
[15. XII. 1959] Kurze Mitteihmgen - Brief Reports 483 

The Behavior  of Copper Complex  Forming  
H y d r o x y p h e n a z i n e  in Normal  and Leukemic Mice 

Biological propert ies  of chemical substances extracted 
from Pseudomonas  aeruginosa have been under constant  
inves t iga t ion  since 1888L Of interest  is a fraction of 
Pseudomonas  aeruginosa culture extractions tha t  forms 
charac ter i s t ic  fibers if brought  in contact  with traces of 
copper  °-. This  fract ion was identified by Moos and 
ROWEN a as c~-hydroxyphenazine, with tenta t ive  molecular 
weight  4 of 846.35 and ratio of copper to hydroxyphena-  
zine (HP) ~ app rox ima te ly  1:4. Studies concerning locali- 
zat ion effects of these fibers in tissues of normal aml 
leukemic mice are continuing,  since these could be in- 
vo lved  in molecular  format ion of tumors,  and tumor-like 
s t ra ta .  L ive r  and k idney  contain maximum act ivi ty  when 
animals  are injected wi th  Cu6a; however,  similar studies 
in leukemic  mice, to our  knowledge, do not exist in the 
l i terature .  To date,  da ta  have  been obtained concerning 
changes in mice given Cu 6a + hydroxyphenazine,  and it 
is the  purpose herein  to summarize  these studies. 

Mater ia l s  and  Melhods.  At tempts  were made to bring 
hyd roxyphenaz ine  into physiologically compatible solu- 
t ion from a-hydroxyphenaz ine  prepared synthetically e,7 
by  the  Reac t ion  Products  Company  of Painesville, Ohio, 
since yields f rom bacter ia l  cul tures  were insufficient. 
H y d r o x y p h e n a z i n e  in mineral  oil a l lowed administrat ion 
in amount s  up to 10 m g / m l  for use in tracer experiments 
and tox ic i ty  studies, and phenazine precipitated from 
E t O H  was also used for tox ic i ty  studies. Amounts  up to 
1.0 ml  of minera l  oil conta in ing 10 mg of hydroxyphena-  
zinc had no toxic  effects on animals  injected subcutane- 
ously. In t r avenous  inject ions of saline-phenazine solutions 
were to le ra ted  wi th  any  a m o u n t  given to mice weighing 
25-35 g. Cu ~ (Abbot t  Labora tor ies ;  half-life 12-8 he), 
was employed  for t racer  studies after  finding tha t  0.1 mg 
of Cu c i t ra te  (pH 7-0, buffered) was not  lethal for mice. 
Cu 64 c i t ra te  ac t i v i t y  was approx ima te ly  1-2 mc/mt at 
t ime  of a r r iva l  and the  solution was di luted with  0-036°,0 
sodium c i t ra te  to one- ten th  this value,  giving 0,2 mg 
Cu/ml  wi th  an a c t i v i t y  of 100-200 btc/ml. Not  over 
0.5 ml  (50-100 ~tc) was used for inject ion.  Tracer  experi- 
ments  were per formed  on groups of 6-8 mon th  old Car- 
wor th  F a r m s  normal  (CFW) and leukemic (AKR) mice 
subdivided and t rea ted  as follows: (it) Cu 64 injected intra- 
muscula r ly  (tail); (b) Cu "~ injected in t ravenous ly  (tail); 
(c) Cu 64 in jec ted  in t ramuscular ly ,  and 5-0 mg hydroxy-  
phenazine  in 0-5 ml  oil g iven  subcutaneously;  (d) Cu 64 
injected in t ravenously ,  and hydroxyphenaz ine  in oil given 
subcutaneously,  

Mice were sacrificed 1 h after  inject ions of Cu ~a, or of 
the  Cu ~a + hydroxyphenaz ine ,  and the  var ious  organs re- 
moved,  weighed, and evapora ted  to dryness in 10 ml of 
90% formic acid over  a s t eam bath.  Dried organs were 
resuspended in 10 ml  formic acid, and 1 ml aliquots of 
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each suspension (in triplicate) was counted in a Nancy-  
Wood well counter, and the counts corrected for decay 
time, organ weight, and total  animal  weight. 

