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C/V-values of 8 fragments in the intestines of mouse, rat and golden hamster 

EXPERIENTIA 28/10 

Segment Duodenum 

Numbers 1 2 3 4 

Jejunum Ileum 

5 6 7 8 Means 

Mouse 7.6 ~ 7.3 5.8 4.9 
1.18 b 1.33 1.04 0.57 

Rat 18.2 16.7 14.3 13.2 
3.15 3.22 1.82 1.67 

Golden 5.3 5.3 4.1 4.5 
hamster 1.44 0.68 0.76 0.71 

4.5 4.2 4.3 4.6 5.4 
0.59 0.68 0.53 0.70 

12.2 10.4 10.5 10.2 13.2 
1.29 0.88 0.123 0.83 
4.0 4.2 4.1 3.3 4.4 
0.68 0.79 0.57 0.49 

The average value of 9 measurements on 3 animals b S.D. 

b). In  Figure a), t he  edge of c r y p t  was b rough t  into focus, so 
t h a t  villi were visualized as d im spindle-l ike images. 

The smal l  in tes t ine  was cut  up evenly  in to  8 segments  
and the  n u m b e r  of c ryp t  and  villus was mesaured,  respec- 
t ively,  in the  ph ro tog raphs  t aken  at  3 d i f fe rent  regions in 
each segment .  In  t he  Table are shown the  ra t ios  of c ryp t s  
to  villus of 3 animals  t e s t ed  ; hereaf te r  the  ra t io  will be re- 
ferred to  as 'C/V-value ' .  The  Table  reveals  t h a t  there  are 
a p p a r e n t  gradual  decreases of the  C/V-values along the  
in tes t ine  f rom upper  d u o d e n u m  to lower ileum, and  t h a t  
the  averages  of all 8 segments  coincide wi th  the  value a t  
the  4th segment  in all animals  tes ted.  At  the  4th segment ,  
therefore,  t he  mean  C/V-values are comparab le  wi th  each 
other.  I t  is not iceable  t h a t  the  mean  C/V-value is d i f ferent  
in each species and  t h a t  of ra t  is marked ly  h igher  t h a n  
those  of the  others.  These facts  m a y  imply  the  probable  
var iance  in s ta t ic  or dynamic  aspects  of epi thel ia l  cell po- 
pu la t ion  of var ious  animals,  and  fu r the rmore  the  differ- 

ence of m e a n  survival  t imes  in t h e  gas t ro in tes ina l  dea th  
induced by  radia t ion .  

In  fact,  the  au thor  has gained a few not iceable  fea tures  
on d y n ami c  aspects  of epi thel ia l  popu la t ion  t h ro u g h  re- 
consider ing the  p rob lem by  in t roduc ing  the  C/V-values 
in to  the  2-dimensional  p a t t e r n  known f rom the  s tudies  of 
convent iona l  histological  sections.  They  will be repor ted  
elsewhere.  

Zusammenfassung. Quan t i t a t i ve  B e s t i m m u n g  der K r y p -  ' 
ten-  und  Zo t tenzah l  im D a r m  der  Naget iere .  Die Zahl  der  
Zot ten  ist  bet  versch iedenen  Tieren eine un te rsch ied l iche  
und  n i m m t  zudem v o m  D u o d e n u m  gegen das Coecum zu 
ab. 
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Myoneural Junctions in Larval Ascidian Tail 

Myoneura l  junc t ions  are typ ica l ly  fo rmed at  the  sur- 
f a c e s  of muscle cells by  per iphera l  nerve  fibers which 
ex t end  f rom a cent ra l ly  located spinal  cord or nerve  cord. 
Two ins tances  are known,  however ,  in which  th is  p a t t e r n  
is reversed.  In  t he  n e m a t o d e  worm Ascaris 1 and  in t he  
pr imi t ive  chorda te  Amphioxus 2 i t  is the  muscle ceils t h a t  
send processes toward  the  nerve  cord, and myoneura l  
junc t ions  are es tabl ished at  t he  surface of the  nerve  cord 
r a the r  t h a n  wi th in  the  muscle.  

