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Short Communications 

Polarographische Messung der O,-Spannung in 
Ehrlich-Ascites-Tumoren der Maus 

sc 2227 

Die Fghigkeit, ohne molekularen Sauerstcff zu tiberleben, ist wahrscheinlich das 
wesentlichste Kennzeichen der Tumorzelle, das dutch die biochemische Krebs- 
forschung aufgezeigt werden konnte. Wiihrend die Anaerobiose der Krebszelle in vitro 
dutch zahlreiche Me~m'.gen belegt ist, gibt es fiir eine Anaerobiose in vivo bisher 
nut indirekte Hinweise. Dicse ~azrden erst kiirzlich dutch WARBUl~G ~ eingehend 
abgehandelt. 

Die jtingste Entwicklung der polarographischen Messtechnik erm6glicht eine 
direkte Messtmg der Os-Spannung in Ascites-Tumoren. Wir benutzten die Ver- 
suchsanordnung von LOBBESS et a/3, die nach dem Clark-Prinzip mit einer Teflon- 
tiberzogenen Pt-Elektrode arbeitet. Die Messungen wutden mit drei verschiedenen 
Elektroden bei einer Spannung von o.6 V durchgeftthrt. Die Eichung erfolgte mit 
hochgereinigtem, wasserdampf-gesgttigtem Y t u n d  verschiedenen Ns-OI-Gemischen. 
o.o2 Tort" O t waxen mit unserer Versuchsanordnung noch gut nachweisbar. Kleinere 
Konzentrationen konnten nut  geschitzt werden. 

Die Ascitestumoren kamen i3 - i  9 Tage nach der I~berimpfung zur Messung. 
Die Punktion der Tumorfl. fissigkeit erfolgte mit einer a-ml Injektionsspritze, deren 
Metallkolben be:oonders exakt eingeschliffen war. Die Spritze befand sich dabei in 
einer H/ilse aus Plexiglas, aus der nut  die Spitze der Injektionsnadel und die Ftthrung 
des Kolbens herausragte. Dieser Mantel stand m~ter einem (3berdruck an hoch- 
gereinigtem N t oder Methan, so dass Luftsauerstoff nicht in die Spritze gelangen 
konnte. Vor der Punktion wutde die Spritze selbst mit N t geflillt, um Ot-Reste zu 
entfernen. Ebenso v,alrde dutch die Glasapparatur, in der sich die Elektrode befand, 
so lange remster, wasserdampf-ges~t~er  Nt geleitet, bis das Messgerit o anzeigte. 
Das ~anktat  wurde durch eine Gun~nimembran in die M~sapparatur eing~spritzt. 
Die M6glichkeit einer nennenswerten Durchmischung des Punktates mit N s bestand 
in unserer Apparatut nicht. Punktion und Filllung der Messkammer nahmen etwa 
3o SeE in Anspruch. Die Einstellzeit der Elektrode betrug in unserem Messbereich 
nut  wenige Seimnden. 

no," i y ' ~ - ~ t  53 Messungen betrug die Ot-Spannun4g 0..',4 Torr (8 : :k o.a4). 
Der lde~ , - ,  gemessene Weft war o.o Tort.  der gr6~te x.x Tort. Bei der Bewertung 
der E r g e b n i ~  ist re  berackskhtigen, dass die ~ : ~  Werte eine durchschnitt- 
liche Ofgonzent ra t ion  yon peritoneur,:'mhem und -fernem Ascites bedeuten. F m m r  
dflrfte die Os-Spannung in den l eben  ethos kleiner sein ads tn der T ~ t .  

Aus ~ Memmz~qm k~mn gzschlcs~., werden, dass die Ascites-Tmmnelle 
~. tier Grenze zwhdma ~ and anaembem Stoffwechsd lebt. Nach Me~sah-.gea 
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yon B.i~NDER UND KIESE s folgt die Oe-Aufna~me yon Lebermitochondrien im Bereich 
kleiner ot-nrucke in grober N~hertm_g der Funktion 