Two hmg term survival  studies on A K R  mice (7-8- 
months old) were done to determine the effects of sub- 
cutaneous injections of Cu or HI ), aml Cu + HP. Leuke- 
mic mice in these studies were divided into four groups 
containing 10 animals each anti injected ,as follows: (a) 
Copt×,r ci t rate  (0.1 mg Cu) subcutaneously;  (b) Copper + 
lay(Iroxyphenazine (0.1 mg Cu and 5.0 mg HP) subcu- 
taneously; (c) l tydroxyphenazine  (5.0 mg HI  )) subcu- 
taneously; (d) Controls injected subcutaneously with 
sodium citrate (6.5 ml, 0.03~1%). 

In the first survival  s tudy they were injected on the 
2 n,l, 10t", 361h, 54th, and 1261h day after arrival. In the 
second study they were injected on the 5th, 19 t., 33r,1, anti 
561h day after arrival. The animals were weighed weekly 
and the deviations in average weights of eagh animal 

o/ group expressed its /o change. Wright ' s  smears were 
made fur differential bh)od studies (tail-veins) on the 
2 ha, 20 th, 36 th, 54 th, and 97 th days after respective in- 
jections with Cu, Ctl + HP,  HP,  anti ~)dium citrate. 
1 )ifferential counts obtained during the duration (97 days) 
of survival and weight experiments were tested by Stu- 
dent 's  't' test for significant differences. 

Result . --  Livers of all intramuscularly injected mice, 
and kidneys of all intravenously injected (C116a or Cu e4 + 
HI  )) mice contained highest activity,  and these organs 
were considered its having maximum (100%) activity. 
Smallest amount  of Cu 6~ was always found in brain; 
stomach and duodenum-je junum were relat ively active; 
urine always contained large amounts  of active material. 
Variation in some organs can be detected, and is a t t r ibuted 
to the wtrious diffusion rates from tim site injected. Cu 64 
is excreted to a considerable extent  within I h after  
intravenous injection. In contrast,  subcutaneous injection 
of hydroxyphenazine in oil (1-20 h before injecting Cu 6~) 
does not cause marked changes in organ distribution of 
Cu 6~ activity.  

Normal and leukemic mice injected intramuscularly 
with Cu% and immediately injected with hydroxyphena-  
zinc subcutaneously exhibi t  no significant difference in 
organ activities;  the sole exception lx, ing lung tissue. 
Intramuscular  injection (d Cu ~4 ahme gave no significant 
difference in organ distribution, spleen being the excep- 
tion in this series, instead of hlng. I Iowevcr, quant i ta t ive  
comparisons between Cu ¢4 injected ahme, and Cu e4 + ~t- 
hydroxyphenazinc into leukemic mice, shows greater ac- 
t iv i ty  in spleen, hmgs, aml heart of leukemic mice receiv- 
ing Cu 6~ + hydroxyphenazine.  Both survival experiments 
gave good agreement,  with the sole cxception of the Cu + 
hydroxyphenazinc treated mice. The slmrt survival period 
of leukemic mice receiving Cu q hydroxyphenazine in 
the first survival  study, and hmgcr survival of mice in the 
second s tudy receiving similar t reatment ,  cannot be ex- 
plained at  present. Survival  pat terns of hydroxyphenazinc 
and control (sodium citrate) injected mice gave no dif- 
ferences in the action of hydroxyphcnazine or sodium 
citrate.  Copper injections alone were of benefit, since 
lethal i ty  tor both cxperimcnts was considerably lower 
than in mice rccciving other  t reatment .  

Leukemic mice bled on the 2nd, 20th 3 6 t h  54 t l t  and 
97 th days following subcutaneous injections of Cu alone, 
Cu q hydroxyphcnazinc,  hydroxyphcnazine,  and sodium 
ci t ra te  (control) showed no regular t rend or pat tern by 
' t '  test  over  97 days of t reatment .  Although Cu + H P  
mad H P  alone exerted more marked effect upon stimula- 
tion of PMN production than did Cu alone, or sodium 
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ci trate,  this could be due to chance. L y m p h o c y t e  pro- 
duct ion  appeared depressed wi th  Cu, Cu + HP ,  and H P  
in contras t  to sodium citrate,  bu t  this  was no t  significant.  
No significant t endency  appeared  for all the  in jec ted  
groups, even  when compared  to un in jec ted  leukemic 
controls.  

