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Study on Immune Enhancement and Toxicological Evaluation of
an Antioxidant Supplement

YANG Hui', ZHANG Jinwu', LI Guangyan®’, DENG Zeyuan>"

(1.Nanchang Tongxin Zichao Bioengineering Co., Ltd., Nanchang 330200, China;
2.State Key Laboratory of Food Science and Resources, Nanchang University, Nanchang 330047, China)

Abstract: To study the immunomodulatory effects and safety of an antioxidant supplement composed primarily of
Haematococcus pluvialis, selenium-enriched yeast, bee pollen extract, and vitamin E. Three different dosages (0.1, 0.2, and
0.4 g/kg bw) were administered via gavage once daily for 30 days in mice. The impact of this antioxidant supplement was
observed on various parameters, including spleen index, thymus index, splenic lymphocyte transformation activity, delayed-
type hypersensitivity, antibody-producing cell levels, hemolytic complement 50 (HCj), carbon clearance rate, phagocytic
activity of macrophages, and natural killer cell activity. The potential carcinogenicity of the test materials, and their
genotoxic effects on cells and the reproductive system were assessed through the Ames test, bone marrow micronucleus
assay, and mouse sperm abnormality test, respectively. Subacute toxicity was investigated through a 30 day feeding trial.
Results showed that compared to the control group, the middle and high-dosage groups exhibited significant increase in OD
difference by 10.32% (P<0.05) and 14.29% (P<0.01), respectively. It indicated that the antioxidant supplement promoted
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splenic lymphocyte proliferation and transformation capacity in mice. In the high-dosage group, the difference in ear

swelling between the left and right ears increased by 8.02% (P<0.05), and the number of antibody volumes increased by

22.12% (P<0.05). It suggested that the antioxidant supplement significantly improved delayed-type hypersensitivity and

antibody-producing cell capacity. Importantly, no acute toxicity, genotoxicity, or subacute toxicity were observed. It is

demonstrated that the antioxidant supplement is safe for consumption and significantly enhances immunity.

Key words: antioxidant supplement; astaxanthin; bee pollen extract; selenium-enriched yeast; immunity; toxicological

evaluation
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Fig.1 Effects of antioxidant supplement on the thymus and
spleen index
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Fig.2 Effects of antioxidant supplement on cellular immunity
test of ConA-induced mouse splenic lymphocyte transformation
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Fig.3 Effects of antioxidant supplement on cellular immunity
test of DNFB-induced delayed type hypersensitivity
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Fig.4 Effects of antioxidant supplement on humoral immunity
tests of serum haemolysin analysis
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Fig.5 Effects of antioxidant supplement on humoral immunity
tests of antibody-producing cell assay
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Fig.6 Effects of antioxidant supplement on mononuclear-
macrophages phagocytic index a of carbon
clearance test
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Table 1 Effects of antioxidant supplement on phagocytosis of
peritoneal macrophages

Wl BB FRER(%) HHEX P
pagiici:) 10
islEe| 10
R 2H 10

= A 10

TS P
8.75+0.72  0.09+0.01 0.11940.007
9.00+0.67 0.09+0.01 0.533 0.122+0.009 0.981
8.90+0.66 0.09+0.01 0.708 0.120+0.006 0.996
8.60+1.33 0.09+0.01 0.708 0.114+0.020 0.979
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Fig.7 Effects of antioxidant supplement on the NK cell activity
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Table 2 Acute toxicity test results of antioxidant supplement on mice

5 I (g/kg bw) () WIARHE(g) KA (g) FETH () MTD(g/kg bw) AT AR A5
T 20 10 19.8+1.3 32.8+1.6 0 >20 1000
HfE 20 10 19.5+1.1 26.2+1.0 0 >20 1000
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1%, FAR LA -J N S FR o TS BRE X RRZH 34 S s
SRZIMISSE . HRIE Ames iUE04s SR WibRivi:, A<
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i 20%, $&705 B BELT 40 M R G35 58 I JC W] Wi,
Ko} W Z2 YL 2T AN ik (O WEE JC W S e, 5345506
HEZH AR b, &SRR Sh R R A 0k A A2 R e i 2 P 25 5+

