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RIETE % %M DHA X SIETR BB SR/ NE ARG

FAEY Im® YRE ©E’ FToor' AEE’ AN TRAT ERE
(1. INRBELRFERE IWARBEREDF TR G 10K Brrs 250100)
Q. AR Rl EbE (LR $5r 250100)
G. IRBRBEBEA D ARG L IR FrE 250100)

B E: [86] eEt —REREERR, BARSHARERGLER. HFAEYN, n-3
% Ao Aafig B4 (n-3 Polyunsaturated fatty acids, n-3 PUFAs), 4¥ %2 =+ =&} 82 (Docosahexaenoic
acid, DHA)%T 5 JEREIEAD % A BAF B 6 8R, *TARA S RS 209 A TAER . 83T 4 74
& 3 (Schizochytrium sp.)iE i DHA 3t & I8 R F-F D RARE . IRIFAR 5. ©fg. il
WL R 2T AR Rt AR A A R A X e %rm. [k ] @i SRR 5 RICHAER,
IEIENG 15% AR ES B IeE K. R am: (1) KIExTRL; (2) SREARM,; (3) &
& & A 2 5 b 28(50 mg DHA/kg); (4) &g+ Al 23 H 28 (100 mg DHA/kg); (5) @ fE+3 A
2 H20(200 mg DHA/kg), HF, a2 IRAR R 7] Z ik, (KI5t B4 An 5 REAR R 2R
FRIFHABRERD. L2 G, BIERE, HRRB D5 H 0, Wbk b =6, j2F
BAGEEREASE, LEANIR, SBWE. BRAfM A BN AR BT, F2E; B
FIE AT Yy | # 4T HE & &, IR TALE I, A1 RT-PCR SR M E A8 48 ¥ it &
HX R A5 B (Hormone sensitive lipase, HSL)JAE 69 mRNA XL, [4R] b @Ea ) JhE
EHRE T, (2R3 ENEE 2 FHK. I8 @Ik A] 20T S 842440 R af 7 o o
= Fe. PREEEAE R EEAK, FFALRIE BRI 2R Y, AEF4E4F HSL AR 69 & ik K
FRERS., [4#] ZE5E%ES DHA & I24 2 F K3 IR S 8009 /1 R3S I A2 B oF
HEAfE, THA A TIEME G B4

KHEIE. Bk, oSSR, S8R, L, ffg
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Effects of docosahexaenoic acid from Schizochytrium sp. on high fat
diet induced obesity in mice
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1. Shandong C ‘Crop Germplasm R Shandong Academy of Agricultural S
Jinan, Shandong 250100, China)
(2. Shandong University, College of Life Science, Jinan, Shandong 250100, China)
(3. Biotechnology Research Center, Shandong Academy of Agricultural Sciences, Jinan, Shandong 250100, China)

Abstract: [Objective] As a metabolic syndromes disease, obesity has become an epidemic hazard and
a major problem for health care systems worldwide. It is well documented that n-3 polyunsaturated
fatty acids (n-3 PUFAs), especially docosahexaenoic acid (DHA), could effectively prevent and treat
obesity and related diseases. Aim to study the effect of DHA from Schizochytrium sp. on
high-fat-induced obesity in male C57BL/6J mice, including the weight of body and adipose tissue of
the mice and the content of blood lipid, pharmacological changes in liver and fat tissue, and the
expression level of lipid metabolism related gene. [Methods] Mice were fed with high fat diet for
nine weeks, and mice whose weight gain was 15% higher than the control were selected for the
follow-up experiment. Mice were divided into five groups: (1) low fat diet as the control; (2) high fat
diet as the model control; (3) high fat diet + microalgal oil with 50 mg DHA/kg body weight; (4)
high fat diet + microalgal oil with 100 mg DHA/kg body weight; (5) high fat diet + microalgal oil
with 200 mg DHA/kg body weight. Mice in groups of (1) and (2) were gavaged with isovolumetric
corn oil, and mice in groups of (3), (4) and (5) were gavaged with microalgal oil with different dosage
adjusted by corn oil. After nine weeks treatment, the mice were anesthetized, and blood samples were
obtained from venosus plexus of fundus oculi. The total triglyceride, total cholesterol and high-density
lipoprotein cholesterol in the serum were measured. Body, adipose tissue and liver of the mice were
weighted, and the morphological changes of fat and liver were observed and the lipid metabolism
related gene was examined. [Results] Microalgal oil DHA from Schizochytrium sp. significantly
decreased the abnormal fat accumulation and blood lipid levels of the obesity mice, improved liver and
fat tissue morphology, and promoted the expression of hormone sensitive lipase gene in white tissue
fat. [Conclusion] Microalgal oil DHA from Schizochytrium sp. might have prospective applications in
obesity therapy.

