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Abstract — Since the advent of chemotherapy, certain types of cancer have been particularly resistant to
chemotherapeutic treatment. One of the most well-studied types of resistance is resistance to multiple struc-
turally dissimialr hydrophobic chemotherapeutic agents, or multidrug resistance (MDR). We found that MDR
cells (KBV20C, KB7D) being highly resistant to colchicine, etoposide, and vincristine were found to have
very low level of putrescine and low level of spermidine than the drug sensitive parental cells (KB) but they
had almost same level of spermine as the drug sensitive cells. Although both MDR and drug sensitive cells
had almost same rate of polyamine uptake, MDR cells were much more sensitive to an inhibitor of polyamine
synthesis, methylglyoxal-bis guanylhydrazone (MGBG), suggesting that MDR cells might be defective in
polyamine synthesis. These results also suggest that MGBG can be used for treatment of MDR in vivo.

Keywords[ ] multi-drug resistance, polyamine, methylglyoxal -bis-guanylhydrazone.
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e A7 1A S718lm vk L FellA FRALR
A ulré 214940 Shgo A e e
< AW Al (muliidrug resistance, MDR) ¢]2}31 g}, o} A|
A2 71HE Al ZEek AE4] P-glycoproteino] k-2 A
X Rre 2 wiEAAA AE Yo FEe] 245 g o
Xﬂ%} 24 Az GE2 FEE T2 dieltt
(Gottesman®} Pastan, 1988). ©| P-glycoprotein w2~ ‘%
mdr A2 o] W™ o]ml WAHAS Pgp-M
eha ek mir AL Sl T A e
Zlez gax glen] 7t F mdr AR mdr 13}
mdr 2)7} ¢l er}(Callen 5, 1987) mdr 15te] t}au]A] o]
Frod st 9lrH(Ueda 5, 1987).

MDR 12 <} 1,280718] o}n]4to 2 PA o] gl
127]2] transmembrane domain®} 27]2] ATP binding dom-
glth(Chen &, 1990). u}xﬂmﬂfﬂrﬂ]/ﬂ 3 A%
& 3l Pgp-MDR-Z A sk okEo] x| wo] A5z
glom zZ7tx] ezl 7] 2 8 = anthracycline F-=4, 3
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AR, FaPedA, ddeteiolA], A A Fel ey
‘”E]-(Ozols 1991). )8} 7ko] Pgp-MDR £ oAt <E
< Pgp-MDR | A2k 3} F2 p-glycoprotein®] &l
olu} ZgL AAste oFFe| X vre R wiEEE s
JAge 2N AFX FE FEE FVIAZIC A A
WA g A gsted dolA 7B B4V He A F2
shio]n] mebr] Pgp-MDRE A3k 8] 22 477}
o} el glch. et X F74A] ke 3l Pgp-MDR <A
Aol FAALE Pglycoproteing AASh=vl Hog sh=
5 Frolde 2 AAA 2 B4 dgel d4ReR
AR G AT AERe| 2R AZE oRAA o
A|A)s] kel A3 LA 3 9lek.

T2+t 2 p-glycoproteine] TAF R 4= vhE el
chA Al o] HAR Yt = doxorubicin WAl ol wi Al
Ao el |9k 2 (Cole £, 1991) oA 6.5 kb =27
94 mRNAZ} o] F7hE= 2] fam e o] AxF

ol 4= p-glycoprotein®] WHal-S- Zr1E=] eishc}. o] 6.5kb
94 MRNAL 1,531709] o}w]xAbo @ FAIE]e] 9] on] 190
kd®] glycosylation® wwlal-& =hEc}, o] chulal-2& MRP
(multidrug resistance associated protein)@}32 3} (Cole %,
1991; Cole¥} Decley, 1993) o}vl kAt A AL Z ABC trans-
membrane transporter superfamily(ABC+= ATP binding cas-
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settes] SHAH2A ATPE 7hss 2] sled ole] 7441 e &
L& oA Bejahs AZT Aol Y AF @
WA group)s} dEe 7 elEjgion] P-glycoproteind-E=
DHE"]' 15%—“1 ‘I'l‘}‘]'/H = 7—1— 9&}\]:’:"

