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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  
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Table I. Ionic contents of normal and diabetic mitochondria after incubation in 3.0 mM Ca +2 medium 
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nmoles/mg mitoehondrial protein 4- SE 

T r e a t m e n t  n N a  + K+ Ca +2 Mg+ 2 PO4 -3 

Normal 7 443 4- 89 107 4- 11 1371 :~ 223 360 4- 55 1091 4- 263 

Diabetic 7 268 =[_ 46 127 d_ 17 1272 ~ 173 343 4- 32 1012 4- 252 

Medium contained: 1 mg initochondrial protein/ml, 5.5 mM Na-KHIP04, 75.0 mM Tris HC1 (pH 7.4), 10.0 mM MgCI2, 7.0 mM adenosine 
triphospbate (ATP, 2 Na, Sigma), 25.0 mM sucrose, 5.0 mM NaC1 3.0 mM CaCI2, and 5.0 mM Na succinate. The fii~al volume was 12 ml. 

m i t o c h o n d r i a  c o n t a i n e d  s i m i l a r  a m o u n t s  of t he  ions  
a s s a y e d  (Table  I). T h e s e  c o r r e s p o n d  to  r e p o r t e d  v a l u e s  
fo r  n o r m a l  m i t o c h o n d r i a  6, 7. T h e r e  w a s  a s ign i f i can t  pos i -  
t ive  co r r e l a t i on  s b e t w e e n  K + a n d  Mg +~ c o n t e n t s  in t h e  
n o r m a l  (r - -  0.784) a n d  no  s ign i f i can t  co r re l a t ion  in t h e  
d iabe t i c  (r = 0.426). A pos i t i ve  co r r e l a t ion  b e t w e e n  t h e  
a m o u n t  of Mg+2 a n d  K+ is o b s e r v e d  in n o r m a l  l iver  
m i t o c h o n d r i a  ~- ~. 

3. I o n  c o n t e n t s  a f t e r  0.187 m M  Ca +2 i n c u b a t i o n  w i t h  
no  aden ine  nuc l eo t i de s  a n d  ac t ive  r e sp i r a t ion .  T h e  p r o t o -  
col for  t h e  0.187 m M  Ca +2 s t ud i e s  w a s  e x p l a i n e d  p rev i -  
o u s l y  1. Brief ly,  t h e  i n c u b a t i o n  m e d i a  c o n t a i n  e i the r  
80 m M  K~- or  120 ~ M  K + (Na  + m e d i u m ) ,  N a  + replacing.  
K+. E a c h  of t he se  is pa i r ed  w i t h  succ ina te ,  a s u b s t r a t e  
w h o s e  a c c u m u l a t i o n  r equ i r e s  a n d  is r e g u l a t e d  b y  K+ or  
/ 3 - h y d r o x y b u t y r a t e ,  a s u b s t r a t e  w h i c h  is n o t  r e g u l a t e d  b y  
K+ in th i s  w a y l L  Af t e r  a 5 m i n  i n c u b a t i o n  t h e r e  w a s  a 
s ign i f i can t  d i f ference  in tile ionic c o n t e n t  (Table  I I ) :  a 
lower  a c c u m u l a t i o n  of Ca+ 2 in t h e  d iabe t ic  in K + m e d i u m  
w i t h  succ ina t e  as s u b s t r a t e .  

T h e  r e su l t s  d e m o n s t r a t e  t h a t  l iver  m i t o c h o n d r i a  f r o m  
a l loxan  d iabe t ic  r a t s  d i sp l ay  s o m e  s ign i f i can t  d i f ferences  
f r o m  n o r m a l  m i t o c h o n d r i a  in p a t t e r n s  r e l a t ed  to  e n e r g y  
l inked  ion a c c u m u l a t i o n .  T h e  role K+ p l ays  in r e g u l a t i n g  
e n e r g y  g e n e r a t i o n  could  a c c o u n t  for  t he  r e su l t s  in  t h i s  
s t u d y  a n d  o t h e r  r e p o r t s  ~. 