The tai l  of t he  larval  ascidian A maroucium constellatum 
is known to  con ta in  ace ty lchol ines teraseJ ;  however ,  no 
myoneura l  junc t ions  have  been  found  previous ly  in the  
ta i l  muscle  4. This  r epor t  p resen t s  evidence for a unique  
type  of muscle  innerva t ion  in th is  an imal  which  bears  
some resemblance  to  t h a t  r epor ted  previous ly  in Ascaris 
and Amphioxus: muscle  fibers run  r igh t  alongside the  
dorsal  nerve  cord in close appos i t ion  to it t h roughou t  the  
ent i re  l eng th  of the  tai l  and i t  is a t  th is  interface t h a t  the  
s t ruc tura l  special izat ions character is t ic  of myoneura l  
junc t ions  occur. 

Methods. Free - swimming  larvae were collected f rom 
pa ren t  colonies of Amaroucium constellatum. Colonies 
which  have  been kep t  in runn ing  wa te r  in the  da rk  for 
several  hours  will  readi ly  produce  hundreds  of larvae 
wi th in  15 mill a f ter  the i r  exposure  to  l ight.  The rapidly-  
swimming  larvae were collected wi th  a Pas t eu r  p ipe t t e  
and  immed ia t e ly  p laced  in a f reshly-preRared solut ion of 
5% g lu ta ra ldehyde  ill 0.1 M p h o s p h a t e  buffer  (pFt 7.4). 
Specimens were f ixed for app rox ima te ly  3 h a t  room 

tempera tu re ,  followed by  a rinse in buffer ,  and were pos t -  
f ixed wi th  1% OsO 4 in phospha t e  buffer.  The t issue was 
then  d e h y d r a t e d  in a graded series of me t h an o l  solut ions 
followed by  p ropy lene  oxide, and e m b e d d e d  in Araldi te .  
Thick  sect ions  for l ight  microscopy  were s ta ined  w i t h  
toluidine blue. Thin  sect ions were s ta ined  w i t h  uranyl  
ace ta te  und  lead hydroxide ,  and  t h e n  examined  b y  
electron microscopy.  Numerous  animals  were surveyed 
and  in two cases serial sect ions of the  tai l  were made  as 
follows: a survey  series of 5 to 10 sect ions 1-2 ~m th ick  
was made,  followed by  a series of t h in  sections.  This  
p a t t e r n  was  r epea t ed  for t he  length  of t h e  tail .  In  4 o the r  
animals,  r a n d o m  th ick  and th in  sect ions a t  var ious  levels 
represen t ing  the  ent i re  ta i l  were s tudied.  In  one experi-  
ment ,  tai ls  were a m p u t a t e d  f rom f ree-swimming  larvae 
a t  var ious  d is tances  f rom the  t r u n k  and  at  var ious  t ime  
in tervals  af ter  emergence  f rom the  p a r e n t  o rganism unt i l  
the  beginning of tai l  resorpt ion.  The a m p u t a t e d  tails  were 
t hen  observed for signs of mot i l i ty .  

Results. In  t ransverse  sect ions of the  p rox ima l  p a r t  of 
the  tail,  8 muscle  ceils can be seen sur rounding  the  
notochord.  The dorsal  nerve  cord, or neural  tube,  is 
s i tua ted  at  the  dorsal  edge of the  notochord ,  wedged  be- 

1 j .  ROSENBLUTH, J. Cell Biol. 26, 579 (1965}. 
P. FLOOD, J. eomp. Neurol. 726, 181 (1966). 

