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In  this laboratory certain tissues of the 
horse have been used in tissue culture to 
demonstrate infection with the virus of equine 
abortion( I ). LJuring the course of these 
studies, in tracellular organisms identical in ap- 
pearance with Histoplasttia capsulatum were 
observed in certain horse tissues grown on 
film-coated cover-glass cultures. Details of 
the morphological study of this naturally in- 
fected horse tissue will be presented else- 
where ( 2 ). 

Since no studies on growth of N. rapsuiatum 
(or other pathogenic fungi ) in in vitro cultures 
of animal tissues have been reported. i t  seemed 
of interest to attempt the experimental culti- 
vation c d  this fungus in tissue cultures of 
horse and chick embryo tissue. The results of 
this study are presented here. 

Experiinentai Procedurcs. Horse tissues 
were aseptically cibtained from a mare at 11 
months gestation. Amnio-allantoic membrane 
and placenta were cultivated in flasks(3) and 
on cover-glasses placed in test tubes. Chick 
embryo tissue was cultivated by the latter 
method only. (The choice of the particular 
horse tissue used was determined by the find- 
ings in the naturally infected animal ) .  Chick 
embryo extract (E.E.) and chicken plasma 
were prepared by conventional methods. The 
supernatant m liquid phase consisted of SO% 
human ascitic (cancer) fluid. 4774 Hanks' 
balanced salt solution (B.S.S.). and 3% E.E., 
with the pH of the mixture adjusted to 7.6. 
Tissues from flask cultures were fixed in Zenk- 
er-acetic acid, and H and E stained paraffine 
sections prepared from them. Cover-glass 
cultures were fixed in Zenker-acetic acid, and 
stained by the hematoxylin-eosin-azure 
method. 

* This jrjvfijjghtic;n w i 5  supported 3n part by a 

1. To be published. 
2.  To bt published. 
3. R. C .  Parker, Me:hods of T i s u e  Culture, Paul 

B.  Hoeber, Inc., 1950. 

grant from the Graycon Fi uridatic,n. 

The following methods were used in prepar- 
ing tissue cultures of horse amnio-allantoir 
membrane amd placenta, and 12-day chick 
embryo muscle. The tissues were cut into 2 
mm squares and immediately rinsed thorough- 
ly with B.S.S. The rinsed fragments were 
then placed in 0.5 ml of B.S.S., to which was 
added 0.5 ml of a yeast cell suspension of 
H .  rapsulotum (Vanderbil t Fniversi ty strain 
No. 603) containing 30 million yeast cells per 
ml. The mixture of tissue fragments and or- 
ganisms was then allowed to stand for two 
hours at  5'C. Flosk method. Only lhorse tis- 
sues were used in this method. Two parallel 
sets of flasks were prepared, one series with 
amnio-allantoic membrane: and one with pla- 
cental tissue. Three to four pieces of tissue, 
with a minimal amount of fluid, were trans- 
ferred with a 5 ml pipette (to a 50 ml Erlen- 
meyer flask containing 3 ml of supernatant, 
incubated at 37°C. and observed daily. Tissues 
were fixed for sectioning after 5 and 8 days o€ 
incubation. Cover-@ass mefhod. Three or 4 
pitxes of tissue were embedded in a plasma 
clot f equal parts of chicken plasma and E.E. ) 
on a No. 1 12 s 50 mm cover-glass. This prep- 
aration wa5 then introduced into a 16 x 150 
mm pyrex test tube. and after standing for 
one hour, 2 ml of supernatant was added to' 
each tube. and the cotton plug replaced with 
a rubber stopper. The cultures were slanted 
in a test tube basket at an angle which allowed 
the supernatant barely to cover the surface 
of the cover-glass, and incubated at  37°C. 
The following controls were prepared in the 
m e  manner: (1) tissue fragments without 
H .  capsdoturn, and { 2 )  H .  capsulatum with- 
out tissue fragments. All cultures were ex- 
amined daily. The experiments dealing with 
placenta and amnio-allantoic membrane were 
terminated after five days of incubation; the 
chick embryo tissue experiments were termi- 
nated after 3. 4. 5 and 6 days of incubation.. 

Results. Flask method. Examination of H 
and E stained preparations of placenta and 
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F I G .  1 
Fivc?-ilay-trld cultures of 11-math-old horse placenta. A,  B, E and F me fibroblast-like cells 

of tohe trutgrow$h containing yeaat, cxlls of H i s t o p l a m a  capdat i im.  A' is a mmd cell included 
far mmparis(m C represents a highly dingram~mtic sketch of the BW: type of colony of H .  
mpsl6Zatum. (Photopph of camera lueida dr:twing; xlM0.) 

amnio-allan toic membrane revealed innumer- 
able yeast cells of H. capsdatum multiplying 
within the interstices of the connective tissue. 
No intracellular yeast cells could be demon- 
strated unequivocally. The supernatant con- 
tained a heavy growth of yeast cells of the 
fungus; no mycelial development was noted. 