Keywords: Microalgal oil from Schizochytrium sp., Docosahexaenoic acid, High fat diet, Anti-obesity,
Serum lipid
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A, VBAERICR 5 P, AR, RARSIIR A 2
BT PR IEFEAE SR L B 2455 7T
Z N, DHA fE—Fh n-3 PUFAs, 7ENEME
LR A IE I E WA E 2 iE, (AR
J R T I g DHASY ek b i st &
% n-3 PUFAs, [REERP A [F] LRI & A i 22
5o AL DHA hE, ALl i
IR (Eicosapentaenoic acid, EPA)N ¥, fF 3%
SRS WEETP K n-3 PUFAs LIBEIS FIRENS 19
WAAAE, HA WS E e R R, m
Heh e & A HARE SR, e b
EN -y

HET, 7 s m TR Ity F e i 22 DL n-3
PUFAs i FE 20853 107 dh o b, DRI 0
HifY) n-3 PUFAs 4 EPA il DHA™; By n-3
PUFAs L DHA 3. AR, A RHETEHBER
I8 DHA HY0F9% 2 8 h e 32 AL LARR &y
e B R AT S A 2 A T Y N
K. BEIR . RILO A . OIS 5 T A DGR
BN BV R LB A IR DHA AR
FEMGE ., K, AR S TE W R IR T 2450 A 5
(BH DHA X B T & 75 3/ BUIRJHE 36 97 4R
L, IR0 R BT ERLE, DA S 22450 a5
#M DHA B97F LRSS MG %, Ry
NEJHESE () B VR R BT ) SEL i
1 ARSI
1.1 EZTRFIFNEE

FH AP, L RELVAEMEARARA
Hl, 525k 3K1S DHA 465 H>90%; BEARE
Ky, FHERTRL T AR R R A R\, AR
WIRRAL M ILZ 15 ARAETRH10% Fat)Fles 5 14
(45% Fat), VLIRSl ARG RRAR], Wk
B IR 2 B =ER(TG) M G0 & SR
BE(TC)MIE IR & . =% B 4 11 I [ (HDL-C)
W aRl g, r ey TREFSE T RNA $2
B, Invotrogen (Invotrogen Bio. Inc., FE[E)A
A3 U R £ (PrimeScript™ RT reagent Kit)Fll

F 1 ERKMFIEMASEAER LA AL

Table 1 Fatty acids composition of corn and microalgal

oils (g/100 g total fatty acids)

IR R Tl

Fatty acid composition Corn oil Microalgal oil
C6:0 0.02 -
C12:0 0.02 -
C14:0 0.04 -
C15:0 0.01 -
C16:0 12.22 0.05
Cl6:1 0.08 -
C17:0 0.07 -
C18:0 1.56 0.02
C18:1n9¢c 27.21 0.02
C18:2n6¢c 56.97 0.03
C18:3n6 0.02 0.15
C18:3n3 0.71 =
C20:0 0.39 =
C20:1 0.27 =
C21:0 0.06 =
C20:2 0.01 =
C20:4n6 = 0.06
C20:5n3 0.01 1.07
C22:0 0.12 =
C22:1n9 0.04 =
C23:0 0.01 0.84
C24:0 0.14 -
C22:6n3 - 97.76
SUM 100.00 100.00
> SFAs 14.68 0.90
>MUFAs 27.60 0.02
>'n-6 PUFAs 56.99 0.24
>'n-3 PUFAs 0.73 98.83

Note: —: No such ingredients. SFAs: Saturated fatty acids; MUFAs:
Monounsaturated fatty acids; n-6 PUFAs: n-6 Polyunsaturated fatty
acids; n-3 PUFAs: n-3 Polyunsaturated fatty acids.

