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Most of the,studies of the amniotic epithelium have been related to the problem of the origin of the am- 
niotic fluid, Recently published papers have described in considerable detail [7, 8, 10] the process of formation 
of vacuoles in the cytoplasm of the amniotlc epithelial cells, thus confirming the original view [9, 11] that the 
amnlotic fluid of humans and of some other mammals is of secretory origin. There is, however, evidence of the 
transudatlve origin of the fluid [1] In the human, from the chorionic vessels, based on the observation that vacu- 
oles are rarely encountered in the epithelial cells earlier than the 16th week of gestation. In view of this con- 
tradict0rY evidence, we undertook the stud), of the amniotic epithelium of such animals as would, because of 
the morphological peculiarities of their membranes, present the most favorable conditions for transudation. We 
chose the allanto-amnion of swine, which has a vascular supply, and we studied it at the stage of development 
at which vascularization was at a rnaxlmum. 

The vascular supply of the allanto-amnion of ruminants reaches maximum development about half way 
through the gestational period. It has been shown [3] that the vessels of the fetal membrane are situated closer 
to the amniottc surface. We considered that transudation of fluid from the blood vessels would be greatest at this 
,rage of pregnat~cy. It was for this reason that we chose this stage for the study of the amniotic epithelium of 
swine allanto-amnion. 

The boundaries of the amniotic epithelium appear in the form of festoons, and the thickness of the epithel- 
Ial layer varies at different locations of the surface of the sac, in sections treated with silver nitrate according 
to Ranvler. This procedure regularly reveals nonnucleated cytoplasmic regions of various forms, which may pos- 
sibly be sites of resorption of amniotic fluid. The presence of similar sectors In the epithelium of the other mem- 
branes [6] has been related to the process of resorption of amnlotic fluid. The number and dimensions of such 
formations are highly variable (Figure 1). After short treatment (one to two minutes) with dilute (0.1-0.25%) 
solutions of silver nitrate, such sectors differ very little from the cytoplasm of the surrounding ceils. With longer 
treatment, or using more concentrated solutiom of silver nitrate, such nonnucleated sectors actively take up sil- 
ver, and become stained brown or black. 

Our attention was directed chiefly to the cytoplasm of the epithelial celh. Treatment with silver nitrate 
revealed the boundary between the endo- and the ectoplasm. We have been unable to find any mention of a 
similar effect In the epithelial or endothelial membranes. Silver Is not deposited in the cytoplasm of all the 
epithelial cells. Where this does occur, the boundary between the endo- and the ectoplasm can be clearly dis- 
ttngulshed. In sections stained with lron-hematoxylln the endoplasm Is strongly basophllic, and Is in clear con- 
trast to the faintly-stained ectoplasmic zone. As will be shown later , It is In the endoplasm that continuous 
formation of vacuoles takes place, followed by their secretion Into the amniotic sac. We believe that so clear- 
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Fig. 1. Nonnucle, ated cytoplasmic sectors of the amni- 
otfc eplthellum of swine. One of the cells contains a 
clump of closely aggregated nuclei. Impregnated with 
silver nitrate, counterstained with iron hematoxylin. 
Photomicrograph. Objective x90, ocular x~. 

cut a delineation of the endop!asm from the ectoplasm must in some way point to a difference between the roles 
of these ~uuctures in exchange processes affecting the amnlotic fluid�9 Whereas the endoplasm is responsible for 
production and secretion of fluid, the ectoplasm would fulf111 the opposite function of resorption of amnfotic 
fluid. 
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Fig. 2�9 Secretory vacuoles in swine amnion epithelium. 
Phase contrast. Objective • ocular x l0 .  

The process of vacuoltzadon of the epithelial cells Is of particular interest. Vacuoles filled with a clear 
secretion are to be found in practically all the ceils, in greater or smaller amount. Similar pictures have been 
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flr by otbe~ authccs, for the awseula~ human amnion [10]. In tht~ case th,re c~n be no doubt ~s to the 
secretory n~tum of the vacuol~, and we attach particular importance to this morphological ,[mHadty. 

