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Table II. Incidence of micronucleated erytbrocytes in the bone marrow of mice 
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Compound Concentration (mg/kg) Micronuclei per 1000 polychromatic erythrocytes in Mode of application 
Polycbromat. erythroc. Normochromat. erythroc. 

None -- 3.8 3.5 -- 

ETU 450 3.0 2.5 i.p. 
150 2.0 3.5 

NaNO 2 150 2.8 2.0 p.o. 
50 2.5 1.3 

N~rtitroso-ETU 125 32.0 4.5 i.p. 

ETU + NaNO 2 600 50.9 2.6 p.o. 
(3:1 w/w) 200 28.4 3.1 

Trenimon 0.12 53.5 1.2 i.p. 
0.06 36.7 2.7 
0.03 18.0 5.0 

e ry th rocy tes ,  where  t h e y  are no t  expel led  toge the r  w i th  
the  nucleus.  As an added  advan t age  of th is  test ,  e ry thro-  
cytes  which  are younger  t h a n  24 to 30 h s ta in  blueish 
(po lychromat ic  e ry throcytes )  ins tead  of red (normochro-  
mat ic  e ry throcytes) .  This  allows one to  d is t inguish  bet -  
ween micronucle i  formed dur ing  (and poss ibly  because of) 
the  t r e a t m e n t  of tile an imal  and  those  formed before. By  
coun t ing  micronuclei  in poly-  and  no rmoch ro ma t i e  
e ry th rocy te s  separa te ly ,  the  increase of the  n u m b e r  of 
micronuclei  due to  the  t r e a t m e n t  is immed ia t e ly  evident .  
F u r t h e r m o r e  false pos i t ive  results  due to viral  infect ions  
or o ther  condi t ions  resul t ing  in a h igher  incidence of 
micronucle i  in single an imals  Call thus  easily be recognized 
and  excluded.  

Our expe r imen t s  - summar i zed  in Table  2 - showed 
clearly t h a t  the  single compounds  were mutagen iea l ly  
inact ive.  Only the  single assay wi th  N-n i t r o so -ET U  was 
seen to increase the  n u m b e r  of micronuclei .  I t  was theI1 
p re sumed  t h a t  the  f o r m a t i o n  of th is  der iva t ive  would also 
take  place in the  acid e n v i r o n m e n t  of the  s t omach  upon  
feeding the  animals  w i th  a mix tu re  of E T U  and  sod ium 
nitr i te .  If  the  so-formed N-ni t roso  de r iva t ive  could reach 
the  t a rge t  cells w i th in  t he  bone marrow,  an increase in the  
n u m b e r  of micronucIei  should - and  indeed  could - be 
seen. This d r ama t i c  increase in the  mutagen ic  ac t iv i ty  of 
2 subs tances ,  w h e n  given together ,  d e m o n s t r a t e s  again 

16 B. N. AMES, in Chemical Mutagens (Ed. A. Hollaender; Plenum 
Press, New York 1971), vol. 1, p. 267. 

17 This work is supported by grant No. 3.7040.72 from the Swiss 
National Foundation. I am most grateful for the thorough 
instructions on the mieronucleus test given by Prof. W. SCHMID 
and Mr. F. BINKEST (Genetics Laboratory, Universit~its-Kinder- 
klinik, Ziirich). 

