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hea t  l ibera t ion dur ing  the  init ial  40-70 msecl However ,  
over  the  400 msec per iod 0.0724-0.008 vmole A T P / g  
muscle  was hydro lyzed ,  a value which  agrees wi th  similar  
f indings  of DAVIES et  al.*. 
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Time course of activation heat (A) and the relationship between the 
first time derivative thereof and the release and reabsorption of 
calcium (B). Measurements of light transmission and heat production 
were obtained in parallel experiments. The solid line in Figure B is 
the time derivative of activation heat; the open circles represent the 
Ca 2+ concentration at the various time intervals averaged from 10 
successive twitches. The Ca-murexide concentratiou is given in rela- 
tive units, all points are fractions of the light absorption value at 
200 msec. 

The dif ference in the  t ime  course of hea t  p roduc t ion  
and  Ca 2+ release over  the  ini t ial  25 msec can readi ly be 
expla ined  in t e rms  of conformat iona l  changes  accompany-  
ing the  p ropaga t ion  of m e m b r a n e  depolar iza t ion  5, As 
these  changes  are ve ry  s imilar  to  those  observed upon 
nerve  exc i ta t ion  5, the  value of 0.009 mcal /g  ob ta ined  as 
h e a t  per  impulse  in crab nerves  ~ m a y  be used for com- 
par ison.  The h e a t  value of abou t  0.015 mcal /g  suggested 
f rom the  difference in Figure  B m a y  reflect  t he  greater  
m e m b r a n e  surface of muscle~. The f inding t h a t  about  
0.24 mcal  hea t /g  l ibera ted  dur ing  the  initial  50 msec are 
unaccompan ied  by  any  A T P  spl i t t ing,  suggests  t h a t  all 
t he  A T P  is spl i t  dur ing  the  t ime  in which  Ca ~+ is p u mped  
back  into t h e  sarcoplasmic  re t iculum.  SRETER 8 repor ts  
t h a t  for any  molecule of A T P  split,  8-10 Ca ~+ ions are 
t a k e n  up by  the  sarcoplasmic vesicles. Therefore,  on t h e  
basis  of the  observed A T P  hydrolysis ,  the  calcium level 
should be abou t  6 x 10-4M at  i ts  m a x i m u m  in ac t iva ted  
frog sar tor ius  muscle a t  0 ~ 

As a working hypo thes i s  i t  is sugges ted  t h a t  t he  fract ion 
of hea t  p roduced  init ial ly in paral lel  to  the  bui ld-up of the  
free Ca 2+ concen t ra t ion  reflects  some conformat ional  
change  as a resul t  of Ca-binding to  the  myof i laments .  

Zusammen/assung. Fiir  den F roschmuske l  wird ein 
enger  Z u s a m m e n h a n g  zwischen der  zei t l ichen &nderung  
der  Aktivierungsw~irme und  der  ~ n d e r u n g  der  Kalz ium- 
konzen t r a t i on  nachgewiesen.  
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T h e  

and Microorganisms 

W h e n  s tudy ing  the  m e c h a n i s m  of biological ac t iv i ty  of 
i so th iocyana tes  and  the i r  syn the t i c  producers ,  we have  so 
far  cons t an t l y  been  up aga ins t  t he  p rob lem of appro-  
p r ia te ly  dosing the  above -men t ioned  subs tances  in a 
wider  range of concen t ra t ions  re la ted  to cell suspensions  
in the  cul ture  medium.  The  poss ib i l i ty  of choosing the  
so lvent  in which  the  requi red  i so th iocyana te  concent ra-  
t ions  can be ob ta ined  will na tu ra l ly  be l imi ted  by  the  fact  
t h a t  the  solvent  employed  m u s t  no t  inf luence the  meta -  
bolic processes of the  o rgan i sm under  invest igat ion.  For  
the  purposes  men t ioned  we have  for several  years  ut i l ized 
methano l ,  e thanol ,  d ie thy lene  glycol, m o n o e t h y l e t h e r  of di- 
e thy lene  glycol and  o the r  so lvents  miscible wi th  water .  I t  
was  no t  unt i l  recent  years  t h a t  we s t a r t ed  employ ing  as a 
so lven t  d ime thy l  su lphoxide  (DMSO), main ly  for its h igh 
dissolving capac i ty  in respec t  to  a wide spec t rum of inhi- 
b i to rs  r a t he r  less soluble in the  o the r  organic so lvents  

