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Introduction

The histblogical changes that occur in the small intestine of

anuran larvae during metamorphosis were first studied in 1891 when
. [ J
Ratner described the subepithelial changes in Rana temporia, Subse~

quently, epithelial changes wers noted by Reuter, Duesburg, and Bowers
(for review see Bowers, 1909) using Alytes obstetricans, Rana fusca,

and Bufo lentiginosus respectively. More recently, Kunta (1922),

Janes (1932), and Tui and Ii (1930) discuss both the subepithelial
and epithelial changes in Rana pipiens, Rana clamitans, and Rana

nigromaculata, ‘r.espectively. Kaywin (1936) describes the cytological

' changes that take place in the epithelium of Rana catesbiena and

Bonneville (1963) pbints out some of the fine structural changes in
the epithelium of Rana clamitans during metamorphosis.

It 1s generally agreed, by previous workers, that the intestinal
mucoéa degenerates during metamorphosis, and'that basal cells pro-
liferate to form a neﬁ mucosa, However, there is considerable dis-
agraement as‘ to the méoha.nism_ involved in both processes.
| " The object of the péesenf. study was to determine the histological
- and cytological changes that occur, during metamorphosis, in the small
intestine of Hyla versicolor Le Conte. It was felt that such a study

would clarify and amplify earlier observations.




Materials and Methods

He versicolor tadpoles were collected in a small pool near the

- west end of Westhampton Lake in Richmond, Virginia.during September
and Octover of 1963, The organisms were maintained in the laboratory

at room tempsrature in aquaria filled with tapwater, Séil from the
bottom of the podl ffom which the. tadpoles were collected was placed
in the aquaria in an attempt to simulate natur#lhenvironmontal conditions.
The animals were féd lettuce and canned spinach. Algae and bacteria
groving oﬁ the bottom and sides of the aquaria also made up a large
part of their diet.

As the forelegs emerged from the gill chambers, the tadpoles were
" transferred to fingerbowls containing water and tilted so that only
half of fhe bottom was covered. Here, the animals.emerged from the
water and completed their metamorphosis. The. frogs wefe then placed
in a humid aquarium and were maintained on miscellansous small live
insects,

The animals used in this study corresponded to stages used by
previous investigators., These stages are as follows:
‘Stage No. 1 The larval tadpoles. are fully developed but‘the hind
limb buds are only slightly differentiated. The length of the bud
varies from equal to its diameter to twice its diameter.-
Stage No. 2 The hind 1imb buds are differentiated into a thigh, shank,
and foot. The hind 1limbs trail behind the body.
Stage No. 3 The hind legs are fully developed and are pulled up
alongside the body. The walls of the gill chambers at the points where
the forelegs later amerge are}not thin and transparent,
Stage No. I This stage is similar to Stage No. 3 except that the




‘walls of the gill chaﬁbers at the points where the forelegs later
protrude are thin ﬁnd transparent.

Stage No. 5 Both forelegs have emerged 'from the gill chambers but
the tail has not‘ begun tp dogenaratéo

Stage Nd, 6 The t#il haav started to degenerate and is one half its
‘original’ Iength..

Stage No. 7 Only a stub of the tail remains.

Stage No. 8 The tail is no longer apparent and the compietaly
metamorphosed frogs hgve begun feeding.

The specimens selected for study were killed and fixed by placing
them directly in a FAA fixative (water, 95% ethyl alcohol, formalin,,
and glacial acetic acid - 30:16:;8:1) for 2l hours. After fixation the
specimens were stored in 70% ethyi alcohol.

In preparation for histological study, the stomachs and small
intestines were removed from the animals with the aid of a binoocular
stéréoscopic microscope. The small intestines were then uncoiled and
straightened so that uniform cross sections éouid be made alongv their
entire length. Serial transverse sections were cut at 7.5 microns and
the mounted tissues were stained with Harris' Hematoxalin and countere
stained. in Triosin. The prepared slides were examined using phase
éontrast and light mieroscopy.

