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TIE (GRANULomrTOus REACnON around s itosome egg in
the lmgs of mice appears to be a form of delayed hypersensitivity. Di-
rect evidence for this hypothesis has been provided by cell transfer
stud3ies, and indiret evidence, by the inhibition of grankma forma-
tin by neonal thymectomy I and rabbit anti-mouse lymphocyte ser-
umin,8 immunosuppressive measures which primarily affect cell-medigted
hypersesitivity phenomena. X-irradiation, another method ofi
suppression, was examind in the p ent study because this measure
primarily affects the formation of circulating antibody and ha relatively
little effect on delayed hypersensitivity except when dinistered in
near-lethal doses. In addition, both repeated low-dose and single high-
dose X-irradiation induce a markled lymphopenia. The use of X-irradi-
ation, therefore, made it possible to investigate the effects of sppression
of antibody formation and depression of crculating lymphocyte levels
on granuloma formation.

Materias and Methods

Technique for Studying Granuloma Fonmation

Schistosoune eggs w isolated by the method of Coker and vo Lichteberg 4

from the lvers of Swis a mice which had been infected 8 weeks previously
with a Puerto Rican strain of Schi_oma manon. Divinyl e le
beads (BioRad Labs), similar in size to the schsdsome eggs, were sceed ugh
a 240-mesh steel seve, tappe a 360-mesh seive, and triple-washed with nomal
saline A tota of 1000 eg or 600 bead suseed in 0.5 ml of normal sale
we into the luhm of m via a tail Other mice were sensiized by
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an intraperitoneal injection of 5000 eggs in 0.5 ml of normal saline 1 week prior to
their intravenous injection.

As noted in Table 1, at different periods after intravenous egg injection mice were
anesthetized with pentobarbital, 1 ml of 10% buffered formalin was injected intra-
tracheally, and the lungs were removed and placed in containers filled with formalin.
Three sections 5 /A thick and 250 A apart were cut from each lung, stained with
hematoxylin and eosin, and examined for eggs or beads. The size of each egg or
bead and the reaction around it was determined by measuring two diameters at
right angles to each other with a Vickers A. E. I. image-splitting eyepiece. The mean
diameter of approximately 50-100 lesions was determined for each time period,
and the standard error calculated. For each experimental group a granuloma of
the mean size was then located and photographed. At the time the animal was
sacrified, white blood cell and differential counts were done, and blood was col-
lected for antibody determinations.

X-lrradiation

A General Electric Maxitron X-ray machine (250 kv, 15 ma, with a filter of
1 mm of Al and 0.5 mm of Cu) was used for all treatment schedules. The distance
from the beam to the target was 76 cm, and the dose rate was 25 R per minute,
as measured by a Victoreen dosimeter. Ten mice at a time were X-irradiated in a
dorsal-to-ventral direction while enclosed in a circular plastic container. It was
determined that the LD 60/80 days (50% mortality in 30 days) for the Swiss albino
mice used in these studies is 600 R.

Groups of mice were exposed to 7 R or 30 R whole-body X-irradiation 5 days
per week for a period of 8 weeks. At the end of this period the mice were given
intravenous injections of schistosome eggs or beads, X-irradiation continuing until
the animals were sacrificed as shown in Table 1. Another group of mice was
subjected to a single dose of 450 R 24 hr prior to intravenous egg injection
(Table 1).

