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The Inhibitory Action of Caffeine on the Smooth Muscle of the Guinea-Pig Taenia coil 

I t  has  been repor ted  t h a t  caffeine produces  a con- 
t r ac t ion  in skeletal  muscle w i thou t  m e m b r a n e  po ten t i a l  
changes  1, and t h a t  caffeine acts  on the  sarcoplasmic  
re t icu lum and  releases Ca f rom it in to  m y o p l a s m  2. I have  
repor ted  t h a t  caffeine p roduced  a con t rac t ion  of smo o t h  
muscle  a t  low t e m p e r a t u r e  8. However ,  it  is no t  likely, in 
smoo th  muscle, t h a t  caffeine acts  on sarcoplasmic  reti-  
cu lum and  causes a con t rac t ion  as in skeletal  muscle,  
because i t  is well known t h a t  the  sarcoplasmic re t icu lum 
is ve ry  poor ly  developed in smoo th  muscle. Actual ly,  it  
has  been  repor ted  t h a t  caffeine caused an increase in 
s m o o t h  muscle  tone  followed by  an increase in spike 
amp l i t ude  or spike f requency  3,4. On the  o ther  hand,  
re laxa t ion  is observed if caffeine is appl ied under  normal  
cond i t ions  or dur ing  po tass ium- induced  cont rac ture .  The 
p resen t  expe r imen t s  were pe r fo rmed  to inves t iga te  this  
re laxing effect  of caffeine. 

Guinea-pig  taeniae  coli were used in the  ba th ing  
solut ion of following composi t ion :  (mM) NaC1 133, 
IKC1 5.6, CaC12 2.5, MgC12 1.1, NaHCO a 8.0, glucose 11.5, 
equi l ibra ted  wi th  95% O~ and 5% CO 2. Cont rac t ions  and 
re laxat ions  of depolar ized p repara t ions  were observed  
using kymograph ic  t echniques  so t h a t  comple te  relaxa- 

t ions could be observed.  Elect r ica l  act ivi t ies  and  asso- 
c iated cont rac t ions  were recorded by  a double  sucrose- 
gap me thoda  and a mechano-e lec t ron ic  t r ansduce r  (RCA 
5734). 

Contrac tures  were induced  by  changing  the  ba th ing  
solut ion f rom normal  to  a po tas s ium rich solution,  in 
which  all NaC1 was subs t i t u t ed  by  KCI. Appl ica t ion  of 
caffeine to the  po t a s s ium-con t r ac t ed  p repa ra t ion  caused 
a r emarkab le  relaxat ion.  The th re sho ld  concen t ra t ion  to 
produce  a re laxa t ion  was abou t  0.3 m M  and  comple te  
relaxat ion,  as compared  to the  re laxa t ion  induced by  the  
depr iva t ion  of Ca by  soaking in Ca-free solut ion con- 
ta in ing 2 m M  of e thy lene  glycol bis(-aminoethyl ether)-N,  
N- te t raace t ic  acid (GEDTA), was observed by  the  applica-  
t ion of 5 m M  of caffeine. 

These re laxat ions  were coun te rac ted  by  increasing 
extracel lular  c a  concen t ra t ion  and re laxed muscles were  
reversed into con t rac t ion  (Figure 1). In  t he  presence of 
5 m M  of caffeine, the  min imal  concen t ra t ion  of addi t iona l  
Ca for the  reversal  was abou t  3 m M  and  comple te  rever-  
sals were observed by  25 m M  of addi t iona l  Ca. These 
results  indicate  the  an tagoniz ing  ac t ion  of caffeine to 
extracel lular  Ca in the  contract ion.  

Fig. 1. The relaxing effect of caffeine and the reversal by Ca. Bathing solution was changed from normal to K-solution at K. 
C, W, and Ca indicate the application of 5 mM of caffeine, washing out of caffeine with K-solution , and addition of 25 mM of Ca in the 
presence of 5 mM of caffeine, respectively. 

Fig. 2. The effects of caffeine on the electrical and mechanical activities. A, control. B, 20 rain after the application of caffeine 
(5 mM). Action potentials and contractions were evoked by a depolarizing current of about 5• A (1000 msee duration)at a 
frequency of 1 per 10 sec. The upper photographs were taken at faster sweep speeds to show the shapes of the action potential. 
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The effects of caffeine on the  electrical  and mechanical  
act ivi t ies  of the  taenia  colt were also invest igated.  In i t ia l  
increases in spike f requency and tension deve lopment  
were observed after  appl icat ion of caffeine bu t  were not  
sustained : 5 min  af ter  the  appl icat ion of caffeine, gradual  
decreases in spike f requency and in tension were observed 
and, 10 min  after, act ion potent ia ls  and associated con- 
t ract ions  could be observed on ly  by  the  appl icat ion of 
depolarizing current.  Conversely,  spike ampli tudes;  which 
were observed during the  appl icat ion of depolar izing 
current,  were increased. I r regular  bursts  of spike poten-  
t ials observed before the  appl icat ion of caffeine became 
regular  and well synchronized.  

On the  o ther  hand, the  tension deve lopments  which 
were ini t ia ted by  the  act ion potent ia ls  evoked by  the  
depolarizing currents  were decreased, regardless of the  
increase in the  ampl i tude  of the  act ion potent ia l .  Thus, 
the par t ia l  dissociation of exci ta t ion  and cont rac t ion  was 
observed (Figure 2). These secondary effects of caffeine 
could be observed as long as caffeine was present,  and 
were reversible.  