Influence of Dimethyl  Sulphoxide on Metabolic Activity of Ehrlich Ascites Carcinoma Cells 

miscible wi th  water .  I t s  phys ico-chemica l  propert ies ,  bio- 
logical effects,  me tabo l i sm  and ut i l izat ion have  a l ready 
been  descr ibed in a n u m b e r  of paper s  1,2. There  has  also 
been  publ i shed  a n u m b e r  of communica t ions  concerning 
t h e  influence of DMSO on microorganisms  a-5. Ra the r  
less, however,  is known abou t  the  inf luence of low con- 
cen t ra t ions  of D1ViSO on the  metabo l ic  processes of cells. 
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O u r  e x p e r i m e n t s  w i t h  E h r l i c h  a s c i t e s  c a r c i n o m a  cel ls  in  
K r e b s - R i n g e r  p h o s p h a t e  m e d i u m  w i t h  a d d i t i o n  of  a s c i t i c  
s e r u m  a n d  g l u c o s e  6 h a v e  s h o w n  t h a t  D M S O  in  i t s  f i n a l  
c o n c e n t r a t i o n  of  1 %  in  t h e  c o u r s e  of 2 h i n c u b a t i o n  d id  
n o t  i n f l u e n c e  e i t h e r  t h e  p r o d u c t i o n  of  l a c t a t e  ( F i g u r e  1), 
t h e  i n t e n s i t y  of  r e s p i r a t i o n  ( F i g u r e  2) n o r  t h e  i n c o r p o r a t i o n  
o f  adenine-~4C a n d  1-valine-~4C, a n d  f u r t h e r  p r e c u r s o r s ,  in  
n u c l e i c  a c i d s  a n d  p r o t e i n s  (T ab l e  I). A f t e r  48 h a c t i o n ,  
D M S O  in  1 %  c o n c e n t r a t i o n  d i d  n o t  i n f l u e n c e  t h e  g r o w t h  
o f  H e L a  cel ls  in  t i s s u e  c u l t u r e  7. 

L i k e w i s e ,  D M S O  in  a c o n c e n t r a t i o n  u p  t o  2 %  d i d  n o t  
i n f l u e n c e  t h e  g r o w t h  o f  t h e  f u n g i  Aspergillus niger, 
Rhyzopus oryzae a n d  Penicillium cyclopium o n  C z a p e k -  
D o x  m e d i u m .  O n l y  a t  a b o u t  a c o n c e n t r a t i o n  of  5 %  w a s  a 
r a t h e r  m a r k e d  i n h i b i t i o n  n o t e d  in  R. oryzae, w h i l e  t h e  
g r o w t h  of  t h e  f u n g i  A. niger a n d  P. cyclopium h a d  re-  
m a i n e d  u n i n h i b i t e d .  O n  t h e  o t h e r  h a n d ,  e t h a n o l  a n d  di-  
e t h y l f o r m a m i d e  h a d ,  u n d e r  t h e  s a m e  c o n d i t i o n s ,  t o t a l l y  
s u p p r e s s e d  t h e  g r o w t h  of  a l l  3 f ung i .  

Table I. Influence of DMSO on incorporation of adenine-14C, 
uracil-tiC, thymidine-14C and L-valine-14C into TCA insoluble fraction 
of Ehrlieh aseites carcinoma cells 

z4C-precursors Incubation time 
l h  2 h  
Dimethyl sulphoxide concentration (%) 
0 i 0 i 
(count/rain) 

Adenine-14C 600 610 1100 1070 

Uracil-14C 3920 3970 6650 6600 

Thymidine-l~C 2300 2180 3720 3780 

L-Valine-laC 2390 2450 4560 4690 

Concentration of glucose 3 mM/1. Otherwise as in Figure 1. 
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Fig. 1. Influence of DMSO on production of lactate (determined by 
Warburg optical test) of Ehrlich ascites carcinoma cells incubated in 
Krebs-Ringer phosphate buffer (pH 7.4) containing 2.5% of ascitic 
sera and 1% of glucose. Temperature 37~ Final concentration of 
DMSO in ~o : O - - 0  - - 0  ~ 0  - 0 ;  O - - O - - O - - O -  1 ; A - - A - - A - - A  = 2.  
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Fig. 2. Influence of DMSO on respiration (determined manometri-  
cally) of Ehrlich ascites carcinoma cells. Otherwise as Figure 1. 
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Fig. 3. Growth of Candida albicans oil synthetic glucose-ammonium 
sulphate medium l~ at 28 ~ under aeration. C, control; 2, 5 and 10, 
final concentration of % DMSO. 