l 'mtx  - -  V 
v po~,., = n 

Ohne Beriicksichtigung des relativ kleinen Konzentration~cfalle~- zwischen Asci- 
tesfltissigkeit und Tumorzelle betriige die Atmung der Ascites-Tumorzelle in vivo bci 
o.~4 To~. 01 bei 37 ° etwa z5 %, hei o.5 Tort 3o % und bei t .o Torr 5o % der m~,'im~lev 
Atmtmg unter Luft. Diese Werte gelten unter der Voraussetzung, d~,~ die vo, aer 
angetiihrte Gleichung auch fiir Mitochondrien aus Tumorzellen zutrifft. Es gibt noch 
ein zweites Argument for die Atmung der A~ite~Tumorzelle m m'vo: Wir injizierten 
normalen Miiusen lO-2O ml einer 6 %igea sauerstofffreien Peristonl6sang intraperi- 
toneal. Bereits nach einer Stunde einthielten die Punktate a m  diesen Tieren etwa 
5-zo Torr O 2. Wenn aber die O f  Spannang in Ascites-Tumoren im Mittel o.24 Torr 
betr~, t ,  liegt der Schluss nahe, dass die Tumorzelien den cindiffundierenden O~ 
verbrauchen. 

Wir nehmen an, dass die Ascites-Tumorzelle. soweit 5ie sich in der N/ihe des 
Peritoneums befindet, noch einen erheblichen Antefl ihrer Ma_ximalatmung besitzt, 
wiihrend in peritoneumfernen Gebieten die Atmung bis auf o absinken kann. Die 
,~5citesoTumorzeUe lebt in ,_~t~ also fakultativ anaerob, wobei das Ausmass der 
Atmung durch den Diffusionsweg des O o ~md ~5elleicht auch anderer Substrate 
limitiert wird. 

Pluavnakol~gisd~: Institut und Physiologisch-chemisches Institta M. FRIMMER 
der Justus Liebig-Universit~t, Giessen (Deutschland) Z . J .  ZUBRZYCKI 

I O. W/LltaUltC.. Weit~entwicMung dtr zell-physiotogischen Metkoden. Georg Thieme Verlag 
S tu t t ga r t ,  ~962, S. 627. 

it  U. GLEICllMANN UI~D D. W. LUBBERS, P[lugers Ar¢k., 271 ~I96O) 43 z. 
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Volume flow in a series-membrane system 

CuR~,s  ^SD MCI.~TOSM t have studied net volume flow across a barrier composed of 
two different membranes arranged in series and separated by a closed compartment. 
Under proper conditions, net volume flow from one side of the composite membrane 
system to the other agaim~t a water activity, gradient wag observed. The authors 
~uggt~ed that  this obserx~tion could be explained in terms of the different reflection s 
trot  hydrostatic p e r t ~ b f l i t y  coefficients o f  tl~e membranes and the solute concen- 
tration gradients across th~ membranes. The present experiments were designed t o  

t e s t  this explanation by ~tudyin 8 the properties of such a system in greater detail. 
The exlmsJlnental apparatus is illustrated in Fig. x. I t  consisted oil e tt~-ite 

chamber div~l~l into three ~ t s  by two different kinds ~f ce~iulose m e r e -  
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b, ane which were supported on both s id~ by ~ire mesh. Membrane x between com- 
partments A and B was Visking cliat)-sis tubing and membrane 2 tx'tween compart-  
ments B and C was Dupont wet gel. Compartment C was equipped with a graduated 
pipette to measure volume changes.- and the central compartment was closed by 
connection to a mercury manometer ..o that  pre.'.ure changes could be o~erved.  
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Fig. I. Apparatus for measuring volume flow and pressure in a three-compartment system. 

Compartments B and C were stirred by magnetic stirrers and compartment A by 
bubbling with air. In some experiments, chamber A was also equipped with a pipette 
so that  volume changes in A and C could be observed simultaneously. 

A simple theoreUcal description of such a three-compartment system can be 
developed on the basis of the considerations of KEDEM A.~D KATCm~LSKY I. The 
volume flow (Jr) from left to right across each membrane should be given by the 
following expressions: 

J,-t = LPt(JPI -- ntJ.'h) ( I )  

J, t  = L p , ( . I P  a - -  a 2 J . ~ t )  (z) 

in which Lp is the hydrostatic permeability of the membrane and o is its reflection 
coefficient, zip Ls the hydrostatic pressure difference and A~r the osmotic pressure 
difference across the membrane and the subscripts t and 2 refer to the two different 
~ "~-mbranes. If the %,-,~tem is in a steady state, J , l  = J r ,  = Jv and, since the pressure 
l~ t h e  s a m e  in both end compartments,  d P  t - -  - -z iPI  = , i P .  U n d e r  t h e s e  conditions, 
F.qns. I and 2 may be soh-ed simuRaneously fo r Jv  and £P to ~ I d :  

- L , , + L .  

