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Application of TPGS-based nano-drug delivery system in reversing
P-gp mediated multidrug resistance
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Abstract: Multidrug resistance (MDR) seriously affects the clinical efficacy of chemotherapeutic drugs.
One of the main mechanisms of MDR is the overexpression of P-glycoprotein (P-gp) in tumor cells that reduces
the intracellular drug concentrations and limits the effective use of chemotherapeutic drugs. Accordingly,
application of P-gp inhibitors that can reverse tumor MDR is an effective strategy to enhance the anti-tumor
effect of chemotherapeutic drugs. In recent years, D-a-tocopheryl polyethylene glycol 1000 succinate (TPGS)
has been widely applied as the potential P-gp inhibitor for its excellent P-gp inhibition effect as well as good
safety. In this paper, we reviewed the P-gp inhibitors, the mechanisms of TPGS in reversing P-gp-mediated
MDR and the application of TPGS-based nano-drug delivery system.
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Figure 1 The three-dimensional structure of P-glycoprotein
(P-gp). TMDs. Transmembrane domain; NBDs: Nucleotide-
binding domain
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WORAN I ER . BT IR R IE P-gp
T 5 S5UKL A B0 24 W0 I BE R AT, AT 5 S50 e A
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A B — A AT A Bl 1 50t B A & ) 45 5 4
PRI, QPR 2 S5 PSC188 FN4EHLiF K R-
Xof BT T E R IAOK, AR — Ak B, (R
EATRI X AT RE R 40 (L3R P-450 (CYP 3A4) =i
fih ABC iz AR, Re 5T 5 AR M2 Rz
1% SO8E, i [E i 40 ABC #5325 11 BCRP (— Mt
I =40 i )y e 1 755 R ) 3T T e kL 4 i gk
i 1 FG A 8 B AR SR E N RS, R PR
Hl 7T HRBA, BEARRHEERBORRMAEL
FROFMAE Y, @i i S Y B A R
iR IhAE, WA SRR R pH &1 R IE
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SRz a7 o T AR R R, SR, A 3G R IR
WG | VAN N e e S S =T A AR R B 8
FoAh 28 = AR TN I R A o R, G0 e 75 IA
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I P-gp #HIF, BT E AWK 2N ST
WAV E S, UG- R S es, SR B A | P-gp
VEF BB /NIRRT IR SR 3R T v M 7R 28 2
Yamazaki 2451 % 3 2 1 37 11 71 Tween 80 7£ A [ IfiL5
i 24 21 il KS62/ADM 1, i it 4 5 Hi i 257 VP-16 1)
M B, 535 MDR 23 . Bogman 97 P-gp
ok A N B A LR 2540 i P388/MDR H1, LA
TAEE TR E MR Tween 80, JHIK VO (Pluronic
PE8100). A LI E R (Cremophor EL). TPGS
ZE%F P-gp A SR S HER I ROR o iR YE P-gp IR
WP P 123 #IEHE AL R, EATM P-gp Ml ae
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Figure 2 Structure of TPGS (n=23). The yellow hydroxy
represents the section which is usual chemical modified. TPGS:
D-a-Tocopheryl polyethylene glycol 1 000 succinate
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U] R R L PEG1000 119 TPGS AT A4 5 LI
(PLA)-TPGS;o00 HIAI I R AR TR 4L PLA-TPGS000/335015000
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Figure3 Schematic of the P-gp inhibition mechanism by TPGS
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Table 1 The application of TPGS-based nano-drug delivery system in reversing P-gp mediated multidrug resistance. MDR: Multidrug
resistance. MCF-7/PTX: PTX-resistant human breast cancer cell line; MCF-7/ADR: Doxorubicin-resistant human breast cancer cell ling;
A549/DDP: Cisplatin-resistant human lung adenocarcinoma cell line; KBv: Multidrug resistant cell line; HepG2: Human hepatoma cell
line; H460/RT: PTX-resistant human non-small-cell lung cancer cell line

