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Optimization of preparation, characterization, and dissolution characteristics of
lutein ester nanoparticles by anti-solvent method

FENG Zi-qi, LIU Jia-ying, SANG Mei, ZU Yuan-gang, ZHAO Xiu-hua, DENG Yi-ping, LIU Yan-jie
Key Laboratory of Forest Plant Ecology, Northeast Forestry University, Harbin 150040, China

Abstract: Objective To prepare lutein ester (LE) nanoparticles (LE-NPs) by anti-solvent method using tetrahydrofuran as solvent,
deionized water as antisolvent and Poloxamer 188 as surfactant, and to optimize the process of getting LE-NPs. Methods The
concentration of LE, ratio of solvent to solvent, type and dosage of surfactant, precipitation time and stirring speed were investigated
factors affecting the particle size of LE-NPs. The raw LE and LE-NPs were observed and analyzed by scanning electron microscopy,
laser particle size analyzer, X-ray diffraction, and differential scanning calorimetry; Solvent residue was tested by GC method. What’s
more, the solubility and dissolving capability of raw LE and LE-NPs also were detected in vitro in this study. Results The optimized
preparation conditions of LE-NPs were as follows: 10 min of stirring time, 50 mg/mL of LE concentration, 1 : 7 of the volume ratio of
solvent to antisolvent , 0.5% at mass fraction of poloxamer 188, 950 r/min of stirring speed, 25 “C of precipitation temperature. The
mean particle size of spherical LE-NPs was 164 nm. XRD and DSC results showed that LE-NPs had lower crystallinity compared to
raw drug, and mainly in amorphous state. The solvent residue result showed that tetrahydrofuran residue content in LE-NPs was 344.3
pg/g. Furthermore, the solubility and dissolution rate of LE-NPs were about 2.91 times and 9.65 times of raw LE. Conclusion
LE-NPs prepared by antisolvent method could become a new formulation, which has higher solubility and bioavailability than raw LE.

Key words: lutein esters; nanoparticles; antisolvent method; single factor optimization; particle size; saturation solubility; dissolution
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TREY, PR RHOREBD BRI 4
FS o P T R e ™ L AR o R X i o 2 B
K 5 M B R KT R IEAR P,
AN R 22 (AT 0 R 2 AN St 9 45 R R B,
RN 2 0] DARRAR S AE (1 & A R 7, RAR LE W]
BARUEERE ORI TN YR ok i 55
S, RE AR AT, (B2 LE Ktk 2,
AR A= 40 P BEAR, L 32 3 1 BRI ° 1L,

YR A AR B VA M 2 T R TR g
7, KRB H T HRIARIEAELAE 1~1 000 nm,
RICRLAREE /N LUER AR, MR RE 038 8 Lo,
HAPREKEME. BnsEm . wASaER. E
55 G M T SRS UG I . @ 29 Rfios
B RPAYA BRE R AN G 25 AEN LA A 1)
I A e U B R T T
RIRTEE mEIEAR . B IG SRR AR
oSl e A M= AL SH | 7 v P S & RSNV S s o
Hh SRAERE R BORIRARAR A S,
JE 3505 52 AR B G SRR ARAFAEFE T K = A
ARG TN A O i U1, i Sy il o1
EAMIETERREFFIE, MAZIERARIER
o, T E I PR RIS I iR e 71, (250K
3 B T P RDIR S T 25 AT H B — R o bR . 5
FE G 2a AR E e, B AR Sk
Jo 5 S B Tl AR AR POV R B R4 A S R
Sto HEl, BiZ7vk CsIhil &85 T 2R
P R ZG 22 i T I T R A
ZERT RS E B A T E, BENE
R BRI N, LR TR IR 251 26.4 5,
FBAIA P (PR A H o 3t B ze a7 vy T T R R 24
[

AR S A5 Y S 3 7 4 9 ) 4% - o K s
KHKi (LE-NPs) DU S LE HIVERRE, kit
HAWFIRE. &Ed R R R s T235RE
KL AT 510 LE-NPs, JF454 13 i 1 B s
(SEMD. BOBRIEE. X BHEATH (XRD) FZER
FHEE AL (DSC) WS Fifa kg i
HEAT oM, (6 SRR AT T RN B A VA A N
o AR I R
1 UEEHH

SHI-A4 7K UHE IR I FESR , 1 M A BLA 3R )
BEHRAT]; ZetaPALS BOGR AL, FEE A& i
; Quanta-200 FAFH LT WAMEE (SEM), fif == FEI

/~H]; Scientz-18N A RTERAL, T W ZEE
AR AR LXI-IIB BELHL, bigzsg
EEANERT s Waters1525 = R0HAH L 43, SE[E Waters
A F]; 3k-15 B Ed B OL, 5 Sigma 227 s BS110
BT RF, 18 Sartorius A% ; KQ-250DE
U AENL, Bl s A R A .