Preliminary cytochemical tests were performed using the 1952
Gomori Method for acid phosphotase (Pearsa, 1961).




Observations

In the 1arval tadpole, the small intestine extends irom the

pylorio vailve, posterioriy to the ilio~coelic valva. It is very long
and wound in the form of a double coil. Histologically it may be
divided into an anterior duodenum and a posterior ileum with a transe
ition zone between,

During metamorphosis, by Stage 3, the small intestine began to
undergo a marked shortening that resulted in the coil progressively
unwinding until by Stage 7 the small intestine was approximately 1/8
its original®’ length (Kuntz, 1922) and. passed directly from the stomach
to the colon,

. During this contraction extraordinary histological changes began
. 4n the anteribr region of the duodenum and progressed posteriorly to
the cqlon. While histological changes in the duodenum and ileum were
| similar, they were ‘easier to follow‘in the duodenum which will be
: davscribw ﬁrsf.,

Duodenun

Stage 1 The serosa was composed of only a éingle layer of mesothel{uni
which was closely applied to"the longitudinaiv.musclaribers. Cénnectiie
tissue was not. appa.rent between ,th.e mesothelium and the longitudinal
muscle layer.

The longitudinal muscle layer consisted of a single layer, and the
eircular muscle layer of two to four layers of smooth musole fibers. All
of the foregoing components of the muscularis wers ¢losely applied to each
other,




. The submucosa was thin and composed of areolar connective tissue
(Fige 2). Vhite fibers, small oapiilmes, and lymphocytes were dis=
persed throughout the region;

The mucosa eonsisted of only &n epithelial layer; a tunica propria
and muscularis mucosa were nol present. The epithelial layer was composed
of tall columnar epithelial cells, goblet cells, lymphocytes, and large
spherical cells usually in some stage of mitosis (Fig. 2 and 3).. The
micosa was not arranged in foids as it was in the postmetamorphic
specimens (Fig. 1).

The columnar epithelial cells were tall and contained large oval
nuclei in the basal part of the cell. A large bésophilic nucleolus
and flakes of basophilic chromatin were scattered throughout the nucleus.
The cytoplasm was acidophilic and evenly distributed throughout the cell.
A few very small graﬁules were présent in. the cytoplasm but no empty
areas were observed,Terminal bars were present at the distal corners
‘of the cells and the fres surface was covered by a _striatad‘bbrder
(Pig. 3).

Goblet cells were relatively abundant among the columnar
epitheiial cells in the duodenum and the distal part of each go'blet
cell was filled with non-staining droplets (Fige 2).

Lymphocytes. in the mucosa were between the columnar epithelial
éellsv and along the inner surface of the basement membrane (Fig. 3)e
These cells occurred in a variety of shapes. Some were dumbbell-shaped,
others sickle-shaped-,. and some were asymmetricaliwith pseudopodia.

The large spherical cells, of the mucosa are thought to be
columar epithelial cells in a state of cell division (Fige 3)e
Their cytoplasin was aoiddphilic’ and the nuclei, when in. interphasé, were



simdlar to those of the columnar opithelial cells. These colls
‘underwont mitosis throughout the mucosa. No other cell type was

observed dividing in the lérval tadpole mucosa.
Stage 2 As the farvai tadpoles approached 3tage 2 the cytoplasm in -

the coluﬁmaf ;epit.helial cells and the goblet cells began to vacuolate.
vStage 3 The mucosa was not smooth as it was in Stage 1 but was
‘arranged ih low folds (Fig. i and 5),

The .:!‘.nternalvcytoplasm of the éolumngr epithelial cells was
ﬁighly vacuoiated and large yellow granules were present in the areas
formerly occupied by the cytoplasm (Fig. 6). Some of the yellow
granules. had been élind.nated into the lumen and .others appeared to
‘be bursting through the top of the cell.