tile poss ibi l i ty  of a noxious  in te rac t ion  of the  food add i t ive  
sodium ni t r i te  w i th  aminic  or amidic  food componen t s :  
Chemical  reac t ions  combine  in vivo the  2 more  or less 
harmless  subs tances  forming  a dangerous  product ,  which  
is t h e n  d i s t r ibu ted  t h r o u g h o u t  the  organism.  H av ing  
reached a t a rge t  site, th is  c o m p o u n d  m a y  cause e i ther  a 
mutagen ic  a l te ra t ion  in a germ cell or ma l ignan t  t ransfor-  
ma t i o n  of a somat ic  cell. In  the  former  case, t he  damage  is 
t r a n s m i t t e d  to  the  offspr ing and to  fu ture  generat ions ,  
whereas  in the  la t t e r  case a l ready  the  exposed  ind iv idua l  
m i g h t  develop cancer.  The i nvo lun t a ry  and  ind iscr imina te  
up take  of food add i t ives  and  food c o n t a m i n a n t s  can thus  
have  more  or less immed ia t e  as well as far reaching effects.  
Tile claim t h a t  over  80% of the  cancer  cases are of environ-  
men t a l  origin could t h e n  well become s u b s t an t i a t ed  by  
more  research in to  the  areas of chemical  in teract ions .  Also 
more  a t t en t i on  has been pa id  in the  last  few years  to the  
genet ic  effects of env i ronmen ta l  chemicals.  Cer ta inly  the  
t ime  has come to  inves t iga te  wi th  all possible means  tile 
genet ic  consequences  of such combina t ions  and  in vivo in- 
teract ions .  Our f indings  p resen ted  here show clearly t h a t  
the  poss ibi l i ty  of mutagen ic  effects t h ro u g h  ill v ivo oc- 
curr ing chemical  in te rac t ion  of two a p p a r e n t l y  harmless  
subs tances  has  to  be t aken  in to  account  when  tes t ing  
chemicals  for safe ty  purposes .  

Zusammen/assung. N-Ni t ro so -Athy l en th ioha rns to f f  
induzier t  Mu ta t i onen  in Salmonella typhimurium. Diese 
Ve rb indung  wird  im Magen yon  M~usen aus N a t r i um-  
n i t r i t  und  A t h y l en t h i o h a rn s t o f f  gebi ldet ;  ihre Mutageni-  
tS~t wird  mi t  Hilfe  des Mikrokern tes t s  gezeigt. 

J. P.  Se i eeR  17 

Swiss Federal Research Station, 
CH-8820 Wiidenswil (Switzerland), 1 October 197d. 

A Negative Cooperative Binding Process Between Chloramphenicol and Sodium Dodecyl 
Sulphate to Bovine Serum Albumin: A Possible Effect on Drug Absorption 

Sur fac tan t  inf luence on drug  absorp t ion  is a well 
es tabl ished fact  1. The mechan i sm for th is  effect  has  been  
re la ted  to  d i f ferent  factors,  such as drug  solubi l izat ion 
above  the  crit ical micelle concen t r a t ion  (CMC)2, we t t i ng  
of the  m e m b r a n e  surface 3-8, s t ruc tura l  modif icat ions  of the  
membraneT,  S and  in te rac t ions  wi th  the  dosage formg, 10. 

Ally inf luence of premicel lar  concen t ra t ions  on m e m b r a n e  
t r anspo r t  is general ly  ascribed to changes  in m e m b r a n e  
pe rmeab i l i ty  following tile in te rac t ion  of su r fac tan t s  mono~ 
mers  wi th  one or more  b i o m e m b r a n e  cons t i tuents .  

A previous  a t t e m p t  11 to f ind a possible  exp l ana t i on  to  
the  effect  t h a t  su r f ac t an t  m o n o m e r s  m i g h t  have  on 
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m e m b r a n e  t r a n s p o r t  b rough t  us to the  conclusion t h a t  a 
compet i t ive  b ind ing  to the  p ro te in  cons t i tuen t s  of t he  
m e m b r a n e  is a t  least  pa r t i a l ly  responsible  in m a n y  cases 
of enhanced  drug absorpt ion .  A closer examina t ion  of 
those da t a  and addi t iona l  expe r imen ta l  evidence,  sug- 
gested t h a t  an allosteric r e a r r angemen t  of the  m e m b r a n e  
protein,  t r iggered by  the  b ind ing  of one or more  pe rmea t ing  
species, r a the r  t h a n  a compet i t ive  b ind ing  process,  migh t  
be responsible  for the  increased t r a n s p o r t  ra te  of the  drug. 

I t  can be  visualized t h a t  a molecuIe d i f fe rent  f rom the  
pe rmean t ,  a t r a n s p o r t  effector  (or inhibi tor)  molecule 
bound  to the  allosteric si tes ~ of the  p ro te in  cons t i tuen t s  
of the  b iomembrane ,  migh t  induce a n u m b e r  of specific 
s t ruc tura l  changes  ~, which  in t u rn  would affect  the  
t r anspo r t  r a te  via  the  degree of b ind ing  of t he  pe rmean t .  

