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ABSTRACT: Objective
acid-eicosapentaenoic acid-rich oil from Schizochytrium (DHA-EPA SO) (DHA content: 37.33%+0.15%; EPA
content: 5.82%+0.03%), clarify its safety and functional properties. Methods

To evaluate the genotoxicity and in vitro hypolipidemic activity of docosahexaenoic

Using the bacterial reverse mutation
assay, mammalian erythrocyte micronucleus test and mouse spermatocyte chromosome aberration test, the
genotoxicity of DHA-EPA SO was systematically evaluated. Using 3T3-L1 preadipocytes as the cell model, the in
vitro hypolipidemic activity of DHA-EPA SO was investigated via qualitative observation by oil red O staining,
quantitative analysis of optical density value, and determination of intracellular triacylglycerol (TG) and total
cholesterol (TC) content. Results Within the test dose range, DHA-EPA SO presented negative results in 3
genotoxicity assays. In the bacterial reverse mutation assay, the number of revertant colonies of each strain did not
exceed twice that of the negative control group; the micronucleus rate of mouse bone marrow erythrocytes and the
chromosome aberration rate of mouse spermatocytes showed no significant differences compared with the control
groups (P>0.05), indicating no mutagenicity or genetic damage risk of DHA-EPA SO. The in vitro hypolipidemic
tests demonstrated that DHA-EPA SO could effectively inhibit lipid accumulation in 3T3-L1 cells and reduce
intracellular TG and TC content, exerting the optimal hypolipidemic effect at a mass concentration of 12.50 pg/mL,
DHA-EPA SO has no

genotoxicity and exhibits significant in vitro hypolipidemic activity, which endows it with broad application prospects

while the hypolipidemic activity was attenuated with increased doses. Conclusion

in the field of functional foods and health products.
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BAE n-3 LA —RAENTRRY), FEMREA Rk AR
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(docosapentaenoic acid, DPA) I — + — &k /N M B
(docosahexaenoic acid, DHA)ZM , K& HF55IA K, n-3
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HeE O I EERE) . BN, EPA REASIE LIS AMPK/AS I

MR (55, Al e Ty SRR A, 8
FRE R /NS MRS D7 IF®); EPA . DHA 4
%i‘?ﬁ_fﬂiﬁﬂﬁﬂ% FACHL/N B I35 B B, IR/ AR U
AEPETFRT), n-3 PUFAs 1R SRR IR = SR 0 £ 25
AR EECY BRI, O S IE WG BE R . AR A
508 RGO N AT E F 2 HPk I, AR R A H 25
WK EFRE RO, G IR E . ALY n-3 PUFAs
VGRS W5 R
Z45H A7 W I8 (Schizochytrium sp.) & J& T M K5 5 20
(Labyrinthulomycetes) % % 47 I £} (Thraustochytridiaceae),

F N B AL P IR AR, e IR R
%%ﬁ FoAFEFMMPMMAE, 2 n-3 PUFAs £ IH %K
wARMN . AT DHA (& & AT 5 3 MO8 I R 1
25%~40%"2, i EPA i H AN 5 5 1% 24710, sl it R R
PRI S TR AR 132 F, H EPA = Re05 153 i
FHETHN . AT, A 5 AR I DA A A TR R i A —
DHA . EPA TR tEEE MG, R 25 & wE e
DHA-EPA il 5 (DHA-EPA-rich oil from Schizochytrium,
DHA-EPA SO), H: EPA atilF A IRIERALALAY 5.82%,
T THE FHERMEEE MR EEE, H5H
37.33%H0Y DHA F1 2.27%H DPA,

AL B IR 6 22 52 X X AN e 0 TR i 4 43 i
71, RVEAG Z R Y TE B0 . BOSAR KUK 1 LAl DG,
T H) RE A DA D) 56 UE 0 F (B i Ok i, ZE T RE
A, “FE—AT], DHA-EPA SO SZBL T 5
T 2 1) S AR A, TR O S A s e BV 7E 119 35k £
A, it R T LA . IESk, DHA-EPA SO
o EPA MRAE S, W T RE HA BEARTE M, Rk

