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M E HM: WREEERILESZFZE LS Z Z W E K (pegylated liposome doxorubicin, PLD)
Xt K B AT A F e, Hit % F b E B AR B AR AT (dorsal root ganglion, DRG) #4J#
TR, Frik: (RN SD KR 52 RRAMABFRED N 441 (22=13): AFH KU (Vehicle 41) .
&7 Mg iR 40 (Liposome 41 ) « 02% % F W B4 (DOX 4l) K 02% % Z LB Agfiik4l (PLD 41) .
FUHRAERAERIEL T, TRREM Lys Lo MBI RS T EA . RV A FUAE 4
W 02% ZZWEK02% Z ZWERRAE 0., 28 FTEANAESE 1R 3K, 5K, TR,
14 X. 21 XK. 28 KM= K RAAR 46 & R 41 {8 (mechanical withdrawal threshold, MWT) Fu 4 45
JE R 5T #AR A (thermal withdrawal latency, TWL), F W&+ 255 K BB MMz a 0. H25)5 3 X,
DOX A48 PLD AMMN A WMH 3 R AR, AELZUEELXTAKIL. &R: RALEMHEEF,
DOX A fn PLD AL KA REZ5 Ml DRGHH TN ARELE L ZWE B KKK M. 5 Vehicle 4 fn
Liposome # A th, DOX A 255 1 AN, PLDAFHE 2 A AMWTE %, ShatEi=
RAEGWFEN, ZEERHM LAY, THHE 28 REFHHWE (P <0.05; DOX 441 PLD 4
EZE1RTWLAETHE, 5EMEREZRARUTFENL (P <0.05), REHRANKAF i E
RATKITFEX. HH)J5 28 X, DOX ARMBATE X 30%, HABAARERZHGHALER.
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Abstract Objective: To compare the effects of percutaneous intervertebral foramen injection of doxo-
rubicin or pegylated liposomes doxorubicin (PLD) on the behavior of hind limbs in adult rats, and to
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explore the analgesic effect of doxorubicin liposomes on dorsal root ganglion (DRG). Methods: Fifty-two
healthy male SD rats were randomly divided into 4 groups (72 = 13): normal saline group (Vehicle group),
stealth liposome group (Liposome group), 0.2% doxorubicin group (DOX group) and 0.2% pegylated lipo-
somes doxorubicin group (PLD group). According to the different groups, normal saline, stealth liposome,
doxorubicin and pegylated liposomes doxorubicin 10 pl were injected respectively into the intervertebral
foramen of the left L, ; and L, of rats by percutaneous intervertebral foramen injection. Three days after
administration, 3 rats in DOX group and PLD group respectively were randomly selected to observe the
spontaneous fluorescence of doxorubicin. The paw mechanical withdrawal threshold (MWT) and paw thermal
withdrawal latency (TWL) of rats were measured before and after administration at 1, 3, 5, 7, 14, 21 and
28 days, and the movement of hind limbs of rats after administration was also observed. Results: Fluorescence
microscope showed that a large number of red doxorubicin autofluorescence distribution could be seen in
the DRG on the injection side of DOX group and PLD group. Compared with Vehicle group and Liposome
group, MWT value in DOX group decreased within 1 week after administration, while that within 2
weeks in PLD group after administration, and there were no significant differences compared with the
basic value; then, the MWT showed a gradual upward trend, and the increase was most obvious at 28
days after administration (P < 0.05); TWL value of DOX group and PLD group decreased at the first
day after administration, and the difference was statistically significant compared with the basic value
(P < 0.05), and there was no statistically significant difference between the other time points. On the 28th
day after injection, the slight claudication rate in DOX group was 30%, and the motor function of hind limbs
in other groups was normal after administration. Conclusion: Percutaneous injection of pegylated liposomes
doxorubicin into intervertebral foramen of rats can produce similar analgesia effect as doxorubicin, and does not
affect the motor function of hind limbs.

Keywords doxorubicin; liposome; dorsal root ganglion; spontaneous fluorescence; ethology
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HF51E] (22°C~26°C ), FHE/HEREEIR 12 W12 h,
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Fr 2 /biE M 30 min.