'I'ypicaily, the nuclei were unchanged; however a few had started
to undergo chromatdlysis and small areas were acidophilié instead of
hasophilic. | |

A new ceil type, (the "basal cell" of previous investigators),
was present above but adjacent to the basemeﬁt membrane between the
| o&lumnar.epithelial cells (Fig. 7). The cell was oval with a large,
strongl& basophilic mucleus and a .smaJ.l amount of cytoplasm that was
also basophilic (Fig. 7). Basal cells and nests of two to six cells,
surrounded by a continuous membrane, were in active mitosis (Fige 9)e

S‘aégés i and 5 The folds in the mucosa, first observed in Stage 3,

were taller and projected into the lumen (Fig. 10).
The majority of the yellow granules had been extruded into the
lumen and only the cell membranes and the nuclei remained (Fig. 11),
The mumber of basal cells increased until mumerous nests of



approximately 10 to 20 cells were formed (Fig. 12). The cells became
radially arranged with their long axes toward the center of the nest
forming a hollow sphere of cells (Fig. 1k and 15), The basal cells

‘$hen assumed a eelumnar form but continued to divide. Thoy thorafexae

will be referred to, in the remainder of this paper, as generative
cells. Division continued until the membrane enclosing the generative
cells broke and the sphere opened on the side toward ghe lumen forming
a hollow cup of cells (Fig. 17).

The submucosa was much thicker and contained large numbers of
lymphocytes (Fig..13).

The muscle fibers of both muscle layers lost their compact
arrangement, the mesothalium became separated from the long:.tudmal
miscle layer and fibroblast-like cells invaded the empty spaces
formed by the rearrangement of the muscle fibers.

- Stapes 5 and 6 The hollow oups of generative cells, still beneath

- the tadpole mucosa, enlarged and deepened as the resulp of continued
division of the generative cells, By Stages 5 and 6, the expanding

rims of the cups fused forming a continuous layer of new mucosa

composed of generative cells, As the cups fused, they appeared to
mechanically 1lift and pinch away the tadpole mucosa from the subw

mucosa and push it into the lumen of the intestine (Fig. 17, 19, and 20).
Further, when adjacent cups fused they formed folds in the new mucosa
that were forerumners of the folds in the frog mucosa (Fig. 17 and 21),

Stages 6 and 7 The cells of both muscle layers became compactly

arranged. The mesothelium became closely applied to the longitudinal
mnscle layer and the fibroblast-type cells were no longer observed.
The generative cells of the new mucosa had not differentiated into
goblet and columnar epithelial cells (Fig. 22 and 23).



Stage 8 The frog mucosa was similar to that of the tadpole mucosa
except that it was arranged in tall folds that projected into the
lumen (Fig. 24). The mitotic form of the colummar epithelial cell

was found at the base of the. folds.
The submicosa was 1ike that of Stage 1 except that it extended

into the folds of the mucosa and may. have been slightly thicker
(Fige 2L, 25 and 26).

The“seroéa,and the longitudinal muscle layers were the same as
those in the tadpole, but the circular ruscle layer was one or two

fibers thicker,
Tleum

The larval tadpole ileum was similar to the duocdenum except that
the ep;thelial cells were eho:t instead of tall columnar and the
nuclei were round instead of oval. Goblet cells were rare and a
submucosa was not apparent.

Basal cells appeared in the ileum, as they did in the duodenum,
~and developed into the hollow cell nest stage., However, when the nests
of generative cells broke open, they expanded laterally and spiead over
th@ surface of the submucosa pinching and squeezing off the tadpole
mucosa into the lnmen.(Fig. 27). rather than 1lifting it off as in the
duodenm,

The frog ileum was histologically similar to the frog duodenum
described éarlier except that the folds in the‘mucosa woere low instead

of tall,

10



Discussion

Janes (1932), Kaywin (1936), and Bonneville (1963) contend that
basal ¢ells are proesent in the larval tadpole mucosa.