LE JR24, RS 95.0%, Bt [ s YR
ARRAT]: LE X, BiEr8=98%, i [A H
EMHEARGIRAT, 5 510324; WKW 188
(Poloxamer188, P188). HIfE., =& H ki, IE ki
M. AR, & W e, DUERKmE, Hdral, R
R TR AT M. BERR G, ik,
AR E EIMARAR: S HHRAMEETK, L
= A,

2 FESH#R

2.1 LEEENE

2.1.1 HPLC Mgt ol Jyid & A =) A2 7
] Diamonsil C;g A (250 mm X 4.6 mm, 5 um);
MM A RZHE-/K (91 1), B ABERRZHE, £k
FAEESEE Y B 78 20 min PN 0 BEINZE 100%; 7AFH
WEA 1.0 mL/min; BN 450 nm; #EFEEA
20 L. FHIRHELLL LE 115 2 381,

2.1.2 LE b2z K52 FREL LE XA 5
mg, MFEEMR, BT 25 mL TS, 53
200 pg/mL X RESEBEA, A8 AEEARBARCH],
1) B E 23510 1004 504 254 12,54 6.25+ 3.125.
1.562 5 pg/mL [0 HE SV, i HPLC il &
JRE R R TAR,  REARAR 0T BRI, N
Ak, A THEEIA G RE, Frfg R =7 R
N Y=380.49 X+160.07, R*=0.999 7, ZttiEE N
1.562 5~100 pg/mL.

2.2 LE BBHIS RISFHITHE

FREGEEM LE JE 24550 N B4 18 % 7
B 10 min, B IBFERRESSEE 6 h, KT
FI ) ANV TR 4 000 r/min 250 10 min 25 FRUTTE,
H 20 pL, #% “2.17 7 ENE HIGW Y i ik
g, 53 LE =& W . DUARR. Edki. &
B, TNEA. BERROWE. &b KRR
N 46.16. 68.43. 12.52. 0.31. 17.29. 26.86. 53.58.
0.042 mg/mL. 1] LAf3H LE 7EVUE MR B A RK
VB RS, AEKTIE IR R I/, HLDU SRR 57K g
B H, DRI ARSI B D SR 1R s 7], KAE
R FIBEAT LE 4o
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2.3 LE-NPs RAFIEHI&

A TGALS, W T LAY SRR NI A K
VBRI F) P188 A Ay IR A BT A KAk 2%
B o LE-NPs fil| &mA2 W0 F: ¥ —E &R LE F#
TEIE VUSRI S, 7EAZE 40 kHz. Th3 250 W
A 10 min, 285 P 4 000 r/min 20> 10 min
ZRA, W biE. RGBT, B LE
VYRR VAR S N & P188 KR, 1
# 5 min, 132 LE FVREME, BIRSHRH AR
POHEATIEAS, BRI, K R & RN
—40 CUKFEH TR 12 h, FRRG NG TR AT
A% (=80 C) T/ 48h, H)rfH%E| LE-NPs.

PRI 45 R E BN LE KRB KRR A 24
VIR R RIEVETER P188 F & DU PKIE-/K
RRILL . BEFEE R PORUR AR (A, A
PSSk (P E MR NS M 3vivki = NP O ML T g i
TR . HR4 Noyes-Whitney J7F2, FiiRilk )N,
R, (H/NRE (<100 nm) 235
RBREMEZE. GFEHEHHEMREMNE, £X
BRIEBI B Bt b, B DARAE (>100 nm) 1EAML
AR, IR E W T VORI AN 1~25
min, EFIFERIPLEHEI 10 3~1 115, Hidkd
N 500~1 400 r/min, LE JREWKE N 20~60
mg/mL, MNIREHN 4~35 C, FmEEPER P188
MHEAN 0.1%~0.5%. FHALKESL 3 K, B2
LE-NPs VB EWOEBOCK B IR AR, THHEF
BIME.