SIS . ZRE (T REINTTRAE
AR, 3210 mg, L5 [ 2k H440-
24359) ; ZRIERRFE CHZERBEZMNARA
"], 10mg/5ml, #AESCS: EZ5HET H20163178) .

SEIGAXES: von Frey £ EM (Anes-
thesio, J&[E), 45 HNEAX (Stoelting 52771, £ [ED,
VKV A HL (CM1900, Leica, 8D , LHRAER
B (Olympus FV1000, HA) .
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B g ik (Liposome 41) « ZF LA A (DOX
41 KZFRWEIRFRMAL (PLD 4 , frid)s 5
TR

2 G MEFLIESS . R LE 40 50 mg/kg, fENE
TSR S, AIHOR R SR, B RSCE
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(1) MWT ll €. £t S5 & 30 em B4
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TG AT K RO IR FE R . A K RE B IS &
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(2) TWL W 5&: 7 /= H S5 4 30 cm )
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& (1:200, Sigma 2 #]) , 4°CiE®. K H0.0IM
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1. 28 37 ME TR FLIAE 24 )5 5 4K B 2 shah e AR ik
5EAarthi, S B MR fLES S 2 AW,
FHI AR B IE RBAT, BB ThEe A HI N 5 Ko
DOX HiFE )5 28 K, K 30% (3/10) H I F2 Tl
1T, B8 IhAEE4r 9 4 2% Vehicle 4H. Liposome 41
K PLD IR HELBEAT, 183hThREn RN 5 K
B AT BE I 2R 4 [H) B3R 22 S e gi i 22 X (P> 0.05).
2. 2R AR FIENEN
HRER N RMBEER, HH02% ZFIHAE
0.2% % F LR G FUR K DRG N, #i& i H
200 (NF200) A5 i) DRG K4 A & i v] W2 2 Lk 2
MRPHPELL g R (LK 1A, B) , T dEVE
25l DRG W JC H K %6 i 8l. DOX 411 PLD 41

B 1
NF200 A 2 52 bR F R 3 2 L
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NF200 21 0 3 8 1 2 JL EL 2 R 92 65 FE Lh i = 7
T4t m L (P>0.05, WA 1C, D) .

3. 40 J ME TR FLVE 24 o 5 4R BRE 250 5 JE i 2
il MWT 281k,

I R B 2505 A3 245 AN [R) B 1] 55 MWIT,
) 5E LR (A2 A A Dl. 5 Vehicle 41 4H L,
Liposome £ 71 24 5 & I [A] s MWT A1 TWL J #] &
A2 4k (P > 0.05); 5 Vehicle 1 Liposome 2H #H Lk,
DOX 2 )5 1 AW PLD 4iE:%5)5 2 AN MWT
HEEM, ES5EFEAMMLERLESRITEZEL P>
0.05), o2& B, BEHA G 28 R
BUE (P <0.05, WK 1) 5 17EE 2GS S
MWT & B & % % (P > 0.05). MWT 7£ DOX 41 Fll
PLD 41 % 4[] AS [F) ) ] i bl e 22 e 8 R G it 7 L

(P>0.05, &2 .

4. 2 JpEIRIFLIE 24 J5 25 KRR 2 5 R 24
] TWL 424k,

AR K BV 2400 5 R v 24 0 AS [R1 B 2 TWL,
e PR BEE . S 1R, EZM TWL
fH7E DOX 41 /1 PLD 4 F [%, LIl iz T H
Guit B L (P <0.05), FAREH R AR &H A L
BMESWTEGHER L (P>005 WE3) . dEFE
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Fig.1 (A, B) Fluorescence microscope showed the distribution of red doxorubicin autofluorescence in DRG (Scale bar = 100 um);
(C, D) The comparison of NF200 cells number and autofluorescence intensity between DOX group and PLD group.
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F 1 SHRBITELNAF IR E S MWT [#EEL (72 = 10, X £5D)
Table 1 Comparison of ipsilateral paw mechanical withdrawal threshold in rats (7z = 10, x =5D)

