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The Passage of Ferritin into Jejunal 
Epithelial Cells 

The  possibi l i ty of t he  passage of in t ac t  p ro te in  mole-  
cules into in tes t ina l  epi thel ia l  cells, and t h rough  t h e m  
into the  res t  of the  body,  is of considerable  impor tance  for 
the  explanat ions  of the  pathogenesis  of in tes t inal  allergies. 
I t  is of ten  considered t h a t  no t  only  are prote ins  degraded  
by  the  in tes t ina l  enzymes,  bu t  t h a t  the re  is no mechan i sm 
by  which any  of t h e m  which remained  undegraded  could 
pass in to  and th rough  the  epi thel ium.  Since i t  is obvious  
t h a t  a few molecules  could well  r emain  undena tu red ,  and 
since i t  is known  t h a t  only  a l i t t le  of an  an t igen  is neces-  
sary  to  produce  an allergic react ion,  t he  main  p rob lem 
has been to f ind ou t  if  i t  is, in fact,  possible for in t ac t  
molecules  to en ter  the  epi thel ia l  cells. 

I t  has  been  shown t t h a t  l ipid droplets  can en te r  the  
epi thel ia l  cells v ia  smaIl  invaginat ions ,  be tween  the  micro-  
villi, which p inch  off, m o v e  into  t he  cell, fuse into larger  
vesicles, and even tua l l y  discharge the i r  con ten t s  a t  the  
base and sides of the  cells. I t  has also been demons t r a t ed  
t h a t  l ipids can  en ter  vesicles a f t e r  passing d i rec t ly  t h rough  
the  p lasma m e m b r a n e s  of t he  cells ~, b u t  in add i t ion  .the 

pure ly  ves icular  p a t h  has been conf i rmed ~,s. CLA RK4 
found t h a t  new-born  ( < 1 8  days  old) ra ts  and mice 
could ingest  prote ins  and  colloids, as well  as lipids, via  
vesicles;  older  animals  could only  ingest  l ipids and had 
lost  the  ab i l i ty  to ingest  prote ins  and  colloids. However ,  
o the r  cells which have  been s tudied  by  m a n y  workers  do 
no t  seem to possess such select ive up t ake  by  small  
vesicles.  I n  fact ,  t he  smal l  vesicles seem to  be en te red  by  
a n y t h i n g  which  is presented  to  t h e m  and  is smal l  enough 
to  f i t  inside the i r  mouths .  As lipids can be ingested in 
small  vesicles i t  would  seem highly  probable  t h a t  proteins  
could be also. Since PALAY and REVEL 3 have  shown how 
diff icul t  i t  is to  be  cer ta in  of the  lack of ves icular  up take  
in these ceils, i t  was decided to  r epea t  some of CLARK'S 
exper iments .  

Procedure. Adul t  hooded Wis ta r  ra ts  (4 months ,  140 to 
150 g) had  a loop of j e j u n u m  isolated by  l iga tur ing  its 
ends, l eav ing  tile blood supply  in tac t .  1 ml  of  5% ferr i t in 
(N.B.C., cadmium-free)  was in jec ted  in physiological  
saline into the  loop and lef t  for 3 h. The  rats  were then  
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Fig. 1. Portion of an epithelial cell at the distal end of a villus. There 
are many molecules of ferritin between the long mierovflli and a few 

invaginations and vesicles in the cell (arrows). x 80,000. 

Fig. 2. Portion of 2 epithelial ceils at the proximal end of a villus. 
There are few molecules of ferritin between the few short microvilli, 
but there are still some in vesicles in the cells (arrows). x 120,000. 
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killed and 4~o buffered glutaratdebyde was used for 30 
rain to fix the loop. The tissue was then finely diced and 
post-fixed by buffered 2~o osmium tetroxide for i h. The 
blocks were then dehydrated and embedded in Epon by  
the usual techniques. Sections were stained with lead 
citrate, 

Results. The epithelial cells at  the distal ends of the 
villi (Figure 1) had numerous particles of ferritin between 
their long microvilli. There were occasional small invagi- 
nations a t  the bases of the microvilli; some of these con- 
tained ferritin. Small vesicles in the cells also sometimes 
contained a few molecules of Ierritin. They were also 
present occasionally throughout the ceils' membrane 
systems and, extracellularly, at the base and sides of the 
cells. 

The epithelial cells near the proximal ends of the villi 
(Figure 2) had much less ferritin adjacent to their small 
and infrequent microvilli. However, in  these younger 
cells, there were many  more small invaginations - perhaps 
resulting from the much less pronounced terminal  web. 
Hence there were almost as many  ferritin molecules in the 
invaginations and small vesicles in these cells as in the 
more distal ones. I t  should be emphasized, however, tha t  
in both of these sites the amount  of ferritin in the cells 
was very small, much less than the amount  of lipid which 
can enter the ceils. 