G E= AAEEY MER R 248 g B2 oke
polyamines- E 8 2 3tc}(Janne 5, 1978; Moulinonx %,
1991). Polyamine-2 amine 7]-5 27) o)A ztx ¢l A2
4] putrescine, spermidine, spermine 50| ¢J 2w AAHA|Z
e ok grgso] glh(Pegg, 1988; Tabore} Tabor,
1984). Polyamine-2- A2)&d pHell4] eFats viehyy|
A21 b e A2 $2UE sl B 3
A whggh). wlebs] A= A4, 7]*&, = WAk
3141 oAl ot W] e Bt 12

L. %= polyamine Foll 4 53] spermidinei]- spermine-2
$537] @Ee) A3 59, AALZEE ehie DNA,
RNA, protein 4] 53} 7H& vho. AlBsha] ul-o JJ-?#]E
ohi A 9lovt obxlzbA] Fake BRI )
ofzl#] 9l=] ¢r}(Tabore} Tabor, 1984)

Polyamine A&t ol|A] &g Ao A2 sl= F A4t
omithine decarboxylase(ODC)e|m] o] F4r FHEE A
oA o BolslAl Aggkct. RFe TRHEE B4

= wb7bs) 7} 2l <l e vlsiA) ODC = ¥Izir)7} 303 o)t

o] = (Russel®} Snyder, 1969) A % 1 4] 7}-8-4 whalizle] 3
ppm F = FFFE ] gloo FE 7hdt & olrh Hydro-
xyureaol| 2EA1-& ZHe A E FollAE ODC #Axte} ¢l
#]3} ribonucleotide reductase®] catalytic subunit(M2) -4
A2} ODC 327 vlBe] SZ%e]| 9] o (Srinivasan
%, 1987) human tumorel4]= ODC f+3=#+e} 1&gk N-
myc oncogene®] ODC f4x1e} 84 FES= ALy o
cH(Tonin 5, 1989). ODC2] 42 Aak zalurh Zhokz
Ao o EFgke ] (Tamori S, 1994) ODC oA Al dif-
luoromethylomithine(DFMO)2] o2 HdAdeke] oA &
7} = gl (Kadmon, 1992). T£&F polyamine A§&-Ad
F4: S-adenosylmethionine decarboxylase(SAMDC) 34| A|
al methylglyoxal-bis-guanylhydrazone(MGBG) . +2| 2| &
o &g Z3-5 Jehijo](Regnass 5, 1992) polyamine ]
AR} o) A 2o B A hepin 9]

£ A7l s oA Az Az} 7&3 o]
polyamine ¥% % zF7 9l=%] =35} polyamine?] &4oll Al
= o4 zolrt JEAE FHET o] E o83 chAA Al
Zo| AL AR olis X 3kl g-83taa) slgnk

Al
=

L

Ay

e
[“C] putrescine-2- Amersham(England)© 2 ®¥] 4l5}

o] Abg-5led 2w Trypsin-EDTA¥ Gibco BRL (USA), ben-
zoyl chloride+= Yakuri pure chemicals(Japan) £-2] A Z-&
Abgsken AFER & el Aok Sigma Chemicals
(St Louis, MO)E %8| -3le] A2t} Phosphate-
buffered saline(PBS)= NaCI 8 g, KCI 0.2 g, Na,HPO, 1.44
g, KH.PO, 0.24 g& so]22 800 mloll 1. 9h435] <
& 1M HCl 2 pH & 7.4; Sy HE 237} 1 L7}
=B E "ol &E 71 ok 022 um filter®, of =} 75}
of AFa-skgle.

HHX]

RPMI 1640 wi=} o)) Zzef=} 2 A (fetal bovine serum: Gib-
co BRL, USAYS 5% == 718lw 50 mg/mle] kana-
mycin sulfate E &3 100 pyg/ml X7} 5 == 7latgict.
M| ==

17k A+ kA E KB American Type Culture Collec-
tion(Rockville, MD)el|4] £4]sfe] Alg3ledc). KB V20C
AN KB A|Ee) vincristine?] 252 A Ao 7 =74
A FHA] vincristine o] X g Ql 718 AH3te] HAEHo
2 20 nM2] vincristineel] A @42 Vebd 7L Abgsied
th. KB V20C A Z= oA A& vhehdie] Pgpl 702 cofgd
wHdEly glge] Western blote 2 #l¥ 9dch(Chen =,
1993). KB7D A £3= KB Al %¢] etoposide =5 whA=
28 ZIMAA T Agt thAA-E Vel AExE
A] Multidrug Resistance associated Protein(MRP)S- t}sbd
k3 gl er(Gaj 5, 1995) vl=- ol fgho 2 Hef Fof
1T a=
M= H{QE FA