Mechanisms of overcoming MDR Nano-drug delivery system Model drug Tumor model
Influence on mitochondria
Reduction of ATP content/MM P FA-TPGS2K/HDP mixed micelles*? Paclitaxel (PTX) MCF-7/PTX
MPEG-SS-2SA/TPGS mixed micelles'™ PTX MCF-7/PTX
TPGS-incorporating nanoemulsion®4 PTX MCF-7/ADR
Reduction of the basal oxygen TPGS2K/PLGA nanoparticles” 7-Ethyl-10-hydroxycamptothecin A549/DDP
consumptionrate/ MM P (SN-38)
Reduction of ATP content PEG-PHis-PLGA/TPGS mixed micelles™ Gambogic acid (GA) MCF-7/ADR
Mitochondrial apoptosisinduction FA@TPGS/DSPE-PEG mixed micelles® Docetaxel (DTX) KBv
Influence on ATPase
ATPase inhibition PEG-PLA/TPGS mixed micelles™ PTX KBv
Influence on P-gp expression
Down-regulation of P-gp expression TPGS-GA (TGA) polymeric micelles!®® Etoposide (ETO) HepG2
TPGSLA (TLA) nanoparticlest®” ETO HepG2
TPGS modified liposomes!*") PTX MCF-7/ADR
TPGS coated nanosuspension®! PTX H460/RT

Short half life

Low encapsulation efficiency
\_Poor storage stability

(Outstanding drug-loading capacit 1 :
.

Different types of dosage forms
\Easy to prepare il \\‘/‘/
/ f /\

Nanoerystals P-gp inhibitor

4]
Stability&efficiency /
‘ unng circulation ( b \_/ )

Liposomes
_.\

Hydrophilic / Hydrophobic drug carrier|
Biocompatibility
Easy to modified

Uncontrollable drug release behavior

\

,/_\ TPGS-Drug conjugate

~ TPGS - e
Respond to the tumor microenvironment
_\ Enhanced tumor accumulation
poor stability Amphiphilicity Prolonged circulation time )

patibility& Biodegradability

Controllable pharmacokinetic behavior!

Easy to modified ) \ N

Palymeric Micelles

Bi
L;\cti\e { Passive targeting drug dc]i\-cr)]

Addition of a variety of excipients

//——\ Poor stability

3

\J Nanoemulsions

Paor biofunctionality

[ Hydrophilic/hydrophobic drug carrier
Different routes of administration =

TPGS
Drug

\ Low toxicity o

Figure4 Schematic illustration of several representative nanomedicines, includingpolymeric micelles, liposomes, TPGS-drug conjugate,

nanoemulsions and nanocrystals
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AT TPGS W LME N —FhEARRRE, A A 4 B B
W TR B AR GOK R T, B 5 A R & 4
BHE S 6% R aMAPKKL, KRR S WA RAE
H1 B P-gp fHI/EHT o

15 R AR B TR G M A P-gp #0177, TPGS 7]
B AR AT FE TS, 0 T 5038 4 KL AR
FVE T . Kulkarni 25055 i 9 28 I 12461 45 TPGS &
U6 1 S (DAL 1 58 96 SR 2 2 4K b, HLAE Caco-2
G FFIR R 41 MDCK - A 240 i 45 2 1) 5
T AR A B A [RDRL A 49K K. Cheng 451494 TPGS-
NH, 5% B - % 2 B RaR B A 7L BALREh KRR
WA, HIS TPGS B4 kK. (MSNs-DOX @PDA-
TPGS). 4R 57w, HA0HLE 1 F b B 254 7
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2.5 fi5, HHLL PEG BRI KRLINIE N T 6.57 £5 . 14
WHE IR R, EF% AS49/MDR  faf Jeg # B (0 0098 2%
R ENRT PEG B4 K ki . Song S5 % 11 1 2%
PSRRI 1 [ TPGS 5 lIFRA R (Icar-MC) fE
3 3 MY SRR SR U 16 N LB R 25 4 i MCF-7/
ADRIZRAGIE, 54 &AW MCF-7/ADR faf J8 R 5
JiRg 18 K BT SRR B, TPGS 8t # P-gp HIE 1,
HH RS N 25 P Al B, (LR R P-gp R
1EIKF

