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£ L DHA- BRI Ik 22 20800 & 17 B1/b Bk A1 41

DHA K1) 5 Wi

® 75 ALl 8 EEKE, EERT
Cop R B R 5 TR, R T8 266003)

i % B WRPFABILGE T+ 2SR - IR 22 &8 (docosahexaenoic acid-phosphatidylserine,
DHA-PS) AIDHA-H i =5 (DHA-triglyceride, DHA-TG) X} & & HIICR/N RAKRALZIDHA S & LA I g B B2 41 1 e 5
W, J5vde: BER I A SR -3 2 AN AT RE B2 (n-3 polyunsaturated fatty acids, n-3 PUFAs) = 1%}, 14¢
/N RIS RL S BEHL A3 A, 4 MR TER-3 PUFAsSR Z BEl (n-36t=40) . DHA-TGHik} (DHA-TGZ) . DHA-PS
Tkl (DHA-PSZ) , #RZH8 W, WEFE2 B SSA /N R R i R AT, o b R4 o fiDHA & & . 45
H. M7 DHA-PSHIDHA-TGH] LU & & /N & ZH LU DHA S B B350 (P<<0.05) , -+ s fnie A=y
IR & i i 35 PR (P<<0.05) o DHA-TGHLKS W DHA S 5 W 2 5 FDHA-PSZ; DHA-PSALATETG. BEfE A1 40
i DHA K- 2.3 i TDHA-TGH. (P<<0.05) , TR RDHAK TR EEZES (P>0.05) o 45ik: FEEtH
7t DHA-PSHIDHA-TGH ] B 42 5 & B WD A AL DHAK T, (B = MHNE R AR, DHA-PSH LLE
o AU B /N BT AR 21 41 A - DHAK T

KB T RBROSIEIR: T RROSIEER-BERmE 2 =B Huh =lEs BElE: DR

Effect of Dietary DHA-Phosphatidylserine on DHA Level of Body Tissues in Developing Mice

WU Fang, WANG Dandan, WEN Min, XUE Changhu, WANG Yuming*
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: Objective: To investigate the comparative effects of post-weaning dietary docosahexaenoic acid-
phosphatidylserine (DHA-PS) and DHA-triglyceride (DHA-TG) on DHA concentration and fatty acid composition of
lipids in various tissues of developing mice. Methods: ICR female mice were fed n-3 polyunsaturated fatty acids (PUFAs)
deficient diet during maternal pregnancy and lactation, and the weanling (3-week old) ICR-strain male mouse pups were
randomly assigned to three groups, which were fed three different types of diets including n-3 PUFAs deficiency (n-3 PUFAs
Def group), DHA-TG (DHA-TG group) and DHA-PS (DHA-PS group), respectively. After 2 weeks of feeding, all mouse
pups were sacrificed, and cortex, testis, liver, and red blood cells were harvested for detecting DHA level and fatty acid
composition of lipids. Results: Compared to the n-3 Def group, the concentration of DHA in developing mouse tissues in the
DHA-TG and DHA-PS groups was significantly increased, whereas the concentrations of docosapentaenoic acid (DPA) and
arachidonic acid (AA) were decreased. The DHA-PS group exhibited significantly higher DHA levels in erythrocytes, liver
triglyceride and phospholipid but lower DHA level in testis compared with the DHA-TG group. There was no difference in
DHA level in cortex between the two groups. Conclusion: Dietary supplementation of DHA-PS and DHA-TG significantly
increased the level of DHA in the tissues of developing mice, but resulted in different accumulation patterns of DHA and
DHA-PS more effectively increased DHA contents in the liver and erythrocytes.
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W NKEEE (docosahexaenoic acid, DHA,
Carg, n3) A A A S B R T — Flin-3 2 N RN g
2 (n-3 polyunsaturated fatty acids, n-3 PUFAs) , X/
R B AIhRE oy EEUSN BFR R, U ORI R AL
Mn-3 PUFAsTEAA R 2 LR NDHAK, F3
TR U] M AR, Sem IR R B A ThRE, IR
T A 1 AR AR 5 £ 8 A RS T i 5 4 PR R P R
Y& DHARE WA R, AL DHAE B 32k A ;T
JEF IV BREZ Clinoleic acid, LNA) & RN ELIEEN,
W RN, A NLNAS I DHA I A G835 2 ik XF
DHAMI TR, ik, 2@ & S NDHAY .,
ARE EDHAKM A E R, WAl EEA Hl=
BE B DHA (DHA-triglyceride, DHA-TG) Al Z 5% DHA
(DHA-EE) , Tif#/IE/ 2 ADHAR EZAEETEA. H
i, DHA-TGEZH T 245 )LEC 7 Ak, W70 R I AR
AIDHA ELDHA-TGE it A 20t 2 i ARk 2 21 s DHA K
TR IE 22 = . (phosphatidylserine, PS) & i g 1 &
B AR Ay s AT DGR RE RN G i T g 3 SR g 12 R
IWHIFE A, RN, $4 RSHPDHA L E 5% TPSH,
DHA & #E7T LULEEPS I A & ORI R AL, & 4h 72
DHA-PS, AMYTATHEm i DHA S &, 7] ARl EPS/K
SO XSRS EAT B R ER, ARim, RN
DHA-PSXf & & /)5 U A 20 SRR 7 B8 2 1 1 A 7 e 2
ARSI # 57 /N Bn-3 PUFAsH Z #E8,  HUEATF 5T
DHA-PSHIDHA-TGH} /N i % ZHZADHA /K- [R5, - LA
L)) LEC 7 Uk I T R B A3 R AR