Table 1. Protocol for Study of Effect of Repeated 7 R or 30 R X-irradiation or a Single-
Dose of 450 R X-irradiation on Granuloma Formation Around Schistosoma mansoni
Eggs or Divinyl-Benzene-Copolymer Beads Injected Via a Tail Vein into the Lungs of
Mice

X-irradiation Egs inJected (No.)
(time prior to After egg injection

Treatment group IV injection) iPt IV (days)*
Eggs: unsensitized mice

Control 0 0 1000 1, 8, 16, 32
7 R 8 wk 0 1000 1,8,16, 32
30 R 8wk 0 1000 1, 8,161, 32
450R 24hr 0 1000 1, 8,16, 32

Eggs: sensitized mice
Control 0 5000 1000 11, 8
30 R 8 wk 5000 1000 1,8

Beads
Control 0 - 6000 2
30 R 8 wk 6000 2

* The 7-R and 30.R doses were given 5 days/week and were continued after eggs were
inJected into lungs; 450 R was in a single dose.

t Given 1 week prior to IV injection.
t After IV injection of eggs, when lungs were removed for examination; 6 mice at each time

Interval except where day is marked § at which time there were 5 mice.
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Antibody Detenninatio

A passive tbm method for the study of antbodies to S. mawoni eggs
ws devised in ur la y by Dr. D. L Boros. Sheep red blood oeIs wee fixed
wit 1% gluaraklehyde, tanned wi a 1:2000 dilu of nnic ad, and sensi-
tized at pH 6.4 with a 1:2000 on f S. mawoni egg antigen pr by the
method of AndersxI.5 Antserums were obtained fr-m mice having had a biual
worin for 8-11 weeks. Th highest titer obin with this syste was
1:160. P u for 2 hr of 0.1 ml of antiseum with a similr volume of a
1:10 dilu of antigm r e the test negatie.

Rnuk

No deats ocued drg the entire period of e entaon
among either the 48 animals in the control group or the 30 animals ex-
posed to repeated 7 R X-irradiation. Of the 50 mice in the 30-R (re-
peated) X-fradiati group, 2 died prior to the time of egg or bead
mijection, and 2 of the 30 mice in the 450-R (sing-dose) treated animals
died within the first week folowing X-iradiatin
Lynu ,phtoyt Cwxfs

Prior to the onset of X-iradiaton, the lymphocyte coumt of a group of
10 mice averaged 5533 ± 532 cells per cubic millimeter. After 4 weeks
of X-iTadiation the mean coumts in 6 animals exposed to 7 R and 6 ani-
mals exposed to 30 R were respectively, 3850 and 2738, while the mean
count in 6 ol mice was 7940/cu mm (Text-fig 1). After 8 weeks of
X-rradiation, schitosome eggs were mijected intravenously, and lymph-
ocyte were made each time group of animals were sacrificed to
stuy granuloa formation. During the 32-day period after egg injection
the lymphocyte level in the animals exposed to 7 R was moderately but
onsistently low, but in those animals exposed to 30 R it was markedly
decrased, at one time period to lss than 2% of he control level (Text-
fig 1, Tables 2-4). Si X-iradi ation at 450 R led to a rapid and
mared di ution in lymphocyte count By 8 days it was at its lowest
level where it remaied at 16 days; by 32 days, however, it had begtm
tD rise (Text-fig 1, Table 2).

Oiui~Ing Alibody hI UuuauldnUd Mke

It was noted in the u nitzed, untreated mice that 16 days after
intravenous egg injection 3 of 6 mice had antibody titers of 1:80, and at
32 days 4 of 5 mice had titers of 1:40. Mice treated with repeated 7 R
X-irradiat had no measurable circulating antibody at any time period
studied nor did those treated with 450 R ( gle-dose) X-irTadiation. In
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TEXTr-FG 1. Effect on the cirulating lymphocyte concentration of repeated 7R and
30R X-irradiation (5 days/week) for 8 weeks prior to and 32 days after the injection
of schistosome eggs, as well as the effect on the lymphocyte count of a single dose of
450 R given 1 day prior to injection of schistosome eggs.

