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ABSTRACT: Since streptozotocin has been known to be
chemically stable only under acidic condition(pH 4), the
spontaneous degradation and cellular uptake of strep-
tozotocin in neutral incubation medium was determined by
chemical assay. Streptozotocin levels in both phosphate
buffered saline (pH 7.4) and Krebs-Henseleit buffer (pH 7.4)
decreased with a half life of about 2 hours. The presence of
erythrocytes or hepatocytes under the same buffers did not
affect the streptozotocin degradation rate at all. However,
streptozotocin levels in plasma isolated from rats decreased
rapidly compared to those in neutral buffers. Cellular uptake
studies showed that streptozotocin in erythrocytes or
hepatocytes increased rapidly within 30 minutes and reached
plateau thereafter although the amount of cellular uptake
was relatively small compared to those in incubation
medium. These results suggest that spontaneous degradation
of streptozotocin in incubation medium may not affect
cellular uptake of streptozotocin in vitro.
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Streptozotocin- Streptomyces achromogenes ) 4] £-2] = 1-methyl-1-nitrosourea?] 2-deoxy-D-glucose
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SEA A, e shAle)n] &k, wo)4, A F7he] S 7HAA sich(Weiss, 1982). 196341
streptozotocin®] rat# Holl ] i S fubsbolar masl o)d, A EEol M HaE frshr] g
ok it g Ab2% 3 glvHJunod ef al, 1967; Past ef al, 1982). 3w S fbshi= 7141 A32] beta
celldd] t]aF Eo]8l =4 wfFojzlar eFed=d glr). Streptozotocin?] nitroso?]+= # A4 ﬁ«] E4lg- o
sk, deoxyglucose 7] beta cell29] 92 &o]ahA M Rossini ef al, 1977). Streptozotocin-g
A £ el 4 alkylation ¥ radical attack 58 28 DNA 442 2.2 poly(ADP-ribose) polymerase 2|
8A1S Z7FA] ) 7] wl e AlZEue] NAD  &eks WEm(Dulin ef al, 1969; LeDoux ef al, 1988;
Yamamoto ef al, 1981), 3} superoxide dismutase 48 # = &] 7+ Z1tHWilson ef al. 1984). we}A]
Gl e Gkl 7] 412 alkylationo)v} radical attack 2.2 <13k DNA &4 % NAD depletion 2.2
A% 1 9leKPapaccio ef al, 1986).

Streptozotocin-- w9~ Bt g shghE 2 el glom, AW Fof7pH HFol A whaA A7
3z ) A%} Isotope-labeled streptozotocing: AF-8-3F rate] Al F-2 Abefel] #3h Htof] ufz= &
°”°ﬂ‘1” A Fo] 108 kel HhEwoshElv) 7k Al M 3040l A 14]7F Apolef] el K}
Eo i L}LMJL Fojuke] 70% o] 4ol F-of F 44| 7kelullel]l 2 i A xlckBhuyan ef al., 1974;
Kdrunandydke et al, 1974; Karunanayake et al, 1975).

2 A& ol 41 streptozotocin®] A 8 -Fe} 7h Eoll i3 HA4& AFshs A, Ll 4
712]2](Bhuyan ef al, 1974) streptozotocin& &Aool & Eebsle] aptdo e Fa 5
olch whehA] streptozotocing AF8-gF thP-2-2 in vivo % in vitro A& ell4 pH 42 NaCl £}
pH 49} citrate SHaolol o] Apgsbar glvk. Z2efu, streptozotocind in vitro HE wiek A&l
£k 29 streptozotocine] FAEF pH 4] el A= HEo] ez} oshrlne AFe] Ao
sbek ol 5ol Hal pH 49] Sololl A wiekstel g Axto Rt Galo] dofubn], thaxel
Ao Aol YEgo] AFA folo i &5 7hagich ole} 2tol in vitro NIE Wik AL HES
QA4S arela ol ofule) Aol sb Abgh AeE fx8ky] etel pH 74 sl M MFshe
ulg 2 Elo},

2ol ol 4] AkA] B-ol ol 41} aFA} STl r oFed A streptozotocin®] 523 & ol A APk A Q) F-af of -2}
tiito] 24 Bolol & in vitro N E vlFA] streptozotocin®] Ml Z F- Yol Hhate] Alglabadct. o] gk
o] -2 A AW gk folo)a) & 4 olE S Hejslo] BA AETOEH streptozotocin®| in vivo =

Eolg] Fo] AU kinetics in vitro 282 v FA3tdcth

|

]