1 ME5HE

L1 3. MESRA

8 JAWSME. HEPEICR/NER %30 A, SPFZ, fAJii&
(20£2) g (HFAHES: SCXK () 2007-0001) ,
H b 4@ R LI S YA R A A

ARG BB F R A RA R TGH il
HEICERRAERHARRA R SEeas y E =o#rat.
12 {XEFE5WE

LABORO-TA 40007 Jiig &% 7% % A%
ATl CPIOOMXALEHEAH BN HAHILAF;
HD-200p AL #4445 % 1-:Blue Marlin/A 7] ;
T80T K E AgilentBHE A F]
1.3 ik
1.3.1  DHA-PS[#H] 4

KA VR B ONFE IR IE G S K, 2 RSRIE

i [F Heidolph

T 5 FT R BE Ry, FREUGE U R Y, A R R
B G SRAS DHA-E ARG o F R R 2 A v aliAk
DHA-fflgH g, EIfSDHA-PC. K& 5L DHA-PC
4k NDHA-PS (J5ERIHPS T 896.4%. PCHE3.57%) -
132 s d 5

MER S5 MR %30 A FEpEmssEl fAE, %
MERELL L 1A%, R B WM R, AR
N IE R EE 0 R 22 B, BEACME BRU7E 2 300 0 oy 2L 19 3
ME4ARn-3 PUFAsH Z 1A 8L, KW ALe (A1) I
YT/ R BEHL > -3 PUFAsBR = 4. DHA-TG# .
DHA-PSH, #4H8 X (FR=EAFEER) , #2hlRE
n-3 PUFAsBRZ TR, £0.1% DHA-TG (&g, T
[) #10.1% DHA-PS{k}, 1372 J. {EAIN93GHL 5
(et ERHI AR (R, SRS s E
3 HBERH IR ITRR AL (2 .

K1 FHERES
Tablel Composition of experimental diets
glkg
Ay n-3 PUFAst =41  DHA-TGZ DHA-PS#
TR E o ik 200 200 200
TERE S 100 100 100
TOKVER & 7 397.49 397.49 397.49
FIMIRE O 132 132 132
YRR 50 50 50
T YR &Y & 35 35 35
g RIREW &= 10 10 10
DL-EZAE & & 3 3 3
A R A R 2.5 2.5 2.5
FETHE —EE 0.02 0.02 0.02
ST = 56.7 51.95 45.89
EAW ER]lifo s 13.3 12.39 12.39
DHA-TG% & 0 5.66 0
DHA-PS# & 0 0 11.72
#£2 FAMBEFBRARE SR
Table2 Fatty acid composition of experimental diets
%
FERIR n-3 PUFAsiZ 41 DHA-TG4L DHA-PS41
Creo 14.24 15.51 14.54
Ciso 31.9 10.09 8.82
Cisi o ND 0.81 0.93
Crenns 14.81 14.63 14.59
Cigs s 0.11 0.13 0.12
Coosns ND 0.53 0.56
Cog s ND 3.97 3.89
Rt 134.64 316 319

VE: NDRKH . £76H.