RT-PCR JE#43HTAHEIAF] SYBR Green, TaKaRa
(TaKaRa Bio. Inc., HA)AH],

BRBEE.OPL STI6R, HAKIE-80 °C vkAH
900Series, 3=[F Thermo Fisher Scientific /A H]; Hi
TR JA5003, SR E RS A TR A
Al WML ELX800, [ Bio-Tek 2AH); IEE T
W48 BX51, HA Olympus 2375 HHVEIESIRT
FRAE, DR BHEE ) BOKHL TP1020, (2
WL EGI150H. Hzsh¥) HHL RM2126 . # - #lL
HI1210. Z2fHl Autostainer XL, fE[E Leica/NH];
UK DYY-8CAY, Jbai/s—{%#%) 5 PCRIX, H
A TaKaRa 23w ; 92 8 PCR L ABI7500, 3E[H
ABI 2~ F]
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Table 2 Composition of the diets (g/100 g)

w4y (il e A
S Low fat diet High fat diet
(10%, MD12031) (45%, MD12032)

fi% 4 1 Casein 200.0 200.0
L-Mt& 2 L-cystine 3.0 3.0
T KPEH; Corn starch 315.0 72.8
72 2ERIKE Maltodextrin 35.0 100.0
MEWE Saccharose 350.0 172.8
£F4EZ Cellulose 50.0 50.0
K7 Soybean oil 25.0 25.0
J# Lard oil 20.0 177.5
BEW YR 45.0 45.0
Composite minerals
BEPER 10.0 10.0
Vitamin complex
A TR 2.0 2.0
Choline bitartrate
HET Energy (%)

A5 Protein 19.2 24.0

R 67.3 41.0

Carbohydrate

Bl Fat 43 24.0

1.2 s ES5H4A

YL AE L AR R 2B SL g TR e A,
P& 4 [l SPF G TE S fEME CSTBL/6T /N 60 H . 1E
N —J G HIEAT A GRS . e, N4l
— AR X BRAL(10 B, B—dlhm g e
(50 H)o RAE MRS E LR,
9 Ji. FRBIRVEST ST T, A 9 A
W RBIRLIN /NS R 4 (A 8-12 H), 43
i AR AT A . iR AN B DHA ¥
21(50 mg/kg, LADHA &I, AR b o
DHA 41100 mg/kg, LA DHA & &1HE) . ®ls
RO E 74 DHA #9H4H.(200 mg/kg). JHE KM
SR R 245 0 T T A IV B ARG T RE 2 N
SRV 5 AR AR R oK . Hodr, IR X
FRZH 285 TR RS Ak (10% Fat), HifthZH 25T 5 hs i
#H(45% Fat). LB IE A B FITOK, &R
— IR,

1.3 GHEEM R ALIE

NG EL FEZ48(2%, 40 mg/kg) i 1 St ik
FPRRI, AR BRI . 4 i &% B 5 & X8R
BOHLT 4 °C. 3500 r/min &0 15 min Ji7, 432510
TH P REIEE-80 °C & . 4r B e X 52 1 g
W5« B e R R AR . BTERA
U T AR B ER KR U, WK AR B 2 R K 41
JE AR I IC SRR T . o, ORI SRR A A
LR R BUE — RO A 4% 2 5 S 5
[t AT, HARZHZUE B A ARG R J5 80 °C
e
1.4 MMAEME

Foe ST =R R & (TG, AL10-1) . &
JIEL [N R 2 350 £ (TC, AL11-1), S NsE A H
[ B 72 1) & (HDL-C,  A112-1)Ui W Ffet, ffi
FHEEFRMGNE L% TG, TC # HDL-C A&
1.5 4H4 HE &6

IR RO BT S Re I 2R 20, Zead Kk . Bk
EW L RN W, SRS AL A )
Ro LW RHULERE, 58] 5 um W R
W IRARR-PLLHE) R0, KA IE & BB WEE
AN TR] A B 25 A2 TR0 i 105 28 2R A R T 25 2= A8 4k o
Hod, &AL 8-10 5K S W 4 4U01 A
(400%), %JH Adobe Photoshop CS2 4 fEH 414!
YIR v ana o . EARRE K
1.6 BERFZELAH HSL mRNA Ry E