The v~cuol~, beg~n to f ~ m  In the perinuclear zone, Vie h~ve been unable to confirm the obwrwtions of 
cemt~in author~ [!0] who reported ln t~anuc~r  f o r m ~ o n  of v~cuoM~; we could p~rce~ them only in the cyto- 
plasm, or mote p~ect~ely, in the e~do?I.~m of the cells. The earliest ~ta~e of ~r  formation is the ~pp~arance 
of one or two clear dropleu, l~ c i t e  con~ac~ with the n~cleus. ~ ~neL~ aumber dse~ progressiwly (Figure 2), and 
thgy' tun together to form large d~opL~u, 5ul~ng into ~.e lumen of the ~m~fo~Ic ~c. All these p.,0ce~-~e.* take 
pI~ce in the perlnucle~r zone. The nuclei of-~ome cr undergo defo~m~on, due to the pressure of the se- 
caledon forming in the vacuol~s. Gi~n~ cr resembling f~t cr ap:,~-~r sometimes (FI~re 3); thc~r nuclets 

Fig. 3. Giant vacuoles in cells of swine amniotic epl-  
thelium. Nonnucleated cytoplasmic sectors, staining 
lnter~ively with stlver nit, ate. Countexstalned with iron 
hematoxylin. Photomicrograph. Objective x90. ocular 

x'/.  

ot nuclei (these are more ffeo/aently large multlnuclear cells) are squeezed out towards the periphery, and the 
whole of the cell is tilled with the giant vacuole. We were unable to observe the formation of r giant 
vacuoles, as reported by Bautzmann [8]. We invariably found nuclear matter, in one form or another, in the extra- 
cellular vacuoles. For this reason we consider that "extracellular vacuoles" ~hould be regarded as being highly 
deformed unI- or multinuclear cells of the amvJodc epithelium. 

The conclusion may be drawn from our findings respecting the morphology of the amnioflc epithelium of a 
highly vascular fetal ~ac that the secretory theory of the origin of the amnlotic fluid Is the most probable one. 
It Is probable that production of amniotic fluid takes place as a result of the secretory activity of the amniotic 
eplthellal cells in the early stages of gestation of the human and of animals in which blood vessel~ are absent 
from the membrane or from its vicinity. 

During our lnve~flgation we made an observation relating to the regeneration of amntotic epithelium. It Is 
known [4] that at an early stage of pregnancy the amniotie epithelium is regenerated by means of karyoldnetic 
division. We observed isolated eases of karyoldnesis at haLf-term In swine. Direct division of epithelial cells was 
even less frequently men. At the same time. we morn than once saw pictures closely resembling the end-stages 
Of so-called endoamttosIs. Something similar has been reported of recent years for human embryonic membranes 
[2, 5]. These authors reported the division of the large nucleus of the cells into a number of small nuclei, which 
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remained enclosed within the nuclear membrane for a certain ttme. In the terminal stages of thts proces~ the 
nuclear mer~br~ne dl~ppe~rs, but the d~ughter nuclei remain grouped together, so that e~ch group of m~elel re- 
sembles a single giant nucleus of a cell. We have several t i m ~  seen similar pictures, morphologically cor~es- 
pondlng very closely with the terminal stage of endoamfto~ts, In the amniotie rac of swine (~ee Figure 1). While 
we record these ob~ervatlons, we by no means Insist on the same explanation of their occurrence as has been pro- 
posed by the ~bove authors [2, 5]. There can, however, be no doubt that what we saw in the amniotlc epithelium 
very clo.~ely resembles the picture reported for endo~rnlto~is. We would add, however, that the presence of endo- 
amltotlc division should In no way be considered to exclude the possibility of amltotic division or of karyoklnesis. 

S U M M A R Y  

Considerable vacuollzatlon of the epithelial cell~ of the amp.ion was found In swine during the stage of the 
greatest vaseularizatton of fl~e membrane. This supports the secretory theory of  the origin of amnlotlc fluid. It 
15 possible that resorption of a~nlot ic  fluid ~kes place through the cytoplasmic anuclear sites of various size at 
the area of the cellular boundaries. 
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