(P>0.05), 1M FEEXT REZH 3h2 A A s B S T i, 25 5%
BEIFE X (P<0.01), ULBHIZAR F A I B /N B
B PCE k%R L FHWESE AR . ARz g0 4s
R, A YR58 W i B AR RS B R SR RIAE 2.5, 5.0
1 10.0 g/kg bw & N A WEZEZEEH -
2.3.3 /NEUREFEIEIRLS /N BUR I e i
WREEAZ AR /IS BN T A R (s i, PPAd Xt
AT R REE, JUHOENE TR g2 . i
2% 6 I UL, BRI S SR R R e, 225
TeGei A7 X (P>0.05), PFHPEXT FRLH 550X R4
B8, R G L (P<0.01) o IEZHAE /N
A TR K A 3 A = A BH S S i), R HHIZERE S /N ER
AT AEERZZVEN . B 10.0 g/kg bw R ILBLA
e E RN FERIXT /N UG T L datk .
24 TE2MSMHRE (30 dEFRE)
FAKIGI], S BOIER, KWAT N, J6
TR, #5FE4H (0.5, 1.0, 2.0 g/kg bw) sh¥yh
S X B LR R FE Iy 2200 b 2: 5 o
(P>0.05) o XES AR HH M H K48 Fr (LT85 1 . 2140

®3 PUAMREEAN RS —IK Ames B{HZ5 R

Table 3 Ames test results of antioxidant supplement (first time)

TA97 TA98 TA100 TA102
7 i (pg/IM.)
-5-9 +8-9 -S-9 +S-9 -$-9 +S-9 -$-9 +8-9
5000 115+13 12114 31+l 3243 13211 139+14 267+16 276+15
1000 119410 12117 3142 32+1 134+12 139+13 269+17 274+17
ARG b 77 200 119+15 123+14 3241 3242 135£10 142+14 270+15 277+16
40 120+15 122418 3242 32+1 13711 145+12 270+18 273421
8 118+19 125+12 3242 3242 138411 142+14 272417 277+17
Ep AR 12017 128+13 312 32+1 136+14 143+12 269+19 273+18
peasnibapiist 119+12 129+10 3242 311 139+10 146+12 271£17 274+19
S % (pg/Im)
2,4,7-TNFone 0.2 1166+138 1134+143
NaN, 15 1162+143
MMC 25 1181133
2-AF 10.0 1149+82 1158+92 1210+114
1,8- LR 50.0 1172494
F 4 HUESLIEEANFTHE K Ames IKI045HR
Table 4 Ames test results of antioxidant supplement (second time)
TA97 TA98 TA100 TA102
7 5 (/M)
-S$-9 +S-9 -$-9 +S-9 -S-9 +S-9 -S-9 +8-9
5000 119+16 128+11 3142 3243 131+11 139+12 265+14 272417
1000 123+11 128+14 32+1 32+1 134+11 140+12 269+14 270417
B ERh sEA 200 118+17 13013 3242 312 135412 139+14 269+18 273+19
40 121+14 127+10 311 3242 137+11 142+16 268+16 277+16
8 124+11 129+13 33+1 32+1 135412 14411 270+18 275417
A & [l 4E 124+13 129+10 3243 312 13611 140+13 269+17 276+12
TR 128+13 133+10 3141 3242 133+12 143+16 271£12 275+16
FEAAE X 8 (ug/m)
2,4,7-TNFone 0.2 114488 1155491
NaN, 1.5 11444129
MMC 2.5 11554139
2-AF 10.0 1173499 1152+117 1170+115
1,8- FR L 50.0 1137+87
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Table 5 Results of the micronucleus test of antioxidant supplement on mouse bone marrow cells
P F i YA WEPCERL PCE/NCE B MZPCER
(ghgbw)  (F) “) WEENCE(A)  PCENCE ~— WURPCER(AY)  SMAAPCER(AN)  SBUZPCE(%0)
IR 5 1000 1010 0.99+0.04 5000 3 0.6+0.5
2.5 5 1000 1010 0.99:£0.04 5000 2 0.4+0.5
i3 5.0 5 1000 1014 0.99+0.05 5000 4 0.8+0.4
10.0 5 1000 1061 0.94+0.02 5000 3 0.6+0.9
BFAA % 1 5 1000 1047 0.96+0.04 5000 116° 232415
IR 5 1000 1004 1.00:£0.02 5000 4 0.8+0.4
2.5 5 1000 1006 1.00+0.05 5000 4 0.8+0.4
W 5.0 5 1000 1027 0.97+0.03 5000 5 1.0+0.7
10.0 5 1000 1021 0.980.05 5000 2 0.4+0.5
EREapiis 5 1000 1037 0.96+0.02 5000 110" 22.0+£2.4"