B) Poiysorbate 80 concentration 
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Fig. 1. A) Binding curves for the interaction of CAF with BSA (2% 
w/v) in phosphate buffer (pH = 6.8) at 25 ~ in the presence of 
increasing amounts of SDS (CMC at 25 ~ = 7.9 • 10 -~ M). Plots a 
( O - - � 9  and b (Q--O) refer to different initial concentrations of the 
antibiotic, i.e., 6.2 • 10 -'~ M and 3.1 • 10 -5 M respectively. B) Bind- 
ing curves of CAF to BSA (2% w/v) at 25~ in the presence of in- 
creasing amounts of surfactants. Plots a' (�9169 and b' (Q--O) refer 
to CTAB (CMC at 25 ~ = 9.0 x 10 -a M) at pH6.8 (phosphate buffer) 
and pH 2.2 (dilute hydrochloric acid) respectively. Pint c' ((~--(~) is 
related to polysorbate 80 (CMC at 25~ = 1.4• -~ g/ml +) at 
pit 6.8 (phosphate buffer). In all cases, the initial concentration of the 
antibiotic was 3.1 x 10 .9 M. 
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Fig. 2. Equilibrium dialysis curve for the interaction of SDS with 
BSA (2% w/v) in phosphate buffer (pH 6.8) at 25 ~ in the presence 
of increasing amounts of CAF. The initial concentration of surfactant 
was 1.0 X 10 -4 M.  

Mater ials  and methods. Crystal l ized bovine  se rum al- 
b u m i n  (BSA) f rom B D H  Chemical  Ltd ,  was dial ized 
aga ins t  wa te r  for 5 days  a t  4~ and  t h e n  lyophi l ized.  
Sodium dodecyl  su lpha te  (SDS), c e ty l t r ime thy l  am-  
mo n i u m bromide  (CTAB) f rom t3DH Chemical  Ltd ,  and 
po lysorba te  80 (Fluka, puriss  grade) were all used as re- 
ceived. Chloramphenicol  (CAF) was a generous gift  of t he  
Carlo E r b a  Co., Milan, I ta ly .  All o ther  reagents  were of 
analyt ica l  grade.  

Equ i l ib r ium dialysis. Solut ions a t  p H  2.2 (ionic s t r eng th  
0.01) and  p H  6.8 (ionic s t r en g t h  0.2) were ob ta ined  wi th  
d i lu ted  hydrochlor ic  acid and  p h o s p h a t e  buffer  ~4 respec- 
t ively.  I t  has  been  d e m o n s t r a t e d  ~5 t h a t  the  b ind ing  of 
de te rgen t  to  B S A  is i n d e p e n d e n t  of ionic s t r eng th :  the  
effect  appears  to  be ent i re ly  on the  concen t ra t ion  of free 
su r f ac t an t  monomer .  Nevertheless ,  the  equi l ibr ium sur- 
f a c t an t  concen t ra t ion  in no case exceeded the  CMC of 
de te rgen t  a t  a given t e m p e r a t u r e  and  ionic s t r en g th  ~6. 
2 ml of p ro te in  solut ion was placed in a dialysis  sac (18/ 
32 type ,  The Scientific I n s t r u m e n t  Centre  Ltd)  and equi- 
l ib ra ted  agains t  5 ml  of a solut ion conta in ing  the  reagents  
a t  25 ~ 0.2~ for 18 h. For  each series of dialysis  expe-  
r iments ,  2 runs  were set  up in parallel ,  each run  being the  
same excep t  for the  presence  of the  second ligalld. I n  th is  
way,  an UV-al lalysis  of the  solut ion outs ide  the  dialysis  
sacs al lowed us to  de termine ,  by  d i rec t  compar ison,  the  
effect  of the  second l igand on the  b ind ing  of t he  first  to  the  
p ro t e in  macromolecu le .  The UV-ana lys i s  of free CAF 
concen t ra t ions  a t  equi l ibr ium was carried ou t  a t  t he  wa-  
ve leng th  of 278 n m  by  means  of a B e c k m a n n  DU-2 
s p e c t r o p h o t o m e t e r  using quar t z  cells hav ing  a p a t h  l eng th  
of 1 cm. Sur fac tan t s  were found no t  to  in terfere  w i th  the  
assay at  th is  wavelength .  Free  su r f ac t an t  concen t ra t ions  
were de t e rmined  by  absorpt ion ,  a t  540 rim, of a dye  
su r f ac t an t  complex~L CAF was  found no t  to  in ter fere  
with the assay at this wavelength. 

