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Study on subacute toxicity evaluation and immune enhancement of
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ABSTRACT: Objective To explore the effects of Haematococcus pluvialis added with vitamin E (HPE) on
subacute toxicity evaluation in rats and immune function in mice. Methods In the subacute toxicity test, the rats
were administered at dosages of 1670, 835, 418, 0 mg/(kg-bw) by gavage once a day for 30 consecutive days. In
immune function tests, the mice were administered at dosages of 334, 167, 84, 0 mg/(kg-bw) by gavage once a day
for 30 consecutive days. Results In the subacute toxicity test of rats, compared with the control group, three groups
HPE did not show toxicity. The animals grew well, and there was no significant difference between the control group
and each dose group in terms of animal weight, weight gain, food intake, food utilization rate, blood routine

indicators, blood biochemical indicators, organ weight; no abnormal changes related to HPE were found in gross
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anatomical observation and histopathological examination. In immune function tests, compared with the control

group, the medium and high dose groups significantly promoted the proliferation and transformation of splenic

lymphocytes, and increased the level of serum hemolysin in mice; the high dose group significantly enhanced the

delayed type hypersensitivity and the carbon clearance phagocytic index of mice, and significantly enhanced the

antibody producing cell capacity. Conclusion It is confirmed that HPE treatments significantly improve cellular

and humoral immune functions without subacute toxicity.
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T A 2T 3k 355 (Haematococcus pluvialis) h&ksal ] . F¥
H. aekskt, aakis)s faiiigkats, 2IFSRESTE
TR K, AR 2%~5%, THAELLER RIS E Y
DTSR 20, A R BT A L RE
I HH A F R AL S ST 10 AERF 5 A2 A5 400,
Z P WAL R BT SRR I | HLARP . TR I
P VT, ] S 4 g R i ALK A DNA B 453 £
Mz 2GS SE LR R A A L A T A AR
E NG AEFE 0 eah, T A 2T BRI ELAT B S AL A
GaRETRE . BUHAT TURFFER . T P RS U

ALK AT kst FmRAT
UL PR A 2T BRI B RN A 4T R RN A
TR, RIAET, TFEmEE . TIRE T LM, ek r
A AR R 95 200 M e PR Y 2 L R, e A 2 B BRI R
T RE AR K o0 25 BB T3k A I g Az ) B R AR
IBRBE P URT RAEA ™ L I g AR e k22, )
Gy A, I IAGE S ABTEARR, TRSh . FLIK .
BITTAR | TR Ak R K R 55 ke 35 s R RAE L b Th AR
SEVERUEPR RN B, X s R iR A
T2 BAR, A T REAS BT I B il 22 42 ) A0

RIS, 78 37°C/75%1% 4 FilcE 3 4~ H,
RUSINGEA R E P A 2LBRBERVIRTT R TR 10.2%, #Sin
Yk 2 E B9 AR 213k (Haematococcus pluvialis added with
vitamin E, HPE){W Tk 2.4%, 1540 N A 20 BREEVR 0 4k A4 3
E 7] DAHG ™ ah iR R AR M (R W3 R
Tz A P SR D Re 52 1Y) SCRRIROE, 20 X LA TR
FARAME, ATEEE N EHRIe 45 R R, HPE Xi/h
SR A Pk 225 1 B d KT 32 7] 5 (maximum  tolerated dose,
MTD)K T 20 g/(kgbw), JEILHHR, 3 Tt featEilmar
FIIRTA A2 2820 . /N BE A M g . /MR T
BRI ZE R A M . ARFS R IR 30 d MR
Xf HPE ML S AR MEEATOFE, SR/ B 30 d IR SR IAEG XS
HPE M43 S S REMFATHREY, LAy HPE 7 it i &
N FHER At — 2 P BL 22K .