B RE. ik, AL (b PR B AR R )
D, A R (e A A . LS AL A

B8 T /IS BURS B 200 it % € AR R A 1056 X DHA-EPA SO #E 17 &
SR AETE MY, JEAIE 3T3-L1 BINERG 40 sNg 1k
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DHA-EPA SO, mJE I LA EYABRA A4, HE
RV R L2 1

# 1 DHA-EPA SO R ARERERZA R
Table 1 Total fatty acid composition of DHA-EPA SO

Jg iz AN /%
A S R C14:0 0.39+0
FRAHAR C16:0 3.91£0.06
T AR R C18:0 0.42+0
TR Ci8:1 3.26+0.01
1EE R C20:0 0.27+0
By /3 C20:1 0.76£0
A R C20:4 9.20+0.26
B /473 C23:0 9.90+0.49
Ak R C20:5 (EPA) 5.82+0.03
T TR IETR C22:5n-3 (n-3 DPA) 2.27+0.01
T TR R C22:4 16.27+0.06
B R /& ] C22:5n-6 (n-6 DPA) 5.05+0.02
ARSI R C22:6 (DHA) 37.33+0.15
TR R sat“rat(esF;a;ty acids 14 890,53
n-3 Z ARG R n-3 PUFA 45.42+0.18

1.12 &%

SPF 2% ICR/INRU [ F 073 o S 30 sh A7 R AR
A, YAES R SCXK()1)2022-0004, SEHZ F AR & I
55 =W FERFSERT S ) S IR AS TR B At vE X B (L HE S
TIO-IACUC-01-2024-09-19) . 13716 5 #e PR 58 19 sh 4 15 1,
PREFIREETE 22~24 °C2Z [H], HAXHBETE 40%~70%2 8], H
AT 12 h JRBH, RN R b o A B R A R B e A FRA R
AL RN RAERRARL, B iRk
113 RIBEE#

21 R BB T B FE VDT ER TR (TA97a . TA98 . TA100.,
TA102 . TA1535) F1 K BT S hr 4 il (S9) ¥ 1 B 3%
Molecular Toxicology 23 Fl, ZUEERFHE K.

1.1.4 XX A

ZH LM (dimethyl sulfoxide, DMSO)(ZliJF 99.5%,
T RVUBE R =B A R wl ), F LR R P IR (2 98%)
FBE(ZIE 99.9%) . B (EE Sigma-Aldrich A H]);
T TN (LEJE 92%, f#[E Dr. Ehrenstorfer A H)); 1,8- 52 H
RO RE A, SEEE 98%, I 24 A Wy il it S ), 2-8 0
Di(EEE 97%, I EIEREAERA RA F]); 2-2 B (4
B 98%, sz e AL R B dn A BR A D ); B A A2

J¥ 99%) ., T2 53 | RIZHF3E | RIS R (2 98%) .
A I35 P 2R 1 (4 99%) . L O Je ik & (b s Rk 5
FHEABRA A, BB (L0 97%, il 5) AL #H AR
FBRATD; BOKMIZE (L 98%, ZERUFTIHRHG A RA ),
JNA I3 (R o AR DU R AT BR A Wl ;A FR e B AR /R
1553 (Dulbecco’s modified eagle medium, DMEM)(ZE [EIFE 2k
KRB A A, iR S% v (phosphate buffered saline,
PBS)(RIXFE YL /R AW R A BR AR, AT 200 £ -8
(cell counting kit-8, CCK-8)( i3 = RAEYIF AL FRAF]);
35T - 1-H LA IEIA (4 99.99%, [ TargetMol ZAH));
HFEKAN(ZEE 99.86%, F2E MedChemexpress MR A H]);
Jif 2B a3 (v R B 2 R B A R A WD), T i = R
(triacylglycerol, TG). &MIH[EE(total cholesterol, TCYM i
Er (M AU T RS T BR A )
12 UFE5EE

