
MUCOPOLYSACCHARIDES AND HAIR GROWTH IN THE RABBIT 59 

The present experience provides data sug- 
gesting that SV40 when given by the respira- 
tory route induces subclinical infection in 
man, manifested by presence of virus in the 
throats of a few of the subjects 7 to 11 days 
after exposure, and by development of spe- 
cific neutralizing 'antibody in about two- 
thirds of the volunteers in the weeks follow- 
ing inoculation. The generally low levels af 
serum antibody detected in the volunteers 
after exposure to Sv40 and failure to recover 
virus from most of the volunteers in the pres- 
ent work suggest that SV40 induces only a 
low grade infection in adults when introduced 
by the respiratory route. 

Szcmmary. SV40 virus present as a con- 
taminant in a pool of respiratory syncitial 
virus prepared in cultures of rhesus monkey 
kidney cells was inoculated by the respira- 

TCID,, of SV,, per ml. None of the 12 pairs of 
serum, however, contained SV40 neutralizing anti- 
body when examined at a 1:s dilution against 100 
TCID,, of our strain of SV40 virus. 

tory route into 35 adult volunteers: 8 of these 
received SV,, virus preparation in which the 
RS virus component was neutralized by addi- 
tion of RS antiserum. None of the test sub- 
jects developed signs or symptoms attributa- 
ble to inlhalaticm of SV40. SV4, virus was re- 
covered frcim throat swab specimens of 3 of 
the valunteers 7 or 11 days after exposure. 
SV4, neutralizing antibody in titers ranging 
from 1:s to 1:80 appeared in the blood cnf 22 
of the 35 test subjects. 
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Effect of Acid Mucopolysaccharides on Hair Growth in the 'Rabbit." (26844) 
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Histologic studies on the cyclic hair growth 
in aninials have shown a close correlation be- 
tween activity of the hair follicles and meta- 
chromatically staining material in and around 
the hair bulb( 1). The same areas are 
heavily labeled on injection of S3504 in the 
rat(2), though not in the mouse(3). The na- 
ture of the presumed sulfated mucopolysac- 
charide (MPS) has never been determind. 
The starting point of the present studies was 
the observation that most, if not all, children 
with Hurler's syndrome had extremely thick 
hair and appeared to have a faster rate of 
hair growth than children of comparable age. 

*Supported in part by grant from U. S. Public 

t Fellow, Arthritis and Rheumatism Foundation. 
Health Service. 

Since in Hurler's syndrome there is a charac- 
teristic storage and urinary excretion of 2 
sulfated polysaccharides, chondroi tin sulfate 
B and heparitin sulfate($), the possible ef- 
fect of intradermal injection of these and 
other polysaccharides on hair was studied in 
pigmented adult rabbits. 

The rabbits were kept in 
individual cages and fed a standard labura- 
tory diet. The hair of the back was clipped. 
The rabbits were used only if the underlying 
skin was uniformly unpigmented, to insure as 
much as possible that all areas of the skin 
were approximately at the same stage of the 
hair cycle( 5). Several areas of about 2 x 
2 cm were marked ~ f f  in each rabbit. 0.5 
ml of different solutions of plysaccharide in 

Experimental. 
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TABLE I. Total of 34 Iiijcetioii Sites on 8 Different Rabbits, Each Site Injected Daily with 
0.5 ml of Substance Indicated at Concentration of 1.0 mg/ml. 

Substance 

Hep.8. VhS-13 H.4 .  CW-C ChS-A NaCl Air alginate min 
Calcium Ovslb il- 

> > NO. of inj. sites T x f i  - 4 1 2 2 
.4vg rating 2.9 1 .(i 1 . 0  1.1, ..) t' 0 0 0 

Rating: 0 =: no growtli ; 1 t i i i i i  growth : 2 = iiio~l growth ; 3 '= max growth. 
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Rating: 0 = no growtli ; 1 = internie(1i:itc~ growth ; 2 iiinximum growth. 