VAZRAEITSERR T AR, B 150 mg A7
FEGE 1 mL Trizol $2BGAF AN, SRIFHE
THEWE R T P RS RNA L A5 0.5 RNA
Lo b vk FEI A RN SEHEPERIE, B 800 pg JUHE Ak
cDNA. #i/ TaKaRa /3] SYBR Premix Ex Taq ™'
AU BT, RNARRSAR 20 uL, H
IRFNARZRUNTT . RT-PCR WA Z(20.0 pL): SYBR
Premix ExTaq (2x) 10.0 pL, ROX reference dye
(50x) 0.4 uL, _L3#51% PCR F (10 umol/L) 0.8 uL,
T3 1% PCR R (10 pmol/L) 0.8 puL, 2= RNA fifizk
RNase free H;O 6.0 pL, 54t cDNA 2.0 uL. PCR S
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A% 50 °C 2 min; 95 °C 10 min; 95 °C 15 s,
60 °C 1 min, 40/MEFR. SR RT-PCR J5idfarlfff =2
NeWiZH 2 = BUBIR T (Hormone sensitive lipase,
HSL)JE R FRIL, HSL 59741 1E1 5-GATGA
CACAGTCGCTGGTGACA-3', Jxlii] 5-TGCCACAC
CCAACAGTTGGCCT-3', LA B-actin HHZ,
SIMIFES . 1E[ 5-AGATGACCCAGATCATGTTTG
AG-3'; JX[ii] 5“-TGGTACGACCAGAGGCATACA-3',
FEA A R 27 AT
1.7 HUEHH

SR RE LS YR B X F R . KA
IBM SPSS 19.0 #H178dR ST tr, AR R E5R
PR 2 /N B S k22 R a0, gt
2L P<0.05 NN 2R B3 .

2 GRE54Hh
2.1 SEREFSDRIEMHERRET

o R T/ BRUE IR PR T R A R A 22
Tk, XA 5 A B IO TR R B B
I i K LI & AE I R R BAR L. RE A A LT
o R EUA N N A EE AL, Fe 7k BB RN
S & AEREAERER, WE PR, IR E 4R
PR 1 57— JE T I i v TR A X B 2H.(P<0.05),

B-actin

36
34
32|
30
28|
2 |
24 |
2|
20t/ 57
18}

Body weight (g)

1 EREE/DRAETHER

Figure 1 Body weight changes during model establishing
. LFD: {RJ54H, n=10; HFD: @554, n=50; ¥k AT
AT HEE (n=8—-10). *: P<0.05.

Note: LFD: Low fat diet, n=10; HFD: High fat diet, n=50; Data
represent means+standard error (n=8-10). *: P<0.05.

F5 9 JARHAE L IEH T IR 15%0A 1. 420
AR ENRE, B CS57BL/6T /AT it TF % iR
AR IR FEbRE2E DR IR BN E AR UE
2.2 AEFIEEHOIE SR ERE R K
=oAL

BEIE, TR TSR S DHA 4b
B, SEab3 o B, A/ NEUATE AR I 2 frs .
04 JAREA MRRATRESHESAC, fPhRE
NEE R RER AT, Hdr, IEH X4 (LFD
YD IRELERFE 25 ¢ 2247 mREAIL{(HFD 41)
() I T 3 25 O FF B o T VTS () R 6 A B 4
(HFD+LD, HFD+MD. HFD+HD)/|™ i fi4 {4 2 i I
FrREH R, (HREBACFARM, AR )5
AEFEAY E IR IR B A 4/ NRIR R G B 2 5
23 ARFISEEMAIEX SRR RIS
FRFARTAE E £ R =20

FFBEmALEE 9 RS, XS4/ NRUE R . g R
FIBRE 52 1 €0 B8 7 4L 8L D R BT 2 21 T bk A 7 e
WK 3 fiizs . IR R4 A 450 N i 4 4 o 1 d
T IEH X BEZH (P<0.05), 4R & 5w TIF

40r 6 LFD —HFD —e HFD+LD
38t —« HFD+MD —v HFD+HD
36}
@0 34f
5 32}
2 30t
5 28
& 26}
24[
2}
20F

Week

2 FREFIERBALE L NRAENEZIN

Figure 2 Effects of microalgal oil DHA on body weight of
high fat diet-induced obesity mice

[F: LFD: fIRAEXIHEZE; HFD: @jR4RE; HFD+LD: K5
#+(50 mg DHA/kg BW); HFD+MD: H##H (100 mg DHA/kg
BW); HFD+HD: 7] (200 mg DHA/kg BW); ##& 1
{7 (n=8-10).

