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Safety Evaluation and Immunoregulatory Effect in Mice of Lycopene

SUN Jie, HU Qi, LI Shifen, ZHONG Yihong, HUAN Fei, WANG Yubang™®
(Safety Assessment and Research Center for Drug, Pesticide and Veterinary Drug of Jiangsu Province, School of Public Health,
Nanjing Medical University, Nanjing 210029, China)

Abstract: Objective: To evaluate the safety of lycopene as a food supplement in mice and its effect on immune functions.
Methods: A 30-day feeing test was carried out on rats, and mice were employed for acute toxicity test and measured for
cellular and humoral immune functions, mononuclear macrophage phagocytosis and natural killer (NK) cell viability.
Lycopene at three doses namely 33.33, 66.67 and 200 mg/(kg-d) was administered per os to the mice for up to 30 days.
Results: In the acute oral toxicity test, the maximal tolerance dose (MTD) of lycopene for both male and female mice was
higher than 2 666.64 mg/kg suggesting that it is actually non-toxic. During the 30-day feeding period, no effects of lycopene
at the 200, 433.33. 666.67 mg/(kg'd) doses were observed on haematological or blood biochemical indexes, and Ames,
marrow cell micronucleus and sperm abnormality tests showed negative results. The macrophage phagocytosis index of
chicken erythrocytes and NK cell viability in the high-dose group were higher than those in the negative control group with
statistical significance (P < 0.05). Conclusions: Lycopene is safe as a food supplement. High-dose lycopene supplementation
can boost immunity in mice.
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Tok A o o ML PN R 7 A A A, kAR S P B R R A T
M, I N Beclinl HE R SLC3 8 (A CII4H A AR
KB, e Bt VA BE R v K BT S50 P S L4 A 2
RERts A R4 MR Y AR R AR AN 26 B ]
DL 354 B 4 B SGC-7901 LA &z MCF-7. SK-BR-3.
MDA-MB-468iX3 FhFL s 4 A KO, I HLxHIsi4A
SHEIK RS E R GHA R ER . ARSI
I SR 3R TTEAN ik URDE PN LN = K A
71, BRAR S 5 FE I8 B 5 N\ I3 AR T S A R —
% (malondialdehyde, MDA & & 31 ) /b S AL 1)
THRE, BAh, T AL RN EA L M NBERT SR L
PR 5 A B B R R v, IE b Fe b 40 2 T LA
B AT T 270 PR e 2L 2 o /B 8 A 22 it 4 R IE PG
NP TR E AR O M3 748 S A 2 1B AT M AR
MR a2, AR NI MR, KT/ RM %4
PERE T AROE o DRI, ARSI SR A S # SIS, 30d
MEFRSEEG . AmesSEES . /N REBEAN L LI . /D R
T T SIS T AL 3 (1) 2 AP AT VAN, JER A E AR
TiFR AR R N R e DR AT AL, DA R A
CLER 1) AR A R 398 5 S 2 Vi M SR R A Sk

1 MeET%k

L1 MR S5

FANLLER B s B AR VR A PR A w3 A (Sl =
5%, fit5: 201207100 , PR3 FEMARZMAEMG SN
XH20120512A, 1%HGB 28316—2012 (£ i %4 FE 5 brifk
I FEALLY THERINTR AL R & 8 N5.26%.

B o 71 530 dMEFRTE 5T 43 5l ik A SPFZ¢BI/F 1
AR B MEPE /N B (2008001628344) . SPFZSprague-
Dawley (SD) f#EESF K EL (2008001628343) , H
PSR- DR ARAREE, A
IE5 ASCXK (') 2008-0016; /NE S tE B PESLG
(0010028) .« L (0016140) . & T W5 L5246
(0015410) JEAEEHHRICRIEEFE /N, AN KE IR
erfugRat, AP YEATIES SCXK (F5) 2012-0004. FEi
TERE,  ZR N R SIS B R R A R B i 2 FR it

FARFEVD I IR AR R B FRTA97. TA98. TA100.
TA102LA & S-9KR¥E T H H K¥ AL TR . S-9%
)i & 8 836.24 mg/mL, A:100 mL S-9J& & ¥
10 mL S-9; L4 (sheep red blood cell, SRBC) .
JACRR MLV XS 2040 B o S50 H R % s YAC- 14
M REIREAEVFREARAA 2,4- R

