
T H E  F O R M  A N D  F U N C T I O N  OF SYNOVIAL C E L L S  I N  
T I S S U E  C U L T U R E S  

II .  THE PRODUCTION OF MUCIN 

BY ERNST YAUBEL, M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, April 24, 1933) 

The  object  of this communication is to present  evidence tha t  mucin 
is act ively produced by  synovial cells. The  demonstra t ion of such 
a capaci ty  by  synovial cells in tissue cultures would be of importance 
because heretofore there has been no unanimi ty  of opinion concerning 
the site and mode of formation of the synovial fluid, as is shown by  the 
following brief review of the l i terature beat ing on this subject.  

In conformity with the idea that the synovial membrane was an epithelial 
structure the older authorities designated the joint fluid as a product of secretion 
in the narrower sense, a process observed only with genuine epithelial elements. 
The opinion was expressed by both Winslow (1) and Havers (53) that the synovial 
fatty tissue was a mucin-producing gland; but later Bichat (3) advanced opposing 
views, and he, together with other authors, saw in the joint fluid merely a trans- 
udate which percolated through the walls of the numerous blood vessels of the 
synovla (Bichat, Todd (54), Drechsel (55) and others); von K611iker (2), on the 
other hand, thought that it was a fluid originating in the vessels but altered by some 
action on the part of the "synovlal epithelium." Frerichs (56), who in 1846 first 
discovered mucin in the synovial fluid, and who considered the synovial membrane 
as anatomically composed of serosal cells, opposed the possibility of a secretory 
origin in the narrower meaning of the word, because these cells like those of all 
other serous membranes are capable of producing only an exudate. Thus the so 
called epithelial lining of the joint capsule was supposed to desquamate as a result 
of motion and then gradually to dissolve in the alkaline serum. This process was 
thought to be favored through the constant friction in the joints, a unique con- 
dition not existing in other serous membranes. 

Frerichs' opinion that the mueinous nature of the synovial fluid was the result of 
cellular disintegration, and conditioned by the purely mechanical factor of motion, 
influenced many subsequent investigators, particularly those, such as Hammar 
(11), who regarded the lining of the joints as a simple fibrous connective tissue. 
Heuter (5), on the other hand, spoke of a specific action of the cells upon the 
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nourishing fluid which tmnsuded from the blood vessels, and found in the micro- 
scopic picture of the synovia no support for the idea that the cells are dissolved 
e n  m a s s e .  The secretion theory was, nevertheless, by no means dislodged. Thus, 
Soubbotine (12) stated that the synovial fluid was formed by goblet cells which he 
frequently encountered among the epithelial elements of the synovia; and Mayeda 
(13) described certain zones of the joint lining as secretory areas, characterized 
by glandular cells which he thought he could clearly differentiate both anatomically 
and functionally from those found in other places. Both Aschoff (14) and Kauf- 
mann (15) speak of the synovial fluid as a secretion. Mtiller (57), basing his 
opinion on Lubosch's conceptions, expresses the contemporary viewpoint that the 
joint fluid must not be considered as entirely a secretion from the synovial mem- 
brane, but rather that it is chiefly a solution of cellular elements of the joint 
lining~,t mucoid degeneration--that arises from a constant stream of fluid poured 
out from the articular surface. While some disciples of Frerichs still exist who 
consider the synovial fluid only as a substance arising from the mechanical destruc- 
tion of the synovial cells, recently other voices have again been raised advancing 
arguments in favor of the secretion theory. These are based in part upon the 
results of histologic investigations (Mayeda (13), Kling (46)) and in part upon 
clinical and experimental researches. Noteworthy also is a theory advanced by 
Banchi (58), who regards the synovial fluid as originating from the articular car- 
tilage rather than from the synovial membrane. 