KB A=t 5%2] 4eA8 A2} kanamycin sulfate 100
g/ml S 3H5-5= RPMI 1640 ¥R 2 5% CO,Z F-f3he
g 371 24 shelA 37TNA iekEich KB v20C
A EL} KBTD A%+ 5% AefAbE A2t kanamycin sulfate
100 ug/ml & &#-5l-= RPMI 1640 vl x]¢]| z+z} vincristine
20 nM=} etoposide 7 uM-& 7}&}e] 5% CO.Z §8-3l= &
&8 7] A 37Tl Wkt th(Gaj =, 1995).
MZES| HEr =3

Culture flagkol| 4] wljoF5led monolayerE A%k dx2
96 well microtiter plates]] 1x 10%cells o] HEE HEF 1
37C2] CO, vfjek7] oA 24417k Sl wieksl® 7F wellol]
A 2o g 71l ohAl 3712 CO, wiekr] oA
48 A7t Eab vjekebaic. Plae Halol ujx) 2 AA %

7 0.5% methylene blue(Graeme =, 1984) 2 100 ul® 7+
wellel 7l o 302 W31 9 <k 32T 1) 2
2 plawed A7) Wk e sl AxA7D
wellell 1% sarkosyl £-4-2- 200 ul 7}3F F 447} E<F orbi-
tal shakerol|4] &5 Fo AEr/t 433] La=9&
650 nM il 4] ELISA reader2 E# =3 &3l sl

A *501'

4}:\
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MZo| MEE EH (Khan 5, 1994)

A E (2% 10° 4 Z/ flask)yE 22 vjokg flaskel] 7}5h The
12, 24, 48, 72217k b wieksioivt. 1X Trypsin-EDTAZ
celle xzjslo] flask 25| £e|X 215 wix| & 7}ale] ¥
A 2 whE T o] AlZg el 0.1 mlol| 0.4% trypan blue
£ 0.1 ml-g 718 % pipeting g}, 58] 100 12 3
3to] hemocytometerol| 4 el & Eal4 FAHA] oL
Ao} ol HlZ £Abkg Algeh
IC,, 4o &4

ICs 35 ZAst7]el 24 ofu]Aded-e Aasle] Iy 3t
o frAkgt ARAE BRaE E AL AAse] Az
g 50% QA5 ICs, 7(50% inhibition dose}g- &7

sl o] 23 =k Bradford WM (1976)& o] &3t}
[C] putrescine uptake =&

Khan - (1990, 1994)9] Hl#-& o] &3t} = 2x 10°
AZE 25 Cm® A uokg flaskel] 7HF The- 8-1047F uf
°F&H¥ PBS 10ml= o] Wit} 20 nmole] [“C] putres-
cine-&- 358k PBS(pH 7.4Ys 2 ml 7}8H% 377C9) 5% CO,
mek7) el 4 108 <k siekgicl. PBSE Sul slojdl o}e
1xtrypsin-EDTAE 2|3t 1000 g & 108 &<k 44l 2
g}, A" E 03M HCOZ 71 g 60 %9
sonication - §E-<l 52 #Hsj Bradford W=
WS ek ghe} d=ted 1 mlell 10 ml2] aqueous count-
ing scintillant(5.5 g PPO, 0.1 g POPOP, 667 ml Toluene, 333
ml Triton X-100/1 Iy 7}k vhg WAFs-2 23 s)sict.
PolyamineQ| BIZXQI 5} HIS :

Polyamine-g- % gksl7] 913 Redmond®} Tseng(1979)2]
g o] g-5le] thgz) o] benzoyld} Hkg-2 Algct. A

G

Fl

-

¢

il

=

[=3= ]
% confluent & wj7}#] wokghE 1x Trypsin-EDTAZ A
2|ZEF 1000 g2 102 A4 F2|sle] A2E 2ot 07
2 A% HCIOZ 4.9% = A 715+ 603 < sonicationdh
2 Bradford ¥} ¢ 2 wlwlzl g Aaksiedv] 0T eA] 30
£ ok wbx8t F 15000 ipm . 4CoA] 30E AR
skar odojz] AbZed I mlel] 2N NaOH 1ml, 1,6-diamino-
hexane 25 nmol, benzoyl chloride 5 & 7}s}e] £33 o}
£ Ab2ofla] 208 #hx|gc)h. £3¥ NaCl £ 2mle 7}
3l 2mle| diethylether® Z=&3F tl-2- aspirator® etherE
g Az}, Pellet-2- methanol 100 el =<1 ©he- 20 445
HPLC <l loading 3}eit}.
HPLCH| 2|5t polyamine EX