P e AL =IT

ANEREBEEMYOK, EEE (23+2) C. 12h
B A8 B 26 A TR . BRI R, W il ke
BHARE. ERTEEE, ZEA%KI0N, REKE
MALFE, 3% % 6 B 30 min/E 3 000 r/minf 0220 min,
RAFMIE LA, BU R . RS AR & S
T —80 CIRAE, #&H.
1.3.3  SHLUG Wi R 4 B 2

S SCHR31M 7 PR B LT i i . A5 5. i f s An
JFE A B o D 92 i v U T U R R R A TGO
RE . SHEmAE A Bb)E, Shig- B kb7 H g
b, A8 FH S LR OCEEAT G D BR AL o BT . B Ak
INNOWax {7 5 B EH: (30 mX 320 um, 0.25 um) ,
S N20: 1, R AR EMEN.06 psi, TIEN
1.19 mL/min; #EiE: RIGEEN170 C, ££FFS5 min,
Z R IEIE3 C/mnff R T £210 C, SRIGAE210 CLEHF
30 min; AW A A S CKIAE AR IS, B IR R
240 °C, Kril#8iEE250 CIY. B RITIR SR
SRR & BRI E RN
14 HdEgehor i

KHISPSS 1103 X H A 247 o #lr, a5 R x 558
7~, 3 110 FflDuncan’s% & L0 #T, P<0.05NEH S
R R ESR.

2 HR5HH

2.1 DHA-TGFIDHA-PSXT /)N f2E K48 bR i i)

#3 DHA-TGHIDHA-PSI/MRAKIRGIEMN (n=8)

Table3 Effect of DHA-TG and DHA-PS on growth parameters
in mice (n = 8)
Ei=znn n-3 PUFAs#ii = 41 DHA-TG#H DHA-PS#
[ENGi=v/4 25.064:0.29 26.1640.17 26.0610.16
EaRE (gd 3.50+0.15 3.6040.20 3.4040.08
T o /g 1.764+0.08" 1.2640.02° 1.3040.06"
1o i e/ g 0.36+0.03 0.3340.03 0.340.02

W AT R ANE FRERRIFOR AR 2Z R B3 (P<0.05) . R,

ME3IPR, FHNRERE, BRERHLREER
(P>0.05) . SEERWE 7R AR &, 3 470N BRI o
ELHEZER (P>0.05) ; 5n-3 PUFAsBEZ ML,
DHA-TGA4IMDHA-PSZH /N RUFHIF BT 8 FEAIE (P<<005) -
2.2 DHA-TGHIDHA-PSXF/IN it 2124 i i 17 TR 2E s P 52 il

FL45r, 5n-3 PUFAsHBRZ 4145k, DHA-TGAHI
DHA-PSZ /R L4 fUDHA & & 40 5l 51 17 2.98 £ Al
3.26 5 (P<<0.05) ; —+ Wk HJ%ER (docosapentaenoic
acid, DPA, Cys ) KFAHH2.13% FEZE1.11%H
0.30% (P<<0.05) ; Zn-6 PUFAs/Zn-3 PUFAs/HI TR T
83.73%#1185.08% (P<<0.05) .
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R4 AHROARIEHRARRER (n=8)
Table4  Fatty acid composition of lipids in red blood cells of mice (n = 8)
%
JiETi n-3 PUFAs{ik = 20, DHA-TGZ DHA-PS#
Creo 25.9340.35 26704032 26.80+0.50
Cien 25334031 25874026  23.75+0.67
Cisz s 1.8840.23" 4.05+023° 3.7940.28°
Coouns 13.40+0.29° 9.614+0.34° 9.17+0.21°
Con s 15.514£0.32° 9364032"  9.6040.34°
Cooss.ns 2.13£0.22° 1.11£0.16"  0.3040.02°
Corg s 1.46+0.08" 5814£022"  62240.19°
2n-3 PUFAs 1.46+0.08" 5.81+£0.13"  6.224+0.07°
Sn-6 PUFAs 35.6641.05" 23.51+1.04" 24.46+0.83"
Y 24464047 3984003  3.65+002"

2.3 DHA-TGHIDHA-PSX} /N 5K L i 17 R 2E 3 1 5 i)

£S5 DRERBEHRAREEER (n=8)

Table5 Fatty acid composition of lipids in testis of mice (n = 8)
%
RE iR n-3 PUFAsGRZ 41 DHA-TG#L DHA-PS4]
Ciso 29.16+0.42 2991+3.5 27.06+1.61
Cisu 24.04+0.50 28.88+0.88  27.02£1.19
Cisnns 1.374£0.22" 3.11+£0.11"  5.05%0.13
Caout s 13.88+0.16" 10.09+£0.49°  6.86+0.36°
Caos.m3 0.17+0.02" 0.47+0.02°  0.44+0.03"
Corutns 3.08+0.04" 2.8240.04" 2244015
Cos s 12.58+0.21" 8.16+0.53"  4.96+0.04°
Corgons 2354+0.18" 9.04+£047°  7.1240.52°
¥n-3 PUFAs 2.58+0.27" 951+051° 7214024
2n-6 PUFAs 31.36+£0.45" 2231+1.31°  19.11£0.54°
SO 12.160.02° 2354001"  2.69+0.02°