Diffusion experiments. The cell and the procedures 
used were described previously 11. In all experiments, the 
concentration of the protein solution (20 mg �9 ml -I) in the 
central compartment of the diffusion cell was the same as 
that used in equilibrium dialysis. 
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Permeability constants cf CAF across a barrier consisting of a BSA solution (2 % w/v) 
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SDS concentration CTAB concentration 

M �9 10 a or - lO s cm/sec + M �9 lO s ~. l0 s cm/sec + 
(pH = 6.8) 

~x" l0 s cm/sec + 
(pH = 2.2) 

0 1.13 0 1.13 1.08 
10 1.88 10 1.32 1.30 
50 2.11 50 1.60 1.33 

100 2.16 100 1.70 1.35 
500 2.19 200 1.70 1.36 

1000 2.22 -- -- -- 

When water replaced the protein solution as a barrier, cr ~ 2.41 �9 10 -s cm/sec +. 

Results and discussion. To ana lyze  t he  b o n d i n g  me- 
c h a n i s m  invo lved  in t he  CA F a l b u m i n  i n t e r a c t i o n  in  t h e  
presence  of p remice l l a r  c o n c e n t r a t i o n s  of su r f ac t an t s ,  a 
n u m b e r  of dia lysis  e x p e r i m e n t s  were p e r f o r m e d  a t  d i f fe ren t  
levels of b o t h  s u r f a c t a n t  a n d  a n t i b i o t i c  mola r i ty .  As 
shown  in F igure  1, b y  t h e  a d d i t i o n  of t he  an ionic  sur-  
f ac tan t ,  t h e  a n t i b i o t i c  b i n d i n g  to t h e  p r o t e i n  decreases  
a n d  anomal i e s  in  t he  shape  of t he  b i n d i n g  curves  can  be 
observed .  

A s h a r p  d i s c o n t i n u i t y  in  t he  b i n d i n g  i s o t h e r m  is of ten  
re fe r red  to as ev idence  of a ' coope ra t ive '  process.  I n  
fact ,  t h e  s igmoid  shape  of these  plots ,  i n d i c a t i n g  a non-  
l inear  decrease  in t h e  b i nd i ng  of C A F  fol lowing an  increase  
in s u r f a c t a n t  concen t r a t i on ,  suggests  a n  e n h a n c e d  nega-  
t i ve  effect  of t he  s u r f a c t a n t  on  t he  degree of assoc ia t ion  
b e t w e e n  t he  a n t i b i o t i c  a n d  se rum a lbumin ,  i.e., t h e  
revers ib le  is s t r u c t u r a l  changes  i nduced  b y  SDS would  
read i ly  decrease  t h e  a f f in i ty  of t he  b i n d i n g  s i tes  for the  
an t ib io t i c .  

I f  B S A  can  exis t  in  a n u m b e r  of s t r u c t u r e s  is, i.e. 
fo lded (F) a n d  unfo lded  (U), t h e  l a t t e r  be ing  a f u n c t i o n  
of t h e  an ion ic  s u r f a c t a n t  concen t r a t i on ,  one m i g h t  a s sume  
a specific b i n d i n g  of t h e  an t ib io t i c  a n d  s u r f a c t a n t  mole-  
cules to  t he  F a n d  U forms  respect ive ly .  T he  in i t i a l  p o r t i o n  
of b o t h  t h e  i n t e r a c t i o n  curves  of F igu re  1 r ep re sen t s  t he  
b i n d i n g  of C A F  to  t he  n a t i v e  pro te in ,  whi le  t he  fol lowing 
po r t i on  is r e l a t ed  to  t h e  b i n d i n g  of t h e  a n t i b i o t i c  to  
p a r t i a l l y  unfo lded  se rum a lbumin .  T he  U fo rm of B S A  
m a y  be  cons idered  as a d y n a m i c  col lec t ion of s t r u c t u r e s  
showing  a d i f fe ren t  b i n d i n g  capac i t y  for t h e  an t ib io t i c ,  
each  p o p u l a t i o n  of s t r u c t u r e s  be ing  con t ro l l ed  b y  SDS 
concen t r a t i on .  F u r t h e r m o r e ,  t h e  shape  of t he  curves  of 
F igure  1 suggests  a non - l i nea r  increase  of t he  c o n s t a n t  for  
t he  revers ib le  s t r u c t u r a l  t r a n s i t i o n  F ~-  U, w h i c h  seems 
to  be  ca t a lyzed  b y  t he  f r ac t ion  of p r o t e i n  s u b u n i t s  in  t he  
U form. 