T h e r e  is s o m e  ev idence  s u p p o r t i n g  t h i s  h y p o t h e s i s .  
1. P o t a s s i u m  a n d  ca l c i um  levels  in m i t o c h o n d r i a  or  cells 
d e p e n d  u p o n  the  i n t e g r i t y  of t h e  l imi t ing  m e m b r a n e  a n d  
a d e q u a t e  e n e r g y  (for a s u m m a r y  see CASWELL12). 2. I n  
f r e sh ly  i so la ted  n o r m a l  a n d  d iabe t i c  m i t o c h o n d r i a ,  w h e r e  
r e s p i r a t i o n  a n d  e n e r g y  g e n e r a t i o n  are m i n i m a l  a n d  no  
ac t ive  t r a n s f e r  is occur r ing ,  t h e  K+ a n d  Ca+2 levels are  t h e  
same .  3. W h e n  t h e r e  is ac t ive  r e s p i r a t i o n  a n d  A T P  is t he  
e n e r g y  source ,  t h e r e  is no  d i f fe rence  in ion c o n t e n t s  a f t e r  

a c c u m u l a t i o n  s tud ie s  b u t  K~ a n d  Mg +2 c o n t e n t s ,  w h i c h  
are u s u a l l y  p o s i t i v e l y  c o r r e l a t e d  in m i t o c h o n d r i a ,  a re  n o t  
c o r r e l a t e d  in t h e  d iabet ic .  M a g n e s i u m  levels  are s t a b l e  in 
cells b u t  K+ levels v a r y  in d i f f e ren t  m e t a b o l i c  cond i -  
t i ons  9, ~. 4. I n  n o r m a l  m i t o c h o n d r i a  K + a n d  Ca +2 c o m p e t e  
for  e n e r g y  f r o m  t h e  e l ec t ron  t r a n s p o r t  c h a i n  for  u p t a k e  
d u r i n g  ac t ive  r e s p i r a t i o n  w i t h  no  e x t e r n a l  e n e r g y  source  ~a. 
U n d e r  t he se  c o n d i t i o n s  K + c o n t e n t  does  n o t  c h a n g e  in t h e  
d iabe t i c  b u t  Ca +2 c o n t e n t s  decrease  in K + m e d i u m  w i t h  
a K + r e q u i r i n g  s u b s t r a t e .  

I t  a p p e a r s  t h a t  t h e s e  r e su l t s  re la te  m o r e  to  e n e r g y  for  
m a i n t e n a n c e  of K+ levels  t h a n  K+ p e r m e a b i l i t y  of t h e  
mi tochondr i aa~ .  There fo re ,  a l t e red  m i t o c h o n d r i a l  K+  

1 R. A. GARRICK and J. C. HALL, J. cell. Physiol. 84, 261 (1974). 
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a A. H. KISSEBAH, N. VYDELINGUM, ]~. R. TALLOCH, H. HOPE-GILL 
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5 j .  O. MALmCA and J. C. HALL, Aln. J. Physiol. 2Id, 1054 (1968). 
6 R. F. TltEIRS and 13. L. VALLEE, J. biol. Chenl. 226, 911 (1957}. 
7 C. S. CARAEOLI, E. ROSSI and A. L. LEUNINC;ER, J. biol. Chem. 239, 

1055 (1964). 
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biopbys. Res. Comnmn. 38, 1002 (1970). 
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Table II. The ionic contents of the normal and diabetic mitochondria after 0.187 mM Ca +2 accumulation 

nmoles/mg mitochondrial protein 4- SE 

Treatment Substrate Medium n Na + K + Ca +2 

Normal Na suceinate Na + 10 127.74 4- 8.78 127.30 4- 11.69 53.36 • 7.94 
Diabetic Na sueeinate Na + 10 147.42 • 8.18 114.05 • 20.82 48.28 • 6.23 
Normal Na-DL-BOH Na + 4 155.67 i 42.06 164.00 4- 26.03 42.87 4- 12.35 
Diabetic Na-DL-BOH Na + 3 156.43 4- 3.91 153.17 • 15.46 33.41 • 10.65 