j p .  /4_l~lJ=~ --L~,A.~t (4) 
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The v a l m i t y  ot these expressions can be tested if values of L~ and ~r for thr  
two membranes  are known. T h e ~  parameter ,  have been measured in the p r e ~ n t  
ar-~raratus using only one membrane  at  a time placed betwe,m compar tments  B and C. 
Dist i l led wa te r  was placed on both sides of a membrane (Art = o~ a pre-sure wa_~ 
appl ied  and  volume flow observed. Under t he~  c,mdit: ,ms. Lp = Jv'Ai-;. A concen- 
t r a t i on  grad ien t  of sucrose was then appl!ed across the membrane  and volume flow 
aga in  observed wi th  z ip  = o. F rom Eqn. I or 2, ~ =- Jv/Lt~drr. The va!ues s,, ob ta ined  
were a t = 0.075, a t ----- o.ox0. Lpt = i2.6 td/min-atm and L w, = 6o..t g l /m in . a tm .  

T A B I . E  1 

THEORKTICAL AY'D EXPERIMENTAL VALUES FOR J I  ANt) . IP  AT ",'ARIOUS SUCROSE :'ONCENTRATIONS 

Imam/ 
sv.cvose c.~..n, m Jr  r~d'ml,~ - IP (ram Hg: 

C m ~ , t m . t - n l  B ( .~¢~ '¢d  Calc~'a~d Obstmcd CuA~lat~cl 

o . t  x.I Lo 3 ° 34 
0 .2  2.2 2.0 - ,  t,Q 

0"3 3"5 3 .2 I2~  1! 5 
0 .4  4 .2 4 ! 150 141 
o .5  5.2 5 4 2o~  lo/o 

Using *hc~e results,  Eqns. 3 and 4 were tes ted by  measuring Jv and _IP under 
difforent condi t ions  and comparing the ob~,rved values with those predicted,  In these 
exporiments ,  sucrose so!ntions of varying concentration were placed in the central  
comp~r tment  and  the  end compar tments  were initiaUv filled whh  disti l led water.  
The sys tem was then observed unti l  a quay, i-steady s tate  was reached in which A p  
w&s const , 'n t  and  the rate  of volume decrease in A was equal to the ra te  <,f x',~lume 
i n c r e a ~  in B (Jvl  = J , . :  - :  J,- - -  constant). The extx, r iment was the:~ mterrupte".  
and  the  solute concentra t ion in each compartment was det tqmined by measuring the 
freezing-point  depre,~ion in order t o  evaluate the  osmotic pre.,sure differences. In all 
such exper imems ,  there  was a net volume flow from compar tment  A to C and a 
posi t ive pre..~sure "le~'eioped in compartment B, The averaged results of 2-5 experi-  
men t s  at  each suclose concentrat ion are summarized in Table I in which : ,bserved 
values of Jv  and ..1P c, re compared  with those predicted from Eqns. 3 and 4. The 
observed and  predicteA values of both J,.  and A p  agree t,, within a p p r . x .  Io  ° o. Since 
a c o n ~ r v a t i v e  t .s t imatt  of the errors in determining the Lp's and o's indicates  tha t  
the  calculattxl values of Jv  and A p  could be m error by at h.a-t 7 .g, the agret,ment 
m a y  be considered ~ t i s f a t t o r y .  

These results  indicate  tha t  Eqn~ x ar.l .,, derived on the basis ,~f the d,~-rmo- 
dynamic~ of irreversible p r o c t ~ . . ,  offer an adeqaat-? phenomenological  descr~pti,.,n of 
volume flow a e r o ~  n~-mbtants  at  ~ve ra l  difierenl values of pressure and concen- 
t r a t ion  gradients .  They furtl.e~ c ~afirm the explanat ion  s u b . t e d  b y  CVRR>.S A.ND 
MclwrosH t for the  ¢ ~ r v a t i o n  tha t  net volume flow may ~-cur from comI~urtrra.nt 
A to C ih the. a b ~ n c e  of. or against,  a ~ater  ac t iv i ty  gradient .  As ;ndica t (~  by  
F, qn i .  3 and  4, such an effect requires that the values ol a be different for the two 

since Ahr t and  dh¢ s have opposite signs, and  tha t  a posi t ive pre~,ut~, exist  
in t he  region between the  membranes.  

