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TABLE IV. Dermal Concentration of Citrate Sol-

uble and Insoluble Hydroxyproline (umoles/g) in

Injured Skin Distal to Site of Local Injury in
Normal and Rachitic Rats.

Normal Rachitic
Days after .50M 50M

injury citrate Insoluble  citrate Insoluble

Control 8.0 207 25.0 157

2 18.0* 148* 22.3 178

4 12.6* 90* 28.0 160

6 12.5% 120* 233 180

10 12.6* 149* 28.1 143

15 13.0* 156* 26.8 150

23 8.4 200 22.0 142

* Significantly different from control (p <.05).
Ttalicized means are significantly different from
injured normal animals (p <.05).

hydroxyproline (salt-soluble collagen) found
in the uninjured skin of non-rachitic rats with
local injury was not found in the uninjured
skin from rachitic animals. Similarly no
changes in concentration of isotonic saline
soluble hydroxyproline were found in the
skin from these animals, whereas the skin
from normal animals demonstrated some sig-
nificant increases in the amount of hydroxy-
proline soluble in this solvent.

The changes in the citrate soluble and in-
soluble concentrations of hydroxyproline
from the uninjured skin of non-rachitic rats
are contrasted in Table IV with the lack of
effect of local inflammation upon these com-
ponents of the skin from rachitic animals.
The increased concentration of citrate soluble
collagen and the loss of insoluble collagen
from the uninjured skin of non-rachitic rats
is typical of the previously described ‘“dis-
tant dermal collagen response”(3,4). The
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rachitic rat does not demonstrate, therefore,
such a response.

Summary and conclusion. Rachitic rats,
which have been shown to be refractory to
cortisol insofar as their connective tissue
chemistry is concerned, demonstrated a
chemical response to local injury which was
qualitatively similar to that evidenced in non-
rachitic animals. Quantitatively, the chemi-
cal alteration in inflammation in the rachitic
animals was less profound than that found in
the non-rachitic rats. Indeed, the wounds in
the rachitic animals were chemically healed
within 23 days after injury whereas the non-
rachitic rats were not. Finally, the cortisol
refractory rachitic animals did not demon-
strate a ‘“distant dermal collagen response”
to local inflammation, confirming previous re-
ports suggesting that this response was a hor-
monally potentiated response to the stress
produced by local trauma.
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The development of unique red bands
around the growth of certain strains of S.
aureus on blood agar plates has been reported
(1). During these studies, gray plaques were

observed on the surface of the blood agar.
The purpose of this paper is to describe meth-
ods of producing these plaques and to report
on their chemical identification.
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FIG. 1. Masses of plaques on the surface of an

agar plate surrounding a sterile agar segment

which was taken from another plate 10 days after

inoculation with 8. aureus. Photograph was taken

after the plate with the agar segment had been

ineubated at 37°C for 5 days and at room tempera-
ture for 25 days (X 1.5).

Materials. 1. Most of this work was car-
ried out with coagulase-positive S. aureus
(Guy strain) which was hemolytic for hu-
man blood and which produced the red bands
on blood medium. Thirty other strains of S.
aureys were also tested for the production of
plaques.

2. Two types of agar plates were used: (a)
B.B.L. Trypticase Soy Agar to which 5%
human blood (ACD anticoagulant) was
added; (b) 10% plasma agar, 25 ml for
each plate.

3. To obtain active sterile agar segments
(ASA segments) plain Trypticase Soy Agar
plates (25 ml for each plate) were inocu-
lated centrally with S. aureus and incubated
at 37°C for 5 days and at room temperature
for 2-5 weeks. ASA segments were cut ap-
proximately 0.5 cm from the growth of the
organism and measured approximately 0.7 cm
in width and 2 cm in length.

4. To prepare 10% plasma liquid, ACD
plasma was diluted to 10% with broth or
saline. ’

Methods and results. The 5% blood agar
plates and the 109 plasma agar plates were
inoculated centrally with S. eureus, incubated
at 37°C for 5 days, then left at room temper-
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ature. Usually 2 ASA segments were placed
near the center of similar plates which were
incubated in the same fashion. Discrete,
plainly visible gray plaques developed on the
surfaces of all these plates. The plaques were
first seen scattered on the surface of the red
bands after incubation at 37°C for 5 days.
With longer incubation at room temperature
these plaques progressively increased in size
and number until hundreds appeared beyond
the red bands and eventually were scattered
irregularly over the entire plate.