Table 2. Effect of Repeated 7 R or 30 R X-irradiatlon or a Single Dose of 450 R on
Lymphocyte Counts and Granuloma Formation at Different Time Periods after the IV
Injection of Schistosome Eggs into the Lungs of Mice

Day I Day8 Day 16 Day32

No. Mice/No. Eggs Measured

Control 6/88 6/54 6/100 6/100
7 R 6/100 6/99 6/100 6/100
30 R 6/66 6/56 5/69 6/73
450 R 6/100 6/100 6/90 6/100

Mean Granuloma Diameter (gi) ± SE (% Eggs with Reaction)

Control 54.27 ± 1.17 150.78 ± 12.95 209.00 ±- 8.75 162.40 ± 7.30
(0) (57) (93) (92)

7 R 57.84 + 1.39 147.11 ± 6.81 200.76 ± 8.46 163.45 + 6.35
(0) (65) (95) (96)

30 R 59.36 ± 1.72 106.00 ± 7.36 229.82 + 10.64 182.62 ± 6.01
(6) (63) (100) (100)

450 R 52.18 ± 1.30 86.20 ± 5.28 100.67 ± 6.64 244.03 ± 9.63
(0) (38) (34) (100)

Mean Lymphocyte Count (Cells/cu mm) ± SE

Control 7943 ± 960 6875 + 542 6657 + 699 4623 ± 969
7 R 5066 ± 716 5571 ± 764 4704 ± 701 2785 + 435
30 R 320 ± 65 565 ± 78 73 ± 37 647 ± 119
450 R 1622 ± 287 743 ± 50 743 ± 107 2240 ± 224
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the 30-R group, however, 1 of 4 mice had an antibody titer of 1:40 at

16 days, and 1 of 5 ice a titer of 1:80 at 32 days (Table S).

Smudoma FoRm A mun d ih ta oma hI U nserudtbed Mica

The injection of eggs intravenously into unsensitized mice produes a

predictable pattern of granulomatous reaction in the hmgs: 1 days after
their imjectio egp are noted in the punlmonary arterioles without any
reaction around them; at 8 days, 57%7 of the egp have a reaction arotmd

Table & Eect of Repeated 30 R X-irradiaon on Granukma Diameter and Lyrnpho-
cyte Counts after IV Schisoome Egg Injection into Lungs of Mice Which Had Been
Previously Sensited by IP Injecion of E

DayI Dwa8
No. mice/No. measured

Control 5/71 6/100
30 R 6/51 6/56

Mean granuloma diametr () SE (% e wfthricti)
Control 74.31 ±4.60 (47) 235.84 ± 8.64 (100)
30 R 61.21 ± 3.50 (24) 215.48 ± 12.42 (96)

Mean lymphocyte count (cells/cu mm) ± SE
Control 7696 ± 611 7435 ± 812
30 R 515 131 1192 164

Table 4. Effect of Repeated 30 R X-irradiatlon on Granukma Diamters and Lynpho-
cyt Counts 2 Days afte IV Injection of Plastic Beads into the Lungs of Mice

Day 2

No. mice/No. measured
Control 6/100
30 R 6/100

Mean granukma diametwr ± SE (% i wtth reaction)
Control 129.94 ± 4.23 (93)
30 R 127.38 ± 4.53 (94)

Mean lymphocyte count (cels/au mm) ± SE
Control 11635 + 1795
30 R 202 + 66

Table 5. Effet of Repeated 7 R or 30 R X-irradiaion or a Single Dose of 450 R
X4rrsadiatlon on Circulating Antibody after Intravenous Injectkion of Schisosome Eggs
into Unsensirized Mice

Day Day 8 Day 16 Day 32
Control 0/6 Q/6 3/6 4/5t
7 R 0/6 Q/6 0/6 0/6
30 R 0/6 Q/6 1/4t 1/5
450 R 0/6 Q/6 0/5 0/6

TTer poitv at1a 0
t TIr positive at 1:40.

Atgs 1969
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them which consists of epithelioid cells, macrophages, eosinophils,
lymphocytes, and an occasional giant cell. Peak granuloma size occurs
at 16 days, the diameter of the lesion being three to four times that of
the egg alone. After tis the granuloma size decreases, and at 32 days
the diameter is approximately the same as it was at 8 days (Text-fig 2,
Table 2).