a concentration of 1 mg/ml were injected in- 
tracutaneously into the marked areas. A to- 
tal of 34 different injection sites was used in 
8 rabbits. In the first experiments, injections 
were made daily for periods of 3 to 7 weeks 
or until there was obvious regrowth of hair 
in at  least one injection site. The hlPSs 
used: were purified in this laboratory by 
standard pmcedures(6). The results of this 
experiment are shown in Table I. Rating of 
the effect was based on number, length. thick- 
ness and intensity of pigmentation of the 
hair in injected sites. 0 indicates no visible 
effect as compared to a non-injected site. 
Maximum effect was scored as 3. All the in- 
jected MPSs exhibited some stimulation of 
hair growth. However, Hep. S. was mare po- 
tent than any other polysaccharide. followed 
by ChS-B. Physiological saline, air, Ca al- 
ginate (1 mgiml) or ovalbumin ( 1  mg/ml) 
had no effect. In 6 out of 7 sites, the effect 
of Hep. S. was maximal. The effect is illus- 

t The following abbreviations are used: Chondroi- 
tin Sulfate --. ChS; Hyaluronic .Acid r-- H. A.;  H c p  
aritin Sulfatt. = Hep. S .  

trated in a composite photograph of 4 areas in 
one rabbit 4 weeks after start of injections. 
This shows the types and intensities of the 
reaction (Fig. 1). Scores of the sites were 
recorded as A = 1 ,  B = 2, C = 3,  D = 0. 

To provide a depot of the illPSs, suspen- 
sions of mucopolysaccharide and protamine 
sulfate were made up as described in Table 
11, and I ml was given intracutanmusly only 
once. In this experiment Hep. S. again was 
most effective. Injection of twice the con- 
cent ration of polysaccharides without prota- 
mine sulfate or protamine sulfate alone had 
no effect. 

The effect of Hep. S. in one rabbit is shown 
in Fig. 2. Attempts to reproduce these ei- 
fects in albino rabbits gave inconclusive re- 
sults. Plucking instead oS clipping hair prior 
to injection caused intense inflammatory re- 
actions followed by rapid regrowth of the 
hair within one week. 

Biopsy specimens were obtained from the 
injection areaq of the skin of 6 of the 14 rab- 
hits, a t  least 3 days following last injection. 
In the case of the MPS-protamine complex, 
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FIG. 1. Four inj. sites on back of shaved rabbit 4 wk after daily inj. of following substances iii 
dose of 0.5 ml/day. A = ChS-A, B = H.A., C = IIep. S., D = Saline. 

the time interval was 4 weeks after the single 
injection. Each area was divided into 2 por- 
tions, one-half being fixed in 10% formdin 
or Bouin’s solution, the other in 96% alcohol. 
A typical example of the tissue reaction is 
pictured in Fig. 3. This picture was chosen 
since it shows an uninjectd area adjacent to 
an area injected in this case with ChS-B daily 
for 4 weeks. 

In control areas and in areas receiving 

H.A., no active hair growth or only a few ac- 
tively growing hairs were found in the sec- 
tions. In a r m  injected with Hq. S. and 
ChS-€3, or in some with ChS-A, a most pro- 
nounced growth was seen histologically with 
the hairs thicker than normal. The papillae 
of same hairs were unusually large and con- 
tained numerous large histiocytes. In addi- 
tion, some inflammation was seen in the co- 
rium and in the epidermis of all specimens. 
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The growth of single hairs in the control 
areas was apparently caused by plucking of 
these hairs during clipping. 

The pattern of hair growth 
undoubtedly is a complex phenomenon. The 
role of pigmentation and inflammation in the 
hair growth of the colored rabbit has been 
well described ( 5 ) .  According to the report 
of these authors, inflammation accompanied 
by crusting and scaling of the skin always is 
associated with effective chemical “irritation” 
and stimulation of the resting hair follicles. 
Hyperemia and erythema unassociated with 
crusting and scaling, as produced by mild ir- 
ritants, did not initiate a hair growth cycle 
in the rabbit. In our experiments, no crust- 
ing or scaling of the skin during or after the 
injections was observed. 

The correlation of active hair growth with 
presence in the dermal papilla of metachro- 
matically staining material, presumably a 

Discussion. 

