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Gradient plating of Candida lipolytica on ethionine after 10 days 
incubation at 30~ A few types of colony variants can be seen. 
Arrow indicates a rough colony variant. 

In  order  to s t u d y  the  effect  of e th ionine  alone on the  
cells, ac t ively  growing cul ture was t r ea ted  wi th  e th ionine  
as follows: 4 ml of min imal  salts  med ium (K~HPO4 0.7% ; 
NH4C 1 o/ �9 0.5/0,  MgSO4 7H20 0.02% ; NaCt 0.01% and  
glucose 1.0%) conta in ing  di f ferent  levels of e th ionine  
ranging  f rom zero (control) to 16 mg/ml  in broad  t e s t  
tubes  was inocula ted  wi th  0.5 ml cell suspension f rom 
exponen t i a l  g rowth  phase  conta in ing  10 s cells/ml. The 
tubes  were f ixed a t  an angle of 45 ~ and ag i t a ted  in a 
rec iproca tory  shaker  a t  30 ~ for 4 days.  I t  has  previous ly  
been  observed  t h a t  in the  presence of even low levels of 
e th ionine  (i.e., 1 mg/ml)  the  cul ture  showed a g rowth  lag 
of abou t  4 days  and  the  cells which grew af ter  this  per iod 
were ent i re ly  r e s i s t an t  to inh ib i to ry  levels (i.e., 10 mg/ml) 
of e thionine.  Hence,  af ter  4 days  of incubat ion ,  when  the  
g rowth  was no t  ye t  ev iden t  in the  above tubes,  the  cells 
were washed  twice wi th  physiological  saline and p la t ed  
out  on ma l t  agar  for viable coun t  and obse rva t ion  of 
mu tan t s .  A u x o t r o p h y  was scored by  p lo t t ing  the  colonies 
on min imal  salts  and mal t  agar  media.  I t  could be seen 

f rom da ta  in Table  I I  t h a t  cell inac t iva t ion  was p ropor -  
t ional  to e th ionine  concen t ra t ion .  I t  could be fu r the r  
seen t h a t  b o t h  pe t i t e  colonies and auxo t rophs  were 
scored only  for the  e th ionine  t r e a t ed  cells, the i r  f requen-  
cies in b o t h  cases being p ropor t iona l  to  e th ionine  con- 
cent ra t ion .  A u x o t r o p h s  were, however ,  found  only  in 
those  cul tures t r e a t ed  wi th  et t l ionine a t  concen t ra t ion  
h igher  t h a n  8 mg/ml .  Al though  a n u m b e r  of var ious  o the r  
types  of colony va r i an t s  were  observed on the  e th ionine  
pla tes  (Figure) or in the  e th ionine  t r ea t ed  cultures,  for 
convenience  of coun t ing  only  the  pe t i t e  colonies were 
considered.  

The above observa t ions  ind ica ted  t h a t  e thionine  was 
mutagen ic  to Candida lipolytica, when  to be in co n t ac t  
wi th  the  cells for a fair ly long per iod of 4 days.  Most  
convent iona l  chemical  m u t a g e n s  such as mus ta rds ,  
a lkane sulphonic  esters  etc. have ,  however ,  been known  
to be mutagen ic  a t  no rma l  dose levels b y  very  m u c h  
shor te r  dura t ions  of con tac t  w i th  the  microbia l  cells. 
Several  factors  such as possible  chemical  change in 
ethionine,  permeabi l i ty ,  si te of in te rac t ion  wi th  the  cell, 
cellular componen t s  etc., will be of in te res t  for u n d e r s t a n d -  
ing the  mechan i sm of e th ion ine  mutagenes i s  in th is  
sys tem.  

Summary. Ethionine ,  was found  to  induce auxo t roph ic  
and pe t i t e  colony va r i an t s  in Candida lipolytica af ter  
prolonged con tac t  w i th  the  cells. 
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Effects  of Magnet i c  Fie ld on I n f l a m m a t i o n  

T r e a t m e n t  of some rheumat ic  and i n f l a m m a t o r y  
diseases by  magne t ic  fields is common  in J a p a n  as a 
home the rapy .  A series of exper iments  on the  biological 
effects of magne t ic  fields have  been done main ly  in the  
Soviet  Union.  These were summar ized  in two recen t  
monographs  1,2. I t  was po in ted  out  t h a t  magne t ic  fields 
had  some influence on inf lammat ion .  Bu t  the  ant i -  
i n f l a m m a t o r y  effects  of magnet ic  fields has  no t  been 
assessed in the  usual  exper imenta l  modes  widely  used. We  

Table I. Effects of magnetic field on carrageenan edema in rats 

Time after earrageenan 
injection (h) 

Increase ill paw volume (% • SE) �9 

Control hi magnetic field 

1 37.0 i 2.8 24.5 • 2.6 b 
2 42.5 :j- 3.6 34.6 • 2.4 
4 66.4 • 4.1 48.9 i 2.1 b 
6 65.1 • 3.0 43.8 • 2.7 b 

.~Average values for 14 animals, bp < 0.01 in relation to control. 

t es ted  the  effects of a magne t i c  field on car rageenan  
edema and  ad j u v an t - i n d u ced  ar thr i t i s  in rats.  

