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Both Anitchkow ( 1 ) and Aschoff ( 2 ) in their 
studies on atheromatosis suggested that 
changes in permeability of the arterial wall 
preceded deposition of cholesterol. Aschoff 
further suggested that physico-chemical altera- 
tions in the ground substance rather than 
simple permeability changes might be the 
initial lesion. Both authors agreed that the 
deposits were secondary. These ideas have 
recently been revived by Pollack (3) and Rein- 
hardt (4) who utilized more modern methods 
of observing the ground substance. Since 
hyaluronidase affects permeability of the 
ground substance by altering mucopolysac- 
charides it was of interest to investigate the 
effects of the enzyme on experimental hyper- 
cholesterolemia in rabbits and rats and choles- 
terol-induced atheromatosis in rabbits. 

Materials and methods. The regimen for 
producing atheromatosis was that of Bauman 
( 5 )  who showed that 100% of rabbits de- 
veloped the lesion after ingesting 0.43% cho- 
lesterol and 5% cottonseed oil for 14 weeks. 
Fifteen male and 1 5  female albino rabbits 
weighing between 1.3 and 2.4 kg were housed 
in individual cages and fed a basic diet of 
Purina Rabbit Checkers (PRC)* and tap 
water ad libitum. The animals were weighed 
twice weekly and their food consumption was 
recorded daily. For the purposes of this ex- 
periment they were divided into 5 treatment 
groups of 3 males and 3 females as follows: 

Group A-PRC 
B-PRC $- 5% cottonseed oil 

(CSO) + 

C-PRC + 5% CSO + 0.43% 
cholesterol (Ch) 

D-PRC + 5% CSO + daily 1000 

* S o  cholesterol detectable by our method of 

t Puritan Brand (Procter & Gamble, Inc.) con- 
analysis. 

tained 0.44% Ch = 0.022% Ch in diet. 

in Rabbits 

P. SHARMA, 

University of 

TRU hyaluronidase (H) sub- 
cut. 

E-PRC + 5% CSO - 0.43% Ch + daily 1000 TRK H subcut. 
Total  blood cholesterol was determined weekly 
on A.Ianuronate@Q-treated blood by the meth- 
od of Bloor(6) with the following modifica- 
tions. The blood was extracted twice with the 
3 : 1 alcohol-ether mixture in glass-stoppered 
centrifuge tubes, The supernatant was re- 
moved after centrifuging and evaporated to 
the point of dryness. The residue was dis- 
solved in redistilled reagent-grade chloroform 
and clarified where necessary with iron-free 
Korite A and recentrifuged. The clear super- 
natant was treated in accordance with the 
Lieberman-Burchard reaction. In  100 tests 
involving cholesterol ranges of 20-1000 mg % 
the results were statistically indistinguishable 
from those obtainable by the Sperry-Schoen- 
heimer method ( 7) .  The anti-hyaluronidase 
activity of serum was determined by a tur- 
bidimetric assay procedure. Several 2-fold 
dilutions of serum were prepared in volumes of 
0.4 ml in 0.1 M acetate buffer a t  pH 6.0. A 
concentration of hyaluronidase (8.4 TRU- 
1000 TRU/mg) that will completely reduce 
the turbidity of a standardized preparation 
of vitreous humor potassium hyaluronate was 
added in a volume of 0.2 rnl to each tube. To 
each tube was also added 0.2 ml of physio- 
logical salt solution and 0.2 ml of a solution 
of purified hyaluronate. After 30 minutes of 
incubation at  room temperature to allow for 
neutralization of the enzyme by antibodies, 
the residual unneutralized hyaluronidase was 
measured by the usual turbidimetric procedure 
and expressed as per cent inhibition. Normal 
rabbit serum and an anti-hyaluronidase serum 
of known potency served as controls. All 

i Wydase@, Wyeth Laboratories-7000 Turbidity 

5 A synthetic heparinoid anticoagulant. 
Reducing Units per mg N. 
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sera were treated for 30 minutes at 56°C to 
eliminate non-specific inhibitors. The rabbits 
were killed by electro-shock and exsanguina- 
tion. The experiment was terminated a t  the 
end of 7 weeks because the hyaluronidase 
treatment resulted in high antibody titers at 
this time. Heart, lungs, liver, kidneys, spleen, 
pancreas, adrenals, thyroid, pituitary, gonads, 
uterus, salivary glands, cervical lymph node, 
thymus, skeletal muscle, and marrow from the 
femur were removed. The organs were 
weighed and specimens fixed and prepared for 
histological examination. The aorta was dis- 
sected free to the bifurcation below the level 
of the adrenals and sections taken of the de- 
scending thoracic aorta and the abdominal 
aorta at  the renal artery level. These were 
mounted on corks and the intima was stained 
with oil red 0 according to the method of 
Lilli (8). The sections were graded without 
p r i ~ r  knowledge of the treatment each animal 
had received. 

