell pre protection effect, with an apoptosis rate of 11.46%=+4.11%. Early and mid-stage apoptotic cells were

fewer and did not produce late stage apoptotic cells. Cells pre protected with 15 mg/L DHA/EPA-PS exhibited intact

morphology and nuclear membrane, and their protrusions were not affected by PMA. Conclusion n-3

polyunsaturated phosphatidylserine, represented by DHA/EPA-PS, has certain anti-apoptotic ability against RHNC.

The study provides good data support for future research on the biological activity of phosphatidylserine.
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1.1 RS

KU DA 4 5040 g (rat hippocampal neurons cells,
RHNC)[H () AE YRR R h A,

ToK Gt at, EAERERNARAH);, &
& (fai%4l) . — B (dimethyl sulfoxide, DMSO, 4l
=99.7%) . & BR 1 % I8 (phorbol 12-myristate 13-acetate,
PMA, L 4l) . 4 Mt H AK (y-L-glutamyl-L-cysteinglycine,
GSH, 4l =98%), W WEME(SEIH Sigma 2\ F]); DHA/EPA
TR ME 22 &R DHA/EPA-PS(A B S50 %8 FH Hfil); BRI
B A -V 4098 T A& D 3L F) & (Annexin  V-fluorescein
isothiocyanate/propidium iodide, Annexin V-FITC/PI, [if
ra RN ), 25986 4T (naphthalene fluorescent probe,
NFDS-1, AHALSLH %5 ), #ifRh 2% hi% i (phosphate
buffer solution, PBS)(3% [E Therimo Fisher Scientific 23 7).
12 HF5RE

Leica TCS-SP2 ot 28 £ 1 Sl (TR [ Pk~ IR 5L
AR F]); BSC-100411A2 A= 4)°%2 A2A4F . SW-CJ-1FD ¥ T
EE R E R [HEARFRAF); G154DW HBE 12
KRB ERLJET DA A BR A F]]; Thermo 1GS180 fif4:
W15 FEFE (32 18 Therimo Fisher Scientific /A #]); BSA224S 4y
BrRFE-(RE 2 0.0001 g, FEEZEZFIHIA A
13 WA

ABEFELL RHNC X4, LA PMA S5, dar i
ToRERL, Bihas 14 . PMA #4541 . 925641 (DHA/EPA-PS
TRIP+PMA 5 2H), 0 Y 0 R e €0, Ao T 240 B O 1 5%,
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HWRIAFFE PMA RS | A FTB DX R 22 e 4
MLJA T s, U S RS R A A, T K BB & oo i e
PHT AR,

(DASTE] PMA e J3 X 7 T 3R i 52 i

FEERFE 12 d 19 RENC BEALA A 3 24, 40 A i85 37
FEH TG 35 55 3R 2L E, 42 1R 10 Cell/ LA 40 M4l Fii e 6
FLARH, 37 °C, 5% CO, 4514 TG EERS 37 36 h J5 I H 15 5%
JE, JFH PBS ¥ k9 3k I T 0 BE RS YW AE S min
TG T R AR BRI, Wkt 488 nm, UK
590 nm,

SCHGZH(PMA G5 4H): G I35 1% 5% 2 o AR R e
FEAY 1 0.1, 1.0, 10.0 mg/L B PMA; 25 FIX B2 Foiim
BB RSP AT AT HoAth R B X BT TC M i K5 7R
FEAI A A 10 mmol/L ) GSH.

(2) PMA A I [R] X 07 T 2R i 5 i

ARG TR A 1.3.1(1), 43517 6. 12, 24, 48 h Bt
FERG . R BIEAL . 2 AXTERAL, PAAST 10 mg/L PMA
ST TR . SEERZH (PMA H52R): JC I B R 3t
FINA RS 10 mg/L i PMA; 25 X IRAL: TCIL 3%
FR I H AT AT Hef 57 o
1.3.2 DHA/EPA-PS #7#] RHNC g ftL 8 ©= 5 B