Axio imager 1F B 55 (75 E ZEISS 24 F); Eclipse Ti
B8 BAEE(H A Nikon 28 F]); XT5107 A= AL F: 46 (7 03K
HERHEA R D)
1.3 HIE5E
131 @=L R ERE

R FH 28 55 08 16 B SR 1 B € U0 171 1 1A 21 280 1R Bk B
TUTE & TA97. TA98, TA100, TA102. TA1535 471k .
DHA-EPA SO f#i il DMSO #fi#, $Li% % 5000.2500. 1250,
625, 312.5 pg/M. 5 AFIEAEAIRIGL, Jiikas (IR
RIS IR (ZE 187K . DMSO)HIFH X EZH o 2520 35 b it
WAL SIS AL PR R AR TS L RS TA97 . TA98
{8 BT 50.0 p/ll, TA100, TA1535 i FHE AN 1.5 pe/,
TA102 i I FHERERR HT G 1.0 uL/I; 354 R SEF TA9T,
TA98., TA100 f#i [ 2-5254) 10.0 pg/Il, TA102 {6/ 1,8-—3%
LB 60.0 pg/M, TA1535 fHHH 2-203L 4 5.0 pg/M), ARIME
WS L RS E PR 2 EAIORIE S K RF S9. B 0.1 mL
DHA-EPA SO i#F# . 0.1 mL ikIG IS HWE T 45 °CTH
BERigE, RUNE LR EISM A 0.5 mL SOIRAH, BIA
JEER SRR, BEEJGEIE, 37 °CHiFF 48 h, £41F
TT580 3 I, PRI AR FE Y& 5. M5 S M BAPERT, I8
RN IEE R 5 A%, S AT — i E T IR
1.3.2  "H3L3h 4 4 dm R AR AL IR B

50 HUICR /MNEGE MR SR 5 d JRBENL R 5 (B4
5 JUEPE, 5 JUMEPE) . DHA-EPA SO DL KA MR, ¥ 1.25.
2.50. 5.00 g/(kg « BW) 3 M4, J3 M B4 (oK
THD) R BEE S BB 2 [BRBAEE I, 40 mg/(kg + BW)], /MR
WHELR 10 mL/(kg * BW). R 2 IR Tk, Bl 55—UaiEE
BT 24 h )G, FRRG TR K2R, 6 h RIS
B AN W A N o 1 7 G 13 U e e LA |
FE 10 min, FHIBEYEYLE 15 mine BRFMEARTEMES R4
2000 Mg L YL Al (polychromatic erythrocyte, PCE)H1#i#%
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YU, AR S ROZ AR (%), FHHE 200 A~2r4n)i
(red blood cell, RBC)FF PCE L {FI(PCE/RBC),
1.3.3 o AA5H fm e & 4R T X I

25 HfEdE ICR /NEUE R MM 3R 5 d SR BENLAY A 5 4
(4l 5 R). DHA-EPA SO VA E KM iEfE, 3 1.25.2.50,
5.00 g/(kg * BW) 3 AR, 5 B9 0 0 A (6 K
1 BH o BRZE [FRREIERE, 40 mg/(kg « BW), & RIS
XTRRZALESEHEYS 5 d, MEB BTN 10 mL/kg « BW), FAEXTHR
FLAZIEE 1 d BHERES —IK, FHHAER 10 mL/ikg » BW).
55 14 d SHIERE TS THOKANE 5 mg/(kg « BW), EST
RBN 10 ml/(kg « BW). J4% 5 h JGAb3EshY, 2wl
2L, HTHRE . WE. B0, A MY, e
T, B HE/NRBBEAPRATTEL 100 A5 G iR B0 1nel [
AN . PR RN R AR SR (W L MR B
B, WYL R . ME S AL XY M)
1.3.4 3T3-L1 2/ CCK-8 X%

