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that anterior pituitary viability for this group
was significantly less than that for the 2.5
ml group. The lower viability rating of the
2.0 ml group was believed to be due to the
culturing of larger pituitaries in some of the
experiments. These larger pituitaries when
examined histologically had an area of cen-
tral necrosis that could be attributed to the
lack of nutrients and/or gas environment in
this area. It was necessary, therefore, that
pituitaries be adequately fragmentized to al-
low for proper nutritional and gaseous ex-
change to all cells.

Addition of insulin to the medium in some
of the experiments in the bicarbonate study
appeared to have no effect on lactogen pro-
duction. This observation was in accord with
reports of other workers(10).

In the temperature study lactogen produc-
tion increased with increasing temperature to
39°C, when it decreased below that noted for
37°C. This decrease was believed to be due
to tissue damage, since AP viability ratings
were significantly lower.

Summary. The influence of level of sodium
bicarbonate and temperature on lactogen pro-
duction by rat anterior pituitaries cultured
in vitro was studied. Pituitaries were cultured
for 3 days in the chemically defined mixture
199. When compared with the 2.5 ml group,
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addition of 2.0 ml of 2.89% NaHCO; per 25
ml medium resulted in a 19.2% higher lacto-
gen production. Anterior pituitaries cultured
at 37°C produced 22.5% more lactogen than
those cultured at 35°C, and 16.7% more than
those cultured at 39°C. At the highest tem-
perature, AP tissue damage was noted. When
the bicarbonate level and culture temperature
were optimum for lactogen production, an-
terior pituitaries synthesized and released
11.2 times more lactogen than that which was
initially introduced into the culture system
with the pituitary gland.
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Possible Role of Leucocyte Granules in the Shwartzman and Arthus
Reactions.* (28879)
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Polymorphonuclear leucocytes appear to
play an essential role in the pathogenesis of
the Shwartzman and Arthus reactions. Both
are characterized by extensive infiltration of

* Work performed during sabbatical leave spon-
sored by a fellowship award of the Commonwealth
Fund. The studies were suppcrted, in part, by a
grant from Nat. Inst. Health, and under a contract
with Armed Forces Epidemiological Board, Office of
Surgeon General.

the involved tissues by these cells prior to
the development of hemorrhage and necrosis,
and both can be prevented by agents causing
polymorphonuclear leucopenia(1-3). In the
Arthus reaction, Cochrane and Weigle(4)
have shown that temporary leucopenia does
not prevent the formation of antigen-antibody
complexes in the skin, but tissue destruction
begins to occur only when leucocytes appear
in the area.
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Cohn and Hirsch(5) demonstrated that the
granules of leucocytes possess the properties
and enzymatic composition of lysosomes. De
Duve(6) and others have suggested that the
acid hydrolytic enzymes contained in lyso-
somes may be of importance in production
of damage to cells or tissues, if released into
the cell sap or extracellular space. Daems and
Oort(7), using electron microscopy, have
shown that degranulation of leucocytes takes
place during the development of the Arthus
reaction. In the case of the Shwartzman re-
action, Weissmann and Thomas(8) found
that endotoxin has the property of causing
instability of lysosomes and release of lyso-
somal enzymes iz vivo.

In the present study, it has been found
that intradermal injection of granules iso-
lated from rabbit polymorphonuclear leuco-
cytes prepares the skin for a reaction resem-
bling the Shwartzman reaction, and also
causes marked enhancement of the Arthus re-
action.

Materials and methods. Rabbit leucocyte
granules were prepared by the method of
Cohn and Hirsch(5). Peritoneal exudates
were obtained by intraperitoneal injection of
300-400 ml of 0.1% glycogen, or by injection
of larger volumes of sterile, pyrogen-free,
physiological saline. The leucocytes, usually
90-95% granulocytes, were collected by cen-
trifugation, washed once in cold saline, then
in 0.34 M sucrose, and finally suspended in
iced sucrose and homogenized lightly with a
syringe. When opalescence and viscosity ap-
peared, indicating rupture of the cells and
release of granules, the cell debris was re-
moved by light centrifugation and the gran-
ule fraction collected by centrifugation at
12,000 X g for 30 minutes. Bacteriological
cultures of the peritoneal fluid and the final
granule suspensions were negative in all in-
stances.