1 MR5ERZE

1.1 #m&RER

HPE: FRAEZLBRBOR IR T 2 B 2 IR R A W R A B
Nl B IAELLEREER DA K S0, PR NgiE R ERA
¥15), HIE MR EINE % 0.8%. 4E4: % E 5% HPE, tT+4
REFINE R 8 mg MK 4, %A HPE 4 H
W SR 1.0 g, BREHAIFEE 8 mg. 4% E 50 mg.
VI 60 kg 11, #H4 T45K 16.7 [mg/(kg-bw)] HPE.

SPF ¢ WIFBEE /N (IR TE 18~22 g). SPF ZfdfH
SD A K B(IAE 60~80 g), KT PHERIR =I5
Hl, SEER S A AV RTIES R SCXK(1E)2014-0002, 3
WA FR 2 IR 20~25°C, 1B N 55%~70%.
1.2 REHE
121 KAREZMHEMRE

(ORI EEFES AT R

R 60~80 g (9 SD KB 80 1, BhHLA K 4 4, A4
20 H(ME. HES 10 H). HR4EIZ HPE B9 AMRIEFER &L, 3 4
RIGAFIE BN 1670, 835, 418 mg/(kg-bw), ZrHIHST A
IRHERERIR (Y 100, 50, 25 5. 435IFRIL 66.8. 33.4, 16.7 g
HPE, &I FME 200 mL, R4, Bkl 334.0. 167.0.
83.5 mg/mL TR FZ TREIR, 4% 0.5 mL/100 (g-bw)%i4H
P SD K RE T ; X HA L AR . 4 A
KRR, ELHEE 30d,

Q)5 ik
PR TA AR PR SR I8 S5 PR R B3 ) (2003
AERRIEAT

1.2.2 R FaRE

(ORI RS A TR

AR IR &, s, H . AR 3 M FIEA, 4
%} HPE 334, 167. 84 mg/(kg-bw), 43 5IH 4T AMAHEE M
B9 20, 100 5%, FFSEAMXTIELA, F4 10 Ra. 4
JFRE HPE A 3.34.1.67.0.84 g, 45 IE M E 200 mL,
A3 BITEHI AL 16.70 . 8.35. 4.20 mg/mL BB Mk B (IR B, 45
SIEs T AR A S HE B, WEBREUR 0.2 mL/10 (g-bw),
X HRZHE SR A, R IR, %4304,
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i JUg R0 G 0 7 406 . J) B BEREE A (concanavalin
A, Con A)ifs S 19/ AN B 4% Ab 38 | 3R R BUAR SR
Do IR | I A I I A R . AR A MO i
B B v 0 S 4 St TLAE TR O B A 30 S5 PPN F AR B
) (2003 4ERR)PEAT

1.3 HIEAE

i FH SPSS 16.0 Geit a4 T R 2R 5 22470, Jexf
B AT 22 MRS, 5 22 SF IR SR R 5 22 A p ik
TR, A5 H Dunnett 5T 2 FIEd S
Xif BEAH TR) P B o 7 7 25 AN 5 DU X e a4 72 o e e, it
T ZE TR R VA S s T g

2 #ERE5HR

21 KRIESMFHRE
W — R E I
16 30 d MEFHRIGWIN], 4 AP E KR EIER, W
FETS, AR WA SHEAT AR AR R B n ) A
HPE HA —E %4k,
2,12 HPE T K AR EELMH AR E9#h

L1670, 835, 418 mg/(kg-bw)# ) HPE 44K R

2.1.1

F 1 MEE R BN, HPE £57 g bl | o SR SR i AR e
BER . SRSy SRS X R AT W
Ak, 2 FITC B ETEP>0.05), i B g b . MR By 52
FREE AT =AY T RN R ARG 100 fF, S503RW]
HPE &N M . MR R . SRR MmA KT
R, AL SRR R A . HPE A= 218k
B . 4iAE R E RS HDE S T SR AN, FAEZIER
PN, AR B ER G > HIGH BRR, B KRR
B, 6 R i 1 SRR & A, X T BB HPE R
M5 LR R R R E, #8030 d R EARRE
PR R B3R A A R 192 A8/ o
2.1.3 HPE *f K R o5 HAGAT R

Xof K BRI HLAR BR 9 5 ) L 3% 2.