e *FR S IR L, P<0.01,

6 HUEAMIE RN TR /N RS 1 IR 1 A A 5 )

Table 6 Effect of antioxidant supplement on mouse sperm

deformity
25 %) i (gkgbw)  hPE(R)  ZRETEH WIER%)
25 5 5000 1.62+0.03
AN e 5.0 5 5000 1.78+0.19
10.0 5 5000 1.6240.15
TR R 5 5000 1.76+0.23
el apiist 5 5000 7.48+0.33"

TE: *FR SHHIR AL, P<0.01,

ML, AR afns VR IZRET AN ) I 4 2R - ) e
ZH LR, BIAR VLSRR o LR A A A BT 24571 2
KRB IMLTE T PR (AF N . A5 W= i IR
JLET . B IEREEE . Hh =G . SEA . AEA)
XTI LUAL, 22 R I TEGE AR L (P>0.05) . 4557
HE R R L YRR A 25 R E R, 2550t 2] 5 %) i
ZH PR DLW S AR oy 22 5, BRI aUBR AR A X
B TR, IR SEALTE R .
3 WS

RN A= ZERR T [ B Al PR 3R J 2RI, A
WFFE R AT AR LEBRE (IR 580 S ERIPTAAALRE B kb
FEFR I i e P ) P A . AR SR
HH, T A= 2L BREOR P A HR T R AR TR 4
2 mg/d LA U, FRIE R A= LT3R 08 58 IR i i A
FHE MR R B < 12 me/d, 35 TR A, HAD
EAWERIVERIREE . AWFFERM, A wle
ZH W] S 358N BRI L 2 OSSR RE T, il B I
HE5ER DNFB 75509/ R K BB ZS S W A/ N ERBTAAR
AERRE T, U I AR LT ER AU AT B AR B R b 7591
XN B S DI REAT W pOde mf A . AN,
NERATR. R =R R RS 0.1, 0.2, 0.4 g/
kg bw, FUEAIE BRI TR e T BERE JJ BT
BE G g, ARG gH B WA, el
RENT 3 = S 2 DI REAE I, 32/ Bl5 A AHERF 5E 10
A5 FBE, U (60 kg EEHIE MR AEER 8 mg.

RN AR £ BRI 5 G2 7 i LI HED nT BE S5 R
RIPUALLIEEE DA G . PR U A T —

FhRFRAFEIE S, BAT IR TE M, X sh# i) e
RERGA AMEEMAEH, A B =4 SRS AT A
JEERE S Y H 3, S ECE SRR R B EE IR
IR, iz A B S Heh T Wk 4IiFn B ke 4n
Ao T IR 8 2 R A 2 R S5 fs 1 B0 RIS B s 17
JEORREIN T IAZ N, T bk B AR g e s T e
SN IE PR . B itk E 4152 2] H U, 1gA. 1gE
Il IgM 2 SHUEas G IR A AT, 2SR b
PEATMESZ 2] H tH LA, B RSS2 B
M, BFSEFRHE, MR 2 AT DL K LR IS4, BT IR
A H R, B ps AR LS 4, JE i AR A s
ARG RISERE I SR AN Gz Syl e