Btv,¢Awm, Bi¢9~h~. Ac~s, ~, ~t~J3~ J4"444 
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CURRAN AND MCI.~TOSH ~ suggestfd the', z series-membras~e arrangement could 
play a role in water transfer in biological s~stems and might explain the link between 
active solute transport and water movement observed in such tissues as intestine s 
and gall bladderS. If an active transport system maintained solute concemamtion 
higher in co~,q~: : :,~,Fnt B than in A or C, net water transfer from A to C could occur 
against a water actix'ity gradient. The theoretical implications of such a system have 
been developed in detad by PA~AK. GOLDSTEIN AND HOFFMAN s usir~g expressions 
similar to Eqns. 1 and z ~ a startL, z.g point. This mechanism of water movement 
requires barriers of different o's arranged in series with active solute transport across 
one barrier into a region which cannot expand indefinitely as fluid enters it. General 
structural arr;mgemen~.s which might satisf T these requirements can be observed in 
a number of ti~ues. For example, I~o s has pointed out that the parietal cells in 
the gastric mucosa of several species have morphological characteristics, observed 
with the electron microscope, which could fit this model. The present experiments 
indicate that the theoretical description of volume flow across a series-membrane 
system is valid and lend additional support to the suggestion that such a system 
might explain some of the rather puzzling observations concerning water movement 
across biological membranes. 

Biophysical L=bccato~v, Harvard Medical School, 
BosUn, Mass.  (U.S.A.)  
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sc z264 
S~.~-ucture o f  Immi¢ acid 

IV Electro~arm~mjnetic-reso nance studies* 

.~eeently I the existence of stable free radicals in soil humic acid has been established 
.n this iaborator) by elec~on-paramapetic-resonance measurements, An analysis 
of the slmpe and the temperature dependence of the spectrum led us to conclmte 
that two radk~ species m~ht be pcese~: a semiquJnot~type radical and a qu i~  
hydrooe-type radical. We nc~ wish to present evidence wlnc~ si~engiy su4L, ests 
the exi~ence d qmmhydrone and q'J~mo~ moieties, as well as semkluinone radicals. 

"See t~ts, =-3 los" Pspm 1-111 ia this seri~ Tim wock dmcttbed in the lmmmt psp~ wm 
I~===~d st the z4=ed .,¢atiomi ]~=¢=4 ot t ~  ~==~=== ~ Sod~. SqmB=l~ see=. 

fJwcbim. £JqNl~. AcM. e 6  |j96t,,~ 4,$4-4.47 
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When sodium metal (5.0 g) was added in small amounts to a suspension of I.o g 
of humic acid (extracted from a podzol B forest soil) in 50 ml of absolute ethanol, 
an evolution of gas occurred over a period of z h. The resulting suspension w~; 
filtered and the brown sodium humate d ~ ;  the unpaired-spin co:~.centr~tion 0¢ 
the product was 25 times greater than that of the tJiigmal a~id. Tr:.~tment of humJc 
acid with NaOCtH s under similar conditions resulted in a sodium htmtate with a 
radical concentration I5 times greater than the original sampk. The sodium salt 
of humic acid recovered from an aqueous solution also showed a marked increa~ in 
unpaired-spin concentration over the free acid. Acidification (,; ".~ ~ ~u • ~ ~o~ium 
hurnate led to a product with lower radical content than the original hurm~ acid. 

T A B L E  I 

E F F E C T  O F  V A R I O U S  T R E A T M E N T S  O F  H U M I C  A CID  O N  U N P A I R E D - S P I N  C O N L E N T R A T I O . ~  

Clwm/t.a/tre4ttm-~t o~/tt~mk ~ td- Sp ins  g ' "  I × :o~' ,  ' 

.None I. 4 
Sodium salt from ethanol 23.o 
Sodium ~alt from water xo.o 
Sodium-alcohol reduction (salt i 35.0 
Sodium-alcohol reduction, free acid  0.6 

" Extracted from forest podzol-B horizon, Cheshire (Great Britain). 
"* Spin concentration estimated by comparison with diphenyl picryl hvdrazvl. Number of 

radicals assumed to be proportional to signal height times (signal widtht t. 