BREF5 12 d K RO b Ze AL A 3 4, F%
8 10* Cell/ALKE 4N Ml Fh7E 24 FLA P, MHRERT 3% 36 h 5L
INIHEEFREE, I PBS WAL LABR 22 M3, HenlJtm i
KRR 7 24 h, ISEIRA . S AW . =S AR,
9% DHA/EPA-PS %} RHNC 5145 4 i o o8 T B f 4 ik

SEEGAH: TG SR I AR 1.5,
15.0. 150.0 mg/L ) DHA/EPA-PS F{f- 4401 24 h J5,
AJEHE 10 mg/L PMA B4 24 h JFBOREAGI . 25
B T iE R IR Al DHA/EPA-PS Hiffy, H
M APE S ST AR . 28 A R Bl e i 5 R 3
BEHATEESR, AN DHA/EPA-PS {47, 7~ PMA #ili4n
J, 55 S 56 20 7 A RIS ) ORI
1.3.3 RHNC 5% I Bt 22 2 B8 980 o 47 52 I

AWFFE ] AnnexinV-FITC/PLik | &%} 1.3.2 FPAYSLEG
A, S ARG AL . A5 O BRL A IR TR R 19k 22 2 R A1 B
I3HF, LAWFSE DHA/EPA-PS Fi{R4P 4L PMA 45145 Fir sl
VAT AN T 00 o 15 4% 20 AN T 92 36 A TR S 5 7 6
4°CF PBS %t 2 &, BEFLAILA 400 pL A4S &S ik, ik
F 4 E N 7.5 pL 1Y Annexin V-FITC F1 15 uL (¥ PL,
BESRA], O, =W F W 15 mine fILA 300 uL 454

F, BAERIRAE T 200 pL (VAR I R A
IAS R H A AN, LABT it s, S2RIEAT Confocal
Rl o 5487 O xyz, SE—EIER LA 488 nm, A5l
HI RSN 530 nm, DhOFE &R, 5 M E R K
A 530 nm, KPHEK KT 590 nm, thEF NLlH; =18
HBRE—. BN AR,

1.4 BB

S EE LAV S R i 22 s o BRI U7 2200 i
(one-way analysis of variance, one-way ANOVA)KH SPSS
27.0 HAESEAT, RFH Origin 2022 Bk UEF T ER 2 A .

2 HR55H

2.1 PMA RERES RHANC AR

XA R T A MO TR - ANOVA, i
Bl 1 FR, AP RT3 8.94%+0.35%, H25 1M
o REAL AN ML P T3 8.68%+1.63% G 1 & 22 = M (P>0.05);
SR AN ML TR Bl PMA Jo i v J3 T i St 2 TR A DG (B
IR IERECH 0.782 . B E MK 0.003), PMA T ¥k
J9o0.1, 1.0, 100 mg/L FF 40 i 08 T R 4 5N
19.00%+0.67% . 31.97%+1.41% . 40.19%=1.60%. 1F 2
IO 1 4 A Ay 9k €35 550k, TR IR X R, ol
AR A2 s AN R AR T, A Y o 5 B T
FRAE, RS FIWGA%A), hEmaasiot.
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Bl 1 PMA FUi Xt RHNC JH T3R5
Fig.1 Effects of mass concentration of PMA on the
apoptosis rate of RHCN
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HAMAT R PMA BTk B hinmsg i, ALl PMA T
WREA 10 mg/L #1475 24 h ET-HBN™E, FHT-Rik
40.19%+1.60%. FlIH, S5 L) PMA BT B4 10 mg/L
BEAT 038, B 5 4E R X RHNC 8 T2 R 58 i DL &
DHA/EPA-PS %} RHNC -5 £

25 PR B

50 um

[ P ]

50 um

01 mg/L. PMA

50 um ‘ \ 97

120 mg/L RMA,

10.0 mg/L PMA

€2 PMA Sy B2 X 20 i o T8 255
Fig.2 Effects of mass concentration of PMA on the apoptotic
morphology of RHCN