The definition of grades was decided before 
examination of the specimens and was based 
on previous studies of the aortas of chickens. 

0-Xo visible oil red 0 stain in the aorta. 
1-Particles stained by oil red 0 visible with 

lox hand lens. 
2-Particles easily visible with naked eye 

after staining but few in number and 
discrete. 

3-Large particles or plaques, no ulceration. 
4-Large and ulcerated plaques. 

Microscopic examinatiofi. Frozen sections 
stained with oil red 0 and hematoxylin from 
representative sections of each specimen were 
taken at  random (preventing pathologist’s 
view of identifying labels) and again graded 
on a 1 to 4 basis. Grades 1 and 2 represent 
small and moderate amounts of fat-stained 
material without displacement of the endo- 
thelium, Grade 3 larger plaques with irregular 
elevations of the endothelium and Grade 4 
ulcerated plaques. An attempt was made to 
provoke the systemic Shwartzman reaction in 
12 intact and 17 adrenalectomized rabbits. 
The meningococcus endotoxin which we used 
was kindly supplied by Dr. Gregory Shwartz- 
man. We found that it contained no measur- 
able cholesterol. It was administered in the 
doses suggested by him. Cholesterol levels 

were determined on blood obtained by cardiac 
puncture on the unanesthetized animal at  ap- 
propriate intervals in the experiment as indi- 
cated in Table 11. The rabbits were divided 
into 4 treatment groups: 

Group F-6 intact rabbits received 2 in- 
trav. inj, of meningococcus endo- 
toxin. 

G-6 intact rabbits received 5000 
TRU hyaluronidase twice daily 
for 6 days. First dose of toxin 
administered intrav. on third 
day of hyaluronidase treatment 
and second dose on fourth day. 
All animals sacrificed 48 hr after 
second inj. of toxin. 

H-9 adrenalectomized rabbits- 
same treatment as Group F. 

J-8 adrenalectomized rabbits- 
same treatment as Group G. 

The rabbits were adrenalectomized by the 
method of Baeder and Seifter(9) and main- 
tained on 0.9% sodium chloride drinking 
water. No rabbits were used sooner than 
1 week after removal of the second adrenal. 
The rPzephrotic syndrome was produced in 36 
Long-Evans rats by injecting anti-rat kidney 
rabbit serum globdin free of cholesterol. The 
rats were divided into 4 treatment groups: 

Group K-6 rats: Physiological salt sol. 
intraper. twice daily. 

L-12 rats: 1 cc anti-kidney serum/ 
100 g intrav. Eleven rats sur- 
vived. 

M--12 rats: 10000 TRU hyaluroni- 
dase daily for 4 days subcut.; on 
second day of hyaluronidase 
medication challenging dose of 
anti-kidney serum intrav. Eight 
rats survived. 

N-12 rats: 100 mg streptococcal 
hyaluronic acid intraper. twice 
daily for 4 days; on second day 
of hyaluronate medication chal- 
lenging dose of anti-kidney 
serum intravenously. Eight rats 
survived. 

Seventy-two hours after administration of the 
anti-kidney serum to Groups L, M, and N, 
all the rats were anesthetized with ether, the 
thorax opened, and blood was obtained by 
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TBBLE 11. Total Blood Cholesterol Levels i n  Rabbits Treated with 2 Intravenous Injections 
of Meningococcus Endotoxin. 

c Total blood cholesterol levels (mg %)- 7. 

24 11r 48 hr 
Trcatnzent Control Hyaluronidase Hraluronidasr 24 hr after 48 hr after 

group period treatment treatment 2nd toxin inj. 2nd toxin inj. 

