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ABSTRACT

The skin of hull frog. Rana catesheiana was studied by a zinc iodide osmium method and an ATPase
staining method to examine the occurrence of cells equivalent to the mammalian Langerhans cells. It was
demonstrated that ATPase-positive and metallophilic Langerhans cells were ahsent from the skin of hull
frogs. Birbeck granules. which are characteristic to the mammalian Langerhans cells. were also not found
by electron microscopy. These results suggest that an advanced immunological defense system including
the activities of Langerhans cells is not developed in the skin of bull frog, Rana cotesheiana. The primitive
features of the amphibian immune system were also discussed. In the course of this study, the techniques
used to find out the Langerhans cells demonstrated metallophilia as well as ATPase and other nucleotide
phosphatase (GTPase and GMPase) activities in the dermal yellow pigment cells. xanthophores, which do
not occur in mammals. The metal deposition consisted predominantly of zinc and osmium. The enzyme
activities were localized in the pterinosomes of the xanthophore.
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INTRODUCTION

Langerhans cells in the mammalian skin are migratory dendritic cells located among the
epithelial cells of the epidermis. They are believed to play a significant role as antigen
presenting cells in the immunological defense systemt7

) and also to play some important but
unidentified role in the process of keratinization. 8

.
9

) Despite the increasing knowledge about
the function of Langerhans cells, there has been little knowledge of whether or not cells
identical with or similar to mammalian Langerhans cells are present in lower vertebrates,
which are considered to have a primitive immune system. 10)

The zinc iodide osmium method and enzyme histochemical techniques for the
demonstration of ATPase activity have been generally used to identify the Langerhans cells in
mammalian skin. I 1-14) Electron microscopy has also been used to demonstrate rod- or racket
shaped Birbeck granules, which are characteristic to the Langerhans cells.9J These techniques
were applied in the present study to find out the Langerhans cells in the amphibian species. As
an example of this species, bull frog Rana catesbeiana was used in the present study because
its epidermis is weakly keratinized.

It was also reported as a finding of this study, that the above techniques demonstrated
metallophilia and positive ATPase reactions specifically in the yellow pigment cells,
xanthophores (which do not occur in mammalian species), in the dermis of Rana catesbeiana.
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MATERIALS AND METHODS

Six adult bull frogs, Rana catesbeiana were obtained from a local animal dealer in Nagoya,
Japan, during the summer. Small skin fragments were dissected out from the dorsal head
region and also from the ventral area near the hind limb joint and fixed in the following
fixatives:
a) cold (below 4°C) 10% formalin (with or without 1% CaCb) for 30 min to I hr for enzyme
studies or for 24 hr for general histology.
b) cold (below 4°C) 2.5% glutaraldehyde-2% paraformaldehyde mixture in 0.1 M phosphate
buffer (pH 7.4) for 3 hr followed by post fixation in 1% OS04 in 0.1 M phosphate buffer for
routine plastic embedding.
c) cold (below 4°C) zinc iodide osmium (ZIO) for 16 hr prepared after Rodriguez and
Caorsi 12): 12g of zinc powder and 5g of iodine bisublimate thoroughly mixed and dissolved in
200 ml of 0.2M Veronal-HCI buffer at pH 7.4. This mixture was shaken for 10 min and
immediately filtered. The filtrate was then mixed with 2% aqueous OS04 solution at a ratio of
3: I to get fixation solution for immediate use.

The tissues fixed in solutions (b) and (c) were washed thoroughly with their respective
diluted buffers, followed by dehydration in a series of ethanol, and embedded in paraffin or
Quetol. For light microscopic observations, 5 Jlm thick paraffin and 1.0 Jlm thick plastic
sections were cut and studied with or without staining with toluidine blue. For electron
microscopic observations, unstained or double stained (with uranyl acetate and lead citrate)
ultrathin sections were utilized. Sites of metal deposition were analyzed by an X-ray
microanalyzer, Kevex EDX, attached to a Hitachi H 800 electron microscope.