TPGS I 5 HAth 5 & W4 B2 AT A0 22 R ik
TPGS iAWkl R EWMa KA. 5 TPGS L,
HAT AL BEW 25035 TR 6 WD AN KRR A% 55 ) 3L
JiR, T SO AR IS 2R R ThRE SRR, Wi FEtE T
5ER FD S [ 328 306 VT B SR ) PR MDIR T 380N o fF 9T S
N, B K BE K VR BE B G B 245 M AB AN AN Y
i 1 TPGS 4> T 4hikatase tk, [mI & Rt 586 B
M T9KIEZ RGH, BB REPURAMELAE. &
KA P IEFR 50t iR 4 M HR I 348 S 4 24 ) A
A e R 4 K19, Bao %1424 1 T PLGA-TPGS
LRY), HTH&EFERE (OA) REWIIKKL
(OPTN). TPGS 15| N B i AR T 28 & 4 KR i kL
12, AR s AR kAT N . AT PLGA #i24
YRR R, OPTN FLAT 5 5k (1) 41 i 25 ML AP Rg 4 F
Zhu ZEP9F0 Tsend-Ayush 252743 5% B /Ny T A0S
YIHEIREE (GA) FIFLFEER (LA) X TPGS ) PEG
L AT AN, SRS 3] TPGS T4 TGA
A TLA, FEHI & IKFLIAT (ETO) RAEMEH (ETO-
TGA PMs #1 ETO-TLA PMs). TGA 1 TLA #J CMC
EH W BALT TPGS, il TGA fl TLA RE&MK KA
R JG AR METE L, AR T 25idkix . A TR
RIL, 5 TPGSAHHLL, TGA F1 TLA BEf% 222 T 1A Heps
TR /N BB L2 P-gp Rk KT, AT 400 47 90
B MR AR K. A, TPGS /] LA sk g1+,
IRt 2 B AR o LB S A A — e s
REWIR IR o 105 B PR 3 1 52 AR KT I PR AR SR A2
W, Z59E AT Lk B E i m iR, 3E— 1
25 R N AR 2 . Zhang 1331 & T — Rl 8 R
W-g-% (HACHE-4L- 2% H8)-g-4H AR (HDP) Fint:
B2 (FA) 1b2E88 TPGSy000 (FA-TPGS2K) 4H il 45
20 (PTX) pH ARG R G VIR (FA-TPGS2K/
HDP). 4 #5256 57, FA-TPGS2K/HDP it A LR
JEA I MCF-7 [ ICso . (155 pg-mL ™) B /N TS
PTX (9215 pg'mL ™) H1 TPGS2K/HDP (42.1 pg-mL %),
W B R B2 AR A S 10 M FH RE A A Rk P-gp

AN R, A5 B T3 m T 29 AR s vk o 5T
BRI TPGS2K 1] 38 i A IR 28 bt 44 Ty B Sk 0 i
P-gp fEH -

TPGS K H R & i AW B e e A S5, 7R mT

Tl %R EY, MHEETRBERE S EAR TN
AR ST AR 6 B B v 3 24 . Zeng 251
il & 1 8k 2 PE A FE I IH IR D Be 4k PLGA-TPGS A&
BRESMAKRH TIRIT ES0 . 4R YR, EANE
HEA HeLa i E 48 h Ja 3 1Cs fH /N T3 254 R
REWA KK T E R (Taxotere), 734h, HEZ
T RIREMAKRL (10.08% F1 8.75%) . Yang
UG T BIHIRS AR, BT AN RS TPGS 70
LR R R RSB Z Z LR (DOX@
CDT2. DOX@CDT4 #l DOX@CDT6). 45 % fiox, b
# TPGS 7 S [IBN, PEG & & K gkokifae e m
H AR S R 558, 11 DOX@CDT2 ANGEfa e 1778 T 2
27K K PBSIAW, 1 DOX@CDT4 1 DOX@CDT6
FaoE ey, H AR 27 5 T ik 84.5% Al 85.3%. It
Ab, TPGS AT H Tl & A B A SR G 8 ik, it —20
Mgk 2y 24149,
32 ET TPGS BIMKBERME IR )i 42 B Jig XX
o FIEHE BRI B, &0 KN BB KW 5
S, BERE Ay IEEEOR IR AR K2 . R AR
A WP 25 R T T LA PR 5 R g o AR B PR AV S %
JRPESERHE, (B — P EE 2 RS (HIENE
JF AR TE N AR P JE e A A A, T AR B
HMEE B MR EBESE AR T R, HAh A 25
Loy Aib, SELMAYFIRE T . ¥ TPGS M H
THRAR R G0, BT H I KRERE, REHE NG
B A o AR, IEAR N FEER I (), AR, & Bh
TPGS ] P-gp AN 5P, 5865 3 n fboRa 58407 1) 24
MER, =AY EDRI .