1 HaE
2

gl

¢

o
=

> 1

1

O

Y
2

ERETE

Alet

Collagenase, Hank’s balanced salts, Krebs-Henseleit 9P-?°‘1‘, albumin, HEPES, sulfanilic acid,
streptozotocin, N-(1-naphthyl)-ethylene diamine dihydrochloride % ! trypan blue+= Sigma Co. (St. Louis,
MO, USA)ell 4] 7-41 33 .7, pentobarbital-2- TCI*KTokyo, Japan)oll 4 7-2) 3t c}. Phosphate buffered
salined 2% x| sled Alg-astedct

AHES
214 Sprague-Dawly rats& 5 35l & oF3f Fof AF4ARTH 2 3‘”0} A& 477 £ g
Aol ASAATE AR RS EE 2110, i 55+1%% el F, 12417
vlire] Folr) AbR(AUY A Abg) 2@ Age 388 FFskadvh 180-270 g2 T"ﬂ"ﬂ A1
At

HyTet Yol 22 W w
Rat® ether2 F3IolaA17) F slapel & Me)@ FA)E o] fatof 4y Folomne) Yol
sh3, 3000 rpmel 4] 1037 ALl shich. AES WA 2A2EA A AL Fol wael
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lymphocytesS$2 3 4% buffy coatst> #3f AL AHE-sle] k3] AlAg & whelgliz d¥1:
phosphate-buffered saline(PBS: KH.PO, 8.69 mM, NaH.PO,, 30.4 mM, NaCl 96 mM pH 7.4)4- o] 83}
‘r_OY}:I}—ti‘j o 5 ,q] xi S}OiL} 0101 /] 24 63 TL PBS i o]_ﬂ_g}q 20%% 5j r;l—ou o 7 n}'_:ﬂ o] /4 o :dol: _ﬂ ;5H
HAn) 7L o) sl HEFH ZxI3hgl ek Microcentrifuge tubeell 20% RBC suspension 0.2 m.l, PBS 0.6
ml, 2ode] el streptomtoun~ 7he) #E 227} 10 mMeo) e & shelt) o] 7% 37C &H-8-Fol 4
wleFabw 41 0, 10, 20, 30, 60, 1204- F-oll 7o 902 7F 10,000 g& A1 Wvishod hEol-& Al nn wha A v
PBS& 28 A *3}o] streptozotocin®] F%e4- F# skl

ZIME Ba| & vt

Ratell pentobarbital (65 mg/kg, 7.p.)& o &}od U} #4171 3= collagenase perfusion HHY 8- o] 43¢
isolated hepatocytes® 919t Snell ef al, 1987). H-2]4] AE-8-2 trypan blue exclusion testi. 80-89
%dct. 3X 10° cells/m/2] 5% & 25 mM HEPES<®} 2% albumin-g &3+ Krebs-Henseleit 2+3-<4(NaCl
6.9g, KCl 0.35 g, KH.PO, 0.16 g, MgSO, 0.141 g, CaCl, 2H,0 0.3575 g, NaHCO; 2.1 g, glucose 2 g per

11 pH 74)4 AF&skeloh 95% O./5% COur g8 Abeo] wfeprag] Abzh 2relraztof] 37C 8}l 4] wy
okslolr). Streptozotocin A1olol ol 2% w17t 10 mMeo] i E spaic) o)) 219] =iz ujjofol

FHule] 10%7F = ok ufek A14F 0, 10, 20, 30, 60, 1205-vpch A% &lebolo 150 w4 *13}04
dald-elsbe] cell pelletsh whoFel-d- Jtelgh 4, wiefol 100w/ #3HaL cell pellet-2 ghE-ol o & 23
Al H 8l streptozotocin®] Fiair A&k Th