2.2 PMA {EARE% RHANC BT NIFR

YT A TS T Q0 3 R, 10 mg/L PMA £5
2 RHNC 400 6. 12, 24, 48 h FrEET-051 N
16.85%%3.63%.23.52%=4.31% .40.19%=1.60% .47.15%=6.50%,
HE T L, BB AS AIE R, RHNC 40 A g . %
BT E ANOVA H A1, 48 h #1555 24 h #if5 L 8%
P22, 24 h i1 5 12 h B 25 R B 3% (P<0.01).
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Fig.3 Effects of stimulus duration of PMA on the apoptosis
rate of RHCN

PMA Hilly At X% RHNC I T-IES s an & 4
7N, 10 mg/L PMA %I RHNC Hili# 6 h i, AT 2581
Fw, MZICH B H IS 945, MRS R 12 h i,
RHNC 4 Uil 2 W24 TF b 300, 765 350 3 40 B 0 A2 P B 2
i BRI %, FRAR BT/ VA Yt (] R4z 2
24 h i, AR R IR, WTIMAZE S, HAZRSY
i, MG SIFIRAS R ERE, YR Ak 48 h B,
AR S HEA e TR, KA R B s IR, dh
TEATFR A R H 7 A R i R T /IMAR, M A3 o &4t i 5 4 U]
TR YOG
23 DHA/EPA-PS Xf RHNC 4BATHIRIFHERFAR

PMA 10 mg/L 52253 RHNC 4H)ifl 24 h, FAIWFS
DHA/EPA-PS %I RHNC {3 1E o MR8 T 338 10 1Y g
R o S5, A RE R ANOVA 254
(P<0.05), Z5RWE S Fis . 25 1% B4 (blank) 5 25 145
20 (control) /9 40 ffL Y8 1= Z 4 5 4 8.40%+1.23% 5
40.88%+1.23%; XFsLEGZH(SR) 1.5, 15.0, 150.0 mg/L AY
DHA/EPA-PS T {& 97 J5 40 JfL #5145 98 = % 4 Jill 2
25.74%%058% . 11.46%+4.11% ., 34.76%+1.58%. MIHT &
TAEHRE, AR EE 51 &k Y DHA/EPA-PS Xt
RHNC Ui AR CR A, S E R BEE 15.0 mg/L B
Yo AL A A B AR RICR, B EUR S AR PMA ]
NS R E S
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B 4 PMA Hilli#nd X RHNC B JH T-TEZS 852 M0
Fig.4 Effects of stimulus duration of PMA on the apoptotic morphology of RHCN
or GRS, AR B HLY G35, o 2 A o
To/MA . KTl DHA/EPA-PS Fi{R 4 1925 P55 4L 40 IR 25
&l a® A1, KEHMIPRE AO Y6, XA R REEA e W
T2, HHIN DNA R BeC e Refi, 20 B A R T2/ A
PR LS B, L ] 2 3 e TP AR AT DL, A A R kG I 2 9
2 T LA 25 5 P R R 4
H
B
'_.'S.Q_pm .
4-b.
415 B S %
5 AIIREERE DHAEPA-PS FURIAT RHNC T 9301 6 2 FIXPRAL 7 FHALEY REINC 41 T A5
Fig.5 Effects of different concentration of DHA/EPA-PS on the Fig.6 Morphology of RHNC cells in blank group and control group

apoptosis rate of RHCN

XML SR Hr, AniE 6 Pk s S FLd IR MIEL 7 AR, RFERBE (1.5 mg/L) 5 A5 ik 5
LANME A IR, A PMA R A OE S R 4P, B (15.0 mg/L)Y) DHA/EPA-PS 4 REXT 4i i 7= 1 — 52 i {1 b
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YEFR, P45 R e B (15.0 mg/L) g fic K B EE f2 UF 41 i A
% PMA (RO A P T, L AR AT M 45 AN T 25 L
M58, 20N 0 JEE A SE PMA O S T T2,
BT RHNC 412 % DHA/EPA-PS [k B 17 46— 42 (9
TR PE, FCR T ROV AL 15.0 me/L ZcAT, AEREIA T
ST AN PMA 510K F

&l 7

IR R BE DHA/EPA-PS T35 F 1 RHNC 4l i

HTIESE
Fig.7 Morphology of RHNC cells of the pre-protection under the
different mass concentrations of DHA/EPA-PS