M B RS FELL AN . (I ani /i, E112
LA TG ThRE IS 3l R b il g% SRR AL 04 8 B
R HEEFOHLIAR P A ERES By - i e 25 s AR A . dn SRl
WHHTE R KRS e AL E .. R,
MR E B ARt nT 51 A B sk o & A AR . B, I
AR T HPE R BUE T SEpmn L&
AMRKBIVEM. 3= 2 WEERAT L, HPE £&50 gi M . ek
KEWIMLE A . OIS, m/MREC. A E %

F 1 HPE W KRAER LB E|HF AENZIE(N=10)
Table 1 Effects of HPE on body weight and total food utilization in rats (n=10)
P A BV R WEg SR H2 g W3 JHlg  #okEg  RME/g HiFgR/e BEYF%RY%
= 10 71.546.1 1423+7.1  208.5+11.9 270.3+16.7 333.3+22.5 261.84+24.3 813.6+45.3 32.1+1.7
i i 10 71.8452 142.4+7.5  208.4+11.9 270.5£16.0 329.9+19.9 258.1+19.6 807.9+46.9 31.9+1.2
AR 10 71.4+4.6 139.5458  202.6+10.7 261.2+15.2 320.5£19.3 249.1+21.0 817.4+42.5 30.4+1.4
Xif IR 21 10 71.846.4 140.5+8.1  206.0+15.0 268.3+20.8 325.8+26.2 254.0+28.3 807.8+56.8 31.442.1
o R 10 69.1+4.6 115.4+8.1  157.1x12.6 194.6£16.7 225.8+19.2 156.7+18.8 542.0+40.6 28.8+1.8
R 10 69.2+4.3 114.1£6.2  154.748.9  190.4+11.5 221.5+152 152.3+13.4 538.7+35.1 28.2+1.6
. 5 10 69.3+4.5 111.145.7  149.547.9  183.4+10.4 212.6+13.2 143.3+12.9 532.8430.6 26.9+1.6
Xif BE 2 10 69.6+3.7 113.6+6.8  153.6£10.2 188.3+12.8 218.4+15.2 148.8+14.1 532.4+343 27.9+1.2

TE: ARG X AL A, B0 B 3 P25 5(P>0.05),

=2

KR MEMIEIRLE R (=10)

Table 2 Results of blood examination in rats (n=10)

PRI B I mLrEE LA M/MR EAMSEC WEME PRI AN ERR AN e A
/X Ag/L)  /(10"/L)  /(10°/L) /(10°/L) /(10°/L) /(10°/L) /(10°/L) /(10°/L) /(10°/L)

R 10 154459 7.82£0.42 964.4+83.8  7.38+0.65  83.4+3.6  11.0£3.8  4.63£0.83 0.86:0.24  0.11x0.13

i FlE 10 153.2+5.5 7.88+0.52 916.6£88.4  7.18+0.58  84.0+2.2 10.1£1.7  4.90£1.28 0.88+0.25  0.12+0.15
fRFHE 10 152.6+4.8 7.67+0.51 944.6£90.2  7.39+0.79  82.7+3.6  11.3#3.8  5.09x0.70 0.81£0.49  0.10+0.08
XTHRAL 10 152.4+6.2 7.57+0.47 927.4£87.7  7.30+£0.91 83.1+2.3 11.342.9  4.74+1.28 0.84+0.23  0.12+0.13
AR 10 1574467 7.74£0.44 965.6+80.4  7.45+0.75  84.1£2.9  10.1£2.9  4.87+1.03 0.83x0.31  0.12+0.10
 hFE 10 155.046.5 7.87+0.67 926.6£92.6  7.35+0.85  83.5+3.3  10.743.2  4.85+0.65 0.84+022  0.16+0.14
. flRFIR 10 155.1%6.1 7.75£0.53 935.4+59.1  7.2440.50  82.5+22  11.842.2 4.72+0.86 0.87+0.27  0.13+0.13
XTHRAL 10 156.6+6.4 7.64+0.42 967.0+83.1  7.41+0.64  83.7£22 102425 5.05£1.06 0.86+0.28  0.14+0.12
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o2 53} B4 H 538 T B 3 Pk 22 57 (P>0.05), R HTIZH
i HPE R B i & e A7 JC BH 05 o 1R F 25 2 EUE 7
ARSI E B IEEEEE N, TR R, FHit
HPE X K BRUML IR A T B0 H KA b5 JC B g ), mlafk—25
Filr HPE HAG — & &2