T A B L E  I I  

S P I N  C O N C E N T R A T I O N S  A S  A F U N C T I O N  O F  T I M E  

.~amJ~e T l m t { m m l  S p t m / g ;  . i t ,  ' t  

I t ' n t r e a t e d  1,47 
2 to  8.35 
3 2 0  9 . 2 I  

4 3 ° 34-4 ° 
5 45 ~,.3 ~ 
O ( )0  1 2 . 5 o  

7 90 I z . 5 o  
8 1 2 o  1 | . 2 o  

O 15o I I . 2 5  
lO ~8o 7.90 
! I  2 1 0  9 . 2 ¢ )  

lz ~4o 5,0o 

We can accommodate these results to a humic acid model whici: contain- 
quinone (!) mo~oties coexistent with semiquinoue ~II) and quinhydrone (III) m,~ieties. 
It is well known 4 4  that reduction of quinones in basic media leads to stable semi- 
qtfinone~adical ions. Semiquinone-radicai ions may also be formed from diamagnetic 
quinhydrones by simple com~r~ion to the salt s. The increase, in r~rhcal content which 

observed after ~ a l  reduction could be due in part to the formation of the 
quinhydrone salt and in l~U~ to the tx~duction of a quinot~ fimction. Additional support 
for thi~ p r o ~ m d  model cmne~ from the fact that the ~ for solid sodium 
l ~ a i p h ~ u h t h y d r m ~  ~. Z.OO44; line width. $ Gaits)  l h ,,~r],- Limilar to that for 

Bjacklm. Bioi~ky~. Aaa. ~ (19b),) 444*447 
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se, lld so<hum lmmate. Furthern~or¢, a strorg infrared-absorption band at I55 o crn -I  
in sodium humate corresponds to that reported for the sodium salt of biphenoquin- 
h vdrone and other model quinhydrone salts t. 

The chemical transformations of reduction and basification of the proposed model 
humic acid moieties are illustrated below. Although p-benzc~uinoid structurcs axe 
described here, chemical evidence ¢ indicates that o-benzoquinoid moieties exist in 
humic acid also. 

0 O" 

" x / J " - /  t i l t  . .1. / ,  

( ) (i)._ 

I II 

(,) 

o - H o o .  

~-+.-  t - . .  " OR_ --> 
(I H - (J ()- 

i l i  I1 

(2) 

O" 0 

"" ~ ' - /  (H) .. ,,~L.~ / 

O- 0 -  

11 IV 

ta) 

Although Reactions x and z produce an increase in ~miquinone-radical ions, 
it is also possible that these ions (or semiquinones existing in humic acid prior to 
chemical treatment) may be reduced to the diamagnetic phenolate (IV) as in Step (3). 
Thus, if all three reactions axe possible, one would anticipate at least one (and probably 
more) maximum in spin concentration as a function of time of reduction or amount 
of reducing agent. Our studies with chemical reduction of humic acid confirms this 
expectation, In Table II are listed the spin concentrations of humic acid samples, 
aliquots of which were periodically removed from a heterogeneous reaction mixture 
containing sodium and alcohol. 

The initial rapid Jn,:rease in r',~dical concentration is most likely a result of 
Reaction 2, wherc:~ the subsequent variation in sp:n concentration could be caused 
b 3 com f~.titiun bct,a~:n R~a~.~ons v_ and 3. 

~i~.qesolu~bn st,.uties ~f aqueous : 'kJline solutions of hu~.;,: acid reveal h y ~ ; -  
..... ~ 'ucture in ,*he spectra which 1~ not evident in the solid .,a~apl~. Bccau.~ , ;  
i*~ a~:2,'mmetrl-.al shape, the bpectrum could repre~nt the sapeqxafition of ab- 
~ f p t i o ~  ~ ,  two o¢ more radical qxsdes. A ~ aaJigranent w u  made lo¢ the 
~ . c t r u m  of the parent humic ac~L It  is mignifiamt that ~ does not alter 
the Ilenmd drape of the electron-pm~-~l~-t~ reso~_.~,__ spe~lr,wn, indicating that 
no mark~  chauSe in nu ik l l  qx~ies occur.. 

The t~-mmdated evidence is ~ t  with • humJc acid model mntJdnint~ 
quincam, semiquinone and quiahydmne mak.ti~. Current stuches tn t h~ htbot t tmy 

Il iI lJaim+ D i i ~ j N .  A¢II~ ~ { ~ i , ~  444-~Q47 
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are concerned with the electron-paramagnetic re~nance  and infrared analysis of 
humic acid fractions obtained by  controlled oxidation and reduction. The p u r t x ~  
of these studies is to determine the nature and concentrawm of the q,ainoid and 
phenolic moieties. 

We wish to acknowledge the support of the American Chemical Social:. Pe- 
tro |eum Research Fund, Grant No. 97o-A4 and the U.S. Atomic Energ 3- Commission, 
Grant No. AT(xi-x)9o8 for part  of this work. 
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