
526 ,ACID kfUCOPOLYSACCHARIDE IN GRANULATION TISSUE 

rats might be attributed (to an increase in 
the pituitary follicular stimulating hormone 
(FSH) without concomitant increase in the 
interstitial-cell stimulating hormone (ICSH) . 
Such an interpretation would be in conformity 
with the well known fact that vitamin-E de- 
ficiency causes degenerative changes of the 
germinal epithelium without evident histologi- 
cal or functional changes in the interstitial 
cells in the testes. It is possible that dif- 
ferences in the quantities of the two gonado- 
trophins could be revealed if several different 
dose levels were to be used for thfe compari- 
sons. However, no conclusion can be drawn 
from the experiments repontd in Table 11. 

That tbe anterior pituitary of the vitamin-E 
deficient female rats also contained an in- 
creased amount of gonadotrophic hormone is 
of interest because of the controversy concern- 
ing ovarian function in vitamin,-E deficiency. 
-4lthough the ovaries of old, E-deficient rats 
showed a greater accumulation of connective 
:tissue and pigmentation than those of controls, 
observations of ovarian function, such as the 
production of ova followed by fertilization, 
revealed no abnormalities. I t  remains to be 
investigated, however, whether the increased 

gonadotrophin content of the pituitary gliand 
indicates a disturbance of ovarian function or 
whether a diffarent explanation must be 
sought. 

Summary. The gonadotrophin content d 
the anterior pituitary taken firom vitamin-E 
deficienlt rats, 315 to 469 days of age, was 
determined. The weights of testes, s m i n d  
vesicles and anterior pmsltstes of groups of 
male (rats hypophysstomized at 2 1  dtays of 
age and subsequenltly injected with s u s p -  
sions of frozen-dried anterior pituitaries were 
compared. The testes of the hpphysecto-  
mized rats which received the pitui'tary suspen- 
sion from vitamin-E deficient male or female 
rats were significantly heavier than those of 
rats which received pituitary powder from the 
controls. There was no difference in the 
weights of the seminal vesicla or anterior 
prostates. 

It is concluded that the gonadotrophin con- 
tent of the anterior pituitary gland is elevated 
in older vitamin-E deficient male and femde 
rats. The relationshmip olf these findings to 
the changes in the gonads in vitamin& de- 
ficiency are discussed. 
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This paper is a preliminary report of 
observations made on the healing of experi- 
mental fractures in the rabbit. Certain histo- 
logical and chemical reactions of the reparative 
tissue have led us to the belief thait there 
is present in the early granulation tissue of 
bone repair, an acid mucopolysaccharidae which 
may play a role in tissue healing. Tissue sec- 
tions of rabbit callus from one to 10 days 

* This work was inacle possible by a grant 
through the Office of Sara1 Research, United 
States Navy Department. 

after fracturle were stained mtetachmmatically 
with a 1% solution of toluidine blue. EarIy 
specimens take up only a small quantity of 
the dye. As the granulation tissue forms, 
however, an increasing metachromasia ap- 
pears, and as the fibrous cjonlnective tissue be- 
comes more abundant and differentiated, the 
ability to stain metachromatically w&h tolui- 
dine blue diminishes. Lison( 1) attributed this 
abilitty to stain metachromatically to the 

1. Lison, L., Soc. de Biol. Compb. Rend., 1935, 
1-118. 



ACID MUCOPOLY SACCHARIDE 

presence of sulphlate radicals. Wislocki, et 
al. ( 2 )  have shown, however, that hyaluronic 
acid, a mlucopolysaccharide which contains 
no sulphate radical, also stains with toluidine 
blue. This gradual change in, staining charac- 
teristics toward toluidine blue probably indi- 
cates a change in the nature of the ground 
substance . 

Micro sections of the rabbit callus from the 
first to the sixteenth day after fracture were 
stained with the Hale teclhnic. Hale(3) feels 
that this stain is specific for acid m~ucopoly- 
saccharides. An acid polysadaride such as 
hyduronic acid combines with dialyzed iron 
in an acid solution but a neutral rpo;lys&char- 
ide or a, protein does not. The bound iron can 
be demonstrated. as Prussian Blue by treat- 
ment with potassium ferricyanide sand hydro- 
chloric acid. If ,the slides are counterstained 
with a red dye such as paracarmine, the acid 
plysaccharides a p p r  blue against the red 
background of other tissue structures. The 
positive reaction for acid plysacdimides 
parallels those obtained with tohidine blue. 
Recently injured tissue had little affinity for 
the dialyzed iron, but by 7 days the formed 
granulation tissue stained a deep blue 
strongly suggesting the presence of a hi& 
concentration of acid plysaccharides. Stain- 
ing was most intense a t  7 to 10 days, dmllind 
thereafter, and was allmost disappearing by 
the tenth to fourteenlh day. 

Qualitative studies of the 7 day rabbit 
callus showed a high concentration of sulphlate 
and phosphate ions. A test ifor the presence of 
amino sugars with Eht-lich's reagent was 
strongly positive. Believing that possibly we 
were staining o m  of the known acid mum- 
plysaccharides we attempted chemical isola- 
tion. A chemical analysis for hyaluronic acid 
by viscosimetric methods gave a negative re- 
sult. Since great loss is entailed in these 
methods, we inczlbated tissue sections of the 
7 'to 10 day rabbit callus with increasing con- 
centrations of hyaluronidlase for varying 
periods of time. The tissue's staining did, not 
change. Vismsimletric analysis by means of 

2. Wislocki, G., Bunting, G. H., and Dempsey, 

3. Hale, C. W., Natuure, London, 1946, v157, 802. 
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anl Ostwald viscosilmeter showed no deply- 
rnerization of the ground rabbit callus by hy- 
aluronidase. 