Normal Na sueeinate K + 7 54.58 • 6.38 244.07 4- 14.92 54.51 4- 7.67 
Diabetic Na suceinate K + 5 49.60 4- 5.88 247.00 4- 24.03 ~27.00 4- 3.35 
Normal Na-DL-BOH K + 3 45.86 4- 11.92 280.00 i 32.63 38.13 4- 10.61 
Diabetic Na-DL-BOH K ~ 3 63.87 -[z 14.16 279.00 4- 32.00 42.15 4- 12.67 

l~[edium contained: 3 4 mg of mitochondrial protein/ml, 75.0 mM Tris HC1 (pH 7.4), 80.0 inM NaC1 (Na + medium) or 80.0 mM KC1 (K ~ 
medium), 0.187 mM CaC12, and one of the following substrates: 5.0 mM Na succinate, or 10.0 mM Na-DL-/J-hydroxybutyrate. ~p = 0.05. 
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levels or m o v e m e n t s  in our  s t u d y  would  accoun t  for all 
obse rved  resul ts .  M e a s u r e m e n t  of K + m o v e m e n t s  are 
necessa ry  before  th i s  is a c tua l l y  shown  a n d  such  s tudies  
are in  progress.  W e  can  conclude,  a t  t h i s  t ime,  t h a t  n o r m a l  
a n d  d iabe t i c  m i t o c h o n d r i a  differ  in  ene rgy  m e t a b o l i s m  
a n d  t h i s  difference is ref lec ted  in ion a c c u m u l a t i o n  pa t -  
te rns .  

14 This work was supported by USPH Grant No. 7059. 

Summary. Ionic  a c c u m u l a t i o n  r e l a t ed  to e n e r g y  pro-  
duc t ion  was d e t e r m i n e d  to  be  less eff ic ient  in d i abe t i c  
m i t o c h o n d r i a  c o m p a r e d  to  n o r m a l  mi tochondr i a .  
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H e m m u n g  der Sulfataufnahme durch L e m n a  m i n o r  L.  d u r c h  S 0 2  in subletalen Konzentrationen 

Inhibition of Sulfate Uptake by L e m n a  m i n o r  L.  during Aeration with Sublethal 
Concentrations of SO 2  

I n  Gebie ten ,  welche  d u r c h  SO2-Immiss ionen  b e l a s t e t  
s ind,  s te l l t  s ich die F rage  n a c h  mSgl ichen  Ver~tnderungen 
des Schwefels toffwechsels  h 6 h e r e r  P f l a n z e n l .  