A study of the literature dealing with the embryologic phases of the subject, 
reviewed more extensively elsewhere (see footnote 1 in previous article), throws 
little light upon the question. Most of the authors subscr~e to one or the other 
of the two viewpoints considered above. Only in Retterer's (59) writings does one 
encounter this interesting observation confirmed by all embryologic data, namely 
that the first trace of the synovial fluid takes its origin from a liquefaction of the 
hyaloplasm, and he concludes from this observation that a similar, peculiar 
liquefying condition must exist in postembryonic life. 

In summary,  then,  it  m a y  be s ta ted tha t  there are two theories 
concerning the mode of formation of synovial fluid: the one tries to 
explain i t  as a secretion, the other  considers it  a product  of cellular 
degeneration, in o ther  words, a detr i tus  dissolved in tissue juices. A 
sat isfactory clearing up of these differences is not  available; and 
because somewhat confused and unphysiologic contr ibut ions have led 
to theories not  in accordance with contemporary  knowledge, the whole 
subject  requires revision. 

A consideration of the foregoing opinions concerning the source of 
the synovial  mucin leads to the following possibilities for experimental  
investigation. If  the synovial fluid and especially its high content  of 
mucin is a detr i tus  arising from mucoid degeneration and cellular 
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destruct ion then  one would expect  to find no mucin in a t issue cul ture  
composed of hea l thy  synovial  cells, bu t  r a the r  in a cul ture of degenerat-  
ing synovial  cells and  possibly in one of fibroblasts grown from peri-  

ar t icular  tissue. If,  on the o ther  hand,  the mucin is a specific p roduc t  

of the synovial  m e m b r a n e  one would expect  to find a certain amoun t  
of it  in a normal ly  growing culture of synovial  cells, and  none in a 

degenerat ing growth or in a cul ture of fibroblasts.  Finally,  if the 

mucin arises as a result  of degenerat ion of the cart i laginous por t ion  of 
the joint  then  none would occur in a cul ture composed ent i rely of 
synovial  cells. 

EXPERr~.NTAL 

The same cultures, both of synovial membranes and of control tissues, used in 
the morphologic studies (60) were employed for the present study, for in this manner 
some of the forms and functions of the cells could be correlated. 

The investigation of the soluble material originating in the tissue cultures was 
carried out in a simple manner. If the flasks contained no free fluid, either because 
no fluid phase had been supplied or because the plasma had absorbed the fluid 
previously added, the plasma coagulum was separated from the bottom of the 
flask thus allowing it to contract and squeeze out a certain amount of fluid; at 
times this process was hastened by centrifuging. The fluid so obtained was 
decanted or pipetted into small tubes and tested for mucin as described below. 
All control cultures were handled in the same manner; and in case the growth had 
progressed to the stage of complete degenera~tion slm~]ar procedures were employed 
for obtaining fluid. During a period of active growth when attempts were made 
to correlate possible mucin formation with a certain stage of growth a modification 
in the manner of collecting the fluid was introduced: the flasks were placed upright 
for half an hour when the expressed liquid which had collected at the dependent 
portion was removed with capillary pipettes; then that from each flask was tested 
separately or the product from a number of flasks was pooled and tested. 

In order to eliminate the possibility of introducing mucin into the original 
culture media no embryonic extract was used. Furthermore, all fluids used in 
making and washing the cultures were tested for the presence of mucin with 
negative results. As already mentioned, all synovial membranes were washed 
half an hour in Tyrode's solution in order to remove adherent joint fluid before 
being explanted. Several times the explants before being placed in the plasma 
were washed with Tyrode's solution made slightly alkaline with sodium hydrate; 
and as an additional control, bits of synovial membrane were placed in similar 
alkalinized Tyrode's solution and incubated at 37°C. for 24 hours; the supematant 
liquid tested with 2 per cent acetic acid never gave a positive reaction for mucin. 