These effects of caffeine were no t  affected by  reser- 
p inizat ion 6 (i.p. inject ion of reserpine (10 mg/kg) 2 4 h  
and 12 h before performing the  experiments) ,  indicat ing 
tha t  the  inhibi tory  effects were not  v ia  the  adrenergic  
inhibi tory  nerves. 

Caffeine has dual  act ion;  first  exci ta tory ,  and second 
inhibi tory.  The  inhibi tory  act ion of caffeine can be  
explained f r o m  these results, by  the  assumpt ion  t h a t  
caffeine affects the  inward m o v e m e n t  of Ca th rough  the  
cell membrane ,  influencing the  act ion potent ia l  and the  
cont rac t ion  7. 

Zztsammentassung. Nachweis  des muskel re laxierenden 
(elektolischen und mechanischen) Effektes  yon Koffe in  
ant  den Meerschweinchendarm erst reizend und sekund~Lr 
hemmend.  A m  K-kont rah ie r t en  Pr/ tparat  f i ihrte Koffein 
zur Erschlaffung,  die bet Erh6hung  des extrazellul~iren 
Ca ver~nder t  wurde. 
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Effect of Ingested Gossypol  on the Growth Per formance  of Rats  

The ut i l izat ion of cot tonseed as a source of d ie tary  
protein is great ly  l imi ted by  the  presence of a na tura l ly-  
occurr ing pigment ,  gossypol. This compound,  in its free 
state,  has been shown to be h ighly  toxic  to non- ruminan t  
species when ingested at  levels exis t ing in raw cot tonseed 
meats,  in so lvent -ex t rac ted  cot tonseed meals,  and in 
diets supplemented  wi th  these products.  There is also 
some indicat ion t h a i  the  dai ly  ingestion of feeds contain-  

i n g  ve ry  low levels of gossypol, though  not  producing 
immedia t e  over t  symptoms  of toxici ty ,  m a y  result  in 
the  accumula t ion  of gossyp01 in var ious  organs unti l  a 
cri t ical  gossypol level  is reached and toxic  effects appear.  
The finding t h a t  gossypol binds wi th  proteins and pep- 
tides, and par t icular ly  epsi lon-aminolysine groups of 
these substances,  has suggested t h a t  these gossypol 
complexes  in the  gut  are not  digested and absorbed, 
bu t  are e l iminated  in the  feces. Therefore,  the  qua l i ty  
of the  prote in  in gossypol-containing diets is p resumably  
reduced by  the  binding of the  gossypol wi th  the  protein.  
Consequently,  physiological  dis turbances  observed in 
animals  main ta ined  On gossypol-containing diets hav ing  
min imal  prote in  requi rements  are probably  not  the  result  
of gossypol toxic i ty ,  bu t  the  resul t  of d ie ta ry  prote in  
insufficiency. Therefore,  in order to inves t igate  the  effects 
of gossypol tox ic i ty  on physiological  parameters ,  i t  is 
necessary to uti l ize diets which conta in  high qua l i ty  
prote in  in excess of the  min imal  prote in  requi rements  of 
the  animal.  This  paper  describes the  growth performance 
of rats  main ta ined  on diets conta ining high concentra t ions  
of free gossypol and high levels of qua l i ty  protein.  

Materials and methods. The animals  used in this  s tudy  
were 60-day-old, male rats  of the  C F E  strain. Each  ra t  
was housed indiv idual ly  under  uniform condit ions of 
l ight  (10 h light,  14 h dark) and t empera tu re  (68-72 ~ 
Animals  were r andomly  divided into 3 groups correspond- 
ing to 3 diets : diets A, B, and C. The  control  diet  (diet A) 

consisted of f inely-ground commerc ia l  ra t  chow. The 
exper imenta l  diets were prepared by blending the  ground 
commercia l  ra t  chow wi th  so lvent -ex t rac ted  cot tonseed 
meal  obta ined  by  the-'~ prepress so lvent -ex t rac t ion  pro-  
cedure (diet B), and wi th  freshly-ground, raw cot tonseed 
meats  and v i tamin- f ree  casein (diet C). The  composi t ion 
of each diet  was determined (Table I) ~-3. Upon  com- 
mencemen t  of the  feeding study, food and wate r  were 
pe rmi t t ed  ad l ibi tum. Animals  were weighed daily and 
thei r  general  appearance  and condi t ion n o t e d  After  30 
days, approx imate ly  half  of each group was assigned to  
another  s tudy,  and the  remaining  animals  cont inued on 
the diets for a to ta l  feeding in te rva l  of 60 days. 

Results and discussion. The results on the  growth 
performance of rats  receiving diets A, B, and C for 
feeding intervals  of 30 and 60 days, respect ively,  are 
presented in Table  I I .  The mean  daily weight  gains, 
f inal  weights,  and to ta l  weight  gains of those animals  
ma in ta ined  on diets B and C were s ignif icantly less 
(P  < 0.05) t han  those main ta ined  on diet  A (control diet). 
These results subs tant ia te  the  repor t  t ha t  the  ingest ion 
of gossypol by non- ruminan ts  results in a reduct ion  of 
their  growth ra te  4. I t  should be noted t h a t  t i le mean  
daily weight  gain of those animals  fed diet  C for 30 and 
60 days  is no t  s ignif icant ly different  f rom the  m e a n  
daily weight  gain of those animals  fed diet  B, even 
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