8 M. DURA~TE, Experientia 72, 307 (1956). 
a C. GRAVE, J. exp. Zool 30, 239 (1920). 
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tween  the  medial  aspects  of opposing  muscle ceils 
(Figure 1). Myofibri ls  are located per iphera l ly  in each 
muscle  cell a round a sarcoplasmic  core conta in ing  p igmen t  
granules, glycogen, and  mi tochondr i a  (Figure 2). In  
longi tudinal  sections,  the  myof ibr i l s  exhib i t  typ ica l  cross 
s t r ia t ions.  The neuraI  t ube  in cross sect ions  has  a cent ra l  
lumen  lined by  cells hav ing  large, granular  nuclei  sur- 
rounded  by  a t h in  r im of cy toplasm.  Toward  the  pe r iphe ry  
of the  neural  tube,  processes ranging  in d i ame te r  f rom 
0.5-2.0 ~m and  conta in ing  vesicles and occasional  mi to-  
chondr ia  can be seen (Figures 2 and  3). Clusters of 25 or 
more  vesicles m a y  be found  in these  processes where  t h e y  
face the  muscle  ceils and in some ins tances  the  vesicles form 
several  closely packed  rows jus t  b e n e a t h  the  a x o l e m m a  
(Figure 4). The m a jo r i t y  of vesicles are clear and  have  an 
average d i ame te r  of a p p r o x i m a t e l y  500 A. The cleft  be- 
tween  the  axonal  and muscle  cell m e m b r a n e s  varies in 
w id th  f rom a p p r o x i m a t e l y  300-1000 A (average w i d t h  
500-600 ~_) and  conta ins  a p r o m i n e n t  basal  lamina.  Oc- 
casionally 1 axon faces 2 muscle cells. Sl ight  infolding of 
the  sa rco lemma occurs occasional ly  (Figure 3) b u t  the  
long, na r row junc t iona l  folds typ ica l ly  seen in ve r t eb ra t e  
neuromuscu la r  junc t ions  5 are absent .  No o ther  t ypes  of 
m e m b r a n e  special izat ions  are found at  the  sa rco lemmal  
surface;  the  p re junc t iona l  (axonal) membrane ,  however ,  
somet imes  has dense pa tches  associa ted wi th  it (Figure 3). 
This  re la t ionship  be tween  the  neural  tube  and  the  muscle  
cells is r epea ted  at  all levels of t he  t adpole  tai l  f rom t r u n k  
to dis ta l  end. 

Tail a m p u t a t i o n  expe r imen t s  were carr ied out  e i ther  in 
ve ry  early rap id ly2swimming larvae,  or s l ight ly  older 
larvae jus t  beginning  to undergo  tai l  resorpt ion.  In  older 
larvae, excised tails  failed to  twi tch ,  whe the r  cut  p rox im-  
ally or distal ly.  In  younger ,  r ap id ly - swimming  animals,  
the  excised tails  tw i t ched  once or twice before becoming  
comple te ly  immobi le  and unrespons ive  when  the  ampu-  
t a t i on  was done at  the  junc t ion  of t r u n k  and  tai l  or im- 

med ia te ly  dis ta l  to th is  junct ion.  If the  tai l  was ampu-  
t a t e d  more  caudal ly  i t  did no t  t w i t ch  once severed.  

Discussion. Several  possible  means  of ta i l  innerva t ion  
m a y  be hypo thes i zed  in Amaroucium. Firs t ,  only  the  
muscle  cells in t he  mos t  ros t ra l  p a r t  of the  tai l  m a y  be 
inne rva ted  b y  nerve  processes whose cell bodies  are 
located in the  visceral  ganglion of t he  t runk.  Impulses  
m a y  t h e n  t rave l  f rom one muscle  cell to the  n e x t  along 
the  leng th  of the  tai l  by  means  of specialized electr ical ly 
conduc t ing  j unct ions  be tween  cells. The second poss ibi l i ty  
is t h a t  the  dorsal  neut ra l  tube  carries wi th  i t  processes 
which  inne rva te  the  tai l  muscle all along its l eng th  and 
t h a t  the  p a r en t  nerve  cell bodies are again located in the  
visceral  ganglion. The th i rd  poss ib i l i ty  is t h a t  mo to r  nerve  
cell bodies are located in t he  neural  tube  itself all a long 
its l eng th  and  t h a t  t h e y  give rise to  segmenta l  axons.  