(2,4-dinitrofluorobenzene, DNFB) E# R (E
W) AERRIAR EIESET LSRRI

FET]EERE HA (concanvalin A, Con A) EELW)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

LREAT]; BEMEEE (methyl thiazolyl tetrazolium, MTT)
i} [ Biosharp A 7 o
12 5 R&

J-100M PR AT ANIR s DNP-9162BS
HAGE R4 LI R S E AR A A SX-
T00E JEKE %  HATomy #; KYC-100CHH JE
IR LRSS & AR AR Spectra Max M2e
ZIIRelArX £ [EMolecular DevicesAFl; 5 ALK
¥7:4  E[EThermo Formaadl; 710084 H 3447y
Frie  Hrm#iAR (Rl EHERR 5 HRA A,
ADVIA 21201 L& 73 HrA  #E[E Siemens A 7] .

1.3 ik
1.3.1  /MEREMES O

K H e Kt %2 & (maximum tolerated dose, MTD)
AT/ USRI SR, 3% F VS VE SICRAEE JE A /N B
20 H O OMERESE) , AR N18.6~21.5 g, KRS
16 ho i 5 K B B BN & /40 3 133.32 mg/mLAF
W, HECOKTE B E20 mL/kg (DUAFTEH, FRD —k
PR, RPN FR I 27182 666.64 mg/kg.
BSR4 d, Tl R EER I IE TS
132  AmesSZH

S MAEI S A INS-9R AW AIE L R, BA1 11111,
22222, 44.44, 8.89. 1.76 pg/lLFI BT,
FIEAM3 NPATPIL. WG RGN 2 EER T SRR
JHE 213 ) 4% 1S -9V A i . PHEAL: AN INS-938 i v #a
(TA97. TA98. TA102) . &% (TA100) , fNS-9%F
HN2-FIHY (TA97. TA98. TA100) . 1,8- " F2ILTHMR
(TA102) ; [FFEBIEXTREZH (B K Bl A2 20 i — F gk
WAL 5 AR R ARECHI L. 11. 2.22. 0.44.
0.09. 0.02 mg/mL7f& 4, MFFEO0.1 mL/Ml. #£2 mLIi
FEEEH IO 1 mLZE B MR B . 0.1 mLAZ R
VEWAN0.5 mL S-OMRAW, TR AR BN E B 77 31
b, 37 CH:FR48 h, TR AR B Y5 50, an A2 R
st ZEL 14 [ A58 8 9 500 B P o T A [ A% i o 2 fi5 DA |
e BA - RN ZR A FE T o
1.3.3  /NEUE BB M O AR S 5

% A 25 ~30 gIICRIG T /N 50 W, %4k
FRERENL 5 AN, 10 B, MERERF . IR
fiie (40 mg/kg) NBHMEXTHRAL, 32 30RE 4% IR 22
480, 240, 120 fdm . oy AGHIELL, 700l
ZARFE R EIRENT11.11, 55.56. 27.78 mg/mL, LA
20 mL/kg I EHEE . RHI30 hA 2l Wik, PIk4 2R
FES ARG 24 h, 35 R4 S2IAFE 5 6 hab Bt N, B
HHE ISR Bk /NI 000 AN BEVE 2 YA
4HMf1 (polychromatic erythrocytes, PCE) , WME& %
[0 2 Qe L BT T R R A%, LTt 45
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K HPoisson ) A7 UKL 3G AT Gt Ab B . &F /N RT3
200 AME 22 YL 21 41 B BT 0 5% 21 1 BT AN (red blood
cell, RBC) %, FiT50E 2 Yo 40 i b5 s A LL 4 M b
f§ (PCE/RBC) .

134 /NERS TR

e FH AR 5§25 ~35 gMIICRIE ik 44 1 ol i /) B,
25 H, RN NS Ao BUREIREE N111.11.
55.56~ 27.78 mg/mLIFIFE 5 LA20 mL/ (kged) FI=EH /N
B, FELES do T B IR SZRAE N R MR35 RALSE/MN R,
E P95 00 P S8 K P R MO VR . AR R
THE1 000 N EERTERENINE 7, THER TR R AR (B
BHE) , @RRARAR TS .