HESAT W, S5n-3 PUFAsH Z AL, &%k
7DHA-TGHMIDHA-PS & #1517/ BUF 5L DHA /K
(2.85, 2.03 f%, P<<0.05) , Tfin-3 PUFAsHt = 211t
AU J5 R C(arachidonic acid, AA, Cyyu ,6) ~ DPA
SEREFESTHIMWA (P<0.05) , DHA-TG4LM
DHA-PS41 ¥ §Xn-6 PUFAs/Zn-3 PUFAsZ HI [&{% T
80.67%H177.88% (P<0.05) .

24  DHA-TGHIDHA-PSXJ /NG IE TG AV 5 N5 7 2
ERS AL AL

#£6 SRFRTCHREEE (n=8)

Table 6 Fatty acid composition of lipids in liver of mice (» = 8)

%
i n-3 PUFAs# =41  DHA-TG#L DHA-PS#1
Ciso 27.78+0.38" 39.96+0.30 39.40+0.20°
Ciso 1.83+0.02 1.894+0.02 1.98+0.26
Cigtno 47.834+0.39° 36.86+0.20° 36.30+0.40°
Ciga ns 6.45+0.33" 7.91+0.04° 8.38+0.38"
Caoans 1.99+0.11° 0.42+0.03 0.40£0.02"
Caos.ns 0.4140.04 0.45+0.03 0.53+0.03
Corgns 0.17+0.02" 2.86+0.06" 443+0.17°
2n-3 PUFAs 0.58+0.17" 3.31£0.21° 4.96+0.35°
Tn-6 PUFAs 10.07+0.47° 11.85+0.25° 11.4240.34°
22’;‘_2 1;,%2’21’ 17.3740.20° 3.58+0.13 2.3+0.14°
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®7 ARFEHBHARE SR (n=8)

Table 7  Fatty acid compeosition of phospholipid in liver tissues
of mice (n =8)
%
il n-3 PUFAs#k = 2 DHA-TGZ4 DHA-PS4
Cioo 22.7940.24" 26.994021° 25014027
Ciso 16.40+0.39" 11.844£029"  11.014+0.32°
Cisiono 21.41+0.42" 15204021  15.54+0.33"
Cigone 7.32+0.32" 9.47+0.44° 9.09+0.16"
Caons 20.3340.32" 9.10+£021"°  7.6440.33°
Caos.03 ND 0.61£0.04°  0.92+0.03
Corane 3.62£0.09 3.40+0.28 2.9240.20
Caos s 3.1940.22 ND ND
Corgons 2.07+0.07" 18.4540.46"  24.5940.39°
¥n-3 PUFAs 2.07£0.07* 19.06+0.70"  25.51+0.42°
Tn-6 PUFAs 34.47+0.94° 21.97+0.93"  19.65+0.37°
22’}'1‘_2 1}’)%2/253’ 16.6240.15° 1.154002°  0.77+0.01°

XHBERTG (6> FMBENE (K7) M Hral %0,
JHF W R 3 ) SR AN LR G T R & C gy TG H LD TS 7 R
PAC 6o N E, NG LRI TR 22 C 0 FIC 1500 BEET
N 7EDHA-TGFIDHA-PSH] & % 32 = FFIEDHA K F, TG
FHDHAZS AN T 15.82 £5H125.06 £ (P<<0.05) , AR
FFDHAS &0 330 77.91. 10.88 £ (P<<0.05) . [A
if, R FhFEDHA-TGHMIDHA-PS, HIETGH AAZ: 5| [
ik 778.89% 79.90%, WihE+H AAS;HIFEML T 55.24%-
62.42%, En-6 PUFAs/Zn-3 PUFAs{E % Fifl (P<<0.05) .
2.5  DHA-TGHIDHA-PSX/IN Bl 52 5 i i R 2H B P 5

£8 DRMEFREHRAREER (n=8)