TPGS m &M flg ik, oo HieEtt. ZkK
A PN T8 A 5 iy B A v 249 40 5 AU EE 3 T Y SR B 24
PO TT R . Li U9 4 0 1 3R R B K 1 TPGS
BRI A (LUT-TPGS) S5t B Z5MtiLk, A%
e A IR BRI L A B A0 O 3 AN R s kB AR RE T
TR G 45 B R, TPGS-DIR fig kA EL DIR
DERAE E, ERFR A (24 h A1 1 h) HAEHLE
JATBAL . FIAh, RN 2 45 R, TPGS 2 2 1 5
T HE AR /R B . Muthu 2550 H TPGS & i fig
Ji A A Bk DTX J, FL4H i 3 F FH A% T Taxotere &5 7
&, I HART PEG 21fiflEFifk (1Cso: 5.93+0.57 FlI
7.70+£0.22 ug-mL ). TPGS F1fif 87 I [ i ¢4 v Bk 515
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Willg AR, $31E 53R MDR. Sonali 255914 T k&
M—HE - K& E R (RGD) KEMifI4 DTX M
F 45 (QDs) i1 RGD-TPGS 4 [r] g Jii 4 » 5 1h 85 il 751
e AESE 5] 5 B AR K b, RGD-TPGS I [13] JI| 5 4 g 1% %%
i MK BE RS, K DTX A1 QDs i Sus % Rk 4 4L, 1
SRYAIT R, R, 3 G AR WA S A e A
o Muthu 255520 DL -5 A #0 f BL A A 4% 5 3% DTX
(1) TPGS B WA, FHHEATARIMTEASL . 7R 2 FL R 40
il MCF-7 & 24 h J&, H 1Cs fHAHELAREE ] TPGS
EAMK (0.23+0.05 F1 1.56+0.19 pg'mL ™), M HE
2 h JE a3 R AR O AU IS IE S 40 i £ U
i th s T AR E) TPGS IS i #4 . Assanhou 2515345 it T
TPGS ALIE IR (HA) MUIhREMEMN) 1,5- 1 )\
F-N-H & M -L- B Z R (HG2Cys) FH & 1 fIg i 44
(HA-TPGS-CL), HTfii#k PTX Filfkyy # g5 & e ik
B] (LND). %8 5 4 2 T BH B8 1 Jo3 F0 41 2 e 3 4y
{1 R - ¥ 4 280 B T DL S 3 e A N ke, 3 A
i 24 W) E i R A0 R PN e A 3 o IR TR A S I HA 2
JIRE 20 L 3ok 0k CD44 SZAR AR M LK, RE SR E K
AR R EARR, AR AR . ARt E R T
PR LR, R AR R PR RO . Sk, &
TPGS K HEM B ok, @i #id| P-gp 4MEIEH,
REAMER R, NIEHE MDR LT — M50 .
TPGS A I A 28 R 4 #1171 S i LA 5 Al MDR.
Li Z:0%% F 2o R B0 1) 4> 7 Ho e 508 (DQA) A
TPGS K&/l ik, Hr DQA TJ Y 5& 25 W) 1%
L L A I3 35 RR, RS TPGS 1 P-gp $MIEH, 52
A R B A B 1) ¥ T B o IR 24 1 . AR TR
T B, B I i O A RO R S R AE R R A R
B MMP, 5 Jifie i 24 41 il AS49/cDDP % & 4 h )5,
LR P 2 e I, TR, e AR T A
LG, B ARG ER C & & Rpifhm sof B
o Yu 2205501 4 (1) DQA Il TPGS 161 2 it s #8113 fiS
JRAA AR AT SRR AN R, VR IT 25 AU, ORI
(64 nm). UK E (=95%), HATREE A T &4 1L
WA R G, MR . 48 1, TPGS Bk & 28 ki 4
B 1) T S A BV — PR RR T IMR N 24 1 T &
33 ET TPGSHIREY-AMBEKY TPGSH 5
FLAh 25 WA = AR BRI AT 24, DAR AL 259 1 2548380
735 R0 2 005 O R A R R PR BOR, g s )
WAREE . BIEYE. et EWFRI . V67 RO A
BRAR T BIE 2 . AHEL T TPGS H &1 11 R & Y90
KL, SEIKPE TPGS 55 245 W8 B AT 28K 259 (1 1k P9 976
IS, [, Ao B g G R, A AR R e A