1.3.5 30 dMEFESE

% FISPFZSDAg 29 ALK BR80 H, Ak it S B AL
R4 M, MEMES P 2 EURE B N E R EDRL T K
B, 0T A P RS R AR, 4 AR HEEE FI R 1930, 65,
100 %, #£200. 433.33. 666.67 mg/ (kged) k. #'. &
3IAFIEM, ZRE SIS N TR R B & RN
0.20%- 0.43%- 0.67%, HELMEFEI0d, W SHEHK
IR RN o o N RA R A S 7/ SIS 1 O o 8 %
R MAE I, LA IMIEE IR R
1.3.6  Con AS/NRIMEAIMEEL X B4R %15 (natural
killer, NK) 43 4l &

B (R RSP EARRIE) (20034
FRO PSR E, DAHE S T 2R R i AR RN RN
5. 10, 30 %, #33.33. 66.67. 200 mg/ (kged) X3
FIEA, DIASIEE S VE RO IR A, B H 1 IRE D
TR, MEEE0.1 mL/10 g, HEEMEE30d. FHER A
TRARFE/INER, TG R BT R B S B B, 200 H
i, LAJC B Hanks¥PEE P UK, 1000 r/min 0> 10 mintlg
LA

JUR 20 B o FHRPMI-16405¢ 4 8 77 W 5 2 ik
3X10° AN/mLIF AN, 1 mL/FLEEFh 124 FLES 37
A, BIAN75 pL 100 pg/mLAICon AWEW, 37 C.
5% CO 5 FRFI RS F272 h, AINCon AFRAL N XTIE
B IR 44 h, TILBER0.7 mLyE 4R TR, N
AN0.7 mLANE /N I3 FIRPMI-164055 77 5 50 uL
5 mg/mLIIMTT, #k4E859%4 ho 895450, BIINA
| mLERVE R B2 b R B, WRATIR A G B N96 fLI% 77
R, L3 ASPATS I, BEARACT 570 nm K b
FREMIECEE (ODsrg ) fH, #RARX (D HE#HE
1 Jfa 344 7

NI4T A /1= MCon AfIODs = AMICon AFIODgy,,, (1D

TC B B0 B BRI ON 0.5 mL TG T 7K AR 4040 R
20's, Hank s¥PE¥MRG, [ HIRPMI-16405¢ 455 9%
T AN A S N2 X 107 AN/mL . B4 X 10° AN/mLK ¥

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Y AC- 1 T4 i 55 9 40 2 % 100 uL A FhT-96 FL4H % 5%
B, PAYAC-140M1100 pL+55 928100 LAY AC-144 i
HARBEAL, PAYAC-140Jf100 uL+2.5% Triton 100 pL
NYAC-14 e RBEAL, BN IRE &3 AN FAT
L, F37 C. 5% CO, B 3# 515954 h. 1 500 r/min
096 FLEFFERS min, BEFLIE100 pL FIiEW, IIAFLER
it & B (lactic dehydrogenase, LDH) 35100 pL < v
10 min, #EFLINATL mol/L HCI1 30 uL, T-EHR1%490 nmis
KA 5E N E (ODyog ) 1, AR (2) {HHNK
YA TE .

[ B4LOD, g, ., — AIREEHLILOD gy,
BARHALOD, ,,— BARBEIILOD
137  DNFBi%E -3/ RIE R AL M (delayed type
hypersensitivity, DTH)

BRI EHBEMARIESHE T30 45, BIFR/ADBRIEH
3emX3 emil B, ¥IEEREKSO pl 10 mg/mL DNFB
M. 5dJ5, LA10 pL 10 mg/mL DNFBE WA 51 T
ANBRAT HEP AT i, 24 hJE SUMERGF AL BN R, B
TEFAEF, UFTISECNS mmE F R &, #RA
X (3) IHEDTHREEE .