Table8  Fatty acid composition of lipids in cerebral cortex of mice (n = 8)
%
iR n-3 PUFAsEk Z 241  DHA-TG#L DHA-PS41
Ciso 25.7740.58 25194094  264740.21
Ciso 21.61%1.13 22.834+0.92  22.6440.28
Cigino 13.0740.19 13.7340.15 13.6740.15
Ciga ns 0.714+0.02* 0.12+0.01° 0.16+0.02"
Caoa s 11.434+0.56" 9.64+0.39 9.554+0.11°
Conans 3.54+0.60 3.90+0.86 2.5540.15
Coris s 8.45+0.25° 3.93+0.17° 4.3740.24°
Corgns 7.17£0.13° 15.5940.39"  15.854+0.16°
¥n-3 PUFAs 7.1740.13" 15.5940.50"  15.854+0.16°
*n-6 PUFAs 24.12+0.27° 17.554+0.86"  16.61+0.17°
o) 336£010°  113+009°  1.0540.02°

i B2 I R W FR 2E e o I 45 R 7R (388) , DHAJZ AN
W EZ¥n-3 PUFAs. &4 28DHA-TGEDHA-PS/H,
i Kz R DHA & 84> BT H e 1.17 5 51.21 £ (P<<0.05) .
Fn, e 7ADHA-TGS5DHA-PS/G, Mk H
Tn-6 PUFAs % Fifl (P<<0.05) , HHDPAS RSN T4 T
5349%K1148.28%, AAFENH R4 T 15.66%F116.45%

3 9

7 1 e W L BRI R Hin-3 PUFAs/KF 23 5200 4%
i A4 JE AP DHA S &= AW 7 R B2 S T L
Wk Z n-3 PUFAs, H-ARN R 5T R, RS, Zr4mfy
DHA & #K, Zn-6 PUFAs/Zn-3 PUFAs#G 5, e b
78DHA-TGFHIDHA-PS, ¥J7] & & #¢ 5% 4H4DHA S &
(P<0.05) , HoHEXHLNE YRGS

W E W, DHA-PSELDHA-TGHEH & S 42 m 41
ZIHDHAK PR, At kB, &4 7EDHA-TG
MDHA-PS, ¥feREREMHE#ESTGHDHAY
£, BIKAARDPAZn-6 PUFAsHI/K T, HDHA-PS
XF T EDHA %R 78 208 B AL T DHA-TG. i &R M5
i EN LK S5 2 1 ik N LR R R, e — R B BRI
Pt R L 2 B R TR A R 228 AR, PRIk, 204 RS
15 P 2L il R % B T g AL A — BB 1] P P o AR tR:
WP AR, RN SEDHA-PSHIDHA-TG, i Al
DU AR i 4 4 HDHA K, 1X 5 Ramprasath 25
LG AL R —8, BE N FTEDHA AT DAS AR SR D R4 R
WA ERE A, R IR S, SAERERE AR,
KGRI, e 78 DHA-TGFIDHA-PS I3 2 35 12 /I ks
HDHAKT (P<005) , HDHA-TGHUR#HE, iXFWDHA
P FIEAAR, HAERS S BRI 2 R .

AW IRE, BEIEAAALLTGH AALE M & B A
HOE B AR, DHA-PS K4 23 1 #h 76 200 % B
ST DHA-TG, Graf®'HlLagarde™ %% & B f 1k £ %
fEF, BENR A DHATE SCE KRN SRR B E S T
DHA-TG. Batetta™ R, RN ELMLT 0 HEE
KEBENERDHAMDHA-TG, B # Al LU & 8o 12 & i
B G P DHAS B . Liu Lei%s il i 37 AL /N fE B e 9%
PR, &b FEDHA-PCLLDHA-TG ¥ i3 2t 42 7
M2 DHA S & o AW 7038 i 78 /N B 22 1 5 e L
M frn-3 PUFAsH Z Tk, A1 B0 A DHA & & B W 1%
fi%, n-3 PUFAs# = 2H/N U ADHA & #87.17%, Wi,
i #h EDHA-TG 5 DHA-PSH &, fii % JiDHA & & 2 3%
PEEE15.59%H115.85%, Hit = FH LW E ZR, XAl
T Wr LN BOE e TR B, 07 ZE A HUE EDHA L
WA LIEREREKEE, LA EE#RDHA-TGE
DHA-PS, M4 IRIDHA, 2 Ji)5, i DHA S &
CA&BE T, Fik, AR AR BDHA-TG
L DHA-PSXI i A DHA N 78 R A2 B A7-AE 22 7, o 22tk
— G SLIRIRAIE .

2 FRTR, JE BN FEDHA-PSHIDHA-TGH ] B {542
FEEKE BN RS AL DHAKT, H HBEHRUR
AN, DHA-PSXT T4 FFIEHDHAK & Bk
RUFFDHA-TG.
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