Streptozotocin®| X2t

o} kil Forist (1964)o 2)afl 7ixtsl sbets] APy 22 streptozotocin®] N-nitroso”]| & 8l 5}
nitrous acid®. "5 o] nitrous acid 7} sulfanilic acid2} ®v}-8-3}od diazo 3}3HEo] 7|0 o] 3}gtE-o]
N-(1-naphthyl)-ethylene diamine®} 7 3}ske] 550 nmel| 4] 2 &4 & viehi= 1e] 5 o] 83 Zolc}
Al85 1M perchloric acid %] 2]3}] protein-free supernatanti &3¢ 4] ol-8-Z-of Joli& acetate SH5=ol
(0.1 M acetic acid, 0.02 M sodium acetate, pH 4)% streptozotocin®] FX%7} 0.01-0.1 mM = ol S
7t= 2 5] 4)sl9lr). o] 7)o 6 N HCI 1 m/2} 1% sulfanilic acid-& ‘?H’rﬂ 30% acetic acidell N-(1-naphthyl)-
ethylene diamine dihyrochloride® 2 mg/m/2] FX& ol F, 30% acetic acidi® 1:1 3]4&led whE
bR 5 miE 7helal s Rl A 5E-7F 7pe 3 AFEol A WhE] W Zbald ) Acetate 3458 blank 2
Al-4-8lof 550 nmoll A FHEE 1‘*6}“4 EFlL streptozotocing- acetate Mol o 10 mM
HHe A & A& A acetate FEN o g 3|4 3led 001, 0.03, 0.06, 0.1 mM&] FXx =2 A4S vt
=<t §shA vg‘#"dii 245l streptozotocin “FX+* “streptozotocin chemical equivalents” 2} &-

2] ¢ 2l
2

ul| of-8-28 ) 9] streptozotocin-g A esh=d] 2 71| o] 7l5-3ht vl A Lol st Astsicti Bkl
Forist (1964)]} ¢]&F 3}st4 uhy 8- 2 A3 o)l 4] 2}-8-3lgic) o] vl 23t streptozotocin®] & &A=
3-30 ug/miz} i B E|e] 9l o 2 o] 9} 415} 0.01-0.1 mM €] streptozotocin “§X-& AHE-8}o] calibration
curveE HE-¢c}. Streptozotocin®] E %71 0.01-0.1 mM H g] ol 4= Fig. 1ol Hol= A A4 Hef &
vehl 7] o Foll wjof Sl 42 streptozotocin FE7} o] WHe3lem FHAe] 7hEdhE MAlsta
glon, B Age Ar oA 23 ¥w (Forist 1964; Bhuyan et al, 1974)9} o x)&bgict, =3k 28
Algg 7 ulE-gl A3 streptozotocin 272 ol A 9] Ao f-Algh Faba]E Holn) @] e
owg al7] A wief Add A= Fig 19 Z3E 218-3le] streptozotocing] F=& &A 3kt

Streptozotocin®] A4 5-GMslol| A et A Aaly] fisle] Frhal AR ohE S-oef| X A7k

2 B3] A2 Adsigde) ek A ok Sdele) & = gl HAS Feldled v A g N
in vivo 8+2 streptozotocin®] eFA A& ol Z3taat Flvk Fig 204 Heolw Z1AE streptozotocind- 5
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Fig. 1. The calibration curve of streptozotocin. Absorbance at 550 nm
follows Beer’s law over the range 0.01 to 0.1 mM of streptozotcin.
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Fig. 2. Comparisons of streptozotocin degradation kinetics between
plasma isolated from rats and two neutral buffer systems.

T4 %F SNl A 221 7k el 50% o] Aol M EHAA T FA4 2hE Sl g Rpol= FAF A ekt
Zevt HAelAlE gHE SR of wpE S Falso 2*] rol Hwl 79) 100%7) APRH o B
52 of 4= gl o] AR HE streptozotocin in vitro FA] £ A RafE ¥ut olz} in vivo R
FEE o wE £58 AP ey Faifd £ QgE A ET

Streptozotocin®] 3 L7} in vitro £ A= in vive o] AR} o] evhe A A
HZ2YHE in vitro F4 SNl AEE 7Fste] AEER 5ol upE wijokd 2l HlE U] 2] streptozotocin
r e Agsigch FA &9 W9 streptozotocin -3 ¥ & A TE 7 A2k 9le A AR
A8l ch(Fig. 3). 3-8 A& W 9] streptozotocin F 24| 747} A] A4 £713H8 Ho)x it} o2&

N
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Fig. 3. Streptozotocin degradation and cellular uptake in phosphate-
buffered saline in the absence or the presence of erythrocytes. The value
of left axis represents streptozotocin remaining in medium and that of right
axis represents the amount of streptozotocin in erythrocytes.
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Fig. 4. Streptozotocin degradation and cellular uptake in Krebs-Henseleit
buffer in the absence or the presence of isolated hepatocytes. The value
of left axis represents streptozotocin remaining in medium and that of right
axis represents the amount of streptozotocin in hepatocytes.