FEHAT ST IE A T R AR LD BREOB 10 B T e 4
B AR T7 408 Sy 25T 1.8 3.6, 7.2 g/kg bw BRI ZE
LIBREBERS, BELEMEFE IR 90 d, RALLHI T A= 2T 3R
A R ABEE R Y o FEERAEN | X IFAERY SR
FHASEIF i A 2T R 7/ BRSP4 D st ik
I B FEMEIRIG AR 30 d MEFEIEE, S kTS
TS Es R R B 2 W B oK 32 1o S Jo s gl Lk
ZHE L A B 30 d MEFRR IS A 2 a2 A s
YEM . B, WA 2reRes a2 e e o

YR E RN EFEREATA, CPEERIEEE
TR A G YT A& 5~150 mg/d, B80T 4
A2 E BN AELUER S 22 e, T HAA TR aRE
FIVEFUO, 4iA: 3R B AT HEIE k5 i Gau s 40 L ) 2 i
A ARG P A KT, R LA G2 v H
RAFFZNEHR 2,

AL R A A LA (Y AR S e | AN SR RE
PARME e DI ReAT 354, eI e T Atk e
FIFNBCEEUAE™ . TR 5T T BBt/
SRR A R A LA AR S M G RE D RE AR 2 ), T A g
FEAR XTI EAC /N B NK 40 ) 3% 1 R 5 375 5 0
iReA sREA . /N ERARFRE S5 3.2 Fi 6.4 png/
kg bw-d, ¥TH5 60 kg NMAGFEEA LTS 19.2. 38.4 pg/d.
L MAPAEPT FE I — @ 1 & i (il 0.2 mg/g; 4B 2R
E: 8 mg/g) ¥ LWIGIER & U A FRR IS (L2 5
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Ml S4B e by, il B E 3T
TRETNREIRES . 455 WoRIZ ™ S/ BT A e am
JHC . NK 41 76 P . ConA 1755 /)N BRI 020 40 i 4
1. B REAH TS LT A BE 1A B3 EH . R
il 4i2E 3 E X/NRAeSEDIRe A W EM . 3¢
54l 42 mg/kg bw, #TH 60 kg A4 Se 50 ng/d.
ARG RN 70 peg/d, w T B, BoE 358
GRESITIGE. AR AR T R IR, RE T
PR BRI A BT A, PRERd B R P IT LK B SR 3L 25 1R
KA BRENFLE AL B LA, FRLsr 8 TS T
SRR R, v LA E Ml 2 . S el
BT B A L B M L LB 2 T,
U B B TCRE A BT, R DL AR R AN 2
MEEEEER .

e LA R g S W SR B ST Y [T () A 1AL, Dyl
B EEL, AERE SN 1~2 o/d BAT B TR e RE
JIPIREP N EERIAG G Y AR PO A T Sk
IR, AR efs J1ThRE. H TG 53T
LT, AR 80% B AN [BI L HEER, BERCUy-Hh it
TBCH Ay BT, A P 5 s T RS L T TRk
)10

APrAALIEE RN RETEUE T R AR 21k
WREZRAYEAEZR E By i8R ge e seal P,
S I G P - R A EAgy, DTG RN s R 5 5, 3 pU A
BRIZ AN TR . AR 2 TR0 g 2R, 3R]
ZPUEALE RN TR B T IC R g, AL # PRI 5
(Ames U5 | B BE A0 I8 . /) BURS T mRp 2 3K
35 BHMHZR B T AZ B8R, KB 30 d MEFRiIe gl R
FRIHEMANL S, Fit, ZPbiEeiE bRl A
B L HANENZER, B R irIibe.
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