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Preparation of lycopene microcapsules and its anti-inflammatory
activity evaluation

LI Wenzhit, MA Shijing?, HE Wenjiang!, GUO Gaohui?, WANG Shanshan®, DU Zhiyun®"

(1.Infinitus (China) Co. Ltd, Jiangmen, Guangdong 529156, China; 2.Guangzhou Conney Biotechnology Company Co.
Ltd, Guangzhou, Guangdong 510006, China; 3.School of Biomedical and Pharmaceutical Sciences, Guangdong
University of Technology, Guangzhou, Guangdong 510006, China)

Abstract: To investigate the stability and anti-inflammatory activity of lycopene microcapsules in vitro and in vivo, in
this study, lycopene microcapsules were prepared by using starch sodium octenylsuccinate and maltodextrin with arabic
gum respectively as wall materials. The encapsulation efficiency, storage stability of lycopene microcapsules under
different temperature conditions were evaluated. The anti-inflammatory activity and mechanism of lycopene
microcapsules were evaluated by using LPS-induced RAW264.7 cells, BPH-1 cells in vitro and TPA induced ear swelling
mice model in vivo. The encapsulation rate obtained by using starch sodium octenylsuccinate+arabic gum at the a mass
ratio of 2 : 1 was 85.43%, and the retention rate of lycopene was more than 50% at 45 °C. In the range of 0.5-10.0
pg/mL, the inhibition rate of lycopene microcapsules on LPS-induced NO secretion ranged from 8.83% to 72.33%, with
an ICso of 3.76 pg/mL; and the inhibition rate of 10.0 ug/mL lycopene microcapsules on the proliferation of BPH-1 cells
was as high as 52.17%, with 1Cso 8.33 pg/mL. Lycopene microcapsules inhibited TPA-induced ear swelling in mice by
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38.45%, and also significantly inhibited the overexpression of TNF-a, IL-6, MDA, and ROS cytokines, and the
anti-inflammatory effect was superior to that of lycopene oleoresin. In summary, lycopene microcapsules had improved

stability and anti-inflammatory activity over lycopene oleoresin, and their mechanism of action was linking to the
inhibition of the overexpression of TNF-a, IL-6, MDA, and ROS.

Keywords: lycopene; microcapsules; anti-inflammatory activity; stability
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FARRTEREA . BRI 2 A REM TR L 12 1,
21, 3 LINFEZENIRG . BTHARC A R A REM Y 6
ANEFR SRR TR Y 79.5%HUE A BER TR,
T 3 A5 AR FK , IR R A 2 KAV,
IS BT AR 2L 2= L, LA 10 000 r/min 4%
PR YRR E R ML IN-02HC, T JHERBEAN K
AR RS, w45 (100 MPa, 403 10 min,
PEI 5 W) AL B JE 47 W8 55 T 8 (W8 25 T 1R AL
SD-06AG, LabPlant, #Ek}#% 500 mL/h, #E. H
RS54 165, 90 °C), WAEm: 55 T Frfs 75 ik
LRI EEM AR, ARSI, B
B, &

ZIESCER[A3]M T, SRS T Ittt
B (SR A AT L5 4 o6k B i UV 245072550,
SHIMADZU)IM & T AR 212 75 1t . 2 HESCHR[14]09 )5
e bW ek S HEARE 4 0 S TR KOk NN TEAN
B, HEFMmO KRR %,
1.3.2 FHiaiimi EiREAL TGN T

M 2 P[RS G REA TR A B 1 RS
Y LH A HEA T 28 S (PR S8 . KA T AR
PRSI . e AnLr 2B AR R . SE s e 0
PR TR N+ BT (A I TR 2T R e . 22 2 +
BT I - 2L R U FE 43 il ic oA LY \LY1.LY 2,
APAFREL3 g LY. LY1, LY2, BEZStuiabHssy
MET 25, 45 °CRFEDEIRFF, T°0. 5, 10, 15,
20, 25, 30d AfHR 1 ASTANLL R HE, M T
IR B P A R ANLL R A, SRR
RO, UFBMLL R NIEIR, AWML
R RER IR R e . AR R R A ik
I R EPR AR R I AR LT R I
AT ISR, Rl R I IR R
XA
1.3.3 FHAoFMIc B E AN

ZHESCHRA5]8 /9, %in 0.5, 1.0, 2.0, 5.0,
10.0 pg/mL(PAF LI TR LY . SRR E

PERAF IR R I B T A0, SR MTT 1%,
AN RAW264.7 4G M 5 R LPS 55/ MR
RAW264.7 EWEAIJAERA, ME LPS 530
RAW264.7 #iifflf) NO 4, FT5 NO iR