In this study, basal cells were not observed..in the larval mucosa
but large sphérical cells, similar in position and general morphology
to basal cells are present. These spherical cells are Q}totic stages
of the epithelial cells which have rounded up during cell division.
They can be easlly distinguished from basal cells because their cyto-
plasm is acidophilic like that of the epithelial cells— and not
basophilic like that of the basal'cells. It is possible that the basal
cells that Janes (1932), Kaywin (1936), and Bormeville (1963) called
basal cells were the mitotic stages of. the epithelial cells (Fig. 3),
especially since Kaywin (1936) described a basal cell in the tadpols
mucosa as being strongly basophilice

Although they have not been previously desoribed in this organ,
numerous lymphocytes, similar in shape and location to basal cells,
are present. in the mucosa (Fig. 3)e It. is possible that some of the
'previous investigators may have mistvéken them for basal cells.

Most ea;'lier worqus‘ contend that the free surface of the columnar
epithelial cells is covered with cilia that diaappeé.r with the onset
of mstazﬁofphosi’a. Howavar;',the work of Bonneville (1963) shows that
the free surface of the columnar epithelial cells is covered by a
striated torder (Fig. 3) which Bonneville (1963) showed is composed
of microvilli. The striated border does not disappear with the onset
of metamorphosis but may persist until the mucosa is sloughed off into
the lumen.

The first indication of metamorphosis, in the small intestine,
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occufs in Stage 2 anim?ls..It ias Qharacterized by the vacuolation of
the cytoplasm and the formstion of small dark granules,

As the cytoplasm of the epithelial cells continues to degenerate
during Stage 3, the small dark gfanui;a enlarge into charactoriotie
yollow granules (Fig. 6). The number of yellow granuleé per cell
increasés as the volume of cytoplasm decreases indicating that there
is probably a direct relationship'between'the degeneration of the
cytoplasm and the formation of the yellow granules.

Because of their morphology, chemical composition, and time of
formation, the yellow granules have been tentatively identified as
lysosones, Lysosomes are a gfoup'of cell organelles’ in.which the
~ enzyme, acid phosphotase and other hydrolases are segregated from
the rest of the cytoplasm (Novikoff, 1961). According to.de Duve and
Novikoff (Novikoff, 1961) the hydrolases in the lysosomes have as one
of their functicns the destruction of cells during normal develop=
‘ment,

Bonneville (1$63) has shown that the yellow gramules produce
images similar to those of lysoscmes in electron micrographs and
has tentatively identifled the granules as lysosomes on this basgise
In this study, ﬁreliminary cytochemical tests wefe performed using
the Gomori Method for acid phosphotase. This test has been shown to
be specific only for lysosomes (Novikoff, 1961). A positive test was
obtained for acid phosphotase"in.the,yellow-granules irdicating that
chemically they are similar to lysosomes according to current chemical
concepts;

As the cytopiasm continues to degenerate in the epithelial cells,
the yellow granules in the cells continue to enlarge. Some of the.
granules eventually burst out 'or_the cell into the intestinal lumen.



While the plasma membranes of these cells may be ruptuied, the remainder
of each cell, now composed only of a nucleus and plasma membrane,

persists as a discrets unit until the mucosa is sloughed off into the

lumen (Fig. 18).'The cell membranes were not observed to degenerate
and form a syncytium as reported by Janes (1932) and Iui and Li (1930).

The mechanism involved in the degenefation of the tedpole mucosa
has bean the subject of considerable speculation but still is not
understood. It‘is possible that through the influence of thyroid
hormone, known to play an essential role in metamorphosis (Kollros, 1961)
the lysosomes may be stimulated to begin digestion of the components
within the cell.
|  In their observations on the degeneration of the tadpole mucosa
Reuter, Duesburg, and Bowers (Bowers, 1909) described "round cells®
eppearing in the degenerating mucosa. They believe that these cells
absorb material from and promote the degeneration of the mucosa cells,
Similar structures were observed in this study but are thought to be
degencrating nuclei of mucosal cells rather than a unique cell type.
Although roughly the same size and shape, the "round cells" differ
from‘the typical mucosal ¢ell nuclei in that they show chromatolysis
and only certain areas stain with hematoxalin. The other areas are
~acidophilic. |