2.4 RHNC By#REmt 2 RER MR s R

JE—3H AnnexinV-FITC/PI &7 &%) DHA/EPA-PS
TR 4 E PMA B 400, SEFTHiIR Tt 5 . Bilgmt e
AR IEF GO T AL F AN, (HAEAnfai TR0, w
S L 22 2R 2 D41 5 %) PR 6 e B A S S A, R R A
RSP REEF . AnnexinV E—Fh 4T 54 35.8 kD ) Ca®”
AR S A B A, fE S AR T 1L R H R BB
WENRME 22 SR = R M1 R R 45 A . BT FIH AnnexinV
55 PLEXT RHNC 4 M 049 P8 T B B A T 174G, i B 40
JBE b OB IR Tk 22 S FR /MBI M 8% AnnexinV Yeplist @, {H
R PIASEENE ATE 00, Bt R TS AR A0 o i 4
A ReRE L 4T 6, T AnnexinV 5 PI B2R % 19 J 1E 5
QEHH@[W—M]C

e 8 BR, 25 N IEAL AR PMA HI Y RHNC 4,
TETCIL TR SR AL PR R 48 h PR A R | a4 i,
FLEEAS 2R W S R T 40 i 25 45 4 2 R DHA/
EPA-PS Wi/ 4N, 7EJCIME R 24 h RN 10.0 mg/L
i PMA Hili# 24 h JE A9 40, 785 A SR A 04 R T A

A R A, XU
AU

PMA il 38 20 ffg 7= A2 96 T 2

Z FIx AL EM

sEtiEM

«100 pm

28 I RRZ L 2 FHAL-L

&8 A% (] B 5 25 b5 4] RHNC 40 M 3L 43 Bt
Fig.8 Double staining analysis of RHNC cells in blank group and
control group

Uni&l 9 Fr 7, DHA/EPA-PS DL 15.0 mg/L J i e i Filff
PPt i AR A R R R T AR HOAR T A e R
Zif; 1.5 mg/L 5 150.0 mg/L PS FAR3 40 I [R1 R 77 A KB
R T a0, (FRARE TR 8 25 A4 = AR o
ToANAEA /D 1.5 mg/L 415 150.0 mg/L A%, 150.0 mg/L
LA RS | PR T A R TR T4 T 1.5 mg/L
40, X005 e B 1) DHA/EPA-PS IR A B 47 R 47
RHNC 4iififi .

15mg/-EM . J1somgL-EM.  f150:0 nig/L-EM, .

'

$00um’ 100 pri.

150.0 mg/L-L

1.5 mg/L-L 15.0 mg/L-L

100 pm

100 pm 100 pm

E9 RIEFE W E DHA/EPA-PS HUEY T RHNC 41 W e/ #r
Fig.9 Double staining analysis of RHNC cells under different mass
concentrations of DHA/EPA-PS pre-protection

3 THES4R

PMA 2% 1 C (protein kinase C, PKC)IIAG %4
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W7, PKC fE—3 Ca" | Wbt iy 8 (i, 7E4ni
PR S F A AR, PKC RRMEMLZ R A |
(%) Ser/Thr BfRfk, MIIATT AR A | 345 o
b AR FE 1) PMA A] A5 3% fif PKC fh AL (E HE A 38 m, (B
JE R 1 PMA BEfE 4 i) PKC AR S A i 5 241 A
S AL AT PR A T AR STIE I — B W E
PMA T] LIl RHNC 404 g8 1= HLy= A fR TR a8
CIE

DHA/EPA-PS #ili] RHNC 41 i =52 560 45 S B oR, 4
DHA/EPA-PS HJJF B8 15 mg/L W% RHNC Fifdr i
R, B0, PR CARED, B ENN
11.46%+4.11%, HICH AT -4, £ Confocal WAEILAT
AT, MM ERKR ., Fik, —&RaEwkEmR
DHA/EPA-PS X} PMA Jll V& 5 i 2 oo 4 i HA o 3510
TP VER . AR n-3 2RI TE 22 2R e Al k2%
2 HERICAZ . GE AR T E SR TR Y
Bt S

SE R
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