3T3-L1 4M T3 F 10%/NF I35 1) DMEM #5337 5k
HEATHESR, RigR 4R 5% CO,. 37 °C. BUWHA KW
i, LAEEFL 1<10* A0 R T 96 FLAL, 4L 100 pL, i
SALUTIJCH PBS T, 1597 24 h g, WFRIHREIREE, 250hn
A AR B EE DHA-EPA SO (0.6.25.12.50.,25.00.50.00 .,
100.00. 200.00., 400.00, 800.00 pg/mL)I5E4 EFRE, kst
BF24 0 )5, HFLIMA 10 uL CCK-8 ¥, MR IE%IRS, T
RN E 30 min, SRS FHEGHRINE 450 nm P ALK
. AMAAESR AR (L):

AT IE R/ %=(A smm—A wen)/(A sma—A 502)x100% (1)

1.3.5 @feih Foassh

¥ 3T3-L1 A0AEFh T 24 FLACD, FRAn e i
il 24 h )5, FEEFFRIE N LR [ 0.5 mmol/L 3-5 5
S-FRREEEIENS 1 pmol/L HBZEKAL . 10 pg/mL BRE R
10%J164 M35 ) DMEM R FR8E], 9% 3 do R Rm N
AP 10 pg/mL 2R 5 A 10%M16 4 L35 1) DMEM K;
FRIk), #3E 7 do FREIEFRBON S 10%86 4 M 1)
DMEM $5 3953k, 4k8e85 9% 2 d, H 2 M 3B AR . 2
S B B R XA 715 S fh) . R G 5 1k
{24 ) 1T DHA-EPA SO 5 24 1) 45 1] 43t 2 (7 48 Af 422 fd 11

A 2500 —S9
TA97a
42000 TA98
> = TA100
1500 = TA102
1000 == TA1535
500

I 1P P £

& & & &
DR

NGl

TZEHUR, FREEAER IR PR IR 435124 100.00.50.00
25.00, 12.50. 6.25 pg/mL [ DHA-EPA SO Fi{IhZ5H,
DHA-EPA SO i ] 1% L3 112 A T A ) . At
B g, RERREIRM, B PBS PEVMIE, HEAH &
UL BESR I TC. TG, HHHA ML O 4efh,,

1.4 EEALE

RIQEHE D ER R ZE RN . R ZIT AL
BN S I A Z MBS o /NGB0 i R AR
K AR TG H 0T . P>0.05 AR RS X,
P<0.05 RERZERBERITFE L.

2 HER55H

2.1 AHEEERTHEER

P AT, 4% BRSO HR 2 Y 0] A2 R AR B TS RO AL T
ARS8 2 s o RE(E Y P, L BRI o R 2 B 1] A 2 A T
TERT I R AL BEXT B TR IS B0 2 5L B R R/
JinS9, 452 A I8 52 2878 TR VA B AR A A A BN HE B
TR 2 5 MEE R B RS R, PARTCITEE A
DI TR V&5 45—t it gt Bl B, R0 B e BE
SA%, EAVTE iR, diE 2 nrgn, g5 R BAYE.
2.2 MEIPOIAMEHIZRELER

F2e 2 AL, BEP: X REZH Aok BURIME B 1% 4 it R
AR 14.40%01.43%0F1 18.60%0+2.50%0, 2 155 T AN
W[ (P<0.01), DHA-EPA SO #7520 Y% 4 i R 1 <
1.80%0, YILEIEH s H &M RFER N, SX AT
Giitp a5, &40 PCE/RBC HUE R TN BRLA Y 20%.
i DHA-EPA SO #i%& % ICR /)N Bl PCE 14012 2 () I B 48 11 .
2.3 MEETHELEARTIRIESER