Carrageenan edema  tes t :  r a n d o m - b r e d  male  ra ts  of 
t he  Wis ta r  s t ra in  weighing a b o u t  160 g were used. They  
were housed  in 2 cages, and  fed wi th  t he  same food and  
runn ing  water ,  in a l abo ra to ry  a t  a t e m p e r a t u r e  of 20 ~ 
The animals  in each cage were  d iv ided  jus t  before t he  
exper iments  into 2 groups,  one for the  magnet ic  t r e a t m e n t  
and  the  o ther  for controls .  A 0.1 ml  of 1 ~o ca r rageenan  
(Viscarine 402) suspension in saline was in jec ted  in the  
subp lan ta r  region of the  left h indpaw.  The vo lume of t he  
left h i n d p aw  was measured  before and  1, 2, 4 and 6 h 
af ter  the  car rageenan  in jec t ion  according to VAN ARMAN 
et al. 3. 

A d j u v an t - i n d u ced  a r th r i t i s :  r a n d o m - b r e d  male ra t s  
of the  Sprague-Dawley  s t ra in  aged f rom 8 to  10 weeks 
and weighing abou t  220 g were used. The m e t h o d  of 
feeding and  grouping of the  animals  were as descr ibed  

1 ~. F. BARNOTHY, Biological EHects o/ Magnetic Fields (Plenum 
Press, New York, Loudon 1969), vol. 2. 

2 A. S. PRESSMAN, Electromagnetic Fields and Life (Plenmn Press, 
New York, London 1970). 

3 C. G. VAN ARMAN, J. Pharln. exp. Ther, 150, 328 (1965). 
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Table II. Effects of magnetic field on adjuvant-induced arthritis in rats 

EXPERIENTIA 31/12 

Hindpaw volume ii1 ml b 
(% increase ~= SE) o 

Arthritis score of forepaw Body weight gain 
(score -4- SE) a (O/o) . 

Days after Treatment Control M.1 ~. ~ Control M.F. ~ Control M.F. 
adjuvant injection days 

14 0 2.45 (0) 2.56 (0) 0 0 0 0 
18 4 3.84 (60.0 • 8.2) 3.72 (47.0 • 5.0) 3.3 =E 0.39 2.4 4- 0.24 2.0 4.5 f 
21 7 3.67 (52.6 :t_ 7.4) 3.38 (33.7 ~= 4.4) r 3.4 4- 0.43 2.8 ~ 0.48 4.1 8.8 ~ 

~Average values for 10 rats. bAverage values ior both paws. ~ relative to those of treatment day 0. a 0 None; 1 mild; 2 moderate; 
3 severe; 4 very severe, eM.F. Magnetic field. ~p < 0.05 in relation to control. 

in the  ca r rageenan  edema tes t .  A dose of 0.1 ml  of l iquid 
paraff in  (Merck, Germany)  conta in ing  0.6 mg of hea t -  
killed Mycobacterium bu/yricum (Difco) was in jec ted  
in t r ade rmal ly  in to  the  basa l  pa r t  of the  tail. The vo lume 
of the  h indpaw s  was measured  as descr ibed above.  The 
a rb i t r a ry  ar thr i t i s  score in the  forepaws was also recorded.  

T r e a t m e n t  by  a magne t ic  field: An a p p a r a t u s  to  
produce  a 50 Hz a l t e rna t ing  magne t ic  field was p rov ided  
by  Kawasak i  Elect r ic  I n d u s t r y  Co., Ltd. ,  Y u s h i m a  3, 
Bunkyo-ku ,  Tokyo.  The in t ens i ty  of the  magnet ic  field 
was abou t  1,200 gauss in a wooden  cage where  the  animals  
were placed. The contro l  animals  were also placed in the  
box, b u t  the  cu r ren t  was no t  swi tched on. The t e m p e r a t u r e  
in b o t h  the  boxes  was ad jus t ed  to abou t  20~ In  the  
car rageenan  edema  test ,  t he  ra t s  were placed in the  
magne t ic  field for 3 h f rom jus t  a f ter  the ca r rageenan  
inject ion.  In  t he  expe r imen t  of a d j u v a n t  ar thr i t i s ,  the  
ra t s  were t r ea t ed  in the  magne t ic  field for 3 h every  d a y  
f rom 14 days  a f te r  the  a d j u v a n t  injection.  

