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M o n o a m i n e - c o n t a i n i n g  cells in atr ioventricular  va lves  of the o p o s s u m  heart  

A. L. Ferre i ra  

Department o/Morphology, Medical School o/Ribeirgo Preto, Cx. Postal 301, 
ld.lO0 Ribeirgo Preto S. t ~. (Brazil), 21 July 7976 

Summary. Using a specific t echn ique  for biogenic amines,  s imilar  cells to  those  descr ibed  as smal l  in tense  f luorescent  
(SIF) ceils were ident i f ied in the  a t r iovent r icu la r  valves  of t he  opossum hear t .  I t  is sugges ted  t h a t  these  cells, unde r  
neural  control ,  m a y  secrete  amines.  

Al though  several  workers  have  shown t h a t  the  atr io-  
ven t r icu la r  valves  con ta in  adrenergic  nerves,  t he  func- 
t ion of these  e lements  is still  no t  unders tood  1-3. L ipp  and 
Rodin  4 hypo thez i zed  t h a t  t h e y  migh t  secrete norepine-  
phr ine  in to  circulat ion,  and  according to Anderson  5, t h e y  
migh t  serve an a f fe ren t  funct ion.  Con tempora ry  s tudies  
of adrenergic  i nne rva t ion  were faci l i ta ted by  the  intro-  
duc t ion  b y  Fa lck  6 of a specific t echn ique  for biogenic 
amines.  Using th is  technique ,  var ious s tudies  of hea r t  
i nne rva t ion  of d i f fe rent  an imal  species were done ~, 9. 
The compara t i ve  app roach  to the  adrenergic  inne rva t ion  
is useful, since m a n y  p rob lems  can be be t t e r  unders tood ,  
and because a knowledge  of t he  pa t t e rn s  of i nne rva t ion  
m a y  give new ins ight  in to  the  mechan i sms  opera t ing  in 
m a m m a l s  and  in m a n  also 10. 

The p re sen t  s t u d y  deals w i th  the  adrenergic  innerva t ion  
of the  a t r ioven t r icu la r  va lves  of the  opossum (Didelphis 
azarae,  T e m m i n c k  1825), in the  hope  of gaining a b e t t e r  
u n d e r s t a n d i n g  of va lva r  func t ion  and  prov id ing  basis a 
for new in t e rp re t a t i ons  of the  p roduc t ion  of biogenic 
amines  by  the  hear t .  

Material and methods. We s tudied  4 adul t  opossums 
weighing 1.0-2.5 kg. They  were killed b y  exsanguina t ion  
under  e the r  anesthesia .  The hear t s  were  quickly removed,  
and  as sooi1 as the  ven t r icu la r  chamber s  had  been opened,  
t he  a t r ioven t r icu la r  valves  were dissected under  the  
s tereomicroscope.  To ob ta in  cons i s t en t  and dupl icable  
results ,  the  hea r t  valves  m u s t  be excised 10-12 min  af ter  
sacrifice. 
In  a c c o r d a n c e  wi th  Fa lck-Hi l l a rp ' s  method ,  the  excised 
valves  were r insed in cold calcium-free Tyrode  solut ion 
for 2 min,  s t r e t ched  and  m o u n t e d  whole on glass slides 
and  allowed to d ry  in air a t  room t e m p e r a t u r e  for 15 rain. 
The re la t ive  h u m i d i t y  of t he  air was ma in ta ined  a t  ap- 
p r o x i m a t e l y  50% which  proved  sa t i s fac tory  for dry ing  
the  valves,  and did n o t  p roduce  any  changes  in the  
morpho logy  of the  adrenergic  nerves  as revealed by  
f luorescence me thod .  

Fig. 1. Tricuspid valve, whole mounted-stretch preparation. Fluo- 
rescence mierograph • 250. 
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Fig. 2. Tricuspid valve, whole-mounted stretch preparation. Fluo- Fig. 3. Mitral valve, whole-mounted. Adrenergic varicose nerve 
reseenee micrograph • 400. endings forming a dense network. Fluorescence micrograph • 250. 
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The p repa ra t ions  were t h e n  placed in Coplin jars  con- 
ta in ing  pa r a fo rma ldehyde  powder  equi l ibra ted  wi th  air 
a t  50% re la t ive  humid i ty .  The jars were sealed and the  
p repa ra t ions  exposed  to fo rma ldehyde  gas a t  80~ for 
1 h. Pr ior  to  inspect ions  under  the  f luorescence micro- 
scope, the  p repa ra t ions  were m o u n t e d  wi th  non-f luores-  
cen t  immers ion  oil. 
Results and discussion. Small  f luorescent  cells were made  
visible along the  whole m o u n t e d  s t r e t ch  p repa ra t ions  of 
the  a t r ioven t r icu la r  valves  of the  opossum, p repa red  ac- 
cording to  t he  Fa lck-Hi l la rp  m e t h o d  for biogenic amines  
(figure 1). 
These cells were ve ry  numerous  and  exh ib i t  in tense  
yel low-green fluorescence. The nuclei were no t  visible, 
and groups  of cells were invar iab ly  p e r m e a t e d  by  the  
dense ne tworks  of adrenergic  nerves  (figure 2). The end-  
ings are varicose and  similar to those  descr ibed by  others  
inves t iga tors  4, s, n (figure 3). 
Several  workers  7-~, 12 have  used the  same techn ique  to  
visualize monoamine -con ta in ing  s t ruc tures  in the  m a m -  
mal ian hear t ,  and some have  repor ted  the  presence  of 
f luorescent  ceils in the  atria.  
Al though  i t  is agreed t h a t  the  f luorescent  reac t ion  prod-  
uct  in these  cells indica tes  the  presence of a biogenic 
amine,  the  precise na tu re  of th is  subs tance  is cont ro-  
vert ial .  The s t u d y  of amine  conta in ing  cells in several  
species revealed t h a t  t h e y  migh t  pa r t i c ipa te  in modula-  
t ion of ganglionic t ransmiss ion ,  since t h e y  are in t he  
v ic in i ty  of in t racard iac  p a r a s y m p a t h e t i c  ganglia 9. Ehin-  
ger e t  al. s found  no evidence of any  funct ional  re la t ionship  
be tween  these  cells and the  in t racard iac  ganglia. 