Note: LFD: Low fat diet; HFD: High fat diet; HFD+LD: HFD+low
dosage (50 mg DHA/kg BW); HFD+MD: HFD-+middle dosage

(100 mg DHA/kg BW); HFD+HD: HFD-+high dosage (200 mg
DHA/kg BW); Data represent means+standard error (n=8—10).
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Figure 3 Effects of microalgal oil DHA on tissue weight of
high fat diet-induced obesity mice

. PWAT: BRAGMEIIAHL; MWAT: InREA QR4
41; EWAT: W2 @fsligas; L. fF48L LFD: R
41; HFD: i AE41BE 7Y ; HFD+LD: i) (50 mg DHA/kg BW);
HFD+MD: 5| (100 mg DHA/kg BW); HFD+HD: &7 &
(200 mg DHA/kg BW) ; Z4f 1y P44 (B3 (n=8-10). A5
BFREFRE, P<0.05.

Note: PWAT: Perinephric white tissue fat; MWAT: Mesenteric
white tissue fat; EWAT: Epididymal white tissue fat; L: Liver;
LFD: Low fat diet; HFD: High fat diet; HFD+LD: HFD+low
dosage (50 mg DHA/kg BW); HFD+MD: HFD+middle dosage
(100 mg DHA/kg BW); HFD+HD: HFD-+high dosage (200 mg

DHA/kg BW); Data represent meanststandard error (n=8—10).
Different letter means significantly different (P<0.05).

FO IR HR A B2 . SRR T AL B
HRRAR T AN D L2 B B (P<0.05), {HIEXT
A E R IO R 5m . LA WL, %9l DHA
AERS B & TR g i AR R, 45 4b P55
AR 2
24 feEEd SRR R ISR R0
MURRE R A L 2l W & S BRI & Xt
ANFIALFRZH /N SR AR IS LA Tl e, 55 aniEl 4 B
TNo feg BT ZH v =g L I R o 4
R AR [ o ik 2 TR (P<0.05), T Sy Ak 310 45 0 e
I T MR A5 4R (P<0.05), Hoh DL il R
ViR 2
2.5 IEm S RE TR B AT LA Z AR A
HLNF TSI RN
MEEREANZ, AR I KR
F— R FMCEZEER Y, ARG I U i A
AR E LG, K 5 s, RIS BRZH /N

= LFD mmuFD | %
s|zzH s ol

= " 792

= , | @B HFD+HD %//%

: o

S s B

TG TC
4 EENEERERENRMLEFREHHM=E. 2
EEEMSEERERSENFM
Figure 4 Effects of microalgal oil DHA on triglyceride,
total cholesterol, high-density lipoprotein of high fat
diet-induced obesity mice in serum
T TG: S =g TC. BJHREE; HDL-C: m%Els%
M5 LFD: flKiexS B4 ; HFD: mifRdifis!; HFD+LD: IG5
(50 mg DHA/kg BW); HFD+MD: H5#&(100 mg DHA/kg
BW); HFD+HD: %4 (200 mg DHA/kg BW). i 1y
{HEpR 22 (n=8-10). NRIFHRFRESFBE, P<0.05.
Note: TG: Triglyceride; TC: Total cholesterol; HDL-C:
High-density lipoprotein; LFD: Low fat diet; HFD: High fat diet;
HFD+LD: HFD+low dosage (50 mg DHA/kg BW); HFD+MD:
HFD+middle dosage (100 mg DHA/kg BW), HFD+HD:
HFD-thigh dosage (200 mg DHA/kg BW); Data represent means+

standard error (n=8-—10). Different letter means significantly
different (P<0.05).