YT 4l T EE AHEste] 553 A¥E Fastgch HETE AN Ada {Akg A0S Fig
40]] BoJF=d] Al E 5o Ab3} glo] streptozotocin ¥-3 £5 LA sgIc) olelg AW E e A E}
mediumel] 718§ 2t} &4 mediuml 2] streptozotocin -3 HEi= H3IE ] k&S A A gich

o H

) streptozotocind FaH-& Al B2 A A FES GRAER f5317] $45te] 4}
4313 gl uhelA] AbAd el (pH 4)o A streptozotocinS gFA A ZAZ 3 in vivo 2 A F-El
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F=q) A 7lch M el gt alell 44z streptozotocin©] A AW thE 7|3 F HolA W ol v 54 71HE
o3 ,5}/] 918}e] streptozotocin®] in vitro X3S Al 3skgicl

Streptozotocine] =& &8 fub Ao bsle] Alglshl 3 o] Falo] WYl streptozotocin®]
FEAE AFEEIE pH 42] shaole] ojaf 4] §8o] olojyhg ghelslolrt. ma IHES Ahgabe] i
Falis 79 A golof ] irgo| fxs] ot M Aleel] odeke uA x| ko el
shelol f-Abgk pH 7400 A streptozotocin®] k] H-aljol] Fhated qigtsieick ghel pH 7.4°] wi<k &
ol A streptozotocin® 587} in vivo Adel e}l vlarsted f-abslehe AlE W] Fooll S od wFE v 2] A
oo 1 in pitro A8lol| 2] M) ol ol w}E streptozotocin®] APFAH H-a) @.9l2 F-Ag 4 Qi)

e Az} AlglEio| A He]gl & 3ol 4] streptozotocine] -3 E]i= ALt el 4] s 4
2ol nste] Al mulr) & 2lol A o] fafl 17} in viveol 48] B A clearance 4= XH.T) 2] A vhelgt
Z1-2(Bhuyan o al, 1974) o] A&l mxllo] 2 Bl o3k slafel 219 clearnaces> Al2l%! “efe]”]
wjiel o TRk kel A s gl nah o whit gha vk vl 2l o] At A el
A8 E 4 S?L o) o) apo] wFgl#] ohi]m Hrhfol Ealshs HAike] AEufF-al ALz ok ¢
ek Alglol] AR8-xl B4 skE *‘“’“*4 ’;L b Ha kel gk 2] wiek g, F Fire ﬂ"“"ﬂ‘i 2|
streptozotocin®] -8 oFibo]l FAkgk A& B 4= 9llch Streptozotocin®] W&l Hwg W, wbiHr]v)
ol A2l vl Aw 7} glcKFig. 2).

Fig. 3%} 404 streptozotocine] Aol &FFEE oFS Hwl, THEo 3= 30%- Y% 2yt Fol
plateauts o]5aL Q=] o]edh ofafe] vlehubiz A& AES Fa4trel Esbme] vhehd e qlew
AEW el 2] -8l s Y AbEle Hef FaERs SR7F gtebd) Jehd 5 gl T 7R Ade] Slrh
Trev} ratel] Aol Fof Al ol whitAl EAEry) 304 o) F HaEis ofAdo] vlelt S ¥ (Bhuyan
et al, 1974) Ao o] Fallol] 2)g x=pe] 397} epdido] ok oful ZHlollA] M A3 el 4
vl oF 2 2] 7F7k =] A4 streptozotocin®] oFe] E7FE] v 72 2 8 ol 4 & streptozotocin €] Abge] 2Fal 7]
uFolebil FAs ¢ oglvk A3t g b xe] Ak LH,J; Tz oFe] peaks vheh R oforLi
o Fate -t %QH’LHOU *1 ] streptozotocin®] 2pkA el ez AL Fopell e 7 9Ee A4

()-l N

slal Qluf. JRA el FpEl= strepto7ot0cm4 ofell Blaf Halgof Frxl= ofo] ML HA vheliliz
AL o] 5 F5e ‘ﬂi"] ] zpe] wfFo st ARt Fh R A el wlel Al ] Al

Ku)7b o] #Z7] wfe] Mg §pElae streptozotocm«] of oAl Zolrk
ol Af 3} gho] AL EA)] ool ft}LP -‘L°“LH°] streptozotocin 2] H%if]—Oﬂ zko] 7} glupi= ol 4] 1HA]
Aoz olegh el b Al A Farellaz & ml A 2] S o olan kel Ao el vk o] Avhis
ol 4 streptozotocing 54 & el ] *Jfﬁ St in vivo el el A v ofoefel Y zhEIvh wih4
ZA gl 4] streptozotocine] A Eel| v]E|i= o gkell chste] Alglale Zlo] rhgslriar Welsicl

ZALL| 2
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