2.4 =0 LE-NPs IR ENFERRER

2.4.1 RGN P188 F XS LE-NPs “F¥Ri42 1)
SO AR HAR S5 T A AR (LE R EIRE A
30 mg/mL. RIEFISEFILAIN 119, BUERESE A
10 min. FEFEHEZEA 950 r/min, IEEH 25 C) )
T 0L R MR P188 FEDHIN 0.1%.

0.2%- 0.3%-+ 0.4%- 0.5%5%f 732 LE-NPs JR 27K
SRR BRI, g PR B (43224
43). (322.944.5), (295.0+4.1). (2255+5.3),
(189.3+6.7) nm. K77 P188 &M 0.1%
BEINE] 0.5%H (#% P188 /KiA Wit 45L), LE-NPs i
BE KR N 432.2 nm PR ZE 189.3 nm, BI-F
PP ARE i 2 2 THT VS 1 77 FH B 3G g o/, LR PR 2
P188 fE A B BUSR TV V7, Bl A & i &
SE/KEE e sbam, MImE s LE 76K 178
P, FrLA2{$i75 LE-NPs JREWR LI RAZ IR/,

£ P188 HIE N 0.5%IN, ~FI5kiftde /. WiR4rs:
Hahn P188 FHERIAFNRELTE /N, (Ha| i3k
BT AH LE SRR H S A . &6
& FIRRER, W2 0.5% ARG ER P188 .
2.4.2 UURI ST LE-NPs “FHRiAZ2H52m Hih
SBS T2 GRINEMHEFIHEN 0.5%. LE
JREIRE A 30 mg/mL. RIEFIGHEFELBIA 19,
PEHEHE AN 950 r/min, WEN 25 C) HIBERTH
SEYCRIAIZE 1. 34 5. 10, 15, 20+ 25 min Xf 75
FIH) LE-NPs VRS- IRAT IS0, &5 F-F 2k
B R(182.0+£3.6).(166.3+3.1).(145.6+3.5)
(1323£4.7). (143.6+4.5). (1553+42). (162.2+
4.1) nm. PUREFEF, 1~10 min, BEER ALK
SEPRIAR B RN, 10 min J5 PR P ARIE
WK, XA LE fEES Sk ferd, ERmE
[N AR FE TR, KRk, DU ERUE, AR
TWAECKR, FifRA/N, BT BT /R (Ostwald)
B, BEE R REC, VN R4 A e
VA5 PR ORE 2 V5 AR T R DR PR 1) 45 o B VS PR
b b, /NREF 2o f BRI R AR AR KON KR . BT
DA VTAR IS )85 10 min J5 R8Ok . TR [A)
4 10 min BRI SN, BT DA & e A FRUTRR N 1] 9
10 min.

2.4.3  HEFS REFEFLLST LE-NPs “FHIRAZ 1)
oM AEHAL T2 CGRINE R HE N
0.5%-+ LE JigRE N 30 mg/mL. JIFRRTEA 10
min. FEFEEZE A 950 v/min, WEJE NN 25 C) HIHM
NG RIEFIAFEE A8 10301 05,1
7. 1:9, 10114 1:130 1015 X455 LE-NPs
BRWCF YRR, 45 R YRR 5k
(157242.6). (1433£32). (123.6+2.5), (1672+
3.7). (165.6+4.3). (168.3+52). (176.243.2)
nm. MAEFRELA 12 3 3 I0E] 1 7 B, R 157.2
nm /N T 123.6 nm, {HRZRE AR LG 1 :
15 “FHgkife K F] 176.2 nm. XA K ONFEE SO
AL I0, 2 (E15 25956 i [a) Pk B AT, X
BV 1R LE o Bl i 45 it i P= 4= LE
TR, AH SRR RIEAI ARSI, P2 AR /M
WATE, A RREHRAMIGIN S8R T
s K, A AR 12 7