Th i s  effect  can  be c o m p a r e d  to t h a t  of a n  a l los ter ic  
i n h i b i t o r  for t h e  e n z y m e - s u b s t r a t e  s y s t e m  as descr ibed  
b y  MONOD, WYMAN a n d  CHANGEUX 19. A t  a lower con- 
c e n t r a t i o n  of te  a n t i b i o t i c  (plot  b) t he  effect  is less 
ev iden t ,  b u t  a n  increase  in CA F  m o l a r i t y  revea l s  t he  
coope ra t ive  process  (plot  a). 

An  oppos i te  effect  was  obse rved  w h e n  t he  b i n d i n g  of 
SDS as a f u n c t i o n  of CA F  c o n c e n t r a t i o n  was s tudied ,  as 
i l l u s t r a t ed  in F igure  2, w h i c h  shows t h a t  inc reas ing  
a m o u n t s  of s u r f a c t a n t  are  b o u n d  as more  an t ib io t i c  is 
added.  Since a t r u e  c o m p e t i t i v e  i n h i b i t o r  is a l igand  
capab le  of i n h i b i t i n g  t h e  b i n d i n g  of a second l igand  b y  
assoc ia t ion  w i t h  t h e  same  s i te  of t h e  p ro te in ,  c e r t a i n l y  
th i s  is no t  t he  case dep ic ted  in F igure  2. 

A t  t he  same  t ime,  b y  t h e  a d d i t i o n  of p remice l l a r  con- 
c e n t r a t i o n s  of t he  ca t ion ic  s u r f a c t a n t  CTAB,  a decrease  
in t h e  b o u n d  f r ac t i on  of t he  a n t i b i o t i c  was  obse rved  
wh ich  can  be i n t e r p r e t e d  in t e r m s  of a c o m p e t i t i v e  inhi -  
b i t i o n  (see F igure  i ]3, p lo t  a').  Th i s  is cons i s t en t  wi t t l  t h e  
v iew t h a t  th i s  s u r f a c t a n t  associa tes  w i t h  t h e  p r o t e i n  
m a i n l y  b y  e lec t ros ta t i c  i n t e r a c t i o n  of t he  ca t ionic  g roups  
w i t h  free ca rboxy l  g roups  of s e rum a l b u m i n  20, w i t h  no  
de tecab le  coopera t ive  effect  on  t h e  b i n d i n g  of CAF. 
F u r t h e r  s u p p o r t  to  t h i s  i n t e r p r e t a t i o n  of t he  d a t a  was 
o b t a i n e d  in a d ia lys is  e x p e r i m e n t  p e r f o r m e d  a t  p H  2,2, 
w h e n  a d d i t i o n  of C T A B  did  no t  raise  s ign i f ican t ly  t h e  free 
a n t i b i o t i c  concen t r a t i on ,  since ionic b o n d i n g  was de- 
creased to a m i n i m u m  fol lowing the  ne t  pos i t ive  charge  
of t he  a l b u m i n  molecule  a t  th i s  p i t  (see F igure  1B, p lo t  
b ' ) .  I n  a s imi la r  way,  no  s ign i f ican t  increase  in f lee an t i -  
b io t ic  was  obse rved  fol lowing t he  a d d i t i o n  of p remice l l a r  
c o n c e n t r a t i o n s  ~1 of po ly so rba t e  80 to t he  p ro t e in  so lu t ion  
a t  p H  6.8 (see F igure  1B, p lo t  c'). The  obse rved  di f ference 
in b o u n d  f rac t ion  (plots b '  a n d  c') is r e la ted  to t he  well  
k n o w n  c o n f o r m a t i o n a l  t r a n s i t i o n  of s e rum a l b u m i n  due  
to  p H  14, 23. I n  fac t  ; i t  h a s  been  d e m o n s t r a t e d  11 t h a t  more  
an t ib io t i c  is b o u n d  to  B S A  in i ts  t h r e a d l i k e  fo rm (pH = 
2.2). 