2% 3~5 AT, PR S T8 20 F G €2 A I 72 3 e 22 4
i 2 B 5 5 T AN BB 20 (P<0.001) o 48301 55 2 Ay s £, {Ak
74 2 1 W AR A i 2R 5 1 500 ok IR 2 B AR 2 0 B B 22 R
(P>0.05). iRIGS5RFEW, DHA-EPA SO X/ BURS BRI
ToE YL R AR TR

B +89
1500 = TA97a
< TA98
1000 = TA100
2 o TA102
% o o= TA1535
0

DO
SN VSS?% &@% ®§8’
n)\ @/ \,-f) ’f’“ 566 )%4 Q

NGl

A AEEIL RS 5 PN RS EESG B, {GLRLE T 5 MBI EHE R (n=3). K2,
1 DHA-EPA SO #fi i [l & 28 AR i I 25 R (G — 1K)

Fig.1

Results of DHA-EPA SO bacterial reverse mutation assay (first test)
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A 2500 B 1000
B TA97a BN TA97a
. 2000 TA98 . 800 TA98
< B TA100 N B TA100
> 1500 = 600
B = TA102 & = TA102
2 1000} mTA1535 B8 400 == TA1535
" hi|
500 | 200
0 & & &
T FSFESE
P O P L LH K
¥ oY oYY oV N O
NGB
2 DHA-EPA SO 4 [ & A8 R 45 R (35 — )
Fig.2 Results of DHA-EPA SO bacterial reverse mutation assay (second test)
<2 DHA-EPA SO M Z. 4 B #%iN I 45 R
Table 2 Results of DHA-EPA SO mammalian erythrocyte micronucleus test
CHu ; , ; " .,
5 215 7 /(g/kg) e PCE $t/1~ PCE/RBC/% PCE ¥u4~ &% PCE /1 A% 20 L% /%0
TEFIXT B2 0 1000 647 64.70+1.83 10000 13 1.30£0.44
FHPA: % R 2 0.04 1000 642 64.20+2.96 10000 144 14.40+1.43"
{0 SO 397 == 2.50 1000 650 65.00+3.23 10000 18 1.80+0.25
bl 5.00 1000 644 64.40£1.46 10000 13 1.30+0.64
=8k eE 10.00 1000 701 70.10+3.96 10000 8 0.80+0.30
T IR 2 0 1000 626 62.60+3.08 10000 15 1.50+0.27
BE: % BR 441 0.04 1000 636 63.60+1.91 10000 186 18.60+2.50™"
e AR 2.50 1000 662 66.20+3.14 10000 15 1.50+0.22
HR AL 5.00 1000 645 64.50+2.32 10000 16 1.60+0.58
il 10.00 1000 615 61.50+2.71 10000 17 1.70+0.41

TE: SRR IR I AR, RN HA I L 2 5, P<0.01,

% 3 DHA-EPA SO 3J//\ R 2 145 B 40 B 3 62 R B 25 A S0 (14 3 & R B AN

Table 3 Effects of DHA-EPA SO on chromosome aberrations in mouse testicular spermatocytes (sex chromosome univalents)

5 FH/(g/kg « BW) A WL 40 /A PG A A R4 HMRZR /%
Vs 3R % 0.00 5 500 15 3.0
F 1 Xt B 0.04 5 500 31 62"
IF 1.25 5 500 13 2.6
aabil e 2.50 5 500 14 2.8
1= A 5.00 5 500 12 2.4

T SR R R, TFOR B B S, P<0.05,

%4 DHA-EPA SO /MNRENFEFARLEFRTEHHMWERBELENE)

Table 4 Effects of DHA-EPA SO on chromosome aberrations in mouse testicular spermatocytes (autosomal univalents)

45 F/(g/kg * BW) BILYL WL A /A WY A RN A A FM R/ %
TR 0.00 5 500 28 5.6
FH X6} 1 0.04 500 56 12"
I 1.25 5 500 21 42
rhl it 2.50 5 500 18 3.6
TR AR 5.00 5 500 24 4.8