5] 2T FEHE LR EHE3IR HHESR FEHETR O HEYE MR EAFE20R EHE28 K
(;ro Pre ir;'ection After-injection After-injection After-injection After-injection After-injection After-injection After-injection
up i 1d 3d 5d 7d 14d 21d 28d
Vehicle 21.00£6.00 21.33+543  21.50+£4.40 18.5+4.42 21.17+4.22  21.83+531 19.83+£3.87 21.171£4.22
Liposome 21.00£6.00  20.33+4.93  20.67+3.61 21.33£3.01 20.17+3.49  20.17+3.49 20.00£2.53  21.00%2.45
DOX 21.33+5.43 16.17+4.22 16.831+3.43 17.17£3.20 19.00£3.63  23.00%£3.29 38.67+16.62* 45.00+12.25%*
PLD 20.00+5.48  17.33+£4.97 17.83+4.07 16.17£3.66 17.00£4.60 19.83+4.58 41.00+£15.43* 53.33+10.33**

*P<0.05, 5 Vehicle 4. Liposome ZAfLL; "P<0.05, SEZRG. F2i5 1 K. 3 K. 5 K. 7R, 14 Rk
*#P < 0.05, compared with group Vehicle and Liposome; “P < 0.05, compared with pre-injection and 1 day, 3 days, 5 days, 7 days, 14 days after-injection.

F 2 FAHKRIEFLMAFNE S MWT FILE (2= 10, X +SD)

Table 2 Comparison of contralateral paw mechanical withdrawal threshold in rats (7z = 10, X =5D)

e N WHFE LR EHE3IR EHFESK EHANFTR O EAF 4R ESGF21 R ESFE 28 R
iR TEZHI
Gro Pre-inicction After-injection After-injection After-injection After-injection After-injection After-injection After-injection
Hp . 1d 3d 5d 7d 14d 21d 28d
Vehicle 21.33£535  20.83+4.79  21.16+4.54  20.50+4.42  20.17£3.60 20.50+£3.83  21.00£429  21.50t4.68
Liposome 21.00+6.00  19.83+5.34  20.50%£4.89  20.67+4.13  21.00£4.38  20.83+3.87 21.50%£4.59  20.83+4.40
DOX 20.83+6.05 20.33+£3.93  20.33+493  21.17+422  20.67%£432  21.17+£3.49  20.50+4.46 21.67+4.41
PLD 20.00£5.48  19.50+4.37  20.00£4.34  20.33%3.93 19.83+4.40  19.83%£3.76  20.17%£3.66  21.33+4.18
P>0.05, 4L KL & a] A b P> 0.05, comparison of different time points with group and amonge groups.
x3 HARBIEZMA R A TWL B (72 =10, X £5D)
Table 3 Comparison of ipsilateral paw thermal withdrawal latency in rats (7z = 10, X £SD)
Y] 2T FEHE IR EHE3IR EHESR EHETR O EHE 4R EHE2IR O EDE28 K
éro Pre '1;'ect'0n After-injection After-injection After-injection After-injection After-injection After-injection After-injection
up “mectt 1d 3d s5d 7d 14d 21d 28d
Vehicle 19.69+6.64  18.83+£554  18.161£4.76 18.621+4.98 18.924+6.05 18.84+6.15 18.631+4.99  19.42+5.32
Liposome 18.38+6.78  18.68+6.76  18.98+6.54  17.99+6.67 17.97+5.77 18.74+6.36 17.67+5.68 17.33+6.47
DOX 19.76+3.73  17.06+3.83* 18.57+£2.84  19.651t4.22 19.57+3.39  19.51£2.79 19.88+3.78 19.69+3.76
PLD 19.14+6.25  16.97+585% 17.47£490  19.75+6.35 18.75+5.28 19.60+5.03  20.02+5.68 19.49+5.15
*P<0.05, S{FEZRTAL; *P <0.05, compared with pre-injection time point.
R4 BAUREAREL A FINE 5 TWL AL (72 =10, X £5D)
Table 4 Comparison of contralateral paw thermal withdrawal latency in rats (72 = 10, X =5D)
Y] EZE HHE 1R EHE3IR HEHESK EHNFETR O EAF 4R HEGFE21R EYFE 28 R
(_:I ! Pre-i " " After-injection After-injection After-injection After-injection After-injection After-injection After-injection
roup. - Tresmjection 1d 3d s5d 7d 14d 21d 28d
Vehicle 17.72+5.95  17.79+4.85 17.37+5.67 16.60+4.69 16.51+4.28 17.24+6.48 18.12+3.88 17.31+5.42
Liposome 17.60+5.61 18.81+4.93 17.924+5.06 17.60+6.48 17.84+6.49  18.42+5.87 19.41+4.69  18.58+5.05
DOX 20.11+3.41 19.38+2.19 19.89+1.97 19.49+2.06 19.99+2.56  19.00£2.31  20.58+3.00  20.12+2.45
PLD 19.79+5.74  18.42+5.71 19.22+4.12  20.14%5.56 19.06+4.58 19.824+4.08  20.6346.00 19.47+4.53