I n  conclusion,  b o t h  ionic s u r f a c t a n t s  increase  t h e  un-  
b o u n d  f rac t ion  of t he  an t ib io t i c  in  t h e  C A F - B S A  sys t em 
a t  p H  6.8 b u t  t o  a d i f fe rent  ex t en t ,  wh ich  ref lects  a 
d i f fe ren t  b ind ing  p a t t e r n .  

Differences  in  t h e  b i n d i n g  m e c h a n i s m  cor respond  to  
d i f fe ren t  flow ra te s  obse rved  in d i f fus ion e x p e r i m e n t s  
pe r fo rmed  in  a mode l  s y s t e m  descr ibed  e lsewhere  n .  
P r ev ious  resu l t s  h a v e  been  comple t ed  and  d a t a  are  shown  
in t he  Table .  

s -values ,  i nd i ca t i ng  t he  r a t e  a t  wh ich  CAF diffuses 
t h r o u g h  t he  ar t i f ic ia l  ba r r i e r  (a 2% w/v  se rum a l b u m i n  
solut ion)  a f t e r  a n  un i fo rm  c o n c e n t r a t i o n  g r ad i en t  t h r o u g h  
t he  d i f fus ion cell ha s  been  a t t a ined ,  show t h a t  t h e  f lux  of 
t he  a n t i b i o t i c  is r e l a t ed  to  t i le e x t e n t  of i ts  assoc ia t ion  to 
t h e  p ro te in ,  as expec ted ,  b u t  i t  is con t ro l led  b y  t h e  
m e c h a n i s m  of b ind ing .  A m a x i m u m  of p e r m e a b i l i t y  cor- 

18 M. J. PALLANSCH and D. R. B~mGs, J. Am. chem. Soc. 76, 1396 
(1954). 

19 j .  MONOD, J. WYMAN and J. P. CHAN~EUK, J. molec. Biol. I2, 88 
( 1 9 6 5 ) .  

20 j .  T. EDSALL, Advances in Protein Chemistry (Academic Press hlc., 
New York 1947), vol. 3, p. 465. 

21 L. S. C. WA~ and P. F. S. LEE, J. Pharm. Sci. 63, 136 (1974). 
32 1~. MAcLEAN SLAYTER, J. molec. Biol. 7d, 443 (1965). 
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r e sponds  to a coopera t ive  b i n d i n g  process,  whereas  a 
m u c h  less s ign i f ican t  effect  is d e t e r m i n e d  b y  a com pe t i t i ve  
in te rac t ion .  

I t  is s igni f icant  t h a t  widely  d i f fe rent  confo rmat ions ,  
such  as those  obse rved  for B S A  a t  two  p H  va lues  (2.2 
a n d  6.8 respectively)~2 do no t  necessar i ly  i m p l y  a p ropor -  
t i o n a l  difference in b i n d i n g  and  t r a n s p o r t  capac i t ies  of t he  
p ro t e in  for t he  an t ib io t i c  11. 

F u r t h e r m o r e ,  t he  v o l m n e  decrease  p roduced  b y  t h e  
i n t e r ac t i on  of SDS w i t h  n e g a t i v e l y  cha rged  B S A  33, wh ich  
occurs  a t  p remice l l a r  d e t e r g e n t  concen t r a t i ons ,  suggests  
t h a t ,  a long w i t h  b i n d i n g  processes,  changes  in t he  geome- 

t r y  of t h e  b i o m e b r a n e  m i g h t  be  s ign i f ican t  in  d e t e r m i n i n g  
t he  t r a n s p o r t  r a t e  of t h e  p e r m e a n t s .  

Rdsumd. L ' 6 t u d e  de l ' in f luence  de c o n c e n t r a t i o n s  
pr6micel la i res  des t ens ioac t i f s  sur  l ' i n t e r a c t i o n  B S A - C A F  
p e r m e t  de conclure  qu ' i l  s ' ag i t  d ' u n  m6can i sme  coopera t i f  
s u i v a n t  le mod61e a l los te r ique  propos6 p a r  MONOD, 
WYMAN e t  CHANGEUX 19. Co m6can i sme  rep r6sen te  une  
possible  exp l i ca t ion  de l ' in f luence  des t ens ioac t i f s  sur  
l ' a b s o r p t i o n  des m6d icamen t s .  