2.1.4 HPE 3t X R 0% & (L35 4709 3ok

Xt A BRI A Ak 8 A 1) R M 45 R WL 26 3.

FEMBE PR T ARSI, BAFZAFNYIR . &
WIAEAE T MR P SRS . B2, Bl . BRFALIAR
LR I A i, REHS B WL B R o Il e
AR TIEFZMTE, REZWAE . B,
M. AR . EASE SRR, MG S R . AN
AN RN OIResE bR, IRRA . NIEHR W Dhaesats, BiE
5 I 8 B 8 By = o 1 1 S G R s [ N E
R L IO R B R M B A, X SRR AR AT LA
HURIEBHOR I FAEF bR . 3 3 45 B8, HPE &7 =4
O A DR R I A R . TN . IRE AL
JUBF . BHEERE . Hh —=F . RO . FEA . S X
20 M AR TG 3 225 S (P>0.05), FIZFIR HPE X kKR
M AEALSEAR JCIA AR, #4540 1F % B G & vk as b, i
HPE ‘&5 .

2.1.5 HPE A XRIEBEF "

X U 4% B £ B 52 I 45 SR LR 4.

FA44RER, KEMES 30 d, HPE £F1 4 KR
AF. B M. ERSEAEE S RALE, 2R TEE
P (P>0.05) K ERUAY 2 B & S 45 AR fb e 3R ITH &
i A2 TR R N AR AR Z —, HPE XK R NE# & &
JCHA S, 45 kA AR B S EE .
2.1.6 MBI KRAMRBALE FHEER

SRR R SR 45 R, &4 R BRI &I B
A 3R BE 7R 2H AN B o BE 2H sh 4 ) S R AR A T
UKD R E . XF HPE 55 i 4R BR 2 43k LAY
OB R B 238 RSO BEEAL ()i T
SRR A, AR EUR, mAEARNRANE 4 HEKR
R /Nt 4 2RT DS 240 R 2 3 i s ARk, v ) 2 K
A3 3 R R /N AT DL 40 B SR IR AR, = 7
LA IR AL 394 2 RO B SV A8 T D/ 4R A i 12
W, R E 2 2. WERAA 3 HORE B IR SR
AT DL/ R AR o H X S SV AR R AE P 3
AR, A — S5 B R R AR, AT DLHERRJ& HPE FrE,
F %5 5 HPE XK BAESS TT EMEH, T
ARG 4 K B T A SV A R 2

#3 KRMRE IR R (0=10)
Table 3 Results of blood biochemical index in rats (n=10)

