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According to Noble ('31), the H ynobiidae are the most primitive 
representatives in the urodelans and include five genera. One of these, 
HYlZObi us is the least specialized genus and is found only in Asia and 
its adjacent islands. Of urodelans hynobiid salamanders are the most 
widely distributed in Japan, covering Kyushu, Hondo (Japan proper) and 
Hokkaido. The species with which this inquiry is concerned is HYlZObius 
retardatus which is the sole insulator of the urodelan fauna in Hokkaido. 
Drzewina ('05) and Jordan ('32) has studied the formation of the blood cells 
of Proteus alZguineus, the European blind salamander. Dawson ('32) has 
made a survey of homopoiesis in Necturus maculostlS, the well-known 
Mud-Puppy of zoological laboratories of America. These two genera form 
a n:ltural group of permanently larval salamanders and they are placed 
in a distinct fanlil y, the Proteidac. On the other hand, tIle Americrtn 
newt, Tritrus viridescens (Jordan and Spiedel, '38) and Trituf'tts (=Diemy
ct)'l!4s) pyrrhogaster, a common species of Japan (Ohuye, 'u, '.32) ha~e 
been taken up for the study of the blood cell formltion. from the 
standpoint of the phylogeny of the families of urodeles, the Salapl1wiridae. 
to which Tritui:uS belongs, is regarded as having evolved from some 
prehynobiid stock whereas the direct ancestry of the Protidae is unknown 
and their relationship to the hynobiid salammder is uncertain. Since the 
evolutionary history of the hemopoietic tissue follows to a certain extent 
the phylogenetic order, it will be not redundant to make a study concer-

1) Contribution No. 233 fro:n th~ Zoological Institut'~, Faculty of Science, 
Hokkaido University, Sapporo. 

Jour. Fqc. Sci. Hokkaido Univ. Ser. Vl, Zool. 10,1950. 
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ning the situation regarding hemopoiesis in Hynobius which is considered 
as the most primitive type living. Delafield's haematoxylin-eosin and 
azur-eosin were used for tissues after fixation in Helly's fluid. For blood 
smears, May-Giemsa's stain and Wright's stain were employed. 

In publishing the results of this study, I wish to express my best 
thanks to' Professor Atsuhiko Ichikawa, under whose guidance and super
vision this work was carried out. 

Observations 

Spleen. The structure of the spleen of Hynobius is a typical urodelan 
type (Hartmann, '26 and later, Dawson, '32), and its function is the pro
duction of the blood cells of the erythrocytes series, e.g. erythrocytes 
and thrombocytes. 

In the fall before hibernation of this animal, the function of the 
production of erythrocytes seems to be activated to some extent. The 
predominant erythrocytopoiesis in the meshes of the splenic reticulum is 
found in the spring animals. Except Hartmann' (,26)1 who has observed 
granulocytopoiesis in the spleen of axolotl (Ambystoma), lordn and 
Speidel ('30) in Triturus virideseens and Dawson ('32) in Neeturus maeulosus 
have agreed that practically no granulocytopoiesis is to be seen in the 
spleen. Also the writer can not find that granulocytes are differentiated 
in the intercellular spaces of splenic reticulum. Completely differentiated 
granulocytes found in this locus. in all probability, may- have migrated 
from the general circulation. 

Livtr. Two different hemopoietic loci are found in the liver of the 
salamander. The first is the granulocytopoietic mar:ginal layer which is 
mostl y developed in the distal part of the lobes and. extends to the 
median part under the serous capsule of the organ. These layers are 
composed of 4 to 12 cel1s thick. Liver taken from animals during the 
spring showed the evidence of increased mitosis of the lymphoid hemo
blasts in these areas. Another hemopoietic locus is to be found around 
the part of the artery which rum parallel to the course of the bile-duct. 
In this dense I ymphogranulocytopoietic tissue are to be found the reticular 
cells, lymphoid hemoblasts which give rise to the granulocytes, mature 
granulocytes and lymphocytes. The erythrocytes and some young cells 
of erythrocytes series are also encountered in this area. However, there 
is no sign of erythrocyte differentiation. In the main, there seems to be 
no striking differences between Hynobius and 'Nee,turus in the distribution 
of hemopoietic tissue in the liver. But in this animal are barely visible 
the isolated lymphoid masses interposed in the liver sinuses as described 
by Dawson ('32) in Neeturus. 
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Hnzrt The compensatory erythropoiesis in the cardiac reticuloendothe, 
Hum has been clearly demonstrated by splenectomy in Triturus viridescens 
(Jordan and Speidel, '30), in Triturus (=Dimyctyrlus) pyrrhogaster (Ohuye, 
'27, '32) and in Axolotl (Wituschinski. '28). Ichikawa ('34) has demonst
rated this phenomenon more clear! y in the embryonal heart of Hynobi us 
rltllrdlltU! in his own new method. He cultured the embryos at a stage 
as early as gastrula in a high oxygen milieu and made them develop for 
about 10 to 20 days in it at a normal tempo. After the treatment the 
embryos are callable of living and further development in normal tap-water. 