They  are d isposed in d i f ferent  topograph ica l  localizat ions 
wi th in  t he  hear t ,  and  it has  been d e m o n s t r a t e d  in dif- 
fe rent  animals  t h a t  dur ing  the  phy logeny  these  cardiac  
amine-con ta in ing  ceils were more  concen t r a t ed  in the  
atr ia .  They  are t h o u g h t  to  func t ion  in an adrenergic  
exc i t a to ry  cont ro l  of t he  hear t ,  a t  least  in lower forms~a. 
Using the  same h i s tochemica l  technique ,  amine-con ta in -  
ing cells also have  been  d e m o n s t r a t e d  in m a m m a l s  and  
in h u m a n  fetal  h e a r t  s, 9, la, ~. The l i t e ra ture  con ta ins  no 
def ini t ive  accoun t  of funct ions  of t he  m a m m a l i a n  amine-  
con ta in ing  cells. The cells observed  b y  us showed the  
charac te r i s t ics  of t he  smal l  in tense ly  f luorescent  (SIF) 
cells s imilar  to those  first  descr ibed in the  s y m p a t h e t i c  
ganglia 15, ~6. These numerous  ceils suggest  humora l  r a the r  
t h a n  neural  adrenergic  contro l  of the  opossum hear t .  
The well developed neural  appa ra tu s  and the  amine-  
con ta in ing  cells found  in cusps of a t r ioven t r i cu la r  valves  
of the  opossum would suggest  tha t ,  under  neura l  control ,  
b o t h  mi t ra l  and t r icuspid  valves  are areas represen t ing  
zones for amine  l ibera t ion f rom these  cells t h a t  m i g h t  
d i rec t ly  affect  the  receptors  local izated in carot ic  sinus, 
and  a possible mechan i sm of d ischarge of a f fe ren t  s t imu-  
lat ions.  
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Summary. The  physiological  and mutagen ic  act ions  of th ree  a lkylat ing agents  have  been s tudied  on the  process  ot 
n i t rogen f ixat ion by  Anabaena doliolum Bharadwaja .  The results  show t h a t  these chemicals  p re sumab ly  swi tch off 
the  ac t iv i ty  of ni t rogenase,  resul t ing in the  inhibi t ion of f ixation.  

Few studies 1-6 have  been conduc ted  so far on the  ef- 
fects  of some alkylat ing agents  on cer ta in  b lue-green algae. 
But  no reference,  excep t  t h a t  of SHARMA and  KUMAR 7, is 
available regarding the  physiological  and mutagen ic  ac- 
t ions of these  chemicals  on the  process of n i t rogen f ixat ion 
in a he te roeys tous  species. The presen t  inves t iga t ion  
therefore  is an a t t e m p t  in this  direct ion.  

The organism chosen was Anabaena doliolum Bharad-  
waja,  belonging to the  family Nostocaceae  of Cyanophyta .  
Many  samples  of th is  species were collected f rom various 
rice fields and  the  clones were raised f rom spores. Only 2 
clones, No. 1 and 4, were selected on the  basis of the i r  
m a x i m u m  and  m i n i m u m  ni t rogen-f ix ing ra tes  under  iden- 
t ical  condit ions.  3 wel l -known and po t en t  mutagenic  
agents,  N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), 
d ie thyl  su lpha te  (DES) and  e thy l  m e t h a n e  su lphona te  
(EMS), were chosen. These have  been shown to  induce 
gene muta t ions ,  delet ions and several  types  of chromoso-  
mal  aber ra t ions  in var ious  p lan ts  s. 

A fresh s tock solution of MNNG was p repared  in dark  
by  dissolving it in phospha te -c i t r a t e  buffer  of p H  5.4, as 
the  mutagen ic  ac t iv i ty  of this  chemical  is lost upon ex- 
posure  to  l ight  9. The  concen t ra t ion  used was 500 ~xg 

MNNG/ml .  The t r e a t m e n t  was given for 1 h a t  an in terval  
of 20 rain each. The t r ea t ed  cells were washed  tho rough ly  
wi th  steri l ized glass-dist i l led water .  1 ml  suspens ion  of 
each t r ea t ed  clone was then  inocula ted  into cul ture  tubes,  
conta in ing  20 ml n i t ra te- f ree  med i u m of ALLEN and 
ARNON 1~ The tubes  were incuba ted  under  f lourescent  
l ight  i n t ens i ty  of 1.1 x 10 ~ ergs/cm2/sec and  at  a t empe r -  
a ture  of 28 ~: 2 ~ Ni t rogen con ten t s  of the  repl icate  
samples  were de t e rmined  af ter  a g rowth  period of 30 days  
by  the  m e t h o d  men t ioned  earlier n.  
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