The test for mucin in a fluid under investigation was carried out as follows: 
to the clear solution, contained in small tubes, 2 per cent acetic acid was added 
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drop by drop. In the presence of either muein or nucleoprotein a precipitate is 
formed; but these precipitates have distinguishing characteristics: that formed by 
both appears to be composed of coarse threads, which, if the acetic acid is added 
carefully, gathers into a sack or tube-like membrane, as Kling recently demon- 
strated. If a glass rod is placed in the fluid the precipitate gathers around it in a 
pasty, elastic mass. If the precipitate is due to nucleoprotein it is soluble in an 
excess of acetic acid, while the presence of mucin is indicated by a failure of the 
precipitate to go into solution in an excess of the acid. T, he precipitated mucin is, 
however, readily soluble in alkaline media and can be repeatedly precipitated and 
redissolved by altering the reaction of the surrounding fluid. 

Von Hoist (61) states that the mucin of the synovia is free from phosphorus 
and yields a reducing substance after long heating with hydrochloric acid. Kling 
(46), in agreement with Salkowski (69), could demonstrate no noteworthy reduc- 
tion with copper sulfate even after prolonged hydrolysis of the synovial mucin with 
dilute hydrochloric acid. Extensive chemical investigation of the mucinous 
material derived from tissue cultures was impossible because of the small amount 
of the substance available from such sources. 

RESULTS 

Before reporting in detail on the results with fluid obtained from 
synovial cultures it  seems well to record the reaction obtained with 
tha t  from controls. With  cultures of heal thy fibroblasts of different 
origin there occurred in no single case a precipitate of the coarse 
thready type; the solution usually remained clear following the addi- 
tion of 2 per cent acetic acid or there occurred only a slight turbidi ty;  
such finely dispersed precipitates formed very slowly, often only after 
an interval of 24 hours. Fluid from the degenerated and dying 
cultures at  times yielded a thread-like precipitate, small in amount ,  
which redissolved upon the addition of an excess of acetic acid; 
usually, however, only a slight clouding was observed. 

With  fluid derived from serosal cell cultures from the pericardium, 
pleura, peritoneum and tunica vaginalis, similar results were ob- 
tained. In  spite of varying cultural conditions no mucin-like sub- 
stances were demonstrable, with the following exception: in the liquid 
from two flasks containing growths from explants of peritoneal serosa a 
precipitate was observed having the morphologic properties of mucin 
and not  soluble in an excess of the acid. The amount  of precipitate 
was too small for fur ther  chemical investigation. With  numerous 
other cultures of peritoneal origin it was impossible to repeat this 
observation; nevertheless, it is of distinct interest, especially when 
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considered in connection with the observation of von Hoist, who 
demonstrated mucin-like substances in ascitic fluid. 

In sharp distinction to the negative results noted above were the 
clearly positive findings with fluid obtained from cultures of synovial 
cells. By decanting and combining the liquid from several flasks a 
distinctly increased viscosity was observable; such fluid was like a thin 
glue and could be drawn into long threads; it was, indeed, very similar 
to a thin joint fluid. Upon the addition of 2 per cent acetic acid there 
was formed a coarse thready precipitate that quickly dropped to the 
bottom of the tube in the form of adherent clumps. This precipitate 
was insoluble in an excess of acid as well as in a neutral medium; i t  
dissolved readily in slightly alkaline solutions, and again forme d a 
precipitate upon the addition of an excess of acid to the alkaline 
solution; it was not coagulated by heat. At times a substance capable 
of reducing copper sulfate was obtained after prolonged heating of the 
precipitated material in dilute hydrochloric acid; but this result was 
inconstant, for the reaction was sometimes negative under experi- 
mental conditions apparently identical with those giving positive 
results. 

The output of mucin was, naturally, small and not sufficient for 
extensive chemical studies; yet there seems little doubt of its identity 
with the mucin formed in joints. I t  did not give the reaction of 
nucleoprotein which dissolves in an excess of acid. Furthermore, in 
the fluids from degenerating synovial cultures there were found only 
traces of mucin or none, while the amount of thready precipitate of 
nucleoprotein soluble in an excess of acid was found to increase in 
such cultures. 