Sections of the heart of normal adult Hynobius show the production 
of typical hemoblasts which originate from the cardiac reticuloendothe
lium. These hemoblasts leave the wall and continue to undergo succeS
sive separation to be changed into the erythrocyte in situ. On the other 
hand, some hemoblasts in this locus may transform into monocytes. The 
endothelial cells in heart have a capacity of digesting carmine particles 
injected from without. Dawson ('32) has described a well-defined layer 
of granulocytopoietic tissue in the connective tissue of the visceral 
pericardium covering the heart (especially in the wall of the cenus ar
teriosts), however, in Hynobius there is no evidence suggesting differentiation 
of granulocytes in this area. , 

Fig.!. A. A section through the anterior portion of the kidney 
showing the distribution of the Iymphogranulecytopoietic tissue, 
slightly diagrammatic. B. The Iymphogranulocytopoietic tissue 
drawn at higher magnification; bas, yong basophile; bv, dlood vessel; 
ebl. eosinophilicgranuloblast; 1m. lymphocyte; md, mullerian 
duct; rec, reticuloendotherial cell; sgb, special granuloblast in 
mitosis; ut. uriniferous tubule; wd, woIffian duct 

Kidney. InlHynobius, the production of lymphogranulocytes is apparently 
restricted in the anterior portion of the kidney (Fig.!. A and B). In these 
loci aburCiant granulocytes in process of differentiation are to be seen and 
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the lymphoid cells are situated at periphery of the cell mass. In the 
mesonephros of Necturus, Chase ('23) and Dawson ('32) observed in the 
intertubular lymphogranulocytopoietic tissue and Dawson stated that the 
tissue is less made in the anterior or genital portion of the kidney. 
Jordan ('32) found in Proteus onguineus that the mesonephros constitutes 
the sole organ of eosinophile and neutrophile production, lacking a 
hepatic subcapsular 1 ymphogranulocytopoietic layer. Jordan and Spiedel 
('30) described the kidney of the splenectomized animals (Trittlrus). Thev 
said that in one case a small locus of erythrocytopoietic activity was 
found at an end of the kidney. 

In the normal kidney of Ifynobiu's, the hemopoietic area is rather unif
ormly distributed throughout the anterior two-thirds of the entire length 
of the organ. The production of monocytes and erythrocytes is not 
observed in the kidney. 

Thymu;. In breeding season, the subcutaneous reticular tissue.is pro
duced in maximum amounts in the male of Hynobius retardatus. Scattered 
lymphocytes also occur in this location, especially about the thymus glands. 
The section of these areas strongly suggest that these lymphocytes would 
derive from the thymus glands. The predominating elements of these 
glands are the lymphoid cells. Completely differentiated granulocytes and 
also immature differentiating ones are rarely encountered. Histiocytes 
are to be seen in the reticular meshes of the capsular layer of these 
organs. 

Summary 

Though the perihepatic capsular layer of the granulocytopoietic tissue 
is rather well deveioped, the hemopoietic tissue in the liver is not rest
"tieted to this part. Within the liver the dense tissue is to be seen around 
the blood vessel. But the isolated masses of the lymphoid cells in the 
hepatic parenchyma are barely visible in this species. 

Evidence is seen indicating the erythrocytopoiesis as taking place 
within the reticuloendothelium of the heart. In both ventricle and auricles 
this process can be observed. 

The kidney is active and the lymphogranulocytopoietic tissue is rest
ricted to the anterior two-thirds of the entire length of the organ. In this 
pa rt the tissue is rather uniformly distributed. 

The thymus gland may be a unique locus in possessing lymphocyto
poiesis. The lymphocytes develop in these organs to be distributed into 
the subctaneous lymphatic spaces. 
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Explanation of Plate II I 

Camera-Iucida dra'Ning3 i1\u3trating the var;ou3 blood cells of the salamander, 
H ynobius ret'lrdatus. Blood $m~ars were made from th~ general circulation 
and stained with May-Giemsa's stain. All cells are drawn at the same magnifi
cation. 1. Hemoblast. 2. Immature erythroblast. 3. Erythroblast. 
The cytoplasm is moderately basophile and the uucleus is large and stains bluish 
purple. 4. Transitional stage from hemoblast to e:,ythroblast. 5. 6 and 
7. Mature erythrocyte3. 8. Immature thromboblast with azurophile granules 
lIT cytoplasm. 9, Thrombobhst. The cytoplasm has clusters of similar 
granules at both ends. The nucleus is ~urrounded by deeply stained azurophile 
granules. 10. Transitional stage from thromboblast to thrombocyte. 11. 
Thrombocyte. The granules are larger than in the preceding cell. 12. Old 
thrembocyte. 13. and 14. Monocytes showing lobulated nucleus and archo~ 
plasmic zone which is marked by clustt'r of small azurophile granules. 15. 
Young lymp!lOcyte. 16. Lymphocyte with dense nucleus and bluish grauules 
in cytoplasm. 17. Youn~ special (neutrophilic) grauulecyte. The nucleus 
is kidney-form. The ground sUQstance of the cytoplasm is pale blne with 
reddish purple granules. lB. Sp~cial (neutrophilic) granulocyte with segment 
type nucleus. 19. Mature erythrocyte and poly-mucleated bluish granules. 
20. Mature eosinophile. 21. Young basophile containing compact bluish 
granules. 22. Old basophile. The nucleus has a irregular chromatin block of 
considerable size. 
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