When ASA segments were placed on 5%
blood agar plates and on 10% plasma agar
plates, plaques similar to those described
with the living organism appeared. The
plaques, however, developed closer to the
ASA segments than they did to colonies in
plates with living organisms.

Surface plaques also developed in liquid
media. ASA segments were inserted into
tubes containing 10% plasma diluted with
Trypticase broth or saline and incubated at
37°C. After 1-5 days, thick plaques similar
to those observed on the solid media covered
the surface of the liquid.

The blood from some individuals was not
able to act as substrate for the development
of plaques. Thus of 11 different transfusion
bloods obtained from the blood bank, 7 were
consistently effective as substrate and 4 were
not. Plaques did not develop on blood
plates prepared with washed red cells.

Twenty different strains of S. aureus that
produced red bands and 10 strains of S. eu-
reus that did not were tested for their ability
to produce plaques on blood media. With
the exception of the Smith strain(2), all
strains that produced red bands also pro-
duced plaques whereas those that did not
produce red bands did not produce plaques.

Experiments with Staphylococcus antitoxin.
Commercial antitoxin prevented the develop-
ment of plaques on both solid and liquid me-
dia. Plasma agar plates were prepared with
22 ml agar plus 2.5 ml plasma plus 0.5 ml
antitoxin (Burroughs Welcome Staphylo-
coccus antitoxin containing 20,000 units in
18.5 ml). Control plates were prepared with
0.5 ml saline instead of antitoxin.

ASA segments produced no plaques in the
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plates containing the antitoxin even after 2
weeks whereas on the control plate typical
plaques appeared after 3 days.

ASA segments were inserted into tubes con-
taining plasma 0.8 ml, saline 6.9 ml, and
antitoxin 0.3 ml. Controls were set up with
saline instead of antitoxin. In the tubes con-
taining antitoxin no plaques developed,
whereas in the control tube without antitoxin
plaques developed after 3 days.

Chemical investigations. Recovery of the
material from agar surfaces was difficult and
gave low yields, but preliminary observations
suggested that the plaques were composed of
lipid-like material.

Higher yields were obtained by inserting
several ASA segments into tubes containing
20 ml of 10% plasma diluted with trypticase-
soy broth or saline. After 1-5 days at 37°C
a thick lipid-like plaque material developed
on the surface of the broth. This material
resembled the plaques seen on the surface of
the agar plates and later was proved identi-
cal.

The surface plaque material was separated
from the subjacent liquid by mechanical
methods, washed 3 times with distilled water,
dissolved in hexane and transferred to a small
flask. After drying over anhydrous sodium
sulfate, the hexane was evaporated leaving a
colorless, slightly turbid oil.

Gas chromatography. 'The material was
hydrolyzed with methanolic potassium hy-
droxide and the free fatty acids were isolated
using the conventional technics of ether ex-
traction. These acids were methylated using
the boron trifluoride technic of Metcalfe and
Schmitz(3). The sample so prepared was
then analyzed using a Perkin Elmer model
154D vapor fractometer fitted with a 4 meter
silicone column and a thermistor detector.

Repeated analyses showed the sample to
be composed of octadecenoic acid (presum-
ably oleic), 70%; stearic acid, 8% ; palmitic
acid, 15%; and minor amounts of myristic
and other shorter chain acids totaling 7%.
Following microhydrogenation of the remain-
ing sample, it was found that the octadece-
noic had disappeared and that there was a
corresponding increase in the amount of
stearic acid.
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Thin-layer chromatography. After finding
that hydrolysis of the surface material did,
indeed, yield fatty acids, efforts were made
to determine the types of compounds in which
these acids occurred in the original plaque
material. Thin-layer chromatography was
the technic chosen to elicit this information.
Silica Gel G (Merck, Germany) was used as
the absorbent in all analyses. Two different
solvent systems were employed, petroleum
ether-ethyl ether (90/10/1) and chloroform-
methanol-water (7/3/.5). After develop-
ment, all plates were sprayed with 2,7-di-
chlorofluorescein, and spots were observed
under ultra-violet light. "

These studies showed that the plaque ma-
terial produced in the original tubes of media
consisted of free octadecenoic acid and tri-
glycerides. The ratio of free acid to tri-
glyceride was approximately one to three.