For injection, the washed granules were re-
suspended in 0.34 M sucrose to a volume rep-
resenting a 100-fold concentration of the
original peritoneal exudate. Thus, for most
preparations used, each m! of granule suspen-
sion represented the yield from approximately
5 X 107 leucocytes.

The injections were given intradermally, in
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amounts of 0.5 ml, into the clipped abdomi-
nal skin of albino hybrid rabbits, averaging
1.5 kg in weight.

For the Shwartzman reaction, a prepara-
tion of E. coli lipopolysaccharide (Difco)
was injected by vein at various times before
and after preparation of the skin with gran-
ules. The dose was 100 pg/kg.

For the Arthus reaction, bovine serum al-
bumin (BSA) was injected by vein (25 mg/
kg), and 30 minutes later rabbit anti-BSA
serum (0.1 ml) was injected intradermally
at skin sites previously prepared with gran-
ules, and at control sites.

Polymorphonuclear leucopenia was pro-
duced by intravenous injection of nitrogen
mustard (HN»), in a dose of 1.75 mg/kg.
White cell and differential counts were made
each day to determine the extent of leuco-
penia.

Results. Shwartzman reaction. When en-
dotoxin was injected between 4 and 12 hours
after preparation of the skin with granules,
extensive lesions of hemorrhagic necrosis oc-
curred within 3 hours in approximately 50%
of 84 animals tested (Table I). These lesions,
in their gross appearance, were indistinguish-
able from the usual Shwartzman reaction
produced by preparing skin with endotoxin.
Tn 26 rabbits, less conspicuous lesions ap-
peared, consisting of scattered small petechiae
in circular areas measuring 2-3 cm in diam-
eter. When such areas were lightly pressed
with a cotton swab, the petechiae immediate-
ly increased in number and often coalesced to
form confluent hemorrhages, indicating an in-
creased fragility of small vessels throughout
the prepared area.

TABLE I. Production of Skin Hemorrhage by
Leucocyte Granules.

Time interval*

Lesions 0-4 hr 4-12hr  12-24hr
Hemorrhagie necrosis  0/12t 43/84 2/12
Fragilityt 0/12 26/84 2/12

* Refers to interval between intradermal injec-
tion of granules and intravenous injection of endo-
toxin.

t Numerator refers to number with lesions, de-
nominator to number in group.

{ Fragility indicated by the appearance of pe-
techiae after light pressure over prepared area.
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Histological studies of the lesions showed
diffuse hemorrhage, involving all layers of
the dermis. Many of the venules and capil-
laries were greatly dilated, and some con-
tained thrombi of leucocytes and platelets
similar to those described by Stetson(9) in
the classical Shwartzman reaction. However,
there was little or no evidence of infiltration
of the prepared area by polymorphonuclear
leucocytes. Giemsa-stained sections revealed
clusters of red granules in some areas, which
had an appearance consistent with that of
leucocyte granules,

Control skin areas which were prepared
with granules for the same length of time,
but without intravenous endotoxin, showed
no hemorrhages, and little or no gross evi-
dence of a cellular reaction to the granules.
Giemsa-stained sections showed many more
masses of intact granules than were seen in
the hemorrhagic lesions provoked by endo-
toxin, The significance of this finding is in
doubt, since the extensive extravasations of
blood into the latter tissues made identifica-
tion of granules more difficult.

It was found that the debris of leucocytes
resulting from rupture in 0.34 M sucrose
could be rendered almost free of granules by
repeated washing in cold sucrose, with cen-
trifugation at 800 g for 10 minutes between
each wash. The activity of a suspension of
relatively isolated granules could therefore be
compared with that of the remaining cell
solids free, or almost free, of granules. Ac-
cordingly, 8 rabbits were prepared with the
usual granule suspension on one side of the
abdomen, and with a suspension of the total
cellular material after 4 washings in sucrose,
on the other. Endotoxin was injected 6 hours
after preparation. Fig. 1 illustrates the re-
sults obtained in all rabbits; the sites pre-
pared with granules showed hemorrhagic ne-
crosis, while those prepared with granule-free
nuclear and cytoplasmic debris from the same
cells showed no reaction, or very small areas
of petechial hemorrhage.