On the basis of the increased number of phagocytes present
during metamorphosis, Kuntz (1922) and Janes (1932) contend that the
degeneration of the.columnar cells is due to phagocytosié. However,
neithe: Kuntz nor Janes was able to observe phagocytes attacking a
columnar epithelial cell. In this study .no evidence for phagocytosis

was observed even though a large,increasé‘in.lymphocytes was noted



during Stage L. However preliminary cytochemical tests indicate that a
high leval of acid phosphofaso activity is presont in ;ymphocytes
.within the tadpole mucose buf not in the submucosa..This.indicates
that the lymphocytes in the mucosa mey function in. the breakdown of
the mucosa, possibly by secreting Iysolytic.enzymes or by engulfing
particles of degenerating material too small to be observed with the
1ight r..croscope.

The most characteristic feature in the regeneration of the mucosa
is the appearance of basal cells of unknown origin. Their ﬁost
distinguishing characteristic is their basophilic cytoplasm. This
charecteristic is generally associated with cells engaged in & rapid
synthesis of protein which in turn is charscteristic of cells under-

. going a high rate of 6311 division,

Once the basal c¢ells have formed, they begin to undergo mitosis.
In the first divisien the nueleus dividesibut cytokinesis does not
take place. Each.of the resulting daughter nuclei seems to be surround=-
ed by a small amount of cytoplasm and a plasma membrane but this
observation cannot be positively verified and will probably require
apalysis with an electorn microsgope. Division continues among the
"daughter cells” within the limiting membrane and an apparently
unorganized group of cells develops. Cytoplasm and plasma membranes
become apparent around each nucleus and the cells become radially
arranged forming a hollow nest of generative cells (Fig. 15).

During the period of cell nest formation, but preceaing the
extensive shorteningfof the small intestine, the muscle fibers
of both muscle layers undergo a pronounced change with respect to

their association with each other. They become loosely arranged
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and remain in this state while the small-intestine contracts to
approxinately 1/8 of its original length. When contraction is complete,

by Stage 7, the muscle fibers again assume thelr compact arrangement.

It is not possible at this time to account for the displacemsnt
of the muscle tissue during the contraction of the intestine. However,
preliminafy observations made during this study, of the changes
undergone by the stomach during metamorphosis, indicate that there
is a pronounced increase in the thickness of the gastric muscularis,
This increase in thickness closely parallels the shog?ening of the
intestine. In addition, there does not appear to ﬁe sﬁfficient increase
in mitotic activity to account for the increased amount of tissue in
the stomach., It ;s therefore éuggested that the looséning of the
intestinal muscularis, the shortening of the small intestine without
appreciable increase in thickness, and the thickening of the stomach
are probably inter-related phenomena. It is possible that the smooth
muscle cells of the intestine may actually migrate into the region
of the stomach, thus redistributing the muscular tissue.

As the small intestine contracts in length, the tadpole mucosa
is first pushed into folds but the cells retain their characteristic
shape (Fig. 11). With continued contraction the cells oi"' the mucosa
are compressed and distorted into a mass and finally are sloughed
off into the.lumen (Fige 19)e The increase in thickness:of the sub-
rucosa and the increase in lymphocytes in the submucosa is probably
due to the compréssion of the submucosa by~thexcontraction.of-thp
‘small intestine. The contraction also proﬁably functions in bringing
the cell nests closer together thereby facilitating their merging into

a layer of generative cells.




In the ileum the mechanism involved in sloughing off the tadpole
mucosa is differont due to fewer cups of generative.ceils. The hollow

sphefes of generative cells ars not, adjacent to each other as they are

in the duodenum but are widely spaced (Fige. 27). With continued
cell divisién, the lgyer of generative cells expands around the
periphery pinching and squeezing but not lifting the tadpole mucosa
off into the lumsn (Fige 27).