Vi, HT TN RO R W R, e G 1E IR
TEH RGP A RFE . BEMERRZE, & TPGS
525 B BRI S SR PR [, W] AR 2 5 B N i
MRS TPGS 52544y B NAE, AT 5% 24 30K
P, BTN AT B R O B R SR 2, SRR I 2
W) (AR T R AR TR AL, AT 3 9 T RAOR

Mi “5 056 £ 1) TPGS 4% 4 I ) Al 24 J M L
i B VR K PEG 4% 4 AN 7 24 5 % $2 /7 1 HepG2 41
PRE IR, TR o T 290 As e PR R AE PR FE B
Hou P14 pH MUKA TPGS-DOX #2544k ki
i EOLHGR €6 (Ceb), T HEEZE M KEIEH,
AT ROHAE YR, ESSIR % (pH 5.5) 10 h
i Ce6 1 DOX B2 &5 lik $|2) 70% A1 60%, i
16 pH 7.4 %40 FRaE R IF, 88 20% %547, TPGS
28R SR 2 WIAE R I E B, 42 12 h I
TR PP 5 6 5 5 LI B Ce6 i 18 . Bao 515
#% 7 AL E R EUR T TPGS-SS-PTX Hi 24 &Yk
W, DLSEILLE bR A B R AR B 2R P-gp 16
PhFIVER, FLAE 0P SN 2540 A2780IT R &
T TPGS-CC-PTX, [FIi}, #Hfa a1 & 3 137 2 PTX
S TPGS-CC-PTX. 534k, A 1LL P-gp JEA) 2 FHEH 123
1E A2780/T 41 A IFEHCE N PN FE bR, HE—3D %52
T TPGS-Z5¥ BN P-gp i& T A . 45 5 o,
TPGS-SS-PTX Hil TPGS-CC-PTX £H 4L 3 J5 1) A2780/T
YH N % P 123 BRI S T 4ER ik (G
— 4R P-gp $M#17)) 4, H TPGS-SS-PTX 41% & i
&, WoREET TPGS MRl 253425 R4, nldid st
S %l ) TPGS I P-gp /EH, SEILs 24 & A7
B, B MDR U .

TPGS-Zj W) B B A 75 0T 33 — 0 5K FH 48 1) i A4 18
T, 8 SR 24 0 1 PR A B G B, W IR o AR A R
2. Mi S0PV % T RS IT A 2B K TPGS- IR Al
Z4YKRL (HTCP NPs), T8 Bk G s ik AR 27T
Z PEMb SR RIIAN 23R8 f AR K 7324k 2 mRik AL
HRJE A SK-BR-3. 27T 5383k f AE K N7 32 4k 2
RS PR AH EAE R, AT — 0 B I g KO 1D fid 8 4 i
P KR YOS 2P A S . i, B MU
B SRR A T BE I TPGS B 25 90 K4k R Jefil vt
Fe VIR IRYE L 1B IETE . e MR AA P 95 RS HR 44
7 T ST
34 ET TPGS BRI HrKALEMFIAFHE
) VR A 3 3 2 T 3 1 )R K BT B (O/wW) - Bl
KA (WIO) 38R, GK T AT LLEE — 25 i A
A (770 B, AR ) L RN 5705 . 4K
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VU 7 YRR £E 20~200 nm 22 Ja], PR ok
i B KA P R e vk, T TR 2 ik
LW B AR i T REEE . HLB H& B TPGS
AL R AL R F 90K AR &, Al @ o F R
FrHsK 71, $EEAURIALAR E M, FRF, T TPGS
f P-gp $MHEVE, Bk gk AL RO N 2 i
%% MDR.

Sun UL TPGS AFLALH, 4 i 3 s 1k 24
Y B AR R AR LI R, TPGS A LA it 7
TCkL TR B, 328 T 4 K B e ds, R v 24 1 AR
JE (B ATIA 30%), Jf HFE%E TPGS &GN, 44
IV IIRAR B 2 4 R BA K. Bu 2B % TPGS
BRI 2B K FL NE-PTX, F T LI 109697 .
SRR, NE-PTX H A 5 m (1 20 B 25 A0 il e 41
PR, LR ) 2% ik 93.84%. HE— B AL
WP R, AHEET PTX, NE-PTX F1Z5 99K, (SN)