2.4.4 PiHEEFENT LE-NPs “FHIRAR IS 76
fh T ZEZMAAL GRIEEMFIHEHN 0.5%. LE i
HIREAN 30 mg/mL. JURRESTEN 10 min. SIEFFS
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WAIELBIN 1 0 7, RN 25 C) KItEI %40
PR R 508 5004 650, 800+ 950, 1100, 1250,
1 400 r/min X§753 %) LE-NPs & 2 F- B2 1) 5
M, &5 FFIRiE s mN (187.8+£5.6). (161.3+
43). (146.9+3.3). (1202+3.6). (121.62.9).
(119.34+3.3). (122.6+4.3) nm. #FEEF 500~950
t/min I, ~PIPRATZEETM 187.8 nm /N2 120.2
nm; FEE KL INE] 1 400 r/min, “FHpRiEIE
K AT Mg X E, PR KR, 5
LRGSR T, VUK LE KA REE
S BT, MAHILBIERIS, SECFRE
Ko G RIS P 2 AR A 2 kAR
%, DIt RS, B2 EEEAMERTE NG
51, B R IPP IR /N o« BAREREE A 950
r/min IRLF- T 350K A% g /), T EL 3G N 38 5 T 35 kL
FEAHEMEE, Ll 950 v/min AL
2.4.5 LE i EIREENT LE-NPs K2 RIS 7
HAh T 2R GRIEEERH RN 0.5%. YR
AN 10 miny JIEFISEFLGI9 107, fidks
A 950 r/min, IEEHN 25 C) KIENL F%% LE
JREIRE 43 B4 204 254 304 354 40, 50 60 mg/mL
XT3 2 LE-NPs RS RA2 ) 5m, 3k
B HIN(165.4+54).(161.31+5.3).(154.9+4.3).
(1352+3.4). (124.6+29), (1153+23). (132.6+
4.7) nm. 4 LE JREREZM 20 mg/mL 3 HNZ] 50
mg/mL B, LTE “FHIRARLEZ N, 1024 m K
PRGN E] 60 mg/mL BFRIARTF ARG K . X &K LE
(147 DY S0P R 9 R0 A e R PR B A L R 7k
KRN, ARG T THokE 2 18] R AlE 4 A (4158 1)
JUZ o Fir AU R v 2 7 AR K & R AoR: T R4
SETPRANE . AR EREL NS
B JE AR, FTUURER R EIRE N 50
mg/mL.

2.4.6 UIFUREXT LE-NPs “F¥JRIAR MM 723
T2 GRITEERIH RN 0.5%. JUERR
(8249 10 min. RIFFISEAIGIN 127, BidemE s
4 950 r/min, LE JiiEIKEHN 50 mg/mL) HIHEHL T
H AR RIEE 50N 41 104 15, 204 25, 30, 35 C
XT3 E ) LE-NPs &P bAR s, 25517
BIRifzsr N (1094+3.5). (110.3+4.3), (108.9+
43), (1122+3.4), (108.6+£3.9). (111.3£2.9).
(112.6 £3.3) nm. JURRIHREZEM 4 CHEI35 C

R, LE FSPRRAR I A R AR B s, Fa
SEMIYERFAE 110 nm 247, BHUEA] LIS EEXT LE ~F3
KRR, R REIRII A&, 25 CH
Hi, FTLLERE 25 CIEATIR I RAERE .

25 EMMHIZWEIE

BT UL ZERE, Hi5E LE I F E LW
AR DURETEDN 10 min, LE FimiREN
50 mg/mL, WA SIEFNARILL A 107, RINE ]
P188 FHEH 0.5%, #iHEZ N 950 r/min. {ELZ%
RT3 IRESIESLES, T3 LE-NPs JR &R 1L
29109 nm, ¥+ /5H143 LE-NPs. JaZet 7 i)
LE-NPs ¥ %M Nl 25 s
2.6 LE-NPs 3&R1E
2.6.1 SEM &l F SEM 2 Mra kAL RiT 5 LE )
TES KN, BARPIRIT . 7ERE & FoRG F0m
TR, SRIETEML SR R D& LE ik,
P& U DR S AT 4 YA 3 mAL BRI 6
min LN 50 mAL BTN 30 s, Wi s
PIRE B TR = ER .