HPLC(Tosoh, Japan)Z ¢|-4-3} polyamine®] %% 272
b2 3} Column(Novapak C18 [3.9%X 150 mm, 4 m, 60
ADE A-g3ked flow rate- 1.0 mi/min= elution 54932 o
solvent A H.O, solvent BE methanol& A£-3}o] grad-

1. Putrescine (RT:6235 min)

i . .
A
1
2 Cadsverine (RT.692 min)
3. Hexanediamive (RT:7.508 mum), iatemal standard _,J"

4. Spormidine (RT-8 J8 min)
B, Spermune (RT:0428 min)

el
6. Agmatine (RT:14 508 mm) KBV2NC KB

Fig. 1. Chromatogram of benzoylated polyamine in multidrug
resistant KB cells.

ient elution(0-7 E7}2] 35-65% B, 7-1387}% 65-80% B,
13-188-7}=] 80% B, 18-248-7}7] 80-100% B, 24-348-7}7]
100% B, 34-39&7}2] 100-35% B, 39-49E-7}%] 35% B)%-
atedvh. Mz 88 polyamine-& UV detectors Al-4-3}ed
254 nmellA AEslyg o TFFL AHEF chromatogram
£ Fig. 17} 7},
SAH 7ol 2F

H2 F oF 0.05Z Ao EA Az one-way
ANOVAS$} paired T-testE ARg-3}eich.

2 x

CINLHA MizZof SHetA|o CHEF LA

oA A A ER gteixl KBV20CS} KB7D A 27} KB}
vlasled A A7kl A 2oz} o)) meak shqkale] o sl
Ao A=AE WS Za Jd=XE SAskLh KB,
KBV20C, KB7D A|%9] AcfA|7k2 zkzk 20 hr, 24 hr, 16
hrolgiom ciahfAd-S el KBV20C: BAES]
KB ¥t} Azto] m2]x])st KB7DE 232 o] we] g}
ek o] 5 AZE9 o] gkl UiF A AgA=z
FE] ICs 3hS A3 23} vincristineol] H&F WAl o] A=
Pgp-MDR 4| £l KBV20C KB(ICs: 2.97 nM/ml)2] 160.9
8], MRP-MDR A%l KB7DX 25.38) =2 IC,, 3HS zF
3 §)%th(Table I). =8} etoposides]] & Aol 4= KB
(ICsy: 0.97 uM/ml)e]] B]314 KBV20C:= 7.33)], KB7D:=
12.497} 34}, Colchicines] Tdk HAd of] 4] &= KB(ICs,: 7.0
nM/ml)el| H]3] 4] KBV20CE= 51.94], KB7D= 1218 =&
ICs, 348 vielfjo] KBV20Ce} KB7D Al Z 25 %2 oA
WS e i S #lstginl
CHHLHA MIZ0AML] Polyamine EH2F =3

AN S Jeblle Az dal-go] A Eg] KB}
Ato17} 9li AJatell = polyamineo] thef @-FE o2 o)F
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Table L IC,, values of multidrug resistant cells on various drugs

Cell line

. KB KB7D KBV20C
Chemical
Vincristine, nM/ml 297 (1)* 75.0 (25.3) 4779 (160.9)
Etoposide, zM/ml 6.9 (1) 85.7 (124)  50.6 (7.3)
Colchicine, tmM/ml 7.0 (1) 84.8 (12.1) 363.1 (51.9)

‘numbers represent mean concentration (-fold) values as comr
pared to KB.