It has been shown that an injection of ad-
renalin into skin areas previously prepared
with endotoxin will produce hemorrhagic ne-
crosis(10,11). Similar reactions occurred
when adrenalin (0.1 ml of 1-1000 solution)
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FIG. 1. (Top) Lesion produced by preparation
of skin with leucocyte granules followed 6 hours

later by intravenous endotoxin. (Bottom) Small
petechiae at skin site prepared with leucoeyte
debris after repeated washing in 0.34 suecrose.
Centimeter rule indieates size of lesions.

was injected into the center of areas prepared
4 hours earlier with leucocyte granules. His-
tologically, these lesions showed diffuse hem-
orrhage without leucocytic infiltration or
thrombosis of venules or capillaries.

The time interval between injections of
granules and endotoxin was of much impor-
tance in determining the outcome. When it
was less than 4 hours, or longer than 15
hours, no hemorrhagic reaction could be elic-
ited by endotoxin. Similarly, the optimal pe-
riod for the hemorrhagic lesions produced by
adrenalin was 4-12 hours after granules.

Polymorphonuclear leucopenia, induced by
HN,, appeared to prevent the lesions caused
by granules and intravenous endotoxin. In a
group of 12 rabbits, with granulocyte counts
of 800 per cu mm or less on the day of test-
ing, no hemorrhages or evidence of increased
fragility of blood vessels occurred. This ob-
servation suggests that leucocytes or platelets
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in the circulating blood may also be neces-
sary for these reactions, perhaps, as suggested
by Stetson(9), in production of local ische-
mia by thrombosis.

The systemic effects of leucocyte granules
were examined in order to explore the pos-
sibility of contamination of the granule
preparations with endotoxin, perhaps derived
from peritoneal exudate. Intravenous injec-
tion of 5 ml of granule suspension failed to
produce fever, leucopenia, or the reaction of
adrenalin-necrosis previously reported(11) to
be a fairly sensitive indicator for the pres-
ence of endotoxin. Moreover, intravenous
granules did not provoke either the local or
generalized Shwartzman reaction in rabbits
appropriately prepared with endotoxin. Tt is
unlikely that an endotoxin sufficiently potent
to cause the skin reactions under study could
be present in the granule suspensions without
producing any of these systemic effects.

The Arthus reaction. When reversed pas-
sive Arthus reaction was elicited at skin sites
prepared 6 hours earlier with granules, the
size and intensity of the reaction were uni-
formly greater than those at control sites in
the same animals. With the dose of BSA and
antibody employed, the reactions at control
sites in 12 rabbits consisted of mild erythema
measuring 1-1.5 cm in diameter. In contrast,
the lesions in sites prepared with granules
were grossly hemorrhagic in 6 of the animals
and deeply erythematous in the others, and
measured 2-4 cm in diameter. In both areas
the lesions began to appear at about 6 hours
after injection of antibody, and were fading
by the end of 24 hours.

No reactions occurred in control rabbits in
which anti-BSA rabbit serum was injected
into granule-prepared skin without antigen
being given by vein. Moreover, rabbits re-
ceiving BSA by vein and anti-ovalbumin in
the skin showed no reactions.

Polymorphonuclear leucopenia was induced
by HN; in 12 rabbits, and tests for the re-
versed passive Arthus reaction in granule-
prepared and normal skin sites were per-
formed as above. The reactions were com-
pletely negative at the control sites in all
animals, while 8 of the 12 showed mild but
definite reactions in skin areas prepared with
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granules. In 3 of these, the reactions were
hemorrhagic. Although these Arthus reac-
tions were uniformly less intense than those
seen in animals with normal leucocyte counts,
it seemed clear that the preparation of skin
with granules permitted elicitation of reac-
tions in spite of leucopenia.

Effect of hydrocortisone. The capacity of
hydrocortisone to increase the stability of
lysosomes and prevent their rupture by vari-
ous agents has been demonstrated in several
experimental models(8,12). The effect of this
agent on the reaction caused by granules and
endotoxin was studied. Sixteen rabbits were
prepared with intradermal granules and given
intravenous endotoxin 6 hours later. Eight of
the animals were injected by vein with 10 mg
hydrocortisone immediately before granules,
and again immediately before endotoxin. No
lesions occurred in any of the treated ani-
mals, while 7 of the 8 untreated controls de-
veloped hemorrhagic necrosis.

Inactivation of granules. Heating suspen-
sions of granules at 80°C for 30 minutes
caused disappearance of all activity when
tested for the Shwartzman reaction. Freez-
ing and thawing 10 times in a dry ice-alcohol
bath also inactivated the preparations, pre-
sumably by rupturing the granules.