Fig. 1. Photomicrograph of tail (cross-section) showing surrounding 
tunic (T), notochord (C), neural tube (N)and 8 muscle cells, one of 
which is labeled (M). Arrow indicates junction between the neural 
tube and a muscle cell. Figures 2-4 were taken from this region 
(• 750). Inset: Low power eleetrdn mierograph showing equivalent 
features. The neural tube here appears hollow. 

Fig. 2-4. Electron micrographs showing junction between neural 
tube (N) and muscle cells (M). 

Fig. 2. The position of the arrow corresponds to that in Figure 1. 
Part of the nucleus of a neural tube cell is visible at the upper left(*). 
The adjacent process, which contains innumerable vesicles, is 
separated from a muscle cell by a narrow cleft containing a basal 
lamina. Mi, mitochondrion; G, glycogen. • 15,000. 

Fig. 3. White arrows show shallow infoldings in post-junctional 
muscle cell membrane. Black arrows indicate dense patches associat- 
ed with prejunctionaI axonal membrane. Ni, mitochondrion. • 
43,000. 

Fig. 4. Axonal vesicles are lined up in rows immediately adjacent to 
the pre-junctional plasma membrane. • 43,000. 

5 E. ANDERSSON-CEDERGREN, J. Ultrastruct. Res. Suppl. 1 (1959). 
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The evidence p resen ted  here indicates  t h a t  s t ruc tures  
resembl ing  the  neuromuscula r  junct ions  of ve r t eb ra t e  
skeletal  muscle occur all along the  length  of the  tai l  a t  the  
surface of the  neural  tube.  The origin of the  axons t h a t  
form these  junc t ions  is, however ,  uncer ta in .  Cell bodies 
located in the  neural  tube  itself are obvious  candidates ,  
bu t  cytological ly t h e y  resemble  e p e n d y m a l  or glial 
elements  as much  as mo to r  neurons.  The cell bodies 
giving rise to  the  axons  seen in the  neural  t ube  migh t  be 
located in the  visceral  ganglion - an impress ion  which  is 
suggested a l though no t  p roved  by  the  tai l  a m p u t a t i o n  
exper iments .  If  nerve  cells occurred segmenta l ly  all 
along the  neural  tube, the  severed tail  m igh t  be expec ted  
to cont inue  twi t ch ing  for m a n y  minu tes  af ter  its separa-  
t ion f rom the  t runk.  Other  factors,  such as change in 
ionic concen t ra t ions  in the  region of the  tai l  s t u m p  or a 
s ta te  comparab le  to  spinal  shock migh t  also be respons-  
ible for the  inabi l i ty  of the  a m p u t a t e d  tail  muscle to  
contrac t ,  however .  In  Boltemia larvae, CLONEY 6 has 
shown t h a t  excised tails  tw i t ch  for m a n y  minutes  before 
f inal ly degenerat ing,  suggest ing t h a t  in th is  an imal  the  
cell bodies of the  mo to r  neurons  p robab ly  are located in 
the  tail.  

Al though  each segment  of t he  tai l  muscle is i nne rva ted  
in Amaroucium, there  is no obvious exp lana t ion  as to how 
muscle cells which  are no t  d i rec t ly  ad jacen t  to  the  neural  
tube  in cross-sect ion are ac t iva ted .  Pe rhaps  wi th in  each 
segment  the  4 members  oi each row of cells are mechanic-  
ally or electr ical ly in te rconnec ted  by  specialized j unctions,  
as suggested by  ]3ERRILL and SHELDON in Styelopsis 7. 

The innerva t ion  of the  tai l  muscle  in larval  A maroucium 
thus  resembles  t h a t  r epor ted  previous ly  in Ascaris and 

Amphioxus in b o t h  of which  myoneura l  junc t ions  are 
es tabl ished at  t he  surface of t he  nerve  cord, r a the r  t h a n  
wi th in  the  d ep t h s  of t he  muscle.  Amaroucium differs, 
however,  in t h a t  the  muscle  cells do no t  give rise to 
e longated  innerva t ion  processes.  