Enzyme histochemistry Cryostat sections of fresh unfixed or briefly fixed tissues were
stained for the following sets of enzymes:
a) ATPase activity by Wachstein and Meisel technique (5) with or without addition of
calcium and magnesium salts in the fixatives or incubating solutions.
b) GTPase activity modified from Wachstein and Meisel technique for ATPase by replacing
the substrate ATP with GTP.
c) GMPase activity modified from Wachstein and Meisel technique for AMPase'~) by
replacing the substrate AMP with GM P.

RESULTS

Light microscopy
The bull frog epidermis was a stratified squamous epithelium consisting of several layers of

epithelial cells with a thin superficial layer of cornified cells. There was no granular layer such
as seen in mammals. Where the skin was dark, dendritic melanophores were present among
the epithelial cells. Melanosome granules were also present within these epithelial cells (Fig.
I).

With the ZIO method, no cell identical with or equivalent to the Langerhans cell in the
mammalian epidermis could be identified within the frog skin. Some of the epithelial cells,
especially those in the germinal layer, showed fine granular metal deposition. The
xanthophores lying close beneath the epidermis demonstrated varying degrees of heavy metal
deposition in the form of brown to black granules (Fig. I). In routine formaldehyde-fixed and
unstained sections, it was, however, difficult to identify the xanthophores. In ZIO-fixed
tissues, the metal deposition made the cells easily identifiable.
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Fig. I

Fig. 2.

Unstained semithin section of the skin treated with llO method. A layer of xanthophores (X) is present
below the epidermis (E). Dark dendritic cells in the epidermis and helow the layer of xanlhophorcs arc

melanophores (M). The epithelial cells in the upper layer of the epidermis contain small granular
melanosomes. X400.

An electron micrograph of xanthophores (fixed with GA and 0s0,). Thc cytoplasm contains many

pterinosomcs in which concentric lamellar structures are present. X 19.000.
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Fig. 3. a) An electron micrograph of a xanthophore treated with ZIO method and stained with uranyl acetate
and lead citrate. Metal deposition is seen as large granules in the cytoplasm and as fine granules on the
membranous structures in the pterinosomes. X29.000.
b) EDX analysis of a large granule in a ultrathin section of xanthopbore treated with ZIO method and
stained with uranyl acetate and lead citrate. There is a peak for Zn but none for I. Peaks of Os. Pb. U. CI.
K, and Cu can be seen in GA-OsO" fixed. and U-Pb stained samples,

EleClJ'on microscopy
Cells with characteristic Birbeck granules (Langerhans cell granules) could not be found in

either the epidermis or dermis. There were occasional lymphocyte-like migrating cells among
the epithelial cells of the epidermis, but the Birbeck granules could not be found in these cells.
The epithelial cells were connected with each other by desmosomes. Their cytoplasm was
abundant in tonofilaments, but keratohyaline granules or lamellar granules such as seen in the
mammalian epidermis were not observed. Melanophores with dendritic profile were present in
the epidermis as well as in the dermis beneath the layer of xanthophores. The fine structure of
the xanthophore has been studied. J6-~O) The xanthophores of the bull frog are typically similar
to those of any frog or fish species. The pterinosome granules of the xanthophore consisted of
lamellar structures bounded by a limiting membrane (Fig. 2). Metal deposition was observed
mostly as dense granules of varying sizes up to 200 nm in diameter, randomly distributed in
the cytoplasm, and also as fine granular deposits on the lamellar structure of the pterinosomes
(Fig. 3a). X-ray microanalysis of the metal depositions showed the presence of zinc and
osmium predominantly (Fig. 3b).



ATP ASE-POSITIVE CELLS OF THE FROG SKIN 87

E

D

-.