W 1 AR, MJEURY 5 9 AR e B3 8 A mT A

B, EARBUREESARI, AR AR, Bk
XML, BRRARTE 3~50 pum B4k, R
S E]s LE-NPs T4 23 S ek 45
¥y, R KMEAE 160 nm A7, 5 0B HE ERiAZ
SN H BN A .
2.6.2 ARSI B SR A T IS LE-
NPs, {5 FHEOGR QUG IIRAR, 15 H I IES 2 A
i 2E 0L 2, LE-NPs I8 233 Ri4% 28(109.0 +3.4)
nm, LE-NPs T E P RAE 8 (164.014.3)
nm, 8 ORI SCGI R LE-NPs ¥4 RLA%
Al SEM Frfd g Bt —8U1, TR IhiR 2
e T LE-NPs VAR, AF NTEAVE T3,
hirof/baElE, FERAE K.

7 [
b

1 LEJE#} (a) 1 LE-NPs &%} (b) SEM [Elig
Fig. 1 SEM images of raw LE (a) and LE-NPs lyophilized
powder (b)
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2 LE-NPs EEi% (a) #1 LE-NPs AT &8 (b) T4
RREST L
Fig. 2

suspension (a) and reconstruction solution of LE-NPs

Size normal distribution curves of LE-NPs

lyophilized powder (b)

2.7 ERIRLEMSHT

2.7.1 XRD it FREUFESD 10 mg, AP EKN
0.02°, FHVE Rl 5°~60°, HiJE 40 kV, HL 30 mA.
SR 3 B, LE JRZ5NRIRES, 1E 26 17.8°
H122.4°K0 35145 B Sk (W iU s P188 A el 4IRS
1 260 20.3°F1 24.5°40G 5@ R W 0% . T LE-NPs
£ 20 20.3°F1 24500 M sR A e, X R
P188 [HFEIE, X i5BH LE 7£ 54 Bk H o ik
GERIRAE T, HEVERESEA N T ETRAS
2.7.2 DSC7r#r  FREUFEML 5 mg, IO\t i gk
TR, IRE 40~280 °C, FHEEE 10 C/mins
iR 4 s, LE JRZ51E 55.5 'CHI1130.0 “Chtb
BIGEEE, NSRS 1 P188 7F 56.34 ‘CALMY
Vg 72 ELAT B I ) S MR (IR UG s LE-NPs 7F 56.34 ‘C4b

20/(°)

3 LE &% (a)» LE-NPs(b) F1 P188 (c) XRD
Fig. 3 XRD results of raw LE (a), LE-NPs (b), and
poloxamer 188 (c)

4 LE J&%45 (a)» LE-NPs(b) 51 P188 (c) DSC
Fig. 4 DSC results of raw LE (a), LE-NPs (b), and
poloxamer 188 (c)

IS, TMAE 130.0 CIARSIER, XEUL LE
TEI & AR Ja AR EE R A2 T 4k, B iR
AR T RS, X—855E XRD 45 5 AHHE
. —MRE, TrREESRES RENAMAEEHE
U R R AE R FE
2.8 AFIFREBEN

NT 43T LE-NPs HAFITR B &, ASLifi A
SHERE (GO RAGMERTRE . Hd GC %
W B NPIEFEIRARFFAE 40 “CF 2 min, LA 2 C/min
R 70 C, RFFXANEE 1 min; FLRA
15 °C/min FJEEFHE S 200 CLREF 2 mino. FEAEES
FRIN 28 FR 43 A 2004 280 °C, BAAENE
S, HARFR & 25 mL/min, SSMS SRR
43915 30, 400 mL/min, ZMECA 20 1 1), k5
BHIFREL USRI 44.6 mg NN ZEEVERE, BT 10
mL BT ER, 193] 4.46 mg/mL ARERRR, TR
MiBE 100 £5 5, (A PARRA R H], Hel ik
¥ 1.393 75~44.6 pg/mL %I ER . GC Kl
LE-NPs A PU SR 5 771 55 B i 45 R LT 5o 607
TN Y=372.1 X+24.038, R*=0.999 7, Y MU,
X AREWRE, St EAH LE-NPs AP SRR
AR EE BN 344.3 pglg, MAREHEEMT AH
25 MR ER E BR A 2 (ICH) ZR A5
PR (0.780 mg/g) .
2.9 {RINALFHE
29.1 HANAEME  ¥IdER LE 25, LE-NPs fl
YIERAY) (LE. P188 HyLLH#5 LE-NPs #H[A) 4>
AMAZE] 2 mL WHEA AN THES, KEEE
(37.0£0.5 C, HiHEHEZE 100 r/min, ELHFE 48 h
Ji, BU1 mL BEd, FELL 10 000 r/min f38 3R 550
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t/min
5 PISRIEXTERM (a) 1 LE-NPs # 55 USRkE% B
(b) GC HMLER
Fig. 5 GC results of tetrahydrofuran standard solution (a)
and tetrahydrofuran residual in LE-NPs (b)