F 

Mean 
G 

Mean 
H 

Mean 
J 

Mean 

72 
84 
91  
65 
70 
8 1  
77 
61 
70 
69 
91  

1 0 1  
101 
82 

104 
97 
72 
84  
81 
78 
84  
71 
86 
84 

52 
1 0 1  

96 
82 
80 
85 
92 
87 
84  

74 
68 
82 

102 
96 
90 
85 

68 
84 
91 
84 

105 
101 

89 
84 
88 

8 1  
82 
7s 
84 
96 
88 
84 

72 
86 
92 
86 
88 

100 
70 
88 
85 

248 
203 
179 
198 
196 
184 
201 

I35  
162 
151  
1 41) 
178 
149 
153 
195 
799 
245 
2319 
186 
201 
180 
184 
193 
202 

68 
109 
94 
88 
85 
87 
92 
94 
90 

236 
209 
196 
322 
184 
192 
207 

132 
148 
129 
150 
162 
159 
147 
202 
224 
232 
201 
172 
165 
1 FO 
175 
182 
192 

71 
98 
92 
89 
94 
88 
95 
90 
90 

puncture from the beating heart. The 
hyaluronidase solution was prepared fresh each 
day by dissolving the freeze-dried enzyme in 
physiological salt solution. The dose of 
hyaluronidase was much larger than that used 
clinically, and was selected to be in excess of 
the amount necessary to neutralize the non- 
specific inhibitors. The hyaluronic acid was 
prepared from Streptococcus pyogencs. It 
contained 3.67% N and was free from S, P, 
and halogen. The solutions were prepared 
fresh on the day of injection. 

Results. The pertinent data for individual 
animals are found in Tables I, 11, and 111. 
For the purposes of our experiment we arbi- 
trarily assigned a total blood cholesterol value 
of 150 mg % as hypercholesterolemia. 

Eject of hyaluronidase and hyaluronic acid 

on hypercholesterolernia. Fig. 1 shows the 
prevention of the hypercholesterolemia due 
to cholesterol feeding in Group E as compared 
to Group C during the first 5 weeks of the 
experiment and the rapid rise in blood choles- 
terol from this time until the termination of 
the experiment. During the first 2 weeks the 
lower limit of the standard deviation of the 
mean total blood cholesterol levels of Group 
C coincided with the upper limit of the stand- 
ard deviation of Group E. The standard 
deviation of Group C did not overlap the other 
3 groups a t  any time during the experiment. 
Group E did not show definite hypercholes- 
terolemia until the sixth week. After that it 
was marked and exceeded that of Group C. 
The abrupt rise coincided with the appearance 
of high anti-hyaluronidase titers (Table I).  
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TABLE 111. Total Blood Cholesterol Levels of 
Kriilirotic Sriiclrome Rats. 

Total  hloocl Tot a1 blood 
Treatnieiit cholesterol Treatment cholcstwol 

group (mg %) gl.0up (n1g %) 

Hyaluronidase had a similar effect on endo- 
genously produced hypercholesterolemia in the 
rabbits treated for the Shwartzman reaction 
(Table 11) and in the nephrotic rats (Table 
111). In  the toxin-treated rabbits the hyper- 
cholesterolemia did not depend on the pres- 
ence of kidney lesions or on the adrenals. 
Hyaluronic acid also prevented hypercholes- 
teroleniia in the nephrotic rats. The failure 
to develop hypercholesterolemia did not ap- 
pear to alter the course of these experimental 
diseases. 

Eflczt of  hyaluroizidase on the degree of 
atheromatosis. Table I shows the results of 
gross and microscopic grading of aortic lipid 
content. The minimal change observed 
niicroscopically in aortas ( Grade 1 ) consisted 
only of lipid droplets in the endothelial cells. 
In  larger deposits (Grades 2 and 3) many 
large foam cells loaded with fat-stained drop- 
lets lay beneath the endothelium and elevated 
it. I n  the fat stains some material appeared 
to lie outside the cells but most of the lipid 
was intracellular. In areas with the greatest 
deposition, the fat-stained material was seen 
estending into the wall of the vessel to a 
depth which indicated penetration into the 
inner portion of the media. Groups C, D: 

and E showed increased deposition of lipids 
in the intima when compared to Groups A and 
E. Isolated droplets of fat-staining material 
also were scattered through the media in some 
animals in Groups C, D: and E. Foam cells 
were noted even in smaller deposits deep in 
the media. 