Table If. Incorporation of adenine-~4C and leucine-14C into TCA in- 
soluble fraction of Candida albicans cells in synthetic medium under 
aeration in absence and presence of 1% DMSO 

14C-precursors Incubation time 
l h  2 h  
Dimethyl sulphoxide concentration (%) 
0 1 0 1 
(count/min) 

Adenine-14C 1370 1300 3450 3420 

Leucine-14C 530 620 1080 1130 

6 M. MIKO and L. DROBNICA, Neoplasma 76, 161 (1969). 
7 K. [{ORs L. I)ROBNICA, P. NEMEC, P. KRISTI-~N, K. ANTO~ 

and A. MARTVO~4, Neoplaslna 16, 231 (1969). 



508 Specialia EXPERIENTIA 2615 

D M S O  has  also p r o v e d  i ts  mer i t s  as a so lven t  of m e t a -  
bol ic  i nh ib i t o r s  in  e x p e r i m e n t s  w i t h  yeasts .  On a syn-  
t h e t i c  glucose med i um ,  b o t h  in s ta t i c  c u l t i v a t i o n  and  in 
c u l t i v a t i o n  on  a shaker ,  i t  d id  no t  in f luence  to a n y  
apprec i ab le  e x t e n t  t h e  course  of g r o w t h  curves  of t h e  
yeas t s  Saccharomyces cerevisiae a n d  Candida albicans in  
c o n c e n t r a t i o n s  up  to  5%. Only  a t  a b o u t  a c o n c e n t r a t i o n  
of 10%, p ro longa t i on  of t he  lag phase  and  decrease  in t he  
r a t e  of g r o w t h  was observed .  However ,  n o t  even  10% con- 
c e n t r a t i o n  of DMSO p r o v e d  suff ic ient  to  s top  t he  pro-  
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Fig. 4. Oxygen consumption by S. cerevisiae sferoplasts in synthetic 
medium x~ containing 0.6M KC1 s. C, control; 1, % DMSO. Measured 
manometrically at 28 ~ 
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Fig. 5. Growth E. coli B on synthetic medium at 37 ~ under aeration. 
C, control; 1, 2 and 5 represent final concentration of % DMSO. 

l i fera t ion  of cells of C. albicans (Figure  3). I n  1% concen-  
t r a t i o n  i t  d id  no t  inf luence  t he  i n t e n s i t y  of r esp i ra t ion  no r  
change  t he  r e sp i r a t i on  quo t i en t .  I n  t he  same concen t ra -  
t ion  i t  d id  no t  inf luence  t he  i nco rpo ra t i on  of adenine-14C 
and  leucine-14C e i the r  (Table  II) .  DMSO has  p roved  like- 
wise useful  in  s t u d y i n g  the  inf luence  of i so th iocyana te s  
and  an t ib io t i c s  on  t h e  p ro top l a s t s  of S. cerevisiae where  in 
1% c o n c e n t r a t i o n  i t  d id  no t  inf luence  r e sp i r a t ion  (Figure 
4), i n c o r p o r a t i o n  of adenine- laC a n d  leucine-14C in i t s  
p ro top l a s t s  in  a h y p e r t o n i c  s y n t h e t i c  m e d i u m  s, 

DMSO has  also p r o v e d  ef fec t ive  as a so lven t  when  
s t u d y i n g  t h e  in f luence  of i nh ib i t o r s  on  me tabo l i c  pro-  
cesses in  bac te r ia .  As i t  appea r s  f rom F igure  5, in  1% con-  
c e n t r a t i o n  i t  d id  n o t  inf luence  p ro l i fe ra t ion  of t he  
bac t e r i a  E. coli ]3. I n  a c o n c e n t r a t i o n  of 5% i ts  i n h i b i t o r y  
inf luence  h a d  a l r eady  become  mani fes t .  W h e n  inves t iga t -  
ing biological ly  effect ive  subs t ances  aga ins t  M. tubercu- 
losis Hs~Rv, so lu t ions  of these  subs t ances  in  DMSO could 
l ikewise be  ut i l ized to a d v a n t a g e  9. 