Zusammenfassung. Elek t ronenmikroskop i sche  Unte r -  
suchungen der  Neur i t en  in der Pe r ipher ie  des dorsalen 
Nervens t ranges  im Schwanz  der  Asz id ien-Larve  Ama- 
roucium constellatum zeigen, dass die in der N/~he liegen- 
den Schwanzmuskelze l len  Verb indungen  mi t  den Neur i t en  
eingehen,  die den neuromuskulXren K o n t ak t s t e l l en  im 
Skelet tmuskel  der  Wi rbe l t i e r e / i hn l i ch  s ind .  Diese neuro- 
muskulg~ren Verb indungen  ver te i len  sich fiber die Ge- 
samtl / inge des Schwanzes  und  sind of fenbar  die Innerva-  
t ion der Schwanzmusku la tu r .  
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Pattern of M e m b r a n e  Invaginat ions  at the Surface of 

Convent iona l ly  f ixed sect ions of smoo th  muscle of blood 
vessels show numerous membrane invaginations i-6 which 
have been termed 'caveolae intracellulares' or 'pinocytotic 
vesicles'~. From transverse sections it is apparent that 
these vesicles are not distributed at random, but rather 
lie in groups of usually less than i0 vesicles separated by 
dense cytoplasmic regions termed dense areas (Figure la). 
Longitudinal sections of smooth muscle cells can be found 
where dozens of vesicles are arranged at regular intervals 
(Figure ib) indicating a grouping of the vesicles pre- 
dominantly in the direction of the longitudinal axis of the 
cell. The actual arrangement, however, on the cell sur- 
face is not evident from single sections. Such information 
can be obtained by a laborious three-dimensional analysis 
from serial sections or by the more convenient freeze- 
etching technique which is capable of exposing a good 
portion of the cell surface s,s. The latter technique was 
used to shed some light on the surface pattern of mem- 
brane invaginations. 

]3urgunder rabbits of either sex and of different com- 
mercial sources were anesthetized with Numal | sup- 
plemented with ether as necessary. Their abdominal aorta 
and arteries more distally were perfused via a Silastic | 
cannula with 25 ml Krebs-IRinger solution (pH 7.4) im- 
mediately followed by approximately 400 ml 2.5% 
glutaraldehyde in 0.i M phosphate buffer (pH 7.0) at 
22~ with a pressure of I00 cm water for 20 min I~ The 
iliac arteries were then dissected, cut into segments of 3 
to 6 mill and immersed in the same fixative for another 
hour at 4~ The specimens were stored in 0.i M phos- 
phate buffer (pH 7.0) containing 7% sucrose. A) Segments 

S m o o t h  Muscle  Cells of Rabbit  Arter ies  

for u l t r ami c ro t o my  were pos t f ixed  wi th  2% osmium-  
t e t rox ide  in 0.1 M phospha t e  buffer  (pH 7.0) for 1 h, 
d e h y d r a t e d  in graded alcohols and  e m b e d d e d  in E p o n  812. 
U l t r a t h i n  t ransverse  and longi tudinal  sect ions of or iented  
specimens  were con t ra s t ed  wi th  uranyl  ace ta te  and lead 
c i t ra te  and examined  wi th  a Phi l ips  EM 300. B) s e g m e n t s  
to be f reeze-etched were washed  3 t imes  in wa te r  for 
20 rain, immersed  in 30% glycerol for 3 h and freeze- 
e tched  in a ]3alzers BA 510 A/M appa ra tus  as descr ibed by  
M o o r  s,9. The replicas were cleaned wi th  40% chromic  
acid and washed  3 t imes  wi th  dist i l led water .  

A view of the  overall  aspec t  of the  cell surface in freeze- 
e tched  p repa ra t ions  showed a m e m b r a n e  w i t h o u t  folds 
(Figure 2), qui te  in con t ras t  to  a p repa ra t ion  in a similar  
s tudy  by  DEVINE et al.~. This demons t r a t e s  the  impor tance  
of an adequa te  perfus ion pressure  dur ing  f ixa t ion  for 
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