DTHREE /mg=4 H- i B/mg— A HFi&E/mg  (3)
1.3.8  PUiA: BCAH AAR I e 0375 v 1 2% 7K P 52

HLHEE30dE, B RIEEE SRR $2% I SRBC
BI0.2 mLEHAT %, 4 dJE SUHE L AR SR N R, R
IR ) 465 X 10° AN /mLIBE i B . KR ER RIS
2XHank’s¥ii1:1 (V/V) WA %80.5 mLEGE, MA
50 uLLA Z R8N ZE PR (sodium acetate buffer, SA) 2%
ORC R AR AR 73 $010% SRBCER . 20 pL 3 i o 45 1)
RN B, TRAIBUE T CR B R 2 B b,
AFERBEASTAT H, T37 Ty 5% CORG - M 1s 9%
L5h, Bt S sMAL:8 (VIV) FREJE NN
AU Y, RS E LS hE, THEEUA SRR

/I BRI S R S SRBC AW S %54 d i, i HR BR2 X
I, 4 E 1 h, 2000 t/min 010 miniSE M . 1ML
200 FERREJS,  IMNARFR 43 H05 %0 21 44 il Z:3#70.5 mL
#MAE0.5 mL, 37 ‘CIEHE 30 min, 2 000 r/min#.{»10 min
B EWEW T mLAIA3 mLAS [0 4, i E 10 minf5 T
540 nm i KA 52 BE 5 S SRBC - F0 I i 1) 06 %

(ODsyo o) 1H, WIMLFE P ECEHIE M (HCy) &
s, HRANR (4) HHHEHC.

FEAROD,, .

HC,,= smcﬂﬁiﬁzi@mﬁﬂﬁwmm XFREE @
1.3.9  /NEBRERE S5

NRIELLEH30 d)5E, & RIZ0.1 mL/10 g # ki 5
4 MR ED RSB, BITENIE LRI . Y AR

NK 35 1E1% =

X100 (2)
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J52 min & 10 min 43 51 R P & ik I 20 pl, I
2 mL 0.1% Na,CO¥& R, FEEFRAGIN 600 nmi 4 4b )
e, HEAL (5 . (6) HEAEREE (o .

a= — VXK (5
JHF 5+ R
L=

b KNELETES: OD Je L3 E{E; OD, N
LI HIYCEEFEA; ¢82 min, 4,410 min.
1.3.10 /NI s 5 s 4 4 s XS 21 4T R s 5

ANRIELEF30 d)F, A RE R T mLARF 4
20935 LT A R, 30 min 5 HUEE F1IE AR SE/ANRR, M
VEN2 mLA PR ER KA PEL min, WYH IS R U T37 CHEIR
B RAEWE E 30 min, TAEREER KRR T, PO R- R
WL V) e, RF 4% 1) Giemsa-BE R £k 22 b
WA 3 min, ZBKIEGEE T3, 68 T TSI
THEL AR (1) L (8) THAEHC,.

RIS £ 40 M i 4 i A

TR0 % %= TR B A X100 (7)
o LA
B = o B (8)

14 Bt

H2H S SR AR B 8 FISPSS 10,0325 4T 43T, 36
AT ZFHE R R R T Z R 2 A RRA S
N0k B 2L T 2 B R R BT VR REAT SR s xR
A BT ZE AT PRI BOE BURHEEAT 1E AR R e,
RETTZE S ESR R AT R R T Z 0T, P<0.05 4% 5+
B H AN o 5256 45 R R Poisson 7 A U 56 3k
ATGEE T, /N BORS 7 a T S2 56 435 SRR Rk MG 36 it AT
geit .

2 ZRE5s

2.1 /NREVERM ISR

#1 BRARPRARZOBHEIRLER (X*s)
Table1l Acute oral toxicity of lycopene in mice (x £ )

P fiilkod) JNELR % IRk A Ak T MTD/

(mg/kg) Fitelg it/ R¥ (mgkg)
MEEE 2 666.64 10 19.8+0.7 30.6+2.7 0 >2 666.64
HEE 2 666.64 10 20.0+0.7 36.3+2.8 0 >2 666.64

P L R] A, SO0 1 I 2% 750 41 3% %o /) B T B TG R
m, SA/NRIKEMESES, EKRIF, RWHPEE
YL, THT/NR, M. BEANREFEMLEL IMTD>
2 666.64 mg/kg, J&SEPRLEL .