el e OB BTN BAREN REA

JEMEE =R BER AEA ik

/R /(U/L) /U/L)  /(mmol/L) /(umol/L) /(mmol/L) /(mmol/L)  /(g/L) /(g/L)  /(mmol/L)
mAlE 10 137.3%8.0  58.9+7.9  6.54+0.79  55.3+2.5  2.04+027 1.08+0.33 67.3£3.2 33.9+1.6  5.39+0.61
" FRIE 100 139.14£9.9 57.3+4.8  6.48+0.53  543+£2.1  2.06£0.16 1.09+0.26 67.6£4.2 34.7£2.4  5.49+0.56
A= 10 136.0+7.0  58.046.1 6.67£0.56  53.8+6.4  2.03:0.46 1.06£0.31 68.5+3.4 34.5+1.6 5.54+0.44
X HRZH 10 138.0+8.7  56.4+6.3  6.50+0.75  55.5+4.4  2.05+0.24 1.02+0.32  67.0+3.1 33.9+x1.4  537+0.66
BRI 10 1392454 57.0442  6.58+0.61  53.3+3.4  2.07+0.26 1.04£0.31 68.3+3.7 34.5t1.6 5.37+0.45
o FRIE 100 139.0£8.4  552#8.7  6.75x0.54  55.0+52  2.05:0.24 1.07:0.56 68.3+3.7 34.9+23  5.43x0.34
& fRFIE 10 133.848.8  56.6£7.3  6.56+0.59  54.1+7.8  2.08+0.15 1.09+0.36 67.4+3.0 33.9+1.7  5.52+0.40
STHE4L 10 136.1£7.6  56.2+5.6  6.47+0.58  53.7+6.3  2.06£0.23  1.06£0.23  68.4+4.8 34323  5.42+0.58
F4 KRERE=2LER(0=10)
Table 4 Results of organ weights in rats (n=10)
T FlEA B 73 A /g JHRE/g B ik /g fENE/g Hl/g
o o 10 319.7+22.3 9.838+0.709 2.637+0.263 0.815+0.129 3.361+0.315
" rhi i 10 316.8+20.2 9.636+1.034 2.639+0.228 0.820+0.125 3.298+0.188
Bl 10 307.5+18.3 9.436+0.661 2.563+0.123 0.788+0.065 3.203+0.081
it B4 10 313.1+27.0 9.518+1.277 2.601+0.206 0.794+0.122 3.257+0.259
e 37 i 10 214.3+18.5 6.402+0.640 1.729+0.111 0.5400.065
) rhl i 10 209.6+15.3 6.315+0.735 1.729+0.178 0.522+0.140
& I 10 201.9+14.2 6.13120.449 1.677+0.083 0.515+0.038
X HE2H 10 207.8+15.4 6.287+ 0.444 1.712+0.094 0.524+0.065

TE: RN O, £ 5~7 [,
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22 GREINERE
2.2.1 HPE %t/ RMMEI640. PRI 449 %R

g B RN O R AL A R B ) G B AR Y, LR AR ET
HE—E R R WA s R Ry sR 55, Hoh MRt
E, EE T IREARREAE TSI, R E .
F 5 g EoR, HXTERALLAL, FARRER ) G i iR e
B — e, (HRA S %25, HPE 3 A7l a4 Mg
TREL . NAE B S X R A LA 22 H 4 T8 2 M (P>0.05) . 1
HH HPE 3 ™55 5 %l i 1 A5OR S8 BOC A B . 25 i)
e R FRE A S, NIZ RS YR R, RIS
BRFE X — BB AR T o
2.2.2 HPE *f/) R0 %2 69 %k

(1) HPE X} Con A 755 (17N UMM 2 41 i AL BB T 1Y
Al

Con A JE—FHYMEER, HAMIMA 25

SN, A b B AR TRk B 20 B e Ak R N B, R
PEVE SIS MR TE T 400, R BRI A0 e AR .
HPE Xf Con A 55119 /]~ B bk £ 200 it 2% . i 1 1 52 i)
W 6,

M 6 G5 ATHI, HPE /& . R AXS Con A 551
JIN BRI B A B s AL BE D I i T R, 2R R B
PE[EEFIR2(P<0.01), FFIHE4(P<0.05)], FM s, il
HPE HA7 {8 /) LA ALk 5 200 i 3 3V

(2) HPE X/IN SRR & TR 285 52 I 5% i)

/N BB & AR 25 I 1V (delayed type hypersensitivity,
DTH) % i T4 5 A B S0 T B0, i B2 R iE 2630
SR LA BSR4 IR RO AN AS P | SRBE AR AE A% JR S
SIS SAE, AR B T 40 R 5 AR 3T I fih 1 o
WOE IR AR EL I, R AR ShUARIAMA TG, A
GaREFR bR . HPE X/ DTH BI5EM WL 7.