Repeated 7 R X-irradiation had no effect on granuloma diameter, nor
did it alter the number of eggs showing reactions (Text-fig 2, Table 2,
Fig 1). Repeated 30 R X-irradiation also had little effect, except at 8
days when the mean granuloma diameter was significantly smaller than
that of controls: p < 0.05 (Text-fig 2, Table 2, Fig 1). Mice exposed to
a single dose of 450 R had significantly smaller granulomas at 8 and 16
days than controls after egg injection (p < 0.05). At 32 days after egg
injection, however, the mean granuloma diameter in the 450-R group
was greater than that of the peak reaction in the controls (Text-fig 2,
Table 2, Fig 1). This marked increase in granuloma size was coincident
with a rise in the lymphocyte count (Text-fig 1).

Granuloma Formation Around Schlslsme Egg in Snsitized Mice

In sensitized mice there is an accelerated and markedly enhanced
reaction to schistosome eggs. At 24 hr after egg challenge, almost 50%o of

250

* 200 CONTROL
U

rz3 io5otwXs
I 8 16 32

DAYS AFTER IV INJECTION Of S. monsonl EGGS

Tlf-FIG 2a Effect of repeated 7R and 30R X-irracliation and a single dose of 450 R
On gauoaformation around scbistoome eggs in}eced intravenously intD th lungs
of mice.
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the eggs have reactions around them. Peak size occurs at 8 days and the
mean granuloma diameter is larger than that seen in unsensitized mice
at 16 days. Sensitized mice exposed to repeated 30 R X-irradiation had
both significantly smaller granulomas (p < 0.05) and fewer eggs with
reactions around them 1 day after egg injection. However, at 8 days-
the time of the peak reaction in sensitized mice-the mean granuloma
size in the X-irradiated group was just as large as that in the controls
(Table 3, Fig 2).

a AbonmFon mAround Plas

Plastic beads injected via the tail vein of unsensitized mice elicit a
foreign-body reaction which characteristically evolves rapidly, peak re-
action size occurring at 2-4 days, and declines by 8 days. The mean
diameter of the peak cellular response is much less with beads than with
schistosome eggs.
Mice exposed to repeated 30 R X-irradiation showed a marked

lymphopenia at 2 days. The mean granuloma diameter at this time,
however, was similar to the control value (Table 4, Fig 3).

Discussion
Much evidence has been gathered suggesting that the schistosome

egg granuloma is a form of delayed hypersensitivity. A series of studies
has been performed utilizing measures such as neonatal thymectomy 2
and antilymphocyte serum,3 which tend to suppress delayed cell-medi-
ated reactions to a greater degree than immediate humoral antibody-
mediated reactions. Since immediate hypersensitivity phenomena have
been shown to be radiosensitive when X-irradiation is given prior to
antigenic stimulation," and cell-mediated reactions have been demon-
strated to be relatively radio-resistant,'l4 it was important to determine
the effect of X-irradiation on the schistosome granuloma. Both 7 and 30
R X-irradiation given 5 days per week over a 2-month period (cumula-
tively, 280 and 1200 R, respctively) inhibited circulating antibody, but
essentialy did not suppress granuloma formation. Mice exposed to 450 R
single-dose X-irradiation 24 hr prior to egg llenge exhibited both in-
hibition of circulating antibody and partial suppression of granulomatous
reaction at 8 and 16 days.
Granuloma inhibition by 450 R is consistent with the data of Uhr

and Scharrf:10 antibody formation in guiea pigs was inhibited by ex-
posure to 200 R X-irradiation, but delayed skin reactivity to diphtheria
toxoid was only slightly affected; 400 R resulted in a greater degree of
inhibition, and 800 R caused virtually complete suppression of delayed

August969
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sldn reactivity. Dixon, Talