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Modified self-confected low potassium dextran solution for preservation of isolated lung in

canine lung transplantation: The longest preservation time
Liang Chao-yang, Zhang Hai-tao, Wang Zai-yong, Bao Tong, Zhang Zhen-rong, Liu De-ruo

Abstract

BACKGROUND: Clinical application of low potassium dextran (LPD) solution has better effectiveness, but effective period of
donor lung preservation is still short and price is expensive.

OBJECTIVE: To observe changes of lung preservation after different periods preserved with modified self-confected LPD
solution and to evaluate the storage term of lung in this solution.

METHODS: In total 32 healthy dogs were randomly divided into the control group and experimental group. Dogs in the control
group were perfused with LPD solution; and those in the experimental group were perfused with modified self-confected LPD
solution. Changes of myeloperoxidase, malonaldehyde, wet to dry weight ratio (W/D), pathological result and super-micro
structural results from donor lung tissues were compared at pre-perfusion, after perfusion, and 4-, 8-, 12-, as well as 24-hours of
preservation.

RESULTS AND CONCLUSION: For both groups: the values of myeloperoxidase, malonaldehyde and W/D were increasing as
lung preservative period in vivo was prolonging; after 12-hour preservation, the value of myeloperoxidase was significant
changed while the value of malonaldehyde and W/D were changed significantly after 8-hour preservation; the pathological and
super-micro structural changes were reversible till lung preservative period reached 8-hour. Changes of lung preservation started
to be significant after 8-hour preserved with modified self-confected LPD solution and irreversible historical changes appeared
after 12-hour preservation.

Liang CY, Zhang HT, Wang ZY, Bao T, Zhang ZR, Liu DR. Modified self-confected low potassium dextran solution for
preservation of isolated lung in canine lung transplantation: The longest preservation time. Zhongguo Zuzhi Gongcheng Yanjiu yu
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b FZR 32 L, MErE 6 K, HErk 26 H, semft
IREF IRAT S0, BENLY R4, 4 16 X, Hpxf
W2 1A 5 (16.09+2.54) kg, KA LPD & 1E M i
TEARAE: SEU 4R 5 (18.31+4.39) kg, KA R H
#l LPD . SEIshi¥h b st A 2= b i B L K=
Bizny st iRt S R P X e A BT 2006
FRFEHEARI AN (RTFER LRI FHEER
Wy B,

ERHRERIAT kiR

B IR % EL(Prostaglandin EL)yESF  Jbm g 20lE B A F
(100 pg)

# i % 1k ¥ B (myeloperoxidase, EIRE KA TR
MPO)iX 7l & A&, Y B
LR e N S S PR/ R S

LPD & (B} Perfadex )

o R H il LPD W)

Bt B Vitrolife 2]
R H A B B 2 R

MR E# LPD f@leH) 775%: OH 50 g K5 4 hEhE
1 40 % 500 mL 80 CHFRIEA T, InHE R
@A NaCl 7.92 g. KCI 0.448 g. MgSO, 0.22 g.
Na,HPO, 0.286 4 g. CaCl,0.022 g. #i%i# 0.9 g. @
MW pH l, BIEL. @MAFEEKERWEIL
1000 mL FHhnH g lE 3.64 g IR IABIE K . ©FF X
SERSH pH H, BiEK. ©MA NaHCO; 0.084 g 1%k
pH 8. @iLIEEH . @22 Wl i & T XA N
SYRIE. pH EXBER. OWBEMMAZE 100 CHak
30 min K G R1E « OREFELRAFAE AT I TR 2 EL
125 pg/L Ahiiz Hh 100 pgl/L.

%R B LPD S RS LPD it i

o LPD ¥ (LPD 0Bl LPD Y (Self-
Ry IR solution) confected LPD solution)
Na'(mmol/L) 138 136
K*(mmol/L) 6 6
CI(mmol/L) 142 141
Mg* (mmol/L) 0.8 1.8
ca®*(mmol/L) 0.3 0.2
HCO*(mmol/L) 0 1
PO, > (mmoliL) 0.8 0.8
S0,Z(mmol/L) 0.8 1.8
A EREE 40 (g/L) 50 50
HZEHE (mmol/L) 5 45
H&ER (mmollL) 0 20
HI# 3 E1 (uglL) 0 125
THEEH I (ug/L) 0 100

pH 7.4 7.1
BIEE (kPa) 777.046 797.630
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FREE: S RFR KR B R B L2 49(0.5 mg/kg)ifs §
BRI, SR, S WIS I, RIS 16~
20 RImin, SR YRR R R AR, RN L
7 Limin S 1) S8 LR 4ERF L 50%. REEFR.

F AR SIS RHDEMT - R 4 )[R« 5¢ 7(Clam-Shell)
AP0, W . TAR N EREDRERS 1.0~
2.0 cm [FIHZER, FEVERRACII 23T Lk (wet/dry weight
ratio, W/D). 7 ", MPO, MATItES, B4 H s
A, ENEFENR. U0, HAOoHEANERE
(1 000 U/kg), Mgk Nai# iR 2 E1: 1 000 pg.
WeE BN, Rk RAE . TRk TR G A
GG frts, FRANEEE, gL e, Jm EEE
ik, BITF R REERik XA 0E, KA EK. Lz lioE
TR RO AR A LPD W, SEERA
KSR A6 LPD ¥, #AEDLLESAE) ), REF
50 cm FEVE R, HETE A 60 mL/kg, ETE G 4E
R 23 CLA. FREERZRMmRILAE, LOBHE
. MR E IR i mm s .
R RORER 10 min Py EFELAE, il B R R
AT (50%~60%) T 58 L 4 cm S . B L5k,
R REERRK, TIe AR BTy, BRI R
i FI R ECH, B FARXS N 10 CARAEBR, Al K
R EUAR A T JE bR AR THIRAR A 10 CR7RIET
FEEARAFE PG, 3 TRAE 4, 8, 12, 24 h 3L
PR

WRASHIE: BRUGRER AR V) HU 41234 1.0 g,
FrAY 2, (OVJEZ) 0.18 g 4L+ MPO. T
W&, SEEPRAREAE T-20 Cukfi. @ 0.4~0.6 g filith
ZUHF WID W&, 3SR LR T-20 CUKFH. ©K
K Nl 2 ZRORAT T4 B 1 (R AR 73 4 10%) H T 2
BERYIN, YRR T 4 CUKEE . @2 mm K/MZH
R 2T 0 W (2.5%) Z il i T 5 e, 4%
AT 4 CUKH .

RARLERNEITE:

FeBEbr A 1%H H AR BEIRAR EAMG . U
SEFRA G CEEN K, AR A, U1 A (5 4 um)
JE AN R Y tn, BB IS

HLBERR AR AL UK 2R A B R . ORA7 T
TR T T PR b AR LA IR R 2 PR (PBS)WEVR 2 X,
10 g/L #& 4 CliE 2 h, FEEAEIFK, EPON812
WEMIRCM, @EU Y, SHbRAE & B
RO K, B R AT BRI R e, ) H AT
A7) JEM-100CXR ZYiE 5 LA WA I 5 o

W/D Jll&: H 1/10 000 43 #7 K- & /T A 7 2 hn
AQJE, WF AR ERE; & T 60 CHEEAAMT 24 h
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J T ORI A AN O, il SR A T R (B S
0.01), ¥ st A/ T {H A A WID(H545 5L 0.01).

fiiZHZ MPO. A NS

LS % VERRRRI > RefifiZ12R 0.18 g, fEUK
N IR TR PURAE R A, #2 1 1 10 B ARt
AP ER KTEVKI T 48 B L0% AR 512K, Frill.

MPO JllfE: AT 44 pe il e A W R AR &
Vi BT BCE . B 450 pl 42053047 10 1 Bl
WG — AN W, A N 0.1 mL A =, #&
SPIRAIIG 37 COKIE 10 ming X FRE RN & B 43 5 43 5
0.2 mL, A FEMKMAZEEK 3 mL, 57V 0.2 mL,
I AR O 247 3 mL, X579 0.2 mL, &5,
37 ‘C/K¥# 30 ming FAEF MAIAFI-L 0.05 mL, &5,
60 C/K¥ 10 min, G 72 BIA &40 0 6 o
(460 nm 4b, 1cm y6fe, ZEMKI )& ER A (A)
R

MPO 54K

MPO(U/g)=(II&E A X HE A {H)/[11.3xHU 15 (0.18 g)]

NI P R rE s R R R ARG &
ULEAHHATECE . K OHI4 10 10 48V E TEOHL,
2 000 r/min #.0» 10 min, H(H 50 L ByEHMEAS
&, & BERF. OFAEE RIS KK 0.2 mL #r
S, G — 0.2 mL. @FRUET B #I%: KM
0.2 mL /K ZEE, RAFl— 0.2mL. @lEEH%: K
WM 0.2 mL #rA B3, 51— 0.2 mL. DR &E,
WA = 3 mL, 5= 1mL, &Y, RE AL
PREEFEL S, FELRIFL, 95 C/KM 40 min, EUH G
WIKYAEL, 4 000 r/min .0 10 min, HB(_LE, HZ4h
SR (532 nm AL, 1 em bR, K&
B

[ 37 N AN W

A EE (umol/g)=(I BB W A Frvf =S 1 B W )/ (FrviE
B RS - RUE 7S (8 T B R < bk i BE (10 umol/L)+48
H & & (g/L)

WA RN E: BT W RN p n R A
AR AR S U AT E . B IR B JE B AR A
3 50 L A H R K% 10 9 Bk Rk 1% 4539 . ©
FRUER . MIKIMABRYER 0.05 mL, CECE % Sy
R 3 mL. @IEE: KK AFES 0.05 mL, CRCE
ZO MR 3 mL, @ A I AZEK
0.05 mL, CUACE DA 3 mL. @IRA &4,
#HE 10 min, HEESM JOGRTH(E95 nm 4k, 1 cm
7, MK NAE AE.
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B A R Q)= (R OB 75 1 B B () (PR 3 0o
FEE AR 2% [ W Y AR < A A B (g/L)

FEVEIEIR: AR BAR -y, E5H
iy BT, AR R

Wity ETHE. TEEE SRR AP R —1E
AR TAE B L R SE R, S R ST R B — 2 R A
WIREF LR SE R R N R 3852 i A N 3040 SE 56
B

GitF o B A EE R SPSS 11.5 #uE 4t
AT 0T, sk Dxts o, RAMAIAE
A%, P<0.05 hERAEEMNE L.

2 #R

2.1 EREh s EEREERW 32 1, 4k 2
A, TR, EHMENG RN

2.2 M MPO AR AET IR B0 TLigx Al se
41, MPO TEHEVE G THEEnr, HER LR ENR
N BARRAEL R, SR A RS, BRAF
12 h FH4fh, SREFEATHLL, 250 EEEE G (BRA7F
24 h 5{f7 12 h Mtk =R LR EHHEE X, WE 1.

K1 P4 MPO {EF A7 I (AR {4 () H
Table 1 Time variation of myeloperoxidase in two groups

(xzs, U/g)
Group Right Iung Right Iung 4-h preservation
pre-perfusion  after-perfusion
Control 0.24+0.03 0.25+0.02 0.37+£0.09
Experimental 0.23+0.07 0.25+0.08 0.36+0.09
Group 8-h preservation th 24h
preservation preservation
Control 0.52+0.05 0.74+0.02% 1.20+0.04°
Experimental 0.45+0.05 0.76+0.07° 1.06+0.05"

?p < 0.05, °P < 0.01, vs. right lung pre-perfusion

2.3 MR _BMEMRAG R B EIRXTRA, 5L
W, N EEAERET S B T AT, HERICEENM
B BRI RET, SR R HTEES, RIRAF
8 h JHifi, SHEATTMHIERAEELEN; RIF 12 h
5{# 47 8 h b =R LB EFE X, BT 24 h 5147
8h AL, ERAEEMEN, %2,

2.4 # WD ARG R R TEi AT A, S0
4H, FliZHZ WID eV e X m THEVERT, BER LR
FEWME N BRI, S 2,
PARAT 8 h UG, SHEFERTHLE, 255 3F B E5 15 X
HR20RAF 12 h J 24 h 5{r47 8 h ML, ZR T EEN
B2, Wk 3.
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Table 2 Time variation of malonaldehyde in two groups
(x+s, ymol/g)

Group o Iung ol Iung 4-h preservation
pre-perfusion  after-perfusion
Control 32.55+1.94 40.94+1.16 44.08+1.33
Experimental 29.09+0.89 37.38+£1.90 42.56+1.72
Group 8-h preservation 12'h. o
preservation preservation
Contro 49.61+1.57°  64.81%1.75°  78.94+1.43™
Experimental 48.17+2.12°  59.86+1.52°  73.34#1.22%

P < 0.05, "P < 0.01, vs. right lung pre-perfusion; °P < 0.05, vs. 8-h
preservation

# 3 P WID fEBE A7 ()32 4k

Table 3 Time variation of wet to dry weight ratio (W/D) in

two groups (xxs)
Group RO Iung R Iung 4-h preservation
pre-perfusion  after-perfusion
Control 4.72+0.23 4.81+0.85 5.52+0.56
Experimental 5.01+0.43 5.72+0.75 6.17+0.33
Group 8-h preservation T el
preservation preservation
Control 6.45+0.86" 7.68+0.72° 8.52+0.90"
Experimental 6.43+0.26" 7.24+0.68° 8.2740.71"

P < 0.05, "P < 0.01, vs. right lung pre-perfusion

2.5 WAL RILABEIRLE R AT RT)G,
PR AL 23850 H IR 0 R IR o SR S B ARAT 4 h 412,
SERTEIN S RE, e R) T R S R R AR T W B
Myt s e B B AR . RAT 8 h 22, fiiyffisn] LA
FEAK B, 3 e R L, SRk n] /b 2 4T 5
VREEE T, (RBGIESE, JRkbK M, b b R 40
IR A g iR B L, Do kg i 32 A
S A LA R, ILE 1. RAF 12 h g1, fib
YL R) JOT B AR T BT LK P, S0 Bt b iz 40 M ot 7%
Il K R, EEIHE H . RA7 24 h fili
MR, TOEEE S, WO, Bl R TR, 40
MAsMBE, SRR A LS, FE LB IEAR
AELRAT 8 W g, MREFJE, /17 4, 12 224 h
2 B B AR AL T B 1K

2.6 PR ER RN ELE R WA AR
MM B2 S, G I SV 254 5 EE AT AR
Blo fRA7 40 PN J7, I3 1 Rz 4n et #) g 52 3, {3
BICmg Ak, Rz A Gk R R K . fRAT 8 h il
A AT, I P B2 40 M ] AR K 4n s T 7Y
I e Py e R A o A Y AR P, R R BE I 55
I RSt b e A7 e HEZS LS, Sk (R il sl 2 v 28
P, TTARZ M, AU R, WIS IR A
TERG, W 2. 1547 12 h, b2 40 F 2 4RI Dy 224 |
MR, WEMY K, bR AL, iR EE g
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I AE B D, A5 RS i e . fRAF 24 h 5,
fifre L B BB, BRI A v bR KRS b
B ML FEARA R, G40 25 5 70 &5 44 77 A6 5 B
Hi, BB SRR, SORMIRBIIR LS, I P B AT Mg
MK, R TR, BEREA W, AR bR S 5E
JEEERGJT ; F IE ORI, AlG . PIAXTEE, R
7 8 h Ji5 T 2H SR 45 A A2 A S U 2L B0 R A A R P s
s TS, RAF 4, 12024 ha, PARMER
FHfEL

a: Control group, pre-perfusion  b: Experimental group, pre-perfusion

c: Control group, 8-h preservation d: Experimental group, 8-h

preservation

Figure 1 Pathological observation of lung tissues in two
groups (Hematoxylin-eosin staining, x20)

Bl 1 PAMASRE RN AR -, x20)

a: Control group, pre-perfusion
(x4 000)

b: Experimental group,
pre-perfusion (x8 000)

c: Control group, 8-h preservation
(x8 000)

d: Experimental group, 8-h
preservation (x8 000)

Figure 2 Observation of lung tissues under a transmission
electron microscope
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3.1 KR A% LPD A4S LPD LA M AR
AECEITT R, AR KRk Na™, RN &A1
O TAERE LR 40, IG5 I G i O P RZ 40 I 11 45
B, MR PR B2 40 2 e AT R i st R i e
BEFF 40 VB4 R B R ME A4S ORI IBIE.
QUEMMGIR, RN - LR, BIEER RIS
KA. @B T AR R L, R B TS T
YIRS 0. @RI REVE NS E HIEIERRT . Ok
LT o4 o ) 2R A R,

3.2 RREVEIERARA I SUIEE AR R
R VTR A I AN . A B, A IR TERR
IThRE, AR, Misifh, K mh CL Rk J5 ke T
T R Ih A5 5 T 40 M A S T SR AR I AR A7 R
Y 58 400 M PR VR R (R AE VR I 2 2 o 2 Y, i
WO REEARAEI P, UL LPD JRIIHE T RAF 3L
R,

B LPD M A7 BRI R B4
FRS, FESR B TERE: LPD R I 25 DL
IR AT A AR, DU In— S R A A
AR R [ SRS SR R I R 2R A R )
FIPP LR A R 2 A S I TR 2 B LPD ™,
AT 28R
3.3 LPD:#&&yfesl 1ERETHTAREER EXT LPD #
P ARAE R 2 B0, DLERIANE 2 LPD i)
AT R AT i AT 1 — P ok R, Ve
LPD 33 {1 Ay e ] B e 1 il o A YR 37 AR A7 YU 5 1) S 7Y
Je R FEFRYE o

K LES LPD WIS, Sk ZiRE, HATR
BT LPD Wi MR I 2238358 I & pH {87155 LPD
TEEBREE R, T RTAREE T A Na A 7, IR
IS I BR BN 1 77 TR SR A A o F R TR B IS DL
i pH {5 #2L LPD WK . FREN T 8L LPD W3
FEHs, ASEEHE N TR R T B R, i LA AT
WAFsSE, HBEBEAMNATETHRIER, ] LRl
BRI, LA e TR 4 40 1 L