The quantity of mucin precipitate varied, depending upon the 
proportion of producing-cells and the number and extent of cultures 
in the flasks. I t  was especially marked with explants and with 
typically growing transplants, particularly in the older healthy cul- 
tures showing no cellular degeneration. The mucin could be demon- 
strated distinctly in fluid obtained from a sixth passage transplant, 
that is about 60 days after the original explantation. Its amount 
decreased with the increase of a fibroblast-like growth, and it dis- 
appeared with complete transformation of the synovial cells into 
typical fibroblasts, and no mucin appeared when such growths were 
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allowed to degenerate. The transformation into fibroblasts with 
failure of mucin production seemed to occur more readily with trans- 
plants of synovia from young animals than with those from older 
rabbits. With the latter, as a rule, typical growths with mucin forma- 
tion persisted through several passages. 

When a flask was washed out with 1 cc. of Tyrode's solution on the 
day following explantation, no mucin, or at least only traces, could be 
detected in the washings; and the same was true of the supernatant 
liquid obtained by centrifuging the plasma coagulum in which ex- 
plants 1 day old had grown. With progressing growth of typical 
synovial cells there was an increase in mucin production; after about 
10 days, when the growths were divided and transplanted, production 
of mucin appeared to be at its maximum. If the culture was stim- 
ulated by the addition of a large amount of splenic extract then there 
was early a large yield of mucin; but under this stimulating environ- 
ment the dedifferentiation into fibroblast-like growth took place more 
rapidly with a corresponding diminution in mucin production. By 
conditioning the nutritive state with small amounts of splenic extract 
the appearance of typically growing synovial cells was better main- 
tained and the specific function of these cells seemed to be held at its 
optimum. 

DISCUSSION 

From a review of the results obtained in tissue cultures the con- 
clusion seems warranted that cell types develop in the growths from 
synovial membranes which are clearly differentiated from other 
mesenchymal cells, especially from those of the subcutaneous or 
interstitial varieties. The peculiarity of a synovial growth rests in 
part on the polymorphism of the cells, the contour of which ranges 
from round and spindle to polygonal and epithelioid, and especially 
on their tendency to form membranes composed of syncytial elements; 
this agrees with histologic investigations (Hammar (11) and others). 
Furthermore, these cells are peculiar in producing both mucin and a 
proteolytic ferment and in forming in their cytoplasm large highly 
refractive granules, that stain deeply with neutral red. Because of 
these functions they are differentiated sharply from fibroblasts and 
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brought into fairly close relationship with other cells of mesenchymal 
origin having special morphologic and physiologic features, namely 
osteo- and chondroblasts. 

A comparison with the reports of other workers shows that these 
three types of cells appear to be related in several respects. Dol- 
schansky's (62) descriptions and illustrations of growing osteoblasts 
and chondroblasts reveal a striking similarity to those given above for 
synovial cells. Fischer and Parker (18) confirmed Dolschansky's 
findings, and, in addition, caused both cell types under special cultural 
conditions to form an organized tissue with a hyalinized ground sub- 
stance, that closely resembled bone or cartilage. The morphologic 
similarity of cultures of these three tissues is closely connected with 
their ontogenetic relationship: they arise from a common embryonic 
anlage. 

The capacity of the synovial cells to dissolve the coagulated plasma 
under certain favorable circumstances may be regarded as a physio- 
logic function of this tissue that may be likewise observed in vivo. 
For example, one finds references in the literature indicating that the 
synovial fluid is capable of dissolving bone when a bone pegging 
operation has been performed near a joint; and also when bits of bone 
have been broken off into the articular cavities. Coagulated blood in 
the synovial cavities becomes liquefied after a few days (Bier (63), 
Kaiser (64), Jaff~ (65)). The poor healing of intraarticular fractures 
may also be cited in the same connection; and in order to explain this 
phenomenon Podkaminsky (66) investigated the lyric capacity of the 
fluid obtained from the joints of oxen and demonstrated in vitro a 

proteolytic ferment, a lipase and an amylase; he thought, therefore, 
that the occurrence of these substances accounted for the osteo-and 
chondrolytic power of the synovial fluid. The enzymes, especially 
those of proteolytic nature are doubtless active in supplying a medium 
suitable for the holding in solution of substances favorable to the 
peculiar function of the synovial membrane. 