In jec t ion  of Cu ~ into  normal  and leukemic mice by  
var ious routes,  alone, or  in combina t ion  wi th  a -hydroxy-  
phenazine,  al lowed us to eva lua te  t he  effects of H P  and 
Cu on normal  or  leukemic  mice.  ~ -hydroxyphenaz ine  was 
non-le thal  in doses ove r  I0 mg  when  in jec ted  into  mice. 
Cu ~* in combina t ion  wi th  ~-hydroxyphenaz ine  gave  two-  
fold increases of a c t i v i t y  in spleen, lung, and hea r t  of 
leukemic mice. Such resul ts  were no t  ob ta ined  wi th  nor-  
mal  mice receiving the  combined  inject ions,  or  in leukemic  
mice in jec ted  wi th  Cu s~ alone. The  means  whereby  copper  
affects surv iva l  t imes  when  combined  wi th  hyd roxy -  
phenazine is not  y e t  clear, since the  blood pic ture  is no t  
s ignif icant ly al tered.  A l t h o u g h  surv iva l  t ime  was pro- 
longed in leukemic mice given copper  alone, real  depres-  
sion or  recovery  f rom leukemic  s ta tus  could no t  be achiev-  
ed by  Cu + t t P  or a -hydroxyphenaz ine  alone. 

F rac t iona t ion  by  JACOBS ~ of Pseudomonas aeruginosa 
yielded a polysacchar ide  capable  of inducing hemor rhage  
and necrosis to Sarcom~ 37 of tumor -bea r ing  mice.  This  
effect  was no t  induced by  ~-hydroxyphenaz ine  in our  
normal  or  leukemic mice. 

V¢c are indebted to Mr. M. QUARLES and Mr. W. HENDERSON, 
Department of Radiology, University of Illinois, College of Medicine, 
for technical assistance. 

W.  S. Moos  and H. C. MASON* 

Department o/Radiology, College o/Medicine, University 
o] Illinois and Illinois State Psychopathic Institute, 
May 12, 1959. 

Zusammen/assung 
Die Reak t ion  und die Ablagerungsste l len  yon  H y d r o x y -  

phenaz in  und Kupfe r  wurden  in  gesunden und  leuk~t- 
mischen Mgusen untersucht .  

* Present address: Systems Management Office, Space Medicine 
Branch, Boeing Airplane Company, Seattle (Wash.). 
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I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

T H E O R I A  

Z u m  p h y s i o l o g i s c h e n  P o t e n z b e g r i f f  

(am Beispiel  der  H e r z a u t o m a t i e )  

Vergle ichend physiologische Un te r suchungen  fiber die 
Aktivit~it  der  Venenherzen  der  Chi roptera  ~-s, He l ix -  
herzen ~, embryona len  Hf ihnchenherzen  ~, ak t ivpuls ie ren-  
den  Armschirmhautgef~issen der  Cephalopoden ~, L sowie 
entsprechende  Un te r suchungen  meines  Schiilers HUGGEL s 
an embryona len  Fischherzen,  verfo tg ten  un te r  ande rem 
die nghere  B e s t i m m u n g  der  Gef~ss- bzw. Herzpo tenzen  
aus ihren En twick lungsm6gl ichke i t en  und ihrem Anpas-  
sungsverm6gen.  Mit  der  E rwe i t e rung  des exper imente l len  
Erfahrungsbere ichs  schien es mir  geboten,  die gebr/~uch- 
lichen Einzelbegri f fe  wie ~ Herzpo tenz  ~, ~ H e r z a u t o m a t i e  ~> 
inhal t l ich zu tiberprfifen und sic gegebenenfal ls  durch U m -  
bi ldung und Differenzierung auf  den gegenwArtigen S tand  
der Forschung  zu bringen. 