W SIEFIN IR e, RN A AR g 25 R, P<0.001, 2 5 A,
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#*5 DHA-EPA SO X/ R ZRAFEHAMRR G FIRERFNE

Table 5 Effects of DHA-EPA SO on chromosome aberrations in mouse testicular spermatocytes

13l A SRy W Bz UGS SN V]
(g/kg * BW) R il /A~ Wi MUME B AEUA~ WAL /% A /%
TN Y 0.00 5 500 5 0 7 12 2.4 12 2.4
[iekepagid 0.04 5 500 20 1 29 50 10.0™ 42 8.4
i = 1.25 5 500 8 0 8 16 32 16 32
rh ) 2.50 5 500 7 0 9 16 3.2 16 3.2
e 5.00 5 500 5 0 10 15 3.0 15 3.0

24 DHA-EPA SO Xf 3T3-L1 BifsfpmApg fonin 0 P EARNRHEIAE AR R 0T, 550

SEAD Ik 4H FR: SRR LA, Bk DHA-EPA SO 100 pg/mL
LI % 22 57 (P>0.05) 9, HiAn 45 37 4 20 WO ¥ {H (optical
density, OD)¥ g & A1 (P<0.05), H:#, DHA-EPA SO 12.5
pg/mL 201 OD fEAIK, FHHZ X0 3T3-L1 40 fg

2.4.1 CCK-8 iX#sR
CCK-8 ZH 7 J1itae 45 S anf&l 3 fr/n, DHA-EPA SO
1 6.25~800.00 pg/mL 14 55V B A0 8 T Ab B 3T3-L1 i

i, AAE A AL gk, TP R
AFEf o VR - 800 pg/mL B i BUAR FRU(EL &2 35 1 T 1% 100k —

(P<0.05), EABRFAE 90%LA o 33X 3 B AE IR 56 e 2 3
N, DHA-EPA SO %} 3T3-L1 40 P B4 dik, HA N
I E et JR25 e DHA-EPA SO 100.00,
50.00, 25.00. 12.50. 6.25 pg/mL fE} 3T3-L1 4HMI%5 25
b=
242 HELOFENREEZFH,MN

DA DHA-EPA SO XHISFTBIN, LT RIS

50

POSNAAN
AN

SSSSNNNNANS

M/ %

RN

SN

Z
g
/
/
é
Z

R LT

oM S

\}
N
(»60 6Qo

O Y g 3T3-L1 4UIAMRINSHIZ RS . I 4A ., 4B e S S s
B3, 5 B ZEL D e, A7 26 240 L S22 21 AR (ng/mL)
RS, T4 B O U] A, AN 4k Ve 15 0 pe/mL HIEL, “HR A B2 5 P<0.05.
MR BT, 4 DHA-EPA SO 4bFRS, &K 4141 K3 CCK-8 ikInsh F(n=6)

LT G ECRE 5 PR SR R (4] 4C~G). Fled Results o CCRS assay (070)

P

QQQQ%B

& S0 ¢
215

H: A~G SHIHLL O Yefa )5 3T3-L1 41 (200%); A SAXTHRZH; B A4 ; C S DHA-EPA SO 100 pg/mL 41; D 2 DHA-EPA SO 50 pg/mL 41;

E y DHA-EPA SO 25 pg/mL 41; F JJy DHA-EPA SO 12.5 pg/mL #; G 2y DHA-EPA SO 6.25 pg/mL 41; H AiZL O Ye (o iE s i, 5

Mo FRALM L, R A W 225, P<0.0001; SHEOMAIMLL, "FRA BEER, P<0.05, "FRAWEEE S, P<0.01, TR ARG AR

FHEF, P<0.001, R,
Kl 4 IhEr O Y ER 5 B i 45 A (n=6)

Fig.4 Observation and quantitative analysis results of oil red O staining (n=6)
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