Reactions with autologous granules. Gran-
ule fractions were prepared from the perito-
neal exudates of 3 rabbits, and used for
preparation of the skin in each individual do-
nor. Intravenous endotoxin caused hemor-
rhagic lesions which were similar in all re-
spects to the lesions produced by granules
from other animals.

Discussion. It would appear that the iso-
lated granules of polymorphonuclear leuco-
cytes can be substituted for endotoxin in the
local Shwartzman reaction, and can play the
role of intact leucocytes in the Arthus reac-
tion. However, there is always danger in as-
signing the functions of endotoxin to extracts
or other products of animal tissues, in view
of the ubiquity of gram-negative bacteria and
their products; this is particularly the case
for exudates produced by peritoneal irrita-
tion, where the bacterial flora of the intes-
tinal tract is such a short distance away. Al-
though such contamination cannot be entirely
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excluded in the present study, the following
points can be made against the likelihood of
this: 1) cultures of the exudates and granule
suspensions were negative; 2) the activity of
granules in the Shwartzman reaction was de-
stroyed by heating at 80°C for 30 minutes,
in contrast to the uniform thermostability of
endotoxin; 3) inflammatory infiltration of
the skin by granulocytes was not produced
by the granules, while intradermal endotoxin
brings about vigorous inflammation; 4) in-
travenous injection of granule suspensions
did not produce fever, leucopenia, or the re-
action of adrenalin-necrosis(11), all of which
are reasonably sensitive indicators for the
presence of endotoxin; and 5) activity was
demonstrable only in the granule fraction of
the leucocytes, while the cell debris remain-
ing after repeated sucrose washings, which
comprised a considerably larger mass of tis-
sue than the granule fraction, was inactive.

The necessity for a time interval of 4 hours
or longer between injections of granules and
endotoxin is unexplained. This interval is
considerably shorter than that involved in the
conventional Shwartzman reaction (18-30
hours), but is nevertheless long enough to
raise a question as to the primary nature of
the action of granules in the reactions under
study. It may be that time is required for
the injected granules to be transported within
the skin tissue to special targets, conceivably
to the environs of small blood vessels. It is
not known whether uptake of the granules by
tissue cells takes place in vivo. In experi-
ments with rabbit peritoneal macrophages in
tissue culture, we have observed rapid phago-
cytosis of polymorphonuclear leucocyte gran-
ules on several occasions; the ingested gran-
ules seemed to remain intact and could still
be visualized as late as 18 hours after being
ingested.

The prevention of the granule-induced
Shwartzman reaction by hydrocortisone may
be due to the known capacity of the hor-
mone to cause increased stability of lyso-
somes(8,12), although it is also possible that
hydrocortisone may be interfering with some
other, systemic action of endotoxin. The pro-
tective action of nitrogen mustard against the
Shwartzman reaction indicates that circulat-
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ing leucocytes, or perhaps platelets, are
necessary for this reaction. In the case of the
passive Arthus reaction, preparation of the
skin with granules produced hemorrhagic re-
actions in the absence of circulating leuco-
cytes, suggesting that the events leading to
hemorrhage are mediated by the local inter-
action between granulocytes and antigen-
antibody complex, as proposed by Stetson
and Good(2), Cochrane and Weigle(4), and
Daems and Oort(7).

The finding that repeated freeze-thawing
inactivated the granule preparations for the
Shwartzman reaction indicates that the activ-
ity is not simply due to the presence of an
excess of lysosomal enzymes in the skin. It
is more likely that the granules have their
function as vehicles for highly concentrated
enzymes, perhaps cathepsins, brought into
close proximity with vulnerable tissue struc-
tures. It is suggested that rupture of the
granules may result from local ischemia in
the Shwartzman reaction, and also in the re-
actions of hemorrhagic necrosis induced by
adrenalin. In the Arthus reaction, it may be
that contact of granules with antigen-anti-
body precipitates leads to rupture and subse-
quent damage to tissue elements in the vicin-
ity; the electron microscopic studies of
Daems and Oort suggest this possibility.

Although it is impossible to be certain that
it is the leucocyte granules themselves that
are responsible for the reactions of hemor-
rhagic necrosis, some support for the view is
provided by the finding that the cellular de-
bris rendered free of granules by repeated
washings in sucrose, although comprising a
mass of cell solids much heavier than the
granule suspensions, were incapable of pre-
paring skin for the Shwartzman reaction.