b

Fig. 4. a) Frozen section. ATPase reaction. Cytoplasmic granules of xanthophores (X) give strong reaction for
ATPase.
b) F~ozen section. GTPase reaction. The granules of xanthophores (Xl give strong reaction for GTPase.
Cell membranes of epithelial cells located in the middle layers of the epidermis are also GTPase-positive.
c) Frozen section. G MPase reaction. The granules of xanthophores (X) also give strong reaction for
GM Pase. E: epidermis; M: melanophore: D: excretory duct of granular gland. X900.
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Histochemistry
A TPase activity. Except for the cornified cells of the most superficial layer, the membranes
of the epithelial cells gave weak ATPase reaction. No dendritic or specialized cells reacting
with the ATPase staining technique could be identified in the epidermis. In the dermis, the
pterinosome granules of xanthophores gave strong reaction for ATPase (Fig. 4a). Without
addition of clllcium and magnesium salts, the pterinosomes failed to show ATPase activity,
The activity was also inhibited by heat treatment (60°C) of the tissue sections, The reactions
at most of the other ATPase-positive sites of the skin were also retarded or inhibited by heat
treatment or by withdrawing Ca and Mg ions from the substrate solution.
GTPase activity, Cell membranes in the epidermis, except for those in the basal layer. gave
strong GTPase reaction. The xanthophores gave very strong reaction in their pterinosome
granules (Fig. 4b).
GM Pase activin'. The sites of G M Pase activity were almost the same as those of GTPase
activity (Fig. 4c).

DISCUSSION

The present study did not demonstrate the presence of Langerhans cells in the skin of frog,
Rana catesheiana either by ZIO and ATPase staining methods or by electron microscopy. It
is usually difficult to make a conclusion on the absence of any migratory cell types from a
tissue by observations on limited numbers of samples; however, since the epidermal structure
of the bull frog was almost uniform in different areas and since the Langerhans cells, if
present, are supposed to distribute evenly in the epidermis, it can be concluded that cells
identical with the Langerhans cells in mammals are absent from the skin of Rana catesheiana.

Among the vertebrates, mammals possess the most advanced immunological defense
system, in which the thymus, spleen, and lymph nodes are fully developed. 10) The mammalian
Langerhans cells have been shown to travel from the skin to regional lymph nodes,6'~'J where
they are believed to mediate immune responses by close contact with immunologically
competent lymphocytes. In the immune system of amphibians, on the other hand, such skin
associated lymph nodes are undeveioped. 101 The absence of Langerhans cells in the skin of the
bull frog seems also to characterize the primitive form of the amphibian immune system. The
Langerhans cells may be specific constituents of the skin-associated lymph node system. A
primitive form of skin-associated lymph nodes is developed phylogenetically first in avian
species. '0,221 Therefore, it is interesting, and will be the subject of our further study, to find out
whether Langerhans cells are present in the skin of these species.

Mammalian Langerhans cells are distributed in the epidermis and in some other epithelial
tissues consisting of keratinizing cells. 9

) Experiments on epidermoid metaplasia induced by
vitamin A deficiency demonstrated that Langerhans cells appeared in the transformed
epithelia in the trachea and urinary bladder. 8) These results have suggested that the
mammalian Langerhans cells have some functional relationship with the process of
keratinization. The absence of Langerhans cells from the weakly keratinized epidermis of the
bull frog would suggest that the mechanism of keratinization in amphibian skin may be
different from that in mammalian skin. However, more extensive studies on the Langcrhans
cells in the skin of different groups of vertebrates are needed to specify the precise role of the
Langerhans cells in epidermal keratinization.

The present study has also shown that the techniques used to find out the mammalian
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Langerhans cells, demonstrated xanthophores in the dermis of the bull frog. The reactions for
ATPase and other nucleotide phosphatases were strongly positive in their pterinosome
granules. There may be two possible explanations for these enzyme activities. One is that the
ATPase activity in the pterinosome granule might be correlated with the movement of the
granule within the xanthophore as suggested in the case of melanophore.D

) The other is that
the activities of the purine nucleotide phosphatases may be associated with some steps of the
formation of pigment pteridines, which are synthesized from purines or from their nucleosides
and nucleotides within the xanthophore. 17

,24)

X-ray microanalysis of ultrathin sections from ZlO-treated tissues has demonstrated that
the metal depositions in the xanthophore contained predominantly zinc and osmium. The
osmiophilia is rather common to the cell structures, but it is pointed out that zinc is
preferentially deposited on the cytoplasmic structures of xanthophores from ZIO solution.
Although the significance of the zinc deposition is not understood, the ZIO method is useful
as a selective stain for xanthophores of amphibian skin.
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