Cover-glass method. In  previous tissue 
culture experiments by the cover-glass method, 
with horse placenta and amnio-allantoic mem- 
brane of 6, 9 and 10 monbhs gestation, it was 
found that the placen~tal &issue produced only 
a scanty outgrowth of cells, whereas the d o -  
allantois gave striking growth. I n  the present 
experiment wifth 1 1-month-old horse placenta, 
both in the presence and in the absence of 
H. capsulatum, the amount of outgrowth was 

commensurate with that obtained with young- 
er placentas, and in this instance resembled 
fibroblasts. With 1 1-month-old amnio-allan- 
toic membrane, however, no cells grew or 
migrated from any of the tissue fragments. 
Stained preparations of both chick embryo 
tissue and horse placenta, regardless of the 
age of the culture, revealed scattered fibro- 
blasts or fibroblast-like cells with few to many 
intracellular yeasts (Fig. 1 and 2 ) .  The in- 
fected cells appeared without stigmata of de- 
generation. 

Of particular interest in these cover-glass 
preparations was the striking form assumed 
by many of the colonies of H. capsdatum 
growing in the plasma clot. Scattered through- 
out the clot were numerous globose sacs con- 
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capsdatum could be readily observed. Not/ 
all of the colonies of the fungus assumed this 
bizarre iorm; many were the usual flatly-con- 
vex colony, with no delimiting membrane. The 
sac type of colony was far more abundant in 
the cover-glass cultures containing tissue frag- 
ments than in the cultures lacking !tissues. 
Growth of H .  capsdatum in the mycelial form 
was neqligible in the former type of prepara- 
tion, marked in the latter. In neither type of 
preparation. however. was there any growth 
of organisms in the supernatant. 

Discussion and conclusions. h study of 
chick embryo and horse placental tissue, when 
cultivated in tissue culture with H .  capsula- 

that fibroblasts or fibroblast-like cells of the 
outgrowth contain yeast cells of this organism 

FIG. 3. 
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Cells t311clost.d n i t  h i l t  iI IVt‘Il-ItKII’kPd IIIWIbraIW. by the cover-glas~ method, has revealed 
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taining myriads of encapsulated yeast cells 
surrounded by a well-defined. sharply-delimit- 
ing membrane (Fig. 3 ) .  These sacs, which 
bore a striking resemblance to the in zlielo 

form of Coccidioides imnitis, varied in size 
from 20 to 300 p in diameter. Further simu- 
lation of the sporangia of C. inttmitis was seen 
in sacs which had burst, allowing their con- 
tents to scatter into the surrounding plasma 
( Fig. 2 ) .  Lnder these circumstances, the in- 
dividual, characteristk, budding yeasts of H .  

in the cytoplasm. I t  is of interest to note 
that sections of infected tissues from systemic 
histoplasmosis rarely, if ever, show yeast cells 
in fibroblasts. Whether or not these intra- 
cellular yeasts can continue to multiply within 
the fibroblast, or are ultimately destroyed, 
remains to be determined. Similarly, whether 
or not the fibroblast which contains yeast 
cells can divide further, or undergoes degen- 
eration, is not yet known. An explanation for 
the unique type of colconial morphology of 
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H .  capsdatum Seen in the cover-glass cultures, 
cannot be given at this time. This phenome- 
non is not dependent upon the presence of 
living tissues, since the sac-like type of colo- 
nies were observed in $he controls which 
lacked tissue fragments. Of possible signifi- 
cance is the fact that this type of colony oc- 
curred only when the inoculated yeast cells 
were fixed in situ and surrounded by clotted 
plasma; in the supernatant of the flask cul- 
tures, only free, individual yeast cells were 
seen. Further work is in progress in an at- 
tempt to clarify tshese problems. 

ADDENDUM. Since submitting this paper for 
publication an article by 0. H. Duque has 
come t o  our attention. Writing in BoZ. Clin., 
Univ. Antioquis, 1937, v9, 312, he reports the 
results of the cultivation of seGral pathogenic 
fungi with fibroblasts grown in vitro. The 
only positive findings concerned a culture in- 
oculated with the mycelial phase of H. cap- 
sulatum which developed intracellular bodies 
interpreted as spores. 
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Evidence suggests that ascorbic acid may 
influence the secretory activity of the adrenal 
cortex( 1,2) ,  However, the r6le of this vita- 
min in adrenal metabolism is still obscure. 
A possible mode of action was indicated by 
Lowenstein and Zwemer(3), who isolated am 
ascorbic acid-adrenal corticosteroid conjugate. 
Their work is yet :to be confirmed. Symptom 
of adrenocortical insufficiency resemble those 
of scurvy (4).  Both conditions are character- 
ized by hypersensitivity to stress(5) and may 
be favorably modified by adrenocortical hor- 
mone or by ACTH( 4,6-9). Furthermore, in- 
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creased utilization or destruction of ascorbic 
acid has been observed in stress( 10). Recent 
investigations have demonstrated that adrenal 
cortical hormone may inhibit the growth of 
connective tissue, thus simulating, in some 
respects, the pathologic changes seen in 
scurvy( 11-13). Moreover: like ACTH and 
Cortisone, vit. C in massive doses(l4) or in 
conjunction with desoxycort<icosterone ( 1 5,16) 
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