One could tell t ha t  the ferritin was not  substantial ly 
degraded by  observing the micelles, present in the mole- 
cules, under high magnification. 

Conclusions. A small proportion of intact  protein 
molecules can enter adult  rat  je junai  epithelial cells, via 
small vesicles, and pass through them into the body. This 
presumably is the basis of intestinal allergic phenomena. 
CLARK'S ~ results showed that  the numbers of molecules 
which are ingested in this way are much reduced in the 
adult  as compared with the new-born animal. However, 
he was incorrect in saying that  none can enter in this way. 

The small amount  of intracellular ferritin found in 
these experiments also supports ROSTGAARD and BARR- 
N~WT~ when they suggest that  the passage of lipid via 
vesicles is relatively much less than directly through the 
plasma membranes of the microvilli. One cannot, of 
course, exclude some selective mechanism which would 
allow much more lipid than ferritin to enter the invagina- 
tions. However, it  seems unlikely. Indeed, considering the 
relative sizes of the particles, ferritin should enter them 
more often than  the lipid droplets. 

Rdsum& On a 6tudi6 la p~n6tration de la ferritine darts 
les cellules ~pith61iales du je junum de rats adultes. Quel- 
ques mol6cules ont pass6 dans les cellules grftce aux 
petites v6sicules. Ce processus est, peut-~tre, g la base de 
l'allergie intestinale. 

J,  R. CASLI~-v-SMITH 
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Mechanical Prerequisites for Effective Uterine 
W o r k  1 

The human  uterus is continuously contracting. The 
contractions accomplish useful mechanical work only if 
the uterine cavity is sufficiently filled with an incom- 
pressible material. 

Under normal conditions the intrauterine volume is a 
variable which influences the uterine performance. The 
correlation between the intrauterine volume and the uter- 
ine performance can be defined with a work diagram. 
As with the heart muscle 2, this diagram consists of 
curves for the resting tension, active pressure, and for 
volume output.  The work diagram characterizes the 
uterine performance even under extreme conditions. 
I n  experiments it wiU be demonstrated that,  as the 
volume is increased, a point is reached at  which the 
prerequisites for effective uterine work are satisfied. Our 
studies were designed to compare the conditions for the 
effective work by the pregnant and by the non-pregnant  
human uteri. 

The experiments were performed on a total of 7 preg- 
nan t  and on 12 non-pregnant  uteri  obtained by hysterec- 
tomy. The uteri  were continuously perfused through their 
normal vascular systems with oxygenated physiological 
solution containing: NaC1 8.0, KC1 0.4, CaCI~ 0.2, MgCI~ 
0.1, NaHCO3 1.0, NaHzPO~ 0.05, dextrose 2.0 g aqua 
des t  ad 1000.0 ml. 

The perfusion pressure was kept constant  at 200 em 
water. At 37 °C the uteri survived for as long as 40 h. A 
thin-walled rubber balloon was filled with water and 
inserted into the uterine cavity. The volume of water in 
the balloon was increased in steps. The intrauterine rest- 
ing and active pressures were recorded alternately by 

an electro-mechanical transducer and the volume output  
was estimated gravimetrically using an electronic balance. 
The first parameter was measured at constant  volume 
so that  the uterus was under isometric ~ension, and the 
latter one at  constant  pressure, i.e. u n d e r  isotonic 
conditions. The maximal uterine contractions were in- 
duced every 5 rain by intraarterial  administrat ion of 
100/~g acetycholine 3. 

In  non-pregnant  uteri the work diagram was obtained 
by expansion of the residual volume. Because of the 
resistance of the uterine muscle to stretch, the resting 
tension curve was relatively steep. The isometrically 
measured active pressure reached its maximal value with 
normal filling. The isotonically determined output  volumes 
were small; they varied from 3 to 5 ml. Additional filling 
increase the resting pressure, bu t  the active pressure and 
the output  volumes were reduced. In  non-pregnant  uteri 
the mechanical work can always be obtained with the 
residual filling (see Figure). 

In  early and midterm pregnancy, a uterus contain- 
ing only the products of conception does not perform any 
external mechanical work. However, an experimental 
work diagram can be constructed if the uterine volume is 
further expanded. Because of increased extensibility ol 
the uterine wall the resting tension curve is considerably 
flatter. The isometrical work tension reaches its maximal 
value only with additional volume. The volumes expelled 
during contractions are larger than  in the non-pregnant 
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