The demonstration of mucin in the cultures of synovial cells is 
important in indicating that the maintenance of the slimy property of 
synovial fluid is a peculiar function of these cells and not the result of 
their death and subsequent dissolution. The term "secretion" is 
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avoided because mucin formation in joints cannot be compared 
strictly with the enzyme-forming function of epithelial glands, for 
which this term, in its narrower sense, should be reserved. 

As an analogue to the formation of mucin by the synovial membrane 
one must look for the production of similar substances by certain 
other mesenchymal elements. This subject is discussed much more 
fully in another place (see footnote 1 in previous article), where the 
viewpoint is advanced that one may regard the synovial fluid as a 
ground substance of the synovial tissue analogous to the intercellular 
substance of the cartilage which has become solid by the imbibition 
of chondroitinsulfuric acid, or to that of the bones which have become 
impregnated with lime salts. This viewpoint is in perfect accord 
with the modem conception of mesenchymal tissue, as formulated 
by Hueck (67), Studni~ka (68) and others. The feature distinguish- 
ing this ground substance from all others is its persistent liquid mucin- 
ous state, a physical condition that renders it most valuable for the 
purposes of lubrication. 

Finally a word concerning nomenclature may be introduced. We 
designate the individual elements of bone as osteoblasts, and those of 
cartilage as chondroblasts according as these cells elaborate a peculiar 
intercellular substance, bone or cartilage respectively. If, therefore, 
one regards the synovial fluid as a specific ground substance elaborated 
by synovial membrane it is only logical to employ the designation 
"synovioblast" to characterize a specific type of cell with this peculiar 
function. 

SUMMARY 

I. Synovial cultures are differentiated in tissue cultures from other 
tissues of mesenchymal origin by their type of growth and cell function. 

2. In these respects they are more closely allied to chondroblasts and 
osteoblasts than to fibroblasts. 

3. Synovial ceils in tissue cultures develop marked giobular cyto- 
plasmic granulations that stain easily with neutral red and sometimes 
with toluidine blue; they show marked polymorphism with all transi- 
tions from round to spindle, polygonal and star shapes and eventually 
form an epithelial-like membrane, composed of cells with numerous 
syncytial bridges. 
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4. In cultures of typically growing synovial cells a mucin-like sub- 
stance is elaborated. Typical growth and maximal mucin production 
is best maintained in media containing a minimum of growth-stimulat- 
ing substances. Transformation of synovial cell growths into fibro- 
blastic growth is accompanied by a loss of mucin production. Dying 
cells apparently do not produce mucin. 

5. Amitotic cell division and the formation of macrophage-like 
cells were observed. 

6. Marked tendency to liquefaction of the plasma about the 
growths was observed and attributed to the elaboration of a proteolytic 
ferment. 

7. The specific designation "synovioblasts" is proposed for these 
cells. 

The author wishes to express his thanks to Dr. Homer F. Swift 
for his encouragement during the course of this investigation, also 
for the translation of the articles from the author's German manu- 
script, and their preparation for publication. 

REFERENCES 

1. Winslow, Expeditio anatomica strukturae corporis humani, 1753, cited by 
Mayeda (13). 

2. yon K611iker, A., Mikroskopische Anatomic, Leipsic, Engelmann, 1850; 
Entwicklungsgeschicte des Menschen und der hSheren Tiere, Leipsic, 
Engelmaan, 1861. 