In  der  Uberzeugung,  dass die Arbe i t  am Begr i f f sappara t  
mi t  der  Empi r ic  Schr i t t  ha l t en  sollte, best~irkte mieh  der  
1937 in den Acta  Bio theore t ica  erschienene,  ausserordent-  
lich anregende Aufsatz  von  RAVEN, Der Potenzbegriff in 
der Entwicklungsmechanik% Darin  ver fo lg t  RAVEN das 
Ziel, den entwicklungsphysiologischen Potenzbegriff ,  wie 
er  ursprfinglich yon  DRIESCH in die ~,Entwicklungs- 
mechanik~ eingeffihrt  worden  ist, den ~Bedfirfnissen des 
Augenblieks~ anzupassen,  fiberzeugt,  d~ss die U m b i l d u n g  
des Begriffes ,ke ineswegs  beendet~ set. 

Die  Frage,  ob eine wei tere  Auf l6sung einen physiolo-  
gischen Potenzbegr i f f  auf  sp~terer  En twick lungss tu fe  der  
Forschung  entbehr l ich  machen  wird,  b r a u c h t  uns im 
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Augenblick,  wo er noch ein fester  Bes tandte i l  unseres 
Begr i f fsappara tes  ist, n icht  zu bedr~ngcn.  W c n n  wir  auch 

- wohI m i t  den meis ten  exper imente l l  Arbe i t enden  - 
der  Auffassung sind, dass gel~ufige physiologische Be-  
griffe wie t~ Reak t iv i t~ t  ~>, ~ Spontaneit/~t~>, <~Automatie- 
p o t e n z ,  lediglich Ausdruck  sind fiir zur  Zei t  noch  un-  
i ibersehbare <~Faktoren-Konstellationemb so me inen  wir  
doch, dass eine Begr i f fswei terbi ldung der  ak tue l len  F a k -  
torenanalyse  in allen Gebie ten  der  Physiologic  nach  M6g- 
l ichkei t  paral le l  zu laufen oder  wenigstens  v o n  Zeit  zu 
Zeit  ~machzuziehen,) habe  1°. 

RAVEN setber h a t  bekann t l i ch  n u t  den entwicklungs-  
physiologischen Potenzbegriff ,  die sogenannte  (,Diffe- 
renzierungspotenz~,  untersuchen  wol len und dabei  k lar  
gemacht ,  dass dieselbe n ich t  bloss als die S u m m e  yon 
M6glichkei ten des Ke immate r i a l s  aufzufassen set, sondern 
als zusammengese tz t  aus zwei Grundfah igke i ten  des Sub- 
s t ra tes :  1. in gee ignetem Milieu ~spontan~> b e s t i m m t e  Dif- 
ferenziernngen hervorzubr ingen,  2. auf  gewisse spezifische 
d n d u k t i o n s w i r k u n g e n ~  mi t  b e s t i m m t  ger ichte ten  Diffe- 
renzierungen zu reagieren.  Wet ter ,  dass diese En twick -  
lungsf~higkei ten j eweils yon ganz b e s f i m m t e r  St£rke sind, 
so dass die gesamte  Dif ferenzierungspotenz  als eine ~, Stu-  
fenlei ter  yon  Differenzierungsf~higkeiten,> aufgefasst  wet-  
den  kann,  bci der  Reakt ionsf~higke i ten  und Differenzie-  
rungs tendenzen  fliessend ine inander  fibergehen. RAVEN 
k o m m t  dabei  zur  offenbar  fundamcn ta l en  Einsicht ,  dass 
auch  jede entwicklungsphysiologische Te i lpo tenz  s te ts  
aus Reak t ionsve rmSgen  auf  induzierende  Reize  und  aus 
E igen t endenzen  des Ke immate r i a l s  oder  aus ~passiver,> 
und  ~mktiver,> Po tenz  besteht ,  die somi t  u n v e r m i t t e l t  in- 
e inander  i ibergehen. I n  Abh~ngigke i t  yon  ihrer  In t ens i t~ t  
verschiebt  sich z u m  Beispiel  die Dif ferenzierungspotenz  
auf  der  S tufenle i te r  ~nach unten~>, wenn  sic schw~icher 
geworden  und  bet Un te r schre i t en  der  ~Schwellc~> in den 
Bere ich  der  blossen Reakt ionsf~higke i ten  ~herabsinkt~, 
oder  ~nach oben ~, wenn  sic po tenz ie r t  die ~ Schwelle~ fiber- 

10 Was hier fiir unscr Spezialgebiet gefordert wird, gilt natfirlich 
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