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

2.2 AmesSEIG4E R

#£2 BNAEAmesLRFEFHEL (¥ *5)
Table2 Colony variation number per vessel after administration of

Iycopene in Ames test (x £5)
- AR
I 89 9
TOOTATER TaER TAOER  TAEK AR TAWER TAIOER TaER
HILE e ¥H R0 D I8ED % mEn KD

I

J mn o i %13 167419 Wt 13z %46 IBLT WLl
] L Vs 3115 157211 w215 07z M26 1l DALl
4 88 117410 44 161424 pajjin| 108619 %5 IMEB 2040

5 AT 15 T o NS 5/ (N v 48 455 1680 ML
BRI 0 R (N £ RN (£ S | 53 ¢ H6E4 55 BEN A
CRETREL 0ol 14RO R IR0 WA ITER BE I0ES IR
VERRA 0 LISz 3SR 28Mrae

i

LI | 108221857
Gt/ B | 004314 11592154 9fH103#
B 15 062111%
VE s BRI BRI (1 2 [RIAR ZH . — H P AR [m1 28 9% 52 185 L L

S CHR[25157:, AmesSEInZE R (£2) £, F
T AT 2% 8% 7 B 20 (] A T i 0380 AR e B e ok R 4 [ A R
TEE2 £, IERE-RN KR BRI AL R R AL
WITIKETA97. TA98. TA100. TA102iX4 #k S0 #
FENNS A INS-OT,  F4A WA Bk R R A1
2.3 /NERCHREAN I SR IR g R

£3  BWLFEMN/EE DI R A 2R PCE/RBCERIZ M

Table3 Effect of lycopene on bone marrow cell micronucleus and

PCE/RBC ratio in mice
A &/ (mg/kg) PCE#{  Z R UPCESL  (il4% /%  PCERBC
2002 5000 7 14+105  1.09£0.07
111111 5000 6 12408 1.10£0.04
i3 555.56 5000 8 16+£09  1.12+0.08
0 5000 7 14+13  1.10£0.06
40 (RBERERG) 5000 119 238+3.1%  0.93+0.03
222022 5000 5 10207  1.10£0.03
111111 5000 7 14405 111£0.07
[ii3E3 555.56 5000 8 1L6£15  1.0620.04
0 5000 9 18£13  1.09£0.04
40 ORBEBER) 5000 131 262439  0.9140.04

VE e, HEAMERRAL (FlERh 0) Wi, ZRHEZE (P<0.0D. £4.
6. 8 [d.

HHAR3 AT A, AN R &R A% 2 5 [P 0 HE A A
LWEREMZR (P>005) , MMHMEXIRA ORBmED
MR R T MR (P<<0.01) o ARILFEALLENTN
BRI 22 YL 2T AN A IR i S PCE/RBC LU AB P A 52
24 PR TEIE SR 25 R

£ BRARMNDRETELENEW (Xts, n=5)

Table4 Effect of lycopene on teratospermia ratio in mice (x s, n =5)

e/ (mg (kg-d) ) 2Rk 78 B IIgH WA IV %1%
222222 5000 108 22404
1111.11 5000 96 19402
555.56 5000 109 22403

0 5000 111 22403
40 CABEREID 5 000 461 9.2+0.8%*
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RS BRAEINDRETRIE LB LB
Table 5 Effect of lycopene on sperm malformation type and ratio in mice

jilk] xa o gEh Bk FER O Xk g Rig HER
(ng (keed)) WO HBIS W% KBS REe  HB% HEe B0

12 B BTE) 46D 09D 000 0000 19D 108

HIILI 88 (18) 740 (7D 313 21 0060 0000 21(2) 9%
555.56 165 (18) T 37@ 18 000 000 09D 109

0 180 (200 766 (85) 27(3) 182 00(0) 000 09(D 111

40 CRBEBTD) 208 (105) 633 (292) 41(19) 26 (1) 20(9 15(D 370D 461

T« AT IR R ne

HR4 SATH, B|ALRSFEAR FRERE
BT B2 GRIE o)t TREFEWZEZR (P>
0.05) , TIFHPEXIIRZE CPRBEMERZ ) /N BR324 5
PEXTIRZ LL A M e (P<<0.01) o DAk, F/AhLL
EQURN LL\F?%%K*FE? Mo
2.5 FEHLLEON R SR HE AL b ) R