3. Bichat, Anatomic g6n6rale. Trait6 des membranes, 1806. 
4. His, Die Haute und Hohlen des Korpers, Akad., Programm, Basel, 1865. 
5. Heuter, C., Klinik der Gelenkkrankheiten, Leipsic, Vogel, 1871. 
6. Schweigger-Seidel, F., Arbeiten aus der Physiologischen Anstalt zu Leipzig, 

vom Jahre 1866, Leipsic, Hirzel, 1867, 150. 
7. Landzert, Centr. reed. Wissensch., 1867, 5, 369, cited by Mayeda (13). 
8. Schneidemtihl, Arch. wissensch, u. prakt. Tierheilk., 1884, 10, 40. 
9. Hagen-Torn, O., Arch. mikr. Anat., 1882, 9.1, 591. 

10. Braus, H., in Hertwig, O., Handbuch der vergleichenden und experimentellen 
Entwicklungslehre der Wirbeltiere, 1905, 3, 2. Abt. 

11. Hammar, J. A., Arch. mikr. Anat., 1894, 43, 266. 
12. Soubbotine, Arch. phys. biol., 1880, 7, series 2, 532. 
13. Mayeda, T., Mitt. reed. Fakul. Tokyo, 1920, 23, 393. 
14. Aschoff, L., Pathologische Anatomic, 4th edition, Jena, Gustav Fischer, 1919, 2, 

263. 
15. Kaufmann, E., Lehrbuch der speziellen pathologischen Anatomic ffir Studie- 

rende und Aerzte, 7th and 8th editions, Berlin, Walter De Gruyter, 1922, 1. 



94 SYNOVIAL CELLS IN TISSUE CULTURES. II 

16. Lubosch, W., Bau und Entstehung der Wirbeltiergelenke, Jena, Gustav 
Fischer, 1910. 

17. Vaubel, E., J. Exp. Med., 1933, 88, 85. 
18. Fischer, A., and Parker, R. C., Arch. exp. Zellforsch., 1929, 8, 297, 325. 
19. Fischer, A., Gewebeztichtung. Handbuch der Biologie der Gewebzdlen in 

vitro, Munich, Mtiller and Steinicke, 3rd edition, 1930. 
20. Herzog, G., and Schopper, W., Arch. exp. Zellforsch., 1931, 11, 202. 
21. Kapel, O., Compt. rend. Soc. biol.~ 1926, 95, 1108. 
22. Chlopin, N. G., Arch. exp. Zellforsch., 1927, 4, 462. 
23. Lewis, W. H., Anat. Rec., 1922, 23, 26. 
24. Kredel, F., Bull. Johns Hopkins Hosp., 1927, 40, 216. 
25. de Garis, C. F., Bull. Johns Hopkins Hosp., 1924, 35, 90. 
26. Laser, H., Arch. exp. Zellforsch., 1925, 1, 125. 
27. Levi, G., cited by Fischer (19). 
28. Kreibisch, B., Arch. Dermat. u. Syph., 1914, 19.0, 925. 
29. Holmes, S. J., Science, 1914, 39, 107. 
30. Lewis, W. H., and Webster, L. T., J. Exp. Med., 1921, 33, 261. 
31. Schopper, W., Beitr. path. Anat. u. allg. Path., 1931-32, 88, 451. 
32. Parker, R. C., J. Exp. Med., 1932, 5fi, 713. 
33. Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, 36, 365; 1926, 44, 261,285. 
34. Fischer, A., Compt. rend. Soc. biol., 1925, 92, 109. 
35. Maxlmow, A., Arch. exp. Zellforsch., 1928, 5, 169. 
36. Bloom, W., Arch. exp. Zellforsch., 1928, 5, 269. 
37. Chlopin, N. G., Z. mikr.-anat. Forsch., 1925, 2, 324; Arch. exp. Zellforsch., 

1925, 1~ 193; 1931, 12, 11. 
38. Fischer, A., Arch. exp. Zellforsch., 1927, 3, 345. 
39. Fischer, A., and Laser, H., Arch. exp. Zdlforsch., 1927, 3, 363. 
40. Ephrussi, B., and Hugues, Y., Compt. rend. Soc. biol., 1930, 105, 697. 
41. von M611endorff, W., and yon M611endorff, M., Z. Zellforsch. mikr. Anat., 

1926, 3, 503; yon M611endorff, M., Z. Zellforsch. mikr. Anat., 1929, 9, 183; 
1930, 12~ 274. 