S5 BRALR 17 Ty A P A AR AR LS A A S Y AT PR,

M B P-gp A KT A 2 A48 1k . Ma 2519201 4% 1 4%
KEEa kT (PTX-VE NEs) E¥H F M EL PTX ()
W HIF (Taxol) B (AUC: 2285 f1 2.7 mg-L *-h™Y),
I il 4% () 5-9 R E AN K L (5-Fu-TPGS NEs) 4

FIF B LI B 5-Fu i (AUC: 952 f19.8 mg-L -h'™Y);

NT R BRI R R, AT T A R
gk F (PTX-VE +5-FU-TPGS NEs), H7E A % Bz i
i 25 44 i KB-8-5 b 4H i 55 1 FH AH LL 9 b 5 ik 28k 24 44
KA E 2 fi. N TPGS R¢f7 45 M s s, AT
YUK FR R, DU SR AL TERE, B R T 9
KFLTEWH MDR AU R, AT CE.
35 ET TPGSHIAKEAE YKk 2%
PRIARE, 2 —Fh 2 0 WOK TR ) IR 43 Bl A &, Ak
S FELART (R 70 ST A3 70 SR e ) 7 e 1T
9K A RE 8 T IR K VE 29 T R ZE I R IR, 3R
EZPIE R AR B, HL g TR,
BT HALR S WA 9k 4 25 2 5180, TPGS 1
AR B T B SRR TR RS TGOk R 4 2 R 4
A ARSI R GE e e MRS P-gp AMHERR IS,
B E R E .

Srivalli 25 TPGS Ml L-Huh Ifi e -2- 7 b
T (AA2G) 1ENFET], ¥ BCS I KM A E K
I (Eze) ##&mgKkinfk, BEKET Eze KM
P, VARREEM 1.99+0.62 pg-mL L& 3] 24.73+1.24
pg-mLte Eze Sl il AR R 0 A A I A 24
SHEEE (TC) K% FEAR R A MHE R (LDL) FfiEE
FIAHE EE (HDL) 7K-F=2 3 PN e br . 25305 Se80

iR, SEAHMPBH AA2G AL, TPGS 5
AA2G Bk FH4H 5 2% 54K TC A1 LDL /K°F, #&7 HDL
K, R TPGS REW 27 Eze 99K & H6 T 2R
TPGS [FIFEAE AR I T BCS 11 K248 KibiH
Ak RS, AR EERS N T 10 £50%, Liu 2517
LL TPGS AR il & 1) PTX 9K A%k 25 & wi
50%. WFTLFREA, PTX 92K S Ak m] v 20075 5 O 82
iy 2521 g NCI/ADR-RES & T2, - HA T Hb AN B 177
T LI 7E 95% LA L, 17 Taxol ZH 1% 4351y 19.4% Fl
7.1%; ILAL, PTX/TPGS 2K @A 4198 % & Taxol
2.3 1%, WoRHERTURRIEN . Gao U1
LA TPGS 2y P-gp $1ill 71) &S 52 771 1l 45 1 PTX 402K i
TR (Nano-PTX), fE A 2540 H460 4
KA RIPUP R R . 45 B IR, HA60 2541 P-gp
FIEACF A LUK A = 4 £%, 78 TPGS ¥k (100
ugmL™) 25 24 h J5H P-gp RIEKM 25.41%;
Nano-PTX 5 PTX ¥#iliAHEL, 4 d ik Bt e, £
BN IE) 25 B BRI 1Coo 11, I HLER kG 25 540
JAFIGINT 41 5 1%,
4 REBMRE

JidgE MDR 08B K2 FE BR il T 467 2590 (1 I
KR, HRANSIE A, BTk Re 4 74
X P-gp /-5 MDR &8, TPGS [A H AR i) 45 #4045
fEAN 224, AL P-gp #IRE 71, 7R R MDR
B R AR 0. BEE AT TPGS IR A
WEoE, HAMG] P-gp 195 T HLEI TR Bk BRI T, 454
HEYRR . YR % 1 R 5 gy, £
OB K I 24 2R 48 1 1 e S Th g K T LA
[, 2P BOCG 10 5% ii MDR (13677 #2457
[skns . BEE TPGS 1EH MUK 7T IZ 0 R N R HAT
VI, 3T TPGS 4k k625 R G T e
Bz Rk, M IsRIe T B T EENE
X
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