As we were able  to  show, ce r t a i n  p ro tozoa  are pa r t i cu -  
l a r ly  sens i t ive  to  t h e  presence  of organic  so lvents  in t he  
cu l tu re  m e d i u m  used. For  ins tance ,  d i m e t h y l f o r m a m i d e  
a n d  e thano l  in  5% c o n c e n t r a t i o n  will i r revers ib ly  s top 
mob i l i t y  of t he  p ro tozoa  Euglena gracilis. DMSO in a 
p e p t o n e  m e d i u m  in 5% c o n c e n t r a t i o n  will on ly  cause a 
revers ib le  loss of mob i l i t y  of E. gracilis cells. Af te r  several  
hou r s  t h e i r  mob i l i t y  will become  en t i r e ly  or  pa r t i a l ly  re- 
s tored.  I n  a c o n c e n t r a t i o n  u n d e r  2% DMSO h a s  no  inhi -  
b i t o r y  inf luence  on  t he  mob i l i t y  of E. gracilis cells. 

Zusammen[assung. Es  wird  gezeigt, dass  1 -2%iges  Di- 
m e t h y l s u l f o x y d  s ich als unschi id l iches  L6sungsmi t t e l  fiir 
an t i bak t e r i e l l e  S u b s t a n z e n  besonders  gu t  eignet .  
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The Relative Antiquity of Fenestrated Blood Capillaries and Lymphatics, and their Significance f o r  

the U p t a k e  of  L a r g e  Molecules: an Electron Microscopical Investigation in an E l a s m o b r a n c h  

L y m p h a t i c s  r e m o v e  large molecules  f rom t h e  t issues.  
F e n e s t r a t e d  b lood  capi l lar ies  m a y  also r e m o v e  large 
molecules  x-~. The  p r o b a b l e  m e c h a n i s m s  i n v o l v e d  h a v e  
been  discussed elsewhere ~, 3. 

One  of t h e  ve ry  few s tudies  of t he  r e l a t ive  ef fec t iveness  
of t he  b lood  vessels and  t he  l y m p h a t i c s  in  t h e  r e m o v a l  of 
large molecules  conc luded  t h a t  the  b lood capi l lar ies  are  
t h e  m a j o r  m e c h a n i s m  for t he  r em ova l  of e x t r a v a s c u l a r  
p ro t e in  f rom sk in  5. Recent ly ,  SZABO ~ has  found  t h a t  in  
t h e  co r t ex  a n d  in t h e  medu l l a  of the  k idney ,  where  fenes- 
t r a e  are  ve ry  n u m e r o u s  ~, t h e  blood removes  a b o u t  100 
t i m e s  more  p ro t e in  t h a n  t he  l y m p h  does e. I n  t h e  skin,  t h e  

b lood  a n d  l y m p h  sys tems  are  a b o u t  equa l ly  effective.  
I-Iere t he re  are  few fenes t rae  1, ~ a n d  hence  m a n y  of t h e  
molecules  r e m o v e d  b y  t he  b lood m a y  en t e r  t he  capi l lar ies  
v ia  t he  smal l  endo the l i a l  vesicles 1, s-10. 

I n  p r i v a t i v e  fish, t h e  absence  of l y m p h a t i c s  ha s  m a d e  i t  
d i f f icul t  to  u n d e r s t a n d  how t h e  t issues are cleared of large 
molecules  zl. I n  sp i te  of ear l ier  confusion,  i t  is now con- 
s idered t h a t  t r ue  l y m p h a t i c s  are  a b s e n t  in  m o s t  species of 
e lasmobranchs12,  x3, inc lud ing  t he  P o r t  J a c k s o n  shark ,  
Heterodontus portusjacksoni (Meyer), wh ich  we s tudied.  
(We also in jec ted  col loidal  c a r b o n  in to  t he  i n t e s t i na l  wall,  
a n d  found  no  lympha t i c s . )  Pieces  of in tes t ine ,  k idney,  