42. Schopper, W., Verhandl. deutsch, path. Ges., 1929, 24, 25; Centr. allg. Path. u. 
path. Anat., 1931, 50, 389. 

43. B6rner, R., and Herzog, G., Centr. allg. Path. u. path. Anat., 1928, 44, 137. 
44. Tannenberg, J., Verhandl. deutsch, path. Ges., 1929, 24, 29. 
45. Metzner, R., in Abderhalden, E., Handbuch der biochemischen Arbeits- 

methoden, Berlin, Urban, 1915, 8, 185. 
46. Kling, D., Deutsch. Arch. klin. Med., 1931, 172, 165. 
47. Groebbeis, in Bethe et a/., Handbuch der normalen und pathologischen 

Physiologie, Berlin, Julius Springer, 1927, 3p 570. 
48. Sabin, F. R., Bull. Johns Hopkins Hosp., 1923, 34, 277. 
49. Nagel, A., Z. Zellforsck..u. mikr. Anat., 1929, 9, 346. 
50. Lewis, W. H., Bull. Johns Hopkins Hosp., 1919, 30, 81. 
51. Fischel, A., Anat. Hefte, 1901, 16, 417. 



ERNST VAUBEL 95 

52. Sabin, F. R., personal communication in using method described by Harvey, 
B. C. H., and Bensley, R. R., Biol. Bull., 1912, 23, 225. 

53. Havers, cited by Mayeda (13). 
54. Todd and Bowmann, The physiological anatomy and physiology of man, 

London, 1843, cited by Heuter (5). 
55. Drechsel, E., in Hermann, Handbuch der Physiologie, 1883, 5, 449. 
56. Frerichs, F. T. R., in Wagner, Handw6rterbuch der Physiologie, 1846, 3, 

part 1,463. 
57. Mtiller, W., Die Biologie der Gelenke, Leipsic, Barth, 1929; Biologische 

Grundlagen der Gelenkst6rungen. Rheumaprobleme II, Leipsic, Thieme, 
1931, 130. 

58. Banchi, Ricerche interno alia struttura della sinoviale ed alia presunta della 
sinovia. Atti dell' Accademia medicofisica Fiorentina, 1901, cited by 
Mayeda (13). 

59. Retterer, E., Compt. rend. Soc. biol., 1886, 38, 45; 1894, 46, 862; 1895, 4"/, 70; 
1896, 48, 47; J. Anat. et physiol., 1896, 39., 256; 1902, 38, 473. 

60. Vaubel, E., J. Exp. Med., 1933, 58, 63. 
61. von Hoist, G., Z. phys. Chem., 1904-05, 43, 145. 
62. Dolschansky, L., Z. Zellforsch. u. mikr. Anat., 1929, 8, 789. 
63. Bier, A., Deutsch. reed. Woch., 1919, 45, 225. 
64. Kaiser, F., Fortschr. Geb. R~ntgenstralden, 1919, 27, 119. 
65. Jaff6, Arch. klin. Chit., 1897, 54, 69. 
66. Podkaminsky, N. A., Compt. rend. Soc. biol., 1931, 83, 915. 
67. Hueck, W., Beitr. path. Anat. u. allg. Path., 1920, 66, 330. 
58. Studni~ka, F. K., Anat. Ariz., 1907, 31, 497; 1912, 40, 33, 497; in yon M611en- 

dorff, W., Handbuch der mikroskopischen Anatomie des Menschen, Berlin, 
Julius Springer, 1929, 1~ part 1, 421. 

69. Salkowski, E., Virchows Arch. path. Anat., 1893, 131, 304. 