Following Meyer's procedure( 4) attempts 
were made to isolate &ondroitin sulphuric 
acild from the cartilagemus 7 day rabbit cal- 
lus. The results were negative although this 
muwpolysaccharid~e might logically be present 
since it is seen so abundantly in 'mature carti- 
lage. Repeated attempts a t  identification for 
chondroitin sulif8uric acid gave negative results. 
A possible explan~ation may be that procedures 
for the isolation of mucqmlysaccharides entail 
great loss and as yet, we h'ave not had avail. 
qble, the necessary large quantities of tissue. 

In the course of analysis for Ichondroitin sul- 
furic acid a granular substance precipitated 
out of slightly alkaline alcohol. This subb- 
stance prolongedl the Lee White clotting time 
of blood, almost fifteen times. The addition 
of both protamine and toluidine blue would 
inhibit this action. An analysis for heparin 
following Howell's ( 5) original method yielded 
a small quantity of protein contaminated crys- 
tals which possessed mild anticoaguIant p w -  
ers. 

Thhe 7 day rabbit callus was also incubated 
with lysozyme. Histdemlica1ly and viscosi- 
metrically no depolymerizatim of the ground 
sulbstance took place. These studies indicate 
ithe pmhble  absence of hyaluronic acid and 
the substrate olf 1ysozyn-w. The enzyme lyso- 
zyme is present in the granulation tissue of 
;the rabbit callus, howevw, in a concentration 
of about 84 units after the (fifth day after 
fracture. (6) The presence of chondroitin sul- 
furic acid is still unsettled, but much larger 
quantities of tissue must be studied. 

We have s tudM the healing cycle in the 
rabbit and'have sought to identify by histo- 
chemical and chlemical methods an acid mum- 
plysaccharide whit& appears as an intermedi- 
ary metabolite in the transfmnation of the 
intmfibrillar ground substance. The studies 
are inlcomplete but csontribute to the clarifica- 

4. Meyer, Karl, and Smyth, Elizabeth M., J. 

5. Iiowell, W. H., Am. J .  Plays. Proc., 1922-1923: 

6. Prudden, J. F., Lane, N., and Meyer, Karl, 

Bid. @hem., 1937, v119, 507. 

v63, 434. 
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tion of the changes during healing in the 
organic matrix. To integrat,e these observa- 
tions with present knowledge, a working hy- 

difficulties involved in obtaining large quanti- 
ties of haealing callus, the identification of the 
acid mucoplysaccharide is incomplete. 

pothesis must take into account enzyme action, 
h>-drogen ion concentration, and the concen- 
trations of ions such as calcium, carbonate, 
and phosphate as well as other electrolytes 
participating in the transformation of the 

Summary. Chemical and’ histochemical 
observations concentrate on a mucoplysac- 
charide which appears to be important in bone 
healing. 

organic Imatrix. Further st,udies are in&- Receired July 25, 1949. P.S.E.B.M., 1949, v73. 
cated and are in progress. Because of the 

Effect of Dietary Restriction on Susceptibility of Mice to Infection with 
Theiler’s GDVII Virus.* (17488) 

W. L. DAVIES, S. C. SMITH, W. L. POND, A. F. RASMUSSEN, JR., AND P. F. CLARK 
From the Departments of Microbiology, Medical School, and Biochemistry, College of Agriculture, 

University of Wisconsin. 

Theat nutritional deficienci.es are frequently 
accompanied by anorexia is well known. Nu- 
merous reports( 1 - 7 )  have been published 
wh’ich concern the relation of nutritional inade- 
quacies both to bacterial and to viral infec- 
tions, but th,e evidence as to whether or not the 
course of experimental infections is influ- 
enced by caloric restriction, or by restriction 
of an adequate diet, inanition, seems equivo- 
cal. Different infective agents, different host 
species,, genetic status of host and of pathogen, 
different routes of infection, and many other 
important variables frequently make dlirect 

Aided by a grant from the Satioiial Foun- 
clatioii for Infantile Paralysis. 
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comparison impossible and analysis of con- 
flicting results exceedingly difficult. Thle ex- 
periments here reported, query further the 
relative effects of reduced food intake result- 
ing from loss of appetite and of a simple 
decrease in caloric intake on the course of 
Theiler’s GDVII encephalomyelitis in mice. 

Materials and methods. Mice: Webster 
Swiss mice, from our own colony, were used 
in all experiments. When 3 to 4 wwks old, 
they were removed from the colony, weighed 
and distributed in individual screen4mttom 
cages. Each group contained approximately 
equal numbers of male and. female mice of 
similar weight and litter metes in any me 
group were kept to a minimum. 

Diets: the diet referred to as “optimum” 
has the following percentage composition; 
casein 1st sucrose 72.2, salts IV 4,(8) vita- 
mins 0.5,z &olin8e chloride 01.3 and corn oil 5.Q 
The vitamins were made up with sucrose so 

t A hot alcohol-extracted, vitamin test casein 
(General Biochemicals, Inc., Chagrin Falls, Ohio). 

$ We are indebted t o  Merck I% Co., Rahway, N.J., 
for the crystalline vitamins. 

8. Lichstein, H. C., McCall, I(. B.: Kearney, 
E. B.: Elvehjem, C. A., and Clark, P. F., PROC. 
SOe. EXP. BIOL. AND MED., 1946, v62, 279. I n  
these studies the salt mixture was modified by 
using ZnSOg insted of Zn (21,. 
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