SIS IE R o SR K T 80N BUF 41
ZINBETH R R R, AP KRS E . A TR )
i DHA bR, LU EW Birs: . H,
R A BT 2 2000 5 v B i k0, BT,
A UL RF AN AR AR P, i b R R L 20 A g
R N B 3 1 Dt R el

HI & 6 AT I, AEAE R BALL/IN B RS2 A5 105 40 i
BEUTHABE N, KANEh—3. mIRRE A FE T
S 2N EUIR T AL2U A0 A P R A, AR TR AR
JER K. SR AL, AR EEH DHA
Qb R T 200 M B A /N

XA LA # fig W5 2L 23070 B 32845 g s 50 AR
INHATGETE, SR 7 FR. AHXHERE R AL,
IR ZH B R ZH 2 D) i (400x) B A i Ak it 5 T
B (P<0.05), 4 AR HI R K B30 K (P<0.05).
T AN 5] 551 o e i Ab B S, 40 B 2 B RGO
(P<0.05), 4 A2 A AL B 8 F R (P<0.05),
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Figure 5 Hematoxylin-eosin staining of the liver tissue of mice fed with high fat diet and microalgal oil (200x)
. A: LFD, {KAEXTE4H; B: HFD, [SASHEIZH; C. HFD+LD, L4012 (50 mg DHA/Kg BW); D: HFD+MD, Hif|&ib
FH4H(100 mg DHA/kg BW); E: HFD+HD, &5 40#ZH (200 mg DHA/kg BW).
Note: A: LFD, low fat diet; B: HFD, high fat diet; C: HFD+LD, HFD+low dosage (50 mg DHA/kg BW); D: HFD+MD, HFD+middle
dosage (100 mg DHA/kg BW); E: HFD+HD, HFD+high dosage (200 mg DHA/kg BW).

o 5
/
N e\
. : 100 pm
- QBT <
AA b
i 2 o ares
Sy e
X ., 5 o
; 100;.4(; L 157100
— £ ( t —

B 6 ol =gtk & ARR R M2 AR RSB IE(200%)
Figure 6 Hematoxylin-eosin staining of the epididymal white tissue fat tissue of mice fed with high fat diet and
microalgal oil (200x)
¥: A: LFD, {KBEXHE4H; B: HFD, @iSHRIZ; C: HFD+LD, &5H4b#14H(50 mg DHA/Kg BW); D: HFD+MD, HiiHjb
FHZH (100 mg DHA/kg BW); E: HFD+HD, &754b#2H (200 mg DHA/kg BW).
Note: A: LFD, low fat diet; B: HFD, high fat diet; C: HFD+LD, HFD+low dosage (50 mg DHA/kg BW); D: HFD+MD, HFD-+middle
dosage (100 mg DHA/kg BW); E: HFD+HD, HFD+high dosage (200 mg DHA/kg BW).
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Figure 7 Effect of microalgal oil on cell number and size
of high fat diet-induced obesity mice in the epididymal
white fat tissue

TE: LFD: {KASXTHREH; HFD: @3iefsifls; HFD+LD: fII&
JbPEZH (50 mg DHA/kg BW); HFD+MD: His| b BEZH (100 mg
DHA/kg BW); HFD+HD: {5 5l f: b 3141200 mg DHA/kg BW). $X
PR FHEREE (0=8-10). NRIFFRZFEE, P<0.05.
Note: LFD: Low fat diet; HFD: High fat diet; HFD+LD: HFD+low
dosage (50 mg DHA/kg BW); HFD+MD: HFD+middle dosage
(100 mg DHA/kg BW); HFD+HD: HFD+high dosage (200 mg

DHA/kg BW). Data represent meanststandard error (n=8—10).
Different letter means significantly different (P<0.05).
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Figure 8 Effects of microalgal oil DHA on HSL mRNA
expression of high fat diet-induced obesity mice

T HSL: BEMURARIING; LFD: {RASXIRE41; HFD: &k
2 ; HFD+LD: {57 & 4b # 20 (50 mg DHA/kg BW);
HFD+MD: H5iH 44 (100 mg DHA/kg BW); HFD+HD:
FI AL ZH (200 mg DHA/kg BW); $04R J -39 (8 bR ik 22
(n=4-6). NRITFRFREREE, P<0.05.

Note: HSL: Hormone sensitive lipase; LFD: Low fat diet; HFD:
High fat diet; HFD+LD: HFD+low dosage (50 mg DHA/kg BW);
HFD+MD: HFD+middle dosage (100 mg DHA/kg BW);
HFD+HD: HFD-thigh dosage (200 mg DHA/kg BW); Data

represent means+standard error (n=4—6). Different letter means
significantly different (P<0.05).
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