&5 HPE X/ RERIER. BIFREZIE(N=10)
Table 5 Effects of HPE on the spleen and thymus index in mice (n=10)

FHE 2 /[mg/(kg-bw)] VR Ji g £/ % P MEAEE % P
334(F) 10 0.233+0.021 0.884 0.378+0.041 0.833
167(74) 10 0.226+0.026 1.000 0.387+0.027 0.803
84(1i%) 10 0.225+0.011 0.999 0.383+0.028 0.413

FF 1 % e 10 0.219+0.017 0.383+0.038

% 6 HPE %I Con A 5 S #Y/)\FRBEH B 40 A 4% (LI 38 #2018 (n=10)
Table 6 Effects of HPE on Con A-induced splenic lymphocyte
transformation test in mice (n=10)

ik s T L 200 4 5 e
/[mg'/‘(fgiw)] AR oD ) p
334(f) 10 0.209+0.064** 0.000
167(7) 10 0.173+0.046* 0.045
84(fi%) 10 0.139+0.031 0.809
[ Lé ot 10 0.124 +0.021
T * GBI AL e, A B #2257 (P<0.05), K 7 [H]; **5A
PEXT B2 LA, R B 3 22 57 (P<0.01),

7 HPE /)& DTH $£01(n=10)
Table 7 Effects of HPE on DTH in mice (n=10)

H| 4
/[mgg(fﬁw)] SR Ezgj;’g:ng P
334(5) 10 17.27+1.19% 0.020
167(+) 10 16.52+2.37 0.124
84(fi%) 10 15.52+2.27 0.664
B X BR 10 14.64+2.23

T 7 45T, HPE 50 /N B A T 2
{75 F 6 BRAL, AT 53 2% 5 (P<0.05), W13 8 7 ik
HPE figfie /) i) DTH.

2.2.3 HPE *f /) RIRR LIE 097570

Vs 10072 BRE X6 AR I 97 V5 I 3 KPS 6 2 S LA A
WARPEINRERY R ik o HPE Xib/0N UK AT G 38 1) S i 1k
A7 7 18 112 TR 3 6 A0 0L 355 375 10 2 /K PR

PUATE AN 2B RIEALIA S, B 451k R 3k 20
J, A B IR o BOAATES B A B P RS AT LA 2o I
PRI T o WA BRI LS LA B, R 5. .
o 0 e 2 A LS BERCAT B R 17074298 . 1796299 |
1965+245 , 2066282 (x10° 41 JL), HPE 4% 551 S 41 /MR
VS I 25 0 45 5 790 o 1 TR, RS R AR ek B
225 HAT B2 1 (P<0.05), BEHHE IR HPE HA (e dk/MR
Bk s AN VR, BRI e D REAE

ME MR ARG R E], WHASIE. . &
F 2 A BUAR B A ok 124.7+13.2 0 128.2+10.9 |
143.1£11.1, 154.7+18.0, HPE 4742 20/ B HTIARFRUE it
RGN, w5 A X R Y 25 S A
FEE 2 (P<0.01), H5IHE4H (P<0.05)], %P HPE fig
PR/ R 57 1 2 A o IS I8 1 26 KPS T B 4 it
R B A3 Ak DA R S5 R MA S5 G 1] PR b 43 WA 1L 3R 1 e
P, FTRAIERH HPE w0 /KO AT 200 /N BRUACTR
G ETNRE
2.2.4 HPE 5t/ R A% - E % dm 055 2 58 49 %0k

B — N EE N R IIRE, WA A R AR
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G o ABEFER R NI E T /N BB BRI, %% HPE X
JIN R BEAZ - IO 4T 7 W ) RE AR R, A MR R K R
71N FIURL 5 40 19 A0 W M R /)N BRI B 9 X 5 SR A5 3,
SRR SAE . H . E R R AL B R R0 8.2440.93
8.74+0.87, 9.19+1.07. 9.41+0.89, & | 2H/ Bl &g
B bt AR G A — e R R, v R R S 2 RE P
XTI B LA - W 200 5 BB 5 T BB (P<0.05) o BAAZ - Mk
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