Material und Methoden. Die Ver suchsp f l anzen  w u r d e n  
w ~ h r e n d  6 W o c h e n  in e iner  W a c h s t u m s a n l a g e  u n t e r  
SO2-Begasung k u l t i v i e r t  2. Je  6 Kul tu rgef~sse  w u r d e n  m i t  
v e r s c h i e d e n e n  S O 2 - K o n z e n t r a t i o n e n  begas t .  Ku l t u r -  
b e d i n g u n g e n :  D a u e r l i c h t  4500 Lux,  27~ NXhrl6sung 
E-NO~ p H  6,4 3. Nach  e iner  K u l t u r d a u e r  yon  6 W o c h e n  
w u r d e n  S u l f a t a u f n a h m e e x p e r i m e n t e  u n d  Sulfa tschwefel-  
b e s t i m m u n g e n  durchgef i ih r t .  Die O r g a n i s m e n  fiir die 
k ine t i s chen  E x p e r i m e n t e  (F iguren  2 und  3) s t a m m t e n  aus  
der  K o n t r o l l k u l t u r .  Aus  j e d e m  Kul tu rgef~ss  w u r d e n  je 
2 P r o b e n  yon  ca. 130 Gl iedern  in eine spezielle F f i t t e rungs -  
k i ive t t e  i i be r t r agen  4. N a c h  e iner  A k k l i m a t i s a t i o n s z e i t  
y o n  2 h wurde  33SO~- (0,3 ~Ci/ml N~hrlSsung)  zugegeben  
u n d  fiir die B e s t i m m u n g  der  A u f n a h m e r a t e  w ~ h r e n d  2 h 
bzw. im e r s t en  k ine t i s chen  E x p e r i m e n t  (Figur  2) w/ ih rend  
de r  a n g e g e b e n e n  Ze i ten  gef i i t te r t .  Ansch l iessend  w u r d e n  
die O r g a n i s m e n  w ~ h r e n d  2 h auf  i n a k t i v e r  N/ ihr l6sung  
bei  4~ ausgewaschen .  Die  B e s t i m m u n g  der  Ak t iv i t / i t  
e r folgte  n a c h  nasse r  V e r a s c h u n g  m i t  3 0 %  H 2 0  2 im 
Fl i i ss igkei t s -Sc in t i l la t ionsz~hler .  Zur  Ana lyse  der  Be-  
gasungs lu f t  d i en t e  ein U V - S p e k t r o m e t e r  (Spek t rome t r i c s  
I I I  d) u n d  die chemische  Ana lyse  n a c h  WEST u n d  GAEKE 5. 

Die S u l f a t s c h w e f e l b e s t i m m u n g  erfolgte  n a c h  Gefr ie r t rock-  
n u n g  des P f l a n z e n m a t e r i a l s  n a c h  der  Me thode  yon  
JOHNSON u n d  NISHITA 6, die S u l f i t b e s t i m m u n g  ebenfa l l s  
n a c h  W e s t  u n d  GAEKE 5. 

Resultate. I n  zwei v o n e i n a n d e r  unabh / ing igen  Ver-  
suchsser ien  k o n n t e  gezeigt  werden ,  dass  die m i t  SO S 
b e g a s t e n  L e m n e n  eine s ign i f ikan te  H e m m u n g  der  Sul fa t -  
a u f n a h m e  gegeni iber  de r  Kon t ro l l e  zeigen (Figur  1). 
K o n t r o l l e x p e r i m e n t e  zeigten,  dass  diese H e m m u n g  
n i c h t  auf  die E i n w i r k u n g  yon  Sulfit ,  welches d u t c h  
gel6stes SO S in der  N/ ihr l6sung  a u f t r e t e n  k6nn te ,  zuri ick-  
zuf t ihren ist.  E b e n s o  liess s ich eine d u r c h  O x i d a t i o n  
dieses Sulf i t s  zu Su l fa t  bed ing t e  I s o t o p e n v e r d i i n n u n g  
zur  Erkl~trung des Ph~Lnomens ausschl iessen  4. I n  zwei 
k ine t i s chen  E x p e r i m e n t e n  zeigte sich, dass  diese H e m -  
m u n g  der  S u l f a t a u f n a h m e  sehr  r a sch  e i n t r i t t  (F iguren  2 
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Fig. 1. Konzent ra t ionsabh~ngige  H e m m u n g  der  Sul fa taufnahmera te .  
Mit te lwerte  und S tandardabweiehungen  yon je 6 para l le len  Proben. 
Der t-Test  ergibt  eine Signif ikanz gegenfiber der  Kontrol le  auf p < 
0,01 bei  al len Gaskonzentra t ionen.  
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Fig. 2. Sulfataufnahmekinetik unter SO=-Begasung, �9 Kontrolle; 
A 0,5 ppm SO v Begasung: 0,5 ppm SO 2 zu Versuchsbeginn. 