ZBOCIR[16]17 7k, B 1.0, 2.0, 5.0, 10.0
ng/mL(AF LT Z ) LY . bR e i
UL R e AR, XS BPH-1 4f
HeL A %

ZRESCER[L710 7, SR TPA 55 KM /IR
(n=6)E- Ik S IGARAY | AF 9% T 21 2 TUlse e 1) 14
WHLRIGME . T ZAE N DIRFEA 50 mg/kg,
i 0.2 mL/10 g /N EUA SR TV . 2 BESCHR[18]
B 5%, R FH ELISA 307 /N R AR H-A1 2 b 4 i
A IL-6. TNF-a. MDA )75 K ROS TEE,

1.4 HuE4iE
% FH Microsoft Excel 2013 2% B4 ; 32 F SPSS
19.0 PEAT 250 .
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21 BEMORWMRENGIE

M L AAEL, 2 FOR[RIE A BEA X LT R Y
BRI OESOR. Bl 1 LI, 222008+
B R4 A2 5 BE M A BRI B0y 5 TR EE R
20 113 LA, SRR B R TE Myl + BT hiA e 2
HEEM I OBEOREL, H 2 RO E S RER 5L
Bt bl 2 0 1 BB SRR, 4350 85.43%.
72.06% . X T RESE: FH T L BE FRR VE M A A7 2F
Wiks B B r LA ERE, 5 OB AT A A
T B e A E A, 2 MEmLa R
WAL TR S A SRR TE R B - TR
R 31 1 B, SEi BRI RRTE Ky ] RE L
W ZFARLLE, AT SRR FO R Ve A 4 it
RIS HTHAARIE B e, SEuE%
FEAR

*1 FRESEMEHLAINEMIRHRENSHE

Table 1 Lycopene encapsulation efficiency with different composite wall materials and their proportions

R I%
BEb 1R 1%
1:1 2:1 3:1
UL FARRIE R N+ BT A 64.1742.44 85.4343.05 78.25:4.96
2 ZERRE + TR A e 66.824+1.72 72.06.67 71.3942.08
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22 EMAEHRERBNEERTEM

RPFMAF A A PR, BEREA 21 (IR
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WL B BELE 25 °CA&M FRUETERLF, FHihsr
HEIRE R E T 60%, 30d i, LY1 HFEihias
TREAAh 77.33%, WIS & T LY FILY2 /9, LY2 1)
T Z R UHERET LY 19,

FERERRIRLEE N 45 °CH, BFEM P FEMLL R

B SR P Bt i (3 T REEALG, 30 d B, LY, LY,
LY2 hFEAMLLRRE 0N 32.24% ., 57.86%.
45.52%, HHLL LYL MRCREML, LY2 BdEF
LY 9. UiBAfE b T 2R A Fmar £,
IR EEXF AR F AR E PRI . MRPR AR KR
SEPEMRAZE SR, et B R RS e PRSI i o i
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Table 2 Retention rate of lycopene content in lycopene oleoresin and its microcapsules under different temperature conditions

R /PC KES ARV SHEIL
0d 5d 10d 15d 20d 25d 30d
25 LY 10040.16  93.54#1.38  90.45:#1.13  86.8442.12  74.8542.02  64.6442.18  60.6840.87
LY1 10040.32  99.704252  96.5640.28  92.1842.39  88.39+1.38  82.06+1.29  77.33+.18
LY2 1002027  96.7042.19  93.82#1.67  90.1840.72  85.6142.47  75.77+.08  68.43#1.25
45 LY 1002053  80.3742.03  75.69+1.09  67.40#.11  59.1842.28  50.1242.53  32.2442.08
LY1 1002020  92.63+.81  85.1540.82  85.8243.28  7545+1.98  66.4942.47  57.86:.62
LY2 1002042  90.51#.56  81.2942.03  79.03+.20  78.42+1.38  62.6742.22 45524188

2.3 BMAEHRENIMIIEES R
oAb L B MR E AT RAW264. T fm e i b B
3% NO 49 %0h

%% 3 A1, 0.5~10.0 pg/mL A LY1, LY {EH
T RAW264.7 4ifiuf;, RAW264.7 4 IEE5 5w
T 94%. 93%. AlUL, 7EZAIEEEN, LYL1, LY
PIARF N RAW264.7 41 51

#*3 EMARMRELIERE RAW264.7 HARYEM
Table 3 Viability of RAW264.7 cell treated by lycopene microcapsule

2.3.1

15 FARELARAIEL gy
(ngmL™)

=H 0.0 100.0020.14
RAW-LY 0.5 99.1040.62
1.0 99.9640.64

2.0 96.48+1.44

5.0 95.14+1.68

10.0 93.8740.92

RAW-LY1 0.5 100.0440.23
1.0 99.2940.60

2.0 97.57+.63

5.0 96.19+.27

10.0 94.6920.92

RAW-LY JpFEARLL IR IR ; RAW-LYL RFALl &
e .