A ZE-Z7}el| polyamine §ekel| o7} ¢l=x& & sa
t}. KB, KBV20C, KB7D¢l[4]4= spermine] kol & &
zlo)7} vjepidr] ¢kqkort spermidine Fekell A= chalny
AL L}EML KBV20C2} KB7DelA = 22 KBA| %2
spermidine <51 2] 59% ¥ 57% 45 vlehgich j_ﬂ-]
1} putrescine Wlikﬂ]%]i chA A A Eell4] HRAE])
2z Jehfo] KBV20CE KBS 5.1%, KB7DE 23.3%
9] w9 G2 o] AEH gt (Table II).
[*C]-putrescine uptake =&

Spermidine®} putrescine?] ko] 2 7o} puirescine
uptake] ZAFul& x| wiz APAAA A Aol =
21 & Fsl7] 93l WA putrescine uptake A ¥ g A A5}
oo}, zey KB, KBV20C, KB7D A £l 4] “C-putrescine
uptake+= Z+Z} mg protein & 482.61+91.45, 5159153, 502.6
+36 pmol 2 F F A}o]7} gldti(data not shown).
Polyamine SN RIA|0] 25 CIAILHAIAMITZO] MEriX]|

A WA A Eof| A polyaminedtsdFe] KBell {35 sper-
midine 2] 57-59% A = 3 pulrescine ¥2k2. KBV20C
o| X KBS 5.1%, KB7De| A= KBY] 23.3%2] 2 5=
& vjehgl A1t polyamine2] uptakeoll A= =}o]7} $igd
©. 22 polyamine FAAAA | Ajte] gl Aoz FA =
gt whabA] spermined Al S F 7 E(Fig. 4) Foll A
gk 2o Age] o2 Wl oE FAHAAEE AdFe =
A AAE Hel A er xgdale glg7lelvl. Poly-
amine AP AA AN FEAg AR 2pgs= ODCY
SAMDC #A4 A2 oAsl= diaminopropane(DAP)<}
MGBGE o|4-3sle] chAWAA 2] A7l A =g 54

Table 1. Polyamine concentration in multidrug resistant canc-

er cells (+#1: nmol/mg protein)
Cell Iinl;'olyamme Putrescine Spermidine Spermine
KB 31.3 (1) 30.6 (1) 319 (1)
KBV20C 1.6+0.5 18+4.6 32.3+7.0
(0.05) {0.59) (1.01)
KB7D 7.31+3.88 17.4£6.8 26.5+£12.3
(0.23) (0.57) (0.83)

The results were mean+S.D of 4 experiments. “numbers re-
present mean concentration (-fold) values as compared to KB.
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Fig. 2. The 1esistance levels of several cancer cell lines on
diaminopropane. Viability was determined by methylene blue
cell staining method. The vertical bar represents mean+8.D
of 4 experiments. @ KB, v KBV20C, A KB7D.

algdth. KB Al 2= DAPe] 3] ICs, 3te] 6.1 mM/mlo]g]
2} KBV20C= KB AlZzRch 0874 Wekow, KB7DE
KB A2} 79 2 3hg et} z22vt MGBGH|
&l A= KB(ICs,: 79.9 uM/mlyell v]34] cha|u]Ad-2 e}
Y= Az 23l o] o 7‘}61-04 KBV20C*= KB 4| =2
0.694], KB7D:= 0.614] P& IC,, 3h-& vhel g oh(Fig. 3).
Z chAl A A Z= DAP y_:}f MGBGe]| 8] o] =178}
110 -
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Fig. 3. The resistance levels of several cancer cell lines on
MGBG. Viability was determined by methylene blue cell
staining method. The vertical bar represents mean+S.D of 4
experiments. O KB, & KB7D, w KBV20C.
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a  #

B Adde ghoAel wlzig Azet WAlS
ZEell4] polyamine2] &t=f3} 1 capEkAd o] I1g
Aate] AR E JA & F U= HE :

2 A8 A oAhAdS Vel e Al 22 QAT
Zo)7} ol9l 2™ Pgp-MDRE Wehfl= KBV20CE BAZ
3l KB} ke A G=E el 8[s] MRP-
MDR-E vtehfl= KB7DE wil§- whE A =8 viehy
2 gdgdch w3k ol AT FREA A ddlaked 9dF
o] Pgp-MDR cell& vincristine3} colchicinesl] w4 32
A2 zk31 9lel 7 MRP-MDR cell lineS- etoposidel] o=
A =& WS veiigdeh o] 5 GAMA A Z = Pepet
MRPol| tisfiA] 2HA ] 7|A R AlgEs E&o] opd &
Aol deiH = =2 HAS vehigleh & KBV20CT
etoposideel] tH3]4], KB7D+ vincrstine¥} colchicinee]] o)
34 KB Bt =2 AL Jehfieic.