As shown in Table  I, t he  car rageenan  edema  in t he  
t r ea t ed  group was  s ignif icant ly  suppressed  as compared  
wi th  t h a t  in the  contro l  group. The behavior  of the  
t r ea t ed  ra ts  was like t h a t  of cont ro l  animals.  14 days  
af ter  the  a d j u v a n t  inject ion,  t he  ra t s '  h i ndpaw s  had  
swollen modera t e ly  (about  2.5 ml). As shown in Table  II ,  
the  swelling increased fu r the r  for t he  n e x t  4 days  and  
then  decreased gradual ly .  The effects  of t he  magne t i c  
field on ad juvan t - i nduced  ar thr i t i s  are summar ized  in 
Table  II .  The a r th r i t i s  in forepaws was no t  seen af ter  
14 days,  b u t  was in tense  af ter  18 and  21 days  in t he  
contro l  animals.  As summar ized  in Table II ,  the  a r th r i t i s  
in the  h ind-  and  fore-paws in the  ra t s  exposed to  the  
magne t ic  field was weaker  t h a n  t h a t  in t he  controls .  No 
changes  in behav ior  were observed  in e i ther  group, and  

the  b o d y  weight  gain was grea ter  in the  t r ea ted  group 
t h a n  in the  controls.  I t  should  be clarified whe the r  or no t  
t he  effects of t he  magne t i c  field on a d j u v a n t  a r t h r i t i s  
are only  due to  its a n t i - i n f l a m m a t o r y  effects. 

As descr ibed above,  t he  a l t e rna t ing  magnet ic  field 
used in th is  s tudy  has  an a n t i - i n f l a m m a t o r y  effect  in rats.  
LIKHACHEV 4 repor ted  t h a t  the  act ion of a cons tan t  magne-  
t ic  field on cent ra l  ne rvous  sys t em led to a rapid  normaI-  
izat ion of e ry th rocy t e  s ed imen ta t i on  ra te  in expe r imen t s  
wi th  t u rpen t ine - induced  in f l ammat ion  in rabbi ts .  DEGAN 5 
used magne t ic  fields in t he  t r e a t m e n t  of t r auma t i c  edema  
in humans .  The mechan i sms  of t he  biological effects  of 
magne t i c  field were discussed also by  LIKHACHEV and 
o ther  invest igators ,  b u t  t he  mechan i sm of an t i - in f l amma-  
t o r y  effects  observed  in th is  s t u d y  is as ye t  unknown.  

Summary. The effects  of a 50 Hz  magnet ic  field on 
exper imen ta l ly - induced  in f l ammat ion  in ra ts  were s tudied.  
Carrageenan edema was inhib i ted  s ignif icant ly  by  
exposure  to magnet ic  f ield for 3 h. A d j u v an t - i n d uced  
a r th r i t i s  in ra ts  was also suppressed  by  the  magnet ic  
field. 
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Energy Linked Ion Accumulat ion  in Mitochondria  

We repor ted  earlier 1 t h a t  the  max ima l  resp i ra t ion  ra te ,  
s t imula ted  b y  A D P  or Ca +s, is lower in mi tochondr i a  f rom 
diabet ic  an imals  (diabetic mi tochondr ia)  t h a n  in no rma l  
mi tochondr ia ,  b u t  the  t o t a l  a m o u n t  of A T P  p roduced  or 
Ca +~ accumula ted  will even tua l ly  equal  t h a t  for normal  
mi tochondr ia .  These resul ts  appeared  to be an  ion re la ted  
phenomenon .  I t  is known t h a t  var ia t ions  ill cellular K + 
and  Ca +2 con ten t s  do affect  m a n y  cellular processes  ~-4. 
The purpose  of th is  s t u d y  was to compare  ion accumula-  
t ion in no rma l  and  diabet ic  mi tochondr i a  for t he  f i rs t  
t ime.  

Mi tochondr ia  were isolated f rom livers of normal  and  
al loxan diabet ic  ra t s  as descr ibed previously  i. ionic con- 

f r o m  Alloxan Diabetic Rats 

t e n t s  were de te rmined  as descr ibed by  MALBICA and 
HALL 5. 

1. Ion  con ten t s  in a res t ing  s ta te .  Af ter  isolat ion in 
0.25 M sucrose the  normal  and  diabet ic  mi tochondr ia  con- 
t a ined  similar a m o u n t s  of Na  +, 6.7 and  7.8 nmoles /mg pro- 
te in  ; K+, 82.0 and 85.7 nmoles /mg  pro te in  ; Mg4~, 63.0 and  
51.3 nmoles /mg pro te in  ; and  Ca+2, 10.0 and  8.6 nmoles /mg  
prote in ,  respect ively.  These are similar  to l i te ra ture  values,  
under  similar  isolat ion condi t ions ,  for normal  mi tochon-  
dr ia  5, 6. 

2. Ionic con ten t s  af ter  3.0 m M  Ca +2 incubat ion  wi th  
resp i ra to ry  subs t ra te  and  A T P  present .  Af ter  a 20 min 
incuba t ion  wi th  3.0 m M  Ca +2 the  diabet ic  and  normal  