3R 4 AT, 525 AL, LPS Il RAW 264.7

YRGS , NO Zribi i £ 57 , UERHZE IR B R 1) LPS
X RAW264.7 Al il T BH B A SRAEE RN ; 5 LPS
FRIZHAALG, 1.0~10.0 pg/mL (9 LY 52k B30
il LPS 175500 NO,  HAWHI#%H 11.46%~63.77%:;
0.5~10.0 pg/mL Y LY 1 B il B2 LPS 15553
W NO, HAHI# K 8.83%~72.33%, HIEI T HVRE
R4 BIMLEMEREX LPSHESH RAW264.7 1A
NO 433k =

Table 4 Inhibition of LPS-induced NO secretion in RAW264.7
cells by lycopene microcapsule

5] FALLEBR,  NO &R NO 11 2/0%
(ug'mL™) (umol L)
2 0.0 24.1140.70
LPS H% 0.0 (68.491.78)H###
LPS+LY 0.5 65.92+40.87 5.80+1.05
1.0 (63.4022.17)* 11.461.58
2.0 (57.6741.32)**  24.3742.97
5.0 (47.5640.83)***  47.1741.87
10.0 (40.1940.66)***  63.77+1.50
LPS+LY1 0.5 (64.5740.54)* 8.834.21
1.0 (60.5441.13)**  17.9242.54
2.0 (52.2940.97)***  36.5042.18
5.0 (42.2941.06)***  59.0342.38
10.0 (36.3941.05)***  72.3342.36

LPS+LY &ML ZMMARFRILL; LPS+LYL R ihsr i
WEHEA . Has UM, a8 P<0.000 1; 5 LPS BERIZAH L,
o /4 BIITS P<0,05, P<0.01, P<0.001,
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TEREIN, P OPIHIR S  BEA 25914, LY
X} NO 435I 1Cso 4 3.76 ug/mL, T LY (¥ ICso
N 5.72 pg/mL. AIUL, FERISERTEWRE T, TR
TR BEXMH] RAW264.7 Z1Jifi43i NO B Fs: T%&
BT o
2.3.2 HitrE ik Ext BPH - 1 g 75 449 Rk
R 5 Al AR BHYEXT BRZH X BPH-1
YA A% 36.01%; SRHMEXTIRAIAHEL, 5.0,
10.0 pg/mL By LY1 5tk 2 &9 BPH-1 2 A
158, 10.0 pg/mL {4 LY1 X BPH-1 il g iy 2
A[ik 52.17%, 7 1.0~10.0 pg/mL 5 vk ETEHEA,
PR e ARl . 5, T ARLT R R )
ICso {iM 8.33 ug/mL, Tfij LY {X7E 10.0 pg/mL B
B EANH BPH-1 ZHMIgFE . Ui/ AL R 5

#F5 TEALARMEEX BPH-1 ZHAEHIHIHIZ
Table 5 Inhibitory effect of lycopene microcapsule on BPH-1

cell growth
415 AAELFIIE By 1 i
(ugmL™)
AR T e R 3o R 0.0 36.01+.62
BPH-LY 1.0 14.7740.79
2.0 25.5441 .46
5.0 34.9342.03
10.0 (48.0642.35)**
BPH-LY1 1.0 16.6440.56
2.0 27.414.19
5.0 (42.0040.81)*
10.0 (52.1740.93)%**

BPH-LY Sy & A£L sl 4 s BPH-LY1 ST 3R
Bt SATMEN I PEX IRZHAR L, et b RI0R P<0.05,
P<0.01. P<0.001.