Polyamine-2 A Aol w552 Ex)5L2 917k poly-
amine T™HA}E7FA) Q) putrescine, spermidine % & Z4FE4l
spermineo] o A& Ao oA T FHEZR] ¢ gl
t}. Polyamine uptake 43l ol4]| putrescine=} spermidineo]
F2 ARg-Ew glort spermineo] AMEEE] = ol f=
spermine¢] T 748H(+) charge® ZFiL 9lolA] () charge
2 27 9l = (Membrane) FEEH 781 £25 0] 9]
7] wtelc). gk qlzd WEW MHEZ K562¢04 pu-
trescine®} spermidine?] uptakeis & zlol|rl glgjom g
(Khan-, 1994) 2 A& || A X putrescine2] uptake T2 2
#gkeir}. Putrescine uptaker thA|WAdS ehdllA] o=
Az dANAdS e e AE 25y 2 $F o)
o o)7L tha|ujAd A Ee)) 4] polyamine transporter 7]
5o] RAEQ KB o5 AlAksta ol

LA A HZe|A] putrescine ¥ spermidine &2Fo] kA
WAL ehR] e 2 A Z 8 e} gef o] putrescine up-
take == oF& tHAWAL-E UehdE A2} 2AE 25
A vlagt oo n g A A Al E A putrescined}
spermidine §+F=] & A& polyamine 73 o] Z o]
917] Wl2el Aoz FAHch kst GAAd-S vhet
Y= olzt sl as) Al F (K 562)914] spermine?] ke oA
WA-S ehiA] ok BAlZe: ZSLA|RE putrescine
& Jeorond [C] putrescine®] [*C] spermidine & ["*C)
spermine ®. 2 F#EE £ w9 Fgpr] g el 53
AL LelR] o= Al XA [C] spermidineo]
4X)7F & spermine &8 K FE oA qt chA WA Al Eell A =
16A] 7k o] %ol 7 35|41 7] wj-Zo]ch(Khan 5, 1994).

arginine methionine
arginase
v
ornithine S-adenosylmethionine
ornithine S-adenosyl-
decarboxylase methionine
(ODC) decarboxylase
(SAMDC)
A
putrescine decarboxylated

S-adenosylmathionine
spermidine synthase
spermidine

spermidine
synthase
spermine

Fig. 4. The pathway of polyamine biosynthesis (Janne=} Will-
iams-Ashman, 1971).

Polyamine2 27}#] 25 %) AT UehkFig 4).
215 7 2= Arginine. 2> 2 X €] omithine, putrescine-2 3
FAH e ARl o] ARelAE ODCr} SEAT TA
2 2h§38l5 ODCE DAPY s JA ). &2 chAWA
A ZelA ODC Aol F7tste] ol & SAste A
52 o]g¥ 3 gl.ovk(Assaraf 5, 1994) ODC &Ad2] 7}
7} putrescine '@ spermidine®] 712 Z7}A17) A= 9E
A ekgtrt. AN ZA ODC o] 5= &
813 putrescine®] FaFo] P& AL A A4E putre-
scineo| ThE tAM4bEE A= At 0|7 T em F
A=) &4 7 2= Methionine. 2 25| S-adenosyl meth-
ionine, decarboxylated S-adenosyl methionine-g2- 713 &g
e 7 Roln o] AR SAMDCY} £TAg GA 2
283w gl oem o] SAMDC EAY MGBGeH 23] o)
Hch(Taborg} Tabor, 1984). ODC &4 <JA|A|l DAP L
LA & Ae= KB, KBV20C, KB7D 2%l Z zfol&
vhellR] egkert SAMDC AlAll MGBGE a4
Az v Zrpade] Esivh. & ohAhiAd A E£2 spermine
Freke A 29 spermine T} ForA9r ZAE4Q) KB
A £ putrescine?] ko] E7) wjFol] MGBG ol 244
AAFre| AA DA FRA] ko) chA WAl A E+= putrescine
9] ofe] wje- A7| wfFe] spermidined] ML A=
MGBGel| 25 t4 o qlzksiA 2 A o2 Atgdt. ol
Agdale JAFAASe] AAEAL fAsked oy
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Fa88 J88 3o g2 vk 9h.2m polyamine &
A<l MGBG 7} oA AAA 8] A7ke AAshee A
Ao g AR Q1SS AAREL sict. v MGBG
A= vl FAo] 73e}7) wiel odF FellMrt ALH
L8 AlgEH T glorR o2 AT in vivoel A AlE
SAE AxstelwA A S S385 9l MGBGY
FEE ZAste{el & Flo|rth

g4 B
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