Discussion. Apparently many strains of
Staphylococcus aureus produce a diffusible
extracellular substance which causes the ap-
pearance of octadecenoic acid both free and
in triglycerides in preparations containing
plasma. The evidence indicates that this li-
pid material is derived from the plasma
rather than being formed de novo. In plas-
ma, triglycerides occur in complexes with
alpha and beta-globulins, and unesterified
fatty acids are combined as lipoproteins with
the albumin fraction(4). Also, the chylomi-
crons are known to be 85-909 triglyceride.
Thus the agent producing plaques may be an
extracellular lipase elaborated by staphylo-
cocci.

Lipolytic effects have been detected in cul-
tures of S. aureus by other workers (Elek)
(5). Gillespie and Adler(6) observed as in
the present study that lipolysis was inhibited
by addition of Staphylococcus antitoxin.

The coalescence of chylomicrons into par-
ticles so large that they no longer remain
dispersed is another, if unlikely, explanation
of the formation of plaque material.

Preliminary studies now under way indi-
cate that serum may be substituted for plas-
ma; that only a percentage of serums can re-
lease plaque material under standard condi-
tions; and that plaque formation varies in dif-
ferent animals. These host variations may
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have clinical significance which is being eval-
uated currently. Other efforts are being di-
rected toward isolation and identification of
the diffusible substance and the plaque ma-
terial which it produces and an elucidation of
the specific substrates involved.

The diffusible substance that activates pro-
duction of the red band differs from the sub-
stance that produces the plaque material.
This is demonstrated by the fact that where-
as all the bloods used for preparation of the
media were able to act as substrate for the
red band, a few did not act as substrate for
production of plaques.

Summary. Macroscopically visible lipid
plaques were produced on the surface of hu-
man blood agar plates and on 10% plasma
agar plates when they were inoculated cen-
trally with certain strains of coagulase-posi-
tive S. aureus or exposed to active sterile agar
segments (ASA). Similar lipid plaques cov-
ered the surface of liquid media containing
plasma when activated sterile agar segments
were suspended in the media. Staphylococ-
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cus antitoxin prevented the appearance of the
lipid plaques. The lipid plaques consist pri-
marily of octadecenoic acid, both free and in
triglycerides. Iiesser amounts of stearic, pal-
mitic and various shorter chain acids are also
present. The most likely explanation for the
phenomenon is that a lipase released by cer-
tain strains of staphylococci acts upon the
lipids in human plasma.
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Our preliminary report(1) on basal gastric
secretion in chronic fistula rats aroused much
interest in our method of producing a perma-
nent type of rumenal gastric fistula. We and
others(2-4) believe that a chronic fistula in
the rat may be of great value for investiga-
tion of basic problems of gastric secretion. It,
therefore, seems desirable to describe in de-
tail the technic used during the past 3 years.

Methods. A miniature stainless steel can-
nula of the type extensively used in Pavlov’s
laboratories was developed. The cannula is
10 to 12 mm in length with an inner bore of
3 mm diameter and a beveled flame at each
end (Fig. 1). The inner bore at one flange
is threaded to permit insertion of a removable
screw which acts as a stopper between ex-
periments. The lumen of the cannula per-
mits a snug fit with a No. 8 French catheter.

i

Fasting prior to surgery was found to be
unnecessary and a rumen containing food is
easier to identify and to exteriorize. Under
ether anesthesia, the left upper quadrant of
the abdomen is shaved and the animal placed
on its right side. An incision 5-10 mm in
length is made about 5 mm below and paral-
fel to the lower left costal margin between the
parasternal and left mammary lines. This
approach has been described(5). When the
deep abdominal muscles are divided, 2 guidé
sutures are inserted at the margins of the
muscular incision and held in place by small
hemostats. The most dependent area of the
rumenal wall is then drawn up through the
incision. This area should be close to the
greater curvature but far enough away from
the glandular portion of the stomach to avoid
sacrificing secretory mucosa. To permit ade-