Several previous investigators have described the frog mucosa
as developiﬁg diractly from basal cells (Kuntz, 1922 and Janes, 1932)
w;thout the basal'célls forming nests and developing in the definite
pattern observed in this stud&. If the previous investigators observed
the regeneration of the mucosa as described above, it is conceivable
that they could have interpreted the regeneration of the nucosa as
forming directly from basal cells. Therefore it is possible that the

- different interpretations of regeneration of the new mucosa may be

due to regional differences in the small intestine and not to variations

among different species..

16
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BC, basal cell

BlM, basement membrane

CC,y cell cup

CE, columnar epithelium .

CN, cell nest
GC, goblet cell
Gs, generative cell

Ly, lymphocyte

M, rucosa

PLATES

"Abbreviations

MF, mitotic figure
Ml, muscularis

NM, new mucosa

P, plesma membrane
8By striated border
Sn, subrmucosa

TB, terminal bar
TH, tadpole mucosa
Y@, yellow granule
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Plate 1
Explanation of figures

Transverse sections of the duodenum of a Stage 1 animal,
Figure 1 Showing the unfolded arrangement of the mucosa. x 8LO.

Figure 2 Showing the general arrangement of the mucosa, submucosa, and
muscularis, The mucosa is composed of columnar epithelial celli
and goblet cells, x 1500,

Figure 3 Showing the striated border, terminal bars, mitosis in a
columnar epithelial cell, the general condition of the

cytoplasm in the columar epithelial cell, and a lymphocy't.e‘
in the mucosa. x 3,250,
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Plate 2
Explana2¥ion of figures

-

Transverse sections of the duodenum of a Stagé 3 animal,

Figure I Showing the folded ai-rangement of the mucosa. x 8L40.
v
Figure 5 Showing the general arrangement of the mmcosa, celi nests,
and muscularis, x 1500,

Figure 6 Showing the degeneration of the cytoplasm. Clear areas are
present in the cytoplasm and yellow granules are present in'

the clear areas. x 3,250,
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Plats 3
Explangtion of figures

&

Transverse sections of the duodenum of a Stage 3 animal,

‘Figure 7 Showing a single basal cell above and adjacent to the

basement membrane. x 840,

Figure 8 : Showing a cell nest containing two basal cells and surrounded
by the original plasma membrane., x 1500.

Figwre 9 Showing mitosis within a cell nest. x 3,250,
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Plate 4
- Explanation of figures

Transverse sections of -the'duodenum of:a Stage L animal.

Figure 10 Showing the arrangement of the mmcosa. x 840.

Figure 11 Showing the general arrangement of the mucosa, cell nests,
submucosa, and muscularis, Note the cytoplasm of the
epithelial cells is clear or absent but the cells still

maintain their charecteristic shape., x 1500. -

Figure 12 Showing a cell nest. x 3,250,
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Flate 5
Explanation of figures

Transverse sections of the duodenum of Stage 5 and 6 animals
. L]

Figare 13 Showing the general arrangement of the mcosa, cell nests,
submucosa, and muscularis. Note the increase in thickness of

the submucosa. x 840. *
Figure 1y Showing a hollow c¢ell nest in which the generative cells
are radially arranged with their long axes toward the center.

X 15000

Figure 15 ' Seme as 1 except x 3,250.
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Plate 6
Explanation of figures

Transverse sections of the duodenum of Stage 5 and 6 animals.,
. -
Figure 16 Showing the general arrangement of the mucosa, cell cups,
submucosa, and muscularis. x 840.

Figure 17 Same as 16 except x 1500,
L
Figure 18 Showing cell cups and mucosa. Note that cytoplasm is absent
in the epithelial cells of the mucosa but the plasma membrane
is still intact. x 3,250,
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Figure 27

" Flate 10
Explanation of figures

Transverse section of the ileum of a Stage 6 animal.
Note that the generative cells have spread over the
submucosa instead of forming and maintaining cu;:s of

generative cells, x 840,
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