F#6 BHARIKBMBEIIEFRALMW (*+s)
Table 6 Effect of lycopene on haematological indexes in rats (x £ )

i il Efmﬂﬁﬁ fIfHWW%Z M%E HEAN AN LHAR ERMAR IR
(mg (kged) ) (L) (0% 4%/ (L) W% HB% % Ehe L%

0 03114 72203 14016 82637 133125 29l 05202 01201
200 10218 74z04 1426 802228 156331 30z08  07z01 02201

# 43333 55509 75204 14327 812432 145432 30£06  07£02 0101
666.67 65113 75102 14314 809420 152419 2708 07£02 0101
0 59109 72202 1384 S4TEZ0 1L7E30 25404 05402 01401
i 200 S1EL6 74104 141E5 SL6t44 137444 32413 08402 01401

ESAKH SIZLT  T4X03 MIE5 829138 13435 24106 08203 0101
660.67 49119 73203 MIES SLTEL M2430 27206 0905 01£01

HHORT 1, A Al 4L 2 25 771 B 2H K B PR % IO . v
Featr SR R GRlEov0) i, ZERBEg %S
X (P>0.05) .

2.6 FHLLERI KRR ML AE AL TR AR 521

Z 04T RERAFFZENFEMLORI0d, W %4
KRMBEBNERAN. AEEEEEIMAER. A&
A SIHEE R H = JRFER . WLEF & e K
o WIRTHTRN, TNLLER &5 A& I AR AR bR
S5/AESIERA GllEAo) ik, ZRBEgi¥E X
(P>0.05) .

T BARAEMNKREBSMEEARRRER (X £s)
Table7  Effect of lycopene on blood biochemical parameters in rats (x )

g T8/ (ny eﬁm aﬁm!@\é ERSE BERSE RERSR NEGR SBREAR WACRSR 0EE
(kg'd)) EAOL) AL @) (L) (o) (moll)  (mmoll)  (mmoll)  (mmolll)

0 821 W2 0015 07208 SN0 T4 1462020 09004 826ELM
" m 211983 H7R0 312ZI8 6MELO4 N4 LMZ02 0472004 8§2E093
RRY 05 16230 M9TLL LSTLS 0AIR0% £S5 1513022 0423007 833062
066,67 dx1 1918 @9Ll 3TLS eNLM RIS LMz02 0422009 8702086
0 Bl 8L 546220 RBITLT 6SIELOY A3 203z04) 035008 7782070
i il £S5 1210 SA0EL4 B3zLL SOTELB O 31t6 193z03 0382006 7932090
AR SE6 1BEI6 RS20 BATLL 647151 3145 2022024 0362005 8112086
060,67 BE5 BB SMLLY B2zl) 6HELL 34 QW04 0Mz005 8452087

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

2.7 FALLFX /R BT RE 1 RE A

NRAE DS TAFRMERML K30 dE, 33.33,
66.67. 200 mg/ (kged) 7|5 ZH /N 512 4R AR T &
PRI RAR L 16 R BT P /44 LG 55 B P X BREHL ()
A ML, ZRLGHEE X (P>0.05) « MTTi
HEAT Con A 31718 BB IR 2 40 PR A% AL S8, 45 SR AN T
BT EFWER, KA AT S . 431
(X8) KM, FThILL R &M ELHMEHMIGIHRE 1 5]
PEXTRRZAAHLL, ZERTELGERE L (P>0.05) .

#8 BIARM/NEAEIRRIILW (X £s)

Table8 Effect of lycopene on immune functions in mice (x * )

fmJ WERL MERE RCAR MR DM RATEY . BR BRR L.
w KREWS WREMS MR Ao BEmg O Y B ¥R

0 0IRE00M6 046610059 00I0:00M 264254 165233 bl TN 82052 0654 0302007
BB 02E002 041K0065 001010008 2875 148229 31z 5120 49504 DT 0301003
6067 01850026 04610025 OOILE0005 262131 13231 5510 0125 5062077 DBIE36 0342005
W0 02E0037 04662000 00DE0M8 384tlld 174835 $£37  99EI2% S612030 202448 0362005
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