Other than the fatty deposits it was diffi- 
cult to be certain of any differences in the 
aortas of these animals. The general appear- 
ance was similar in the hernatoxylin and eosin, 
Kit ter -0leson pol ysacchar ide and t richrome 
stains in the several groups. Similar differ- 
ences were observed in liver, spleen, and kid- 
neys. While in liver and spleen the lipids 
were deposited in the Kupffer cells, in the 
kidney they were seen chiefly in the endothelial 
cells of the capillaries both in the glomeruli 
and in the parenchyma, but in the more severe 
cases many large macrophages laden with 
lipid were found in the connective tissue 
spaces between capillaries and tubules. 

Discussion. The antihypercholesteroleniic 
effect of subcutaneously injected hyaluroni- 
dase may be accounted for by 2 hypotheses. 
The first supposes that hyaluronidase is ab- 
sorbed from the site of injection into the 
general circulation and is then capable of in- 
creasing the permeability of the ground sub- 
stance at  various sites. The greater rate of 
deposition of cholesterol would prevent hyper- 
cholesterolemia. The antihypercholesterole- 
mic action of intravenously injected hyaluroni- 
dase lends support to this view. Further 
evidence for this hypothesis is the development 

GROUP 

B o----c 5 %  Cottonseed ail (GSO) 

5% CSO + Hyaluronidose 

Hyaluronidase 

g 300 t 
0 l i  
J m 

a 
200 - 

-1 

0 

I- I00 - 

0 1 2 3 4 5 6 7  
53 

TIME IN WEEKS 

Fig. I 
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of the specific anti-hyaluronidase in the circu- nian theory( 11) applies to our experiments the 
lation following prolonged administration of 
the enzyme. The alternative hypothesis is 
that hyaluronidase released hyaluronic acid 
from the site of injection and possibly from 
other sites. Hyaluronic acid has been shown 
to have protective colloid and dispersing ac- 
tion (10). I t  can be assumed that the hyalu- 
ronic acid released in this experiment dispersed 
the cholesterol in a form favoring rapid de- 
position. This hypothesis is supported by 
the fact that hyaluronic acid injected intra- 
peritoneally suppressed the hypercholesterole- 
mia in nephrotic rats. 

The finding that the reduction of hypercho- 
lesterolemia by hyaluronidase resulted in more 
extensive arterial involvement casts some 
doubt on the treatment of human atherosclero- 
sis by agents that lower the blood cholesterol 
without determining its subsequent distribu- 
tion and fate. We should like to point out, 
however, that the morphological alterations 
observed in this experimental disease resemble 
those in human lipidoses (Xanthomatoses) 
rather than those of atherosclerosis. No sig- 
nificance can be attached at  the present time 
to the finding of minimal intimal lesions in 
rabbits which received cottonseed oil and 
hyaluronidase without added cholesterol. 

Our experiments do not reveal whether 
hypercholesterolemia developed following the 
first or second injection of endotoxin. The 
failure of hyaluronidase to lower the blood 
cholesterol level as significantly in intact rab- 
bits as in adrenalectomized ones may be due 
to an anti-hyaluronate effect of the adrenal 
cortical hormones present in the former group. 

It is of interest that a specific antibody was 
capable of abolishing the antihypercholester- 
olemic action of hyaluronidase. The circulat- 
ing antibody probably neutralized the ab- 
sorbed hyaluronidase before it could react a t  
the various ground substance sites. 

Facilities were not available for making 
ultracentrifuge examinations. If the Gof- 

decrease in the blood cholesterol which is ac- 
companied by deposition should be correlated 
with a decrease in the macromolecular bound 
cholesterol of the blood. 

Summagy. 1. Subcutaneous or intravenous 
injection of hyaluronidase depressed hyper- 
cholesterolemia in rabbits and rats. 2.  Intra- 
peritoneal injection of hyaluronic acid pre- 
vented hypercholesterolemia in nephrotic rats. 
3 .  Hyaluronidase facilitated general lipidoses 
and aggravated atheromatosis in rabbits. 4. 
The advisability of indiscriminately lowering 
the blood cholesterol level in hypercholes- 
terolemics is questioned. 5. The antihyper- 
cholesterolemic effect of hyaluronidase was 
abolished when specific antibodies to the 
enzyme developed. 6. Endogenous experi- 
mental hypercholesterolemia in rabbits does 
not depend on the presence of the adrenals. 

We are indebted to  Dr. George H. Warren for the 
hyaluronifc acid and for determining the anti-hyal- 
ur onidase titers. 
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