F. ALHAIQUE, M. MARCHETTI, F. M. RICCIERI 
and ]~LEONORA SANTUCC124 

2a S. KATZ, M. E. SHAW, S. CHILLAG, J. E. MILLER, J. biol. Chem. 
247, 522S (1972). 

,4 This work was supported by a C,N.R. Research Grant. 

Cattedra di Tecnica Farmaceutica, Istituto d* Chimica 
Farmaceutica deE' Universit~ di Reran, 
Roma (Italy), 8 August 1974. 

Contract i l e  R e s p o n s e  of H a l o t h a n e - D e p r e s s e d  I so la ted  Atr ia  to Var ious  S u b s t r a t e s  

I n  our  p rev ious  reportX deal ing  w i t h  t h e  m e c h a n i s m  of 
card iac  d e p r e s s a n t  ac t ion  of i n h a l a t i o n  a n e s t h e t i c  halo-  
t hane ,  i t  has  been  d e m o n s t r a t e d  t h a t :  1. a p p r o x i m a t e l y  
6 rag/100 ml  h a l o t h a n e  is r equ i red  to  m a i n t a i n  50% 
depress ion  of t he  force of c o n t r a c t i o n  of i so la ted  r a t  
a t r i a  in  Krebes -R inge r  b i c a r b o n a t e  glucose m e d i u m ;  
2. p y r u v a t e  pa r t i a l ly  res tores  t h e  c o n t r a c t i l i t y  of halo-  
t h a n e - d e p r e s s e d  a t r ia ,  b u t  has  no  effect  on  n o r m a l  a t r ia .  
F r o m  these  f ind ings  we conc luded  t h a t  t h e  card iac  
dep res san t  ac t ion  of h a l o t h a n e  on r a t  a t r i a  is a man i fes t a -  
t i on  of i n h i b i t i o n  of glucose u p t a k e  or u t i l iza t ion .  The  
p r e s e n t  s tudies  were u n d e r t a k e n  to  observe  t he  effect  of 
o the r  s u b s t r a t e s  on ha l o t hane - dep r e s s ed  a t r i a  in  order  to  
s u b s t a n t i a t e  our  conclusions.  As w i t h  t he  case of p y r u v a t e ,  
l a c t a t e  and  ace t a t e  also p a r t i a l l y  r e s to red  t h e  force of 
c o n t r a c t i o n  of h a l o t h a n e - d e p r e s s e d  a t r ia .  These  d a t a  are 

cons i s t en t  w i t h  t h e  h y p o t h e s i s  t h a t  h a l o t h a n e  i nh ib i t s  
glucose u p t a k e  or u t i l i za t ion  in t h e  glycolyt ic  cycle of t he  
m y o c a r d i u m .  

Method. Atr i a  f rom d e c a p i t a t e d  r a t s  were used  as 
p r ev ious ly  described1,  2. H a l o t h a n e  was  a d m i n i s t e r e d  
i n to  t he  m e d i u m  b y  m e a n s  of anae s the s i a  3. The  h a l o t h a n e  
c o n c e n t r a t i o n  in  t h e  m e d i u m  was d e t e r m i n e d  a t  10 to  
30 rain  in t e rva l s  w i t h  a gas c h r o m a t o g r a p h  t h r o u g h o u t  t he  
e x p e r i m e n t a l  pe r iod  3. 

1 1~. C. KO, R. R. PARADISE and D S. HAN, Experientia 28, 1466 
(1972), 
P. ]3. HOLLA~D=R and J. L.  WEBB, Circulat ion Res. 3, 604 (1955). 

8 R. R. PARADIS~ and L. K.  GRIFFITH, J. Pharmac. exp. Ther.  15d, 
281 (1966). 
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Fig. 1. Effect of lactate (5 raM) or acetate (2.5 mM) on atria depressed with halothane. In this and subsequent figures, halothane was added 
at zero time (i.e. following a 60 rain equilibration period in the normal Krebs-Ringer bicarbonate glucose medium). Substrates were added 
30 rain after start of halothane administration. Vertical bars represent 1 SE of the mean. 