FIG. 3. Hematoxylin and Eosin section of rabbit 
skin showing uninj. area on left, and area inj. with 
ChS-B on right, containing many large, active hair 

follicles. 

sulfated MPS resistant to testicular hyd- 
uronidase, has been well documented( 7) .  It 
appears from the data reported here that sul- 
fated MPSs and especially Hep. S., on intra- 
dermal injection, are able to initiate growth 
activity in quiescent hair follicles of the pig- 
mented rabbit. We assume that metachro- 
matic cells in and around the papilla nor- 
mally produce similar substances and that 
inflanunation acts similarly via cells produc- 
ing metachromatic substances. Conversely 
prolonged treatment with heparin or espe- 
cially heparinoids has been reported to lead 
to partial or total alopecia in a very high per- 
centage of cases (in 99% of cases treated 
with a dextran sulfate(8)). These sulfated 
polysaccharides can be assumed to inhibit the 
reactions of the normal polysaccharide. The 
nature of the reaction or reactions involved 
in activation of the hair follicle is unknown. 
It certainly is not the furnishing of S-contain- 
ing precursors of keratin suggested by 
Sylvkn (9). 

Szmzmary. Repeated intradermal injection 
of MPS initiated a hair growth cycle in the 
pigmented rabbit. Hep. S. \vas the mast ac- 
tive in the reaction, followed by ChS-B. A 
single injection of MPS applied as the insol- 
uble protainine complexes also stimulated 
hair growth, again with Hep. S. the most ac- 
tive. These experiments suggest an essential 

growth cycle, as suggested previously from 

FIG. 2. Effect of 1 inj. of MPS-Protarnine coin- 

shaved rabbit: a = Hep. S., b = ChS-A, c = PN- 
line, d = no inj. 

Piex (10 mg of each) after 4 wk on the back of a role of a su14fated MPS in the normal hair 
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the correlation of metachromasia and hair 
growth. 
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Disappearance of Human Diphtheria Antitoxin from Human Passive 
Transfer Skin Sites:* (26845) 
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Kuhns(1) described a method for measur- 
ing the disappearance of human diphtheria 
antitoxin from passive transfer skin sites. The 
tests are carried out in Schick positive per- 
sons, and they depend upon intradermal anti- 
toxin totally or partially to neutralize Schick 
toxin which is introduced later. Subsequent 
partial or total inhibition af toxic reactions 
indicate the degree of disappearance of anti- 
toxin from skin sites. Further experiences 
with this method are described here. Pre- 
cipitating, mn-precipitating and skin sensi- 
tizing human antitoxic sera are compared as 
to their disappearance from passive transfer 
sites. 

Materials and methods. Materials used in 
the Schick tests, evaluation of immediate re- 
actions to Schick toxoid, and methods of hy- 
perimmunization of Schick negative subjects 
have been described ( 2 ) .  Preparation and 
properties of the diphtheria toxin and toxoid 
used and the technics employed in carrying 
out the intracutaneous neutralization test in 
rabbits are described elsewhere( 2,3,4). Hu- 

*This work was supported in part by grants from 
U. S. Public Health Service and Am. Heart Assn. 

t The author wishes to express his gratitude to 
Dr. James McComb, Mass. Antitoxin Laboratory, 
Jamaica Plains, Mass., for providing purified diph- 
theria toxoid (KP 28 D5) and Shick testing outfits 
used in these experiments. 

man immune sera contained high titers of 
antitoxin as measured by rabbit skin tests. 
Precipitating and non-precipitating sera, and 
skin sensitizing and n'on-sensitizing sera have 
been used for purposes of comparison. Speci- 
mens from 6 individuals were utilized, desig- 
nated as follows: Sp (mn-precipitating - 15 
Units/cc), She (precipitating - 80 Units/cc), 
Rie (precipitating - 50 Units/cc), Ni (non- 
precipitating - 100 Units/cc), Bo (precipitat- 
ing skin sensitizing - 12 Units/cc), and Hu 
(non-precipitating skin sensitizing - 20 Units 
/cc). All serum samples to be tested were re- 
moved from the frozen state at 0°F and rap- 
idly thawed to room temperature just prior to 
use. Dilutions of antitoxin were made in bur- 
ate-NaC1 buffer pH 7.4 containing 200 pg gel- 
atin/cc to prevent surface denaturation. 
Methods of quantitatively measuring precipi- 
tation in a fluid and semi-solid medium have 
been described (5).  Wheal reactivity was 
measured by the method of passive transfer 
( 6 ) .  Toxoid and toxin preparations from 
the same source were employed for all testing 
purposes. 

Neutralization of Schick Toxin by Intra- 
dermal Antitoxin: This test is based upon 
the ability of intradermal antitoxin to neu- 
tralize the toxic action of the equivalent 
amount of Schick toxin in Schick positive 
subjects. Recipients were used for no more 