The observation that autologous granules
are active in preparation for the Shwartzman
reaction should exclude the possibility that
the reactions are due to intrinsic hypersensi-
tivity of individual rabbits for the leucocyte
products of others.

Conclusion. Preparation of the skin of rab-
bits by intradermal injection of the granule
fraction obtained from peritoneal granulo-
cytes, followed by intravenous injection of
endotoxin, results in lesions of hemorrhagic
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necrosis which resemble the local Shwartz-
man phenomenon. An injection of granules
into the skin enhances the reactivity of this
area to the reversed passive Arthus phenome-
non, and makes it possible to elicit this re-
action in leucopenic animals. It is suggested
that one or more of the acid hydrolases con-
tained in granules may be implicated in the
pathogenesis of wvascular damage in the
Shwartzman and Arthus reactions.

Much of the work was carried out in the laborato-
ries of the Rheumatic Disease Unit, Northern General
Hospital; Dept. of Bacteriology, Univ. of Edinburgh;
and the Broussais Hospital, Paris. The author is in-
debted to Dr. J. J. R. Duthie, and Professors R.
Cruikshank and B. N. Halpern for generous coopera-
tion and interest.

1. Becker, R. M., Proc. Soc. Exp. Bior. anp MEkp.,
1948, v69, 247.

RS Virus: ANTIGENIC HETEROGENEITY

2. Stetson, C. A., Good, R. A,, J. Exp. Med., 1951,
v93, 49.

3. Humphrey, J. H., Brit. J. Exp. Path., 1955, v36,
268.

4. Cochrane, C. J., Weigle, W. V., Dixon, F,, J.
Exp. Med., 1959, v110, 481.

5. Cohn, Z. A., Hirsch, J., ibid., 1960, v112, 983.

6. de Duve, C., Lysosomes: a new group of cyto-
plasmic particles, in Subcellular Particles, T. Hayashi,
ed., Ronald Press Co., New York, 1959.

7. Daems, W. T., Oort, J., Exp. Cell Res., 1962,
v28, 11.

8. Weissmann, G., Thomas, L., J. Exp. Med., 1962,
v116, 433.

9. Stetson, C. A, ibid., 1951, v93, 489.

10. , ibid., 1955, v101, 421.

11. Thomas, L., ibid., 1956, v104, 865.

12. Weissmann, G., Dingle, J., Exp. Cell Res.,
1961, v23, 207.

Received October 11, 1963. P.S.E.B.M., 1964, v115.

Respiratory Syncytial Virus: Observations on Antigenic Heterogeneity.*

(28880)

Herra WuLFF, PaTriciA Kipp AND HERBERT A. WENNER
Section for Virus Research, Department of Pediatrics, University of Kansas School of Medicine,
Kansas City, Kansas

During the spring of 1962, we recovered
24 strains of RS virus from children ad-
mitted to hospital during a respiratory illness
(1). Several other strains were recovered
later in the same year from children in an
orphanage. These strains were so poorly neu-
tralized by prototype (Long) antiserum that
they would have been missed had this cri-
terion been the sole means of identification.

All RS strains until recently appeared to
be close antigenic relatives. Strains recovered
in 1962 suggested that antigenic variants se-
rologically distinguishable from the prototype
may be encountered during outbreaks involv-
ing human beings. In contrast with the 1962
strains, another isolated in 1963 was sero-
logically closely related to “Long.” Recently,
Coates et al(2) reported on antigenic dis-

* This investigation was supported in part by Pub-
lic Health Service Research grant from Nat. Cancer
Inst.

similarities of 2 RS viruses. We are adding
another example of antigenic heterogeneity
among these viruses.

Materials and methods. Virus stocks.
Strains entered in the study are described in
another paper(3).

Immune sera. For the prototype strain
“Long.” Two ml of undiluted virus stock was
inoculated intraperitoneally into each of 3
rabbits, 6 times at intervals of 7 days. Ani-
mals were bled on the 49th day. A second
series of immunizations identical with the
first was started 4 to 5 weeks after the first
bleeding. Animals were bled 7 weeks after-
wards. After the 2nd bleeding 3 “boosters”
were given each a week apart. Rabbits were
exsanguinated 575 months after onset of im-
munization program. For strain “87.” This
virus, our 1962 prototype, was recovered in
Kansas City from an 18-month-old infant
with laryngotracheobronchitis. Antiserum was