5min, HU EIE 20 uL 2347 HPLC A&l A 24
FAFREIE “2.17 TUEE R .. SR ES 3 IR,
BCPE, THEWAEMER . 4550k LE B2,
LE-NPs A ELE AW B AE R 5 518 42.75.
124.35. 43.65 ug/mL, LE-NPs {fF1VA /%)% /& LE J&i
211 2.91 1%
29.2 FHEE UANTEBRIERNGEHA, B
#1100 r/min, KR E (37.040.5) C . FREL 2.487
mg LE JEZj Ml LE Jii &4 2.487 mg ) LE-NPs 43 7
A 200 mL AT B+, JFHAE S5, 15, 30, 60.
120, 180. 240. 360 min i i) & _EHEAT 7 HE A .
B 3 mL, BERREGERE S I 3 mL % H
A, IR ERERAE (37.0£0.5) °C, FELL 10 000 r/min
PR ZE B0 5 min, B EIEW 20 pL B 42317 HPLC
R, A3 HT S AE IR €217 TG SRR .
RS EE 3 RHCFIE. AT T LE 52
A LE-NPs fE N T H BB B2 HZ.

C/'=C,

Ci/'=Cir1—(V=V)Ci/V

0= ic,.'V/m
i=1

C; FERAE I 18] 55 P EURERE R (K 2590 5 R P, €A
I 16 1) 25 0 5 VR SR I e, 7 RV A TR AR,
KRB IR R, m N2, O, JIREANIURERS ] AL £
HIES

K 6 A LE J5 2481 LE-NPs [ H 28, 727 H
IFEFF4G 2 h N LE B2 H 34 3.24%, LE-NPs
IR HRIER] T 31.28%, RBZH 9.65 f5. HIL
REZ1S i, P188 1EIAFIIFEF R IE LS, 3
INT R TEA F A 0 2 B, (5 R 7 2 B r)

35+
30+
254

20+

KA /%

(=}

t/h
6 LE [f75%01 LE-NPs £ AT Bi&kiatthsk

Fig. 6 Dissolution profiles of raw lutein esters and LE-NPs

in simulated gastric fluid

Noyes-Whitney J7FEFEH, Z5WIE M 5 259
ERFIP R 2 IE . Fif3 LE-NPs K248
NN I T 5 ¥ A i R A . R,
LE-NPs H1(#] LE 2JoE B4, A B T2t .
3 g

FEATFFEHT, 803 R FH s 77 2 4 ik DA
LE BI/KIEPEZE | W BRI B i, 18 FH B DR 35 S0
X} LE-NPs il 8 T 237 L3815 LE-NPs. X%
VIR IR RIEEEFI & W55 RIS
b DUARISTE] S SR B AYTREE 6 MR R IEAT
BT, MEEH LE-NPs B IUHI 41T
RIEMHEFHEN 0.5% JURETEIA 10 min, &
A SIEFILLBIA 107, HidEiEZ 950 r/min. LE
JREREAN 50 mg/mL. YIAREEE N 25 C. fE LR
BT, B8 LE-NPs T8 25 5 -3k
124 164.2 nm. SEM 45538 LE H 5k A HL)
IR, B RIS IS AR B A Y 5 R /N
ERFEHRLT-. XRD F1 DSC 45 F50 87 2 B R 25 (1) &
GRS AS, GRIT) LE B N EEEA .
ENT B A i, LE-NPs /1 LE fOk MR
R EE AT 2.91 %, WHRZFEMN 9.65 5.

AW VMR TEZ Y LE ARFF N %, B8 T
SR 45 TR % LE-NPs A4, IEfE
T EAERIS T2, RAE T YR £ 2
RPERT . Frf3 LE-NPs HIRLARM/N, I KT 24
PII EE R AR, I ok 1 I A B A SR 3
A A 2 U R . LB St o — 5 T
K LE BIZ5WPER B BE5E | i s lsat, HAT RE 0
7L
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