P>0.05, AN [E] S AR L

P >0.05, comparison among different time points.

2

EIT 24, FERONIE SRR IR T e i RS 1,
% Z 2 (doxorubicin, DOX) /& — Ff £ #L ft) B IR 2K
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M2 IBRIER U, JFRIRE KB, DOX
W, Xt DRG IR IR 1R Ak U8, 7R AR 4
Z R B MRS R -, 454 PLD H 3%
TR R RN e R PR, AT 7 R 48 A 1) LV
5 0.2% DOX 1 0.2% PLD, M %< H %t K &5 B AT
R, ERGEREIR, SiEALE,
DOX ¢ PLD 45 #Ay (DOX 4 1 . PLD 4.2
JAN) MWT 18 F %, TWLEEZ )G 1 KRR, %
FETTfE S DOX %5 DRG #1142 #3158 A A S
5855 2 il % DRG F Ja) i ) A o< 0. i 5 B[] 4iE
K, MWT B 2&WT F I, 2245 28 Rk &g,
DOX ZH A1 PLD ZH 41 8] bb i 22 S I G it 2% X i
TWL HAEFEZ )G 3. 5. 7. 14, 21, 28 RAH MH
B LB TGt 22 5 ARV 2500 %5 WL 82 FE A 4L 1R
SN BRI R 7 5, 3R 0.2% DOX A1 0.2%
PLD A 42 =y K BROUAR e BREL, 7= 26 A AL B 1
., HEB R AR, i TR, SR sCR i 2,
T 6T FAT R TG B S R s R B AT Dy 272 0 5 45 R
TN, SR MERIFLIE ST PLD AU T2 DRG, X}
AR 245K SR B G A s, %2k S BE AR
gER—g 1,

Z IR B K (PLD) 2 % 2 Lb 2 i #4741
B, ZEZFRILE (DOX) Bl 5% 2 — B #1H 45
HRE TR Y, ME THE52 R E RS
JIERNEED) o34, ] DAY/ BA% WG 4T B 1 7 e
PEK AR MR AG IR P RS [R], 8 R Ve 97 0 T 2
TN AR, BT v T R 4 2R A A el 1
FAARG I 2% PP B8 22 SR LU R BT, e xR
AR BEIH], R R RE 2 SR E R PR AR A B
WF7EE W, PLD 3L DOX (73.9 h vs. 10 min)
Kf5%, XAEEMIRNT PLD I8N, BukheEie
FE5R B, AHIE TS T A K R IR FLIE B PLD
J& 28 KIAT NF#AEAL, {H PLD W4EE1E F Rr4ind
] 2 135 DOX B BAR A, 4575 5 it — B e K
I [ARAESE . PLD A RIBRIE i i A4 2 R AL K=
WAL AR HEL[E B 3R 2 B AR Ik 2 B e 2
ToBE RPN, WO R 22 AR T,
s b KA, BRI MG 0 A 2H 33 245 5 45 B 1] 550
MWT FI TWL JoHH 2254k, 3 B BRI AR A6 K R
BB (R0 1B R0 FAIs BRI 35 J0 B R 52, ] HERR AR i
RE SRS A R T . ARG RER, 112
Ji 28 K, DOX LKA 3 HHB BRI, 85
INRET 2% 4 T, BRAT RN 30% (3/10), PLD 4 ¢ HL
REHKRIBRBIBAT, BEIRED RN S %
EH, HEtBZERBES I HE L, BHFET K
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FEARR . SEK ISR (] R — 2B IRAIE

Bigotte %5 ™) ¢ JR 8, H kv 5T ORI &
)22 2% Lb 2 o 76 J8 A & 22 48 XU DRG N 57 i)
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