AT RS B AR FIIEALE M S LPD WA
—EZERR, HOLARF BT, MOy SRR IEERL
3.4 H4ILPD®&R&EE  NT 563E AH LPD W fRAF
TR, AR I RS AR B4 A% RO AL B T 4 AR s ), A
SEGHE— PR B LPD WM R T &

B R R B ERG R R R RN . I IEIA
FREVE R B IR, . AR S
PSR g M 2 (R A EAE 2 5 T Skl FFE

B,
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A1 RS AR it Ty e 6 A5 ) 32 22 Jit AT R L P 9 v 4
P, AL CR A B TR G SRy BRAR SRR Bk
R R R A e IR AR A M A 8 T 4 i R
T HBAHRESEAFEYR, &5]8 =88R
(adenosine triphosphate, ATP)#E3 . FLIRIE I, 40H0
P AR A O R T (R A S R TR A R RE
ANEBM.

A48 M % A Sl it P 98 Y B3 A % 43 B At ol 9 v LR AT
Ji A5 AL, A% R £ O - s 4 A7
OFVHI PR A SR L0 . @IEBRA A 2. @il
BN A BRI R, T B A M R PR
PR IR EF AN I I v h A I AT S MR 22 5 s R
7 S =W 8 A=W o B B R N I TET L= SR T
ERE S 7 (— AL B AE) G R 3 P — S B AR B
I L=k SR (— S BT AR) I R4 1 — AL BB R
Ofii b Rz e pidn ey, EEImk gy 5 oM
WS T

B#l LPD iR —S i R 775 BB b 45 4 (1)
ML ARG R, e sl 2 o B A AR i B v A
HME LPD W IR /UR 2= EL, ORI — 4L A A
BCHTRSELUEE S LPD WU ORAT 2SR I P el R 7 22 B
T 6 A I PRAGEFH (B PR e R0, AR 0 AT B
[ LPD idi ik — PR R T7 % Hghnle LPD 7y
KA RETFIRE 2 EL FOGSER i

K AEAN A A E R ORisiigE El
FIER: TS E1 BRA By skimmE/EH, @
SR AR 5 | (10 L A i S e i 4 R T o R A
TR B A 7T R I I H 1) [RIBT AT E1 R
APCREEME, BEIIEI b HRA0 B BB, R IR EE R
BB URE R, o B mEME; 54h, HidliE El
WA RIS KA S i i ™. gl
H %l LPD A AT s s EL Jo, EEF WS E %=
FREATHE T, (I IRAF RO B8 S LPD WZEAAHML, #
FIIRE E1 WA ORYE RS 21— PiEsE . @%b
REM: @R, RSB BAR MR m.
FEREVEAR G ML R, — SRR HIA R L
ARy I LA S sl AR S 5 LS R I M 8 e 4, BRAIK PVR 1Y
A 5K ) IRl < M pt1r, BEET Rkl E, HErik
SOREEI L FELm g i ) R A IR AN, s
MR = B IREF A N B PR s B HE
S SIS T

MRS PE— AL A Ty ik R A AE A T T
—RE A E BB, HAERSUSE T, X AEEH
T2, (BRI RAG P ANE, 7 SR R B T LT
SEIAT WIS AR, SEURR gL, 5 —
J5 AR TEREE ORAF P G I — AL B AR BT 14, (2
B EALE AR RS, AR, HX R
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R, B AL Ve E L R IR T IRAF R BB B (R R HI R (<1 ]

oAz P, R bk i B, ER— A A
PRBHT PR AT AR H I L—kS 2R I HE V- ORA7 L I IR
TERCRATAF B S, 5 2 o TR — AL BAE B AT
[ 3 SEAR SR R FE T REPEIR /N, A T RIFST G S S
P 3 3 BRI DA A 68 O A R e A R — SR A LI
NN B LPD AT R .

EAARG T, AH LPD Wb ARS8 H b T
PG REE ORAT, TE S PR PE — A B AT 1S 2 R
H il LPD i 3 5 LPD WE W= 5, Rk
— A IR E AR B — P E S
3.5 B B4 LPD & B AMARAN 1] 4R AL LPD
B RREL (EIORAT B R VRO I PR AT 5 2 AR e
RAFIBRAT ORI E R febrr —M H T IR PR S o i
RAEHA TR AL RHRAZ AR A 4~6 hP8), 4 T oAt S5
JE BSHIRATIN (), 0 Bk IR R R TR K I R =7, 4
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