A A R R T AR 2T A BPH-1 2 RGAH A
2.3.3  FAber R IR g eI KA R R AUH

6 A%, 524, 4T TPA IR/
FUE- 28, TPARE AU /N BRUEE e Bkl L 6 2
LA H RN 23.04 mg, HZAHBL . 1m4E
POk, 5 TPA BIRIZIAHLL, TPA-LYL1(F
FRLLZR TR )R S 2 1 /N BROE R 2L oL
HAmfR Ky 38.45%, HIEET TPA-LY(FAhL £
T AR JEUREZH ) 4 (18.23%)

%6 BMLEMBREN TPA BSERMAKEING =

Table 6 Inhibitory effect of lycopene microcapsule on TPA
induced ear swelling

25 HH 22 {EH/mg THIZ1%
22 0.7340.15

TPA iy (23.0420.75)###

TPA-LY (18.8440.72)* 18.23
TPA-LY1 (14.1820.66)** 38.45

TPA-LY R AL R IR ERI AL ; TPA-LYL i
LRMIRRA . S=AHMLL, #7778 P<0.001; 5 TPA
FERIGIAH L, =43 5l)7R P<0.05, P<0.01,

2 7 nlH, 5P dMLEt, 4 TPA EBJE /N
FE R4 TNF-o, IL-6. MDA 1% & % ROS
TP BB B . 5 TPA BRI AHLL,
TPA-LY 1 #i i /N E-ZH 2 TNF-a, IL-6,
MDA . ROS fyZik, i TPA-LY NI & 2 sl i &
il 1IL-6. MDA, ROS fy#ik5. UiHTFALI R
R LB ARLL R IR R REPI ] TPA 15/ N H
HAHE) TNF-a. IL-6. MDA . ROS Z&4fi it & 4iE
K RgJot A AR RS B RIR

£7 MR TPABKERELA S TNF-a. IL-6. MDA &£ ROS &M
Table 7 The contents of TNF-a, IL-6, MDA and ROS activity in TPA induced inflammatory ear tablets of mice

205 TNF-o/(pg'mg™) 1L-6/(pg mg™) MDA/(nmol mL™?) ROS /(U mL™Y)
2 H 53.6742.19 12.3040.84 3.1940.22 76.7743.58
TPA %! (104.3642.46)#H# (31.6322.72)### (4.3240.19)4# (95.1042.31)##
TPA-LY 94.9342.15 (24.6241.57)* (3.7620.10)** (74.3143.60)**
TPA-LY1 (81.8313.01)** (19.201.94)** (3.1440.18)*** (68.60.67)***

Sos AL, 0 P<0.01, P<0.001; 5 TPABERIZHARLL, cx ok skrs/3 008 P<0.05, P<0.01, P<0.001.

3 Fig5ifie

AW, DS R vE By i+ BT hr A e |
7z ERWIRG + BT R R &2 A BE R 4545 2 I B i
CL R AL 28 53701l 85.43% ., 72.06%; 5
TR AR R L, 78 25, 45 °C&AIF T,
H2S | A AR R A R AR

SEME, SEIR LR ERR TE R B+ BT I - A 2T
JEHELE 45 °CAPF T, V79 30 d B3 ARLT H AR R R
#A 50%.

LPS AJif5 3 B A il i K 1 NO, s |
L 2 i e ML AR 28 S 5 104 1 091, A T o R R
0.5~10.0 pg/mL 3 [l N, 7 il 20 &K O 28 XF
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RAW264.7 2 i3 5 AT B S (52, % LPS 5%
I3 NO (I, 8.83%~72.33% , T/ AHLL R IR
BN NO 43I il i 1Cs0 A 3.76 pg/mL.

M BYRTH BR A2 43 B9 45 2] BPH-1 4,
AT BT R S G A= 24 0 AR S i e A 5 A5 7R 41
R0, ABFFE R, FARLl E U R N 10.0
pg/mL IS, %5 BPH-1 4 L8 i il 28 2535 52.17%
(P<0.001), H: ICso 4 8.33 pg/mL, JPHIZREH BAk
FHARLL AR

TPA HilJ Bz KI5 175 & RAE IR 1L B 3R36, Rd
WIEH T TNF—o VE NN B N E 4B i R
FERF2Z—, 4hmfedE FIERAE BTN 1IL-6 AYRE
R N AR LR IE N ISR, TEPEA(ROS)
AT A YIEBERE TR I ZRANMBERE TR, 51N
Frid sl 2D RAE SO . AT Rl
TIRLL ZE U RS TPA 5 /N Ak Al 1 i =
i 38.45%(P<0.01), A3 &l /N B H-Z= 4 41
TNF—a. IL-6. MDA, ROS % &5EA 5t M85 A i
Bt R, PURIERSRTFmL Z g, 5
K AT e A5 BE M U e e A AEL AL T MR A it
IR, WO TEMARGINER . KFEARE
PRI, $2m T &ML EZ MR FEMLL R R
FEME, RHE T FLL R R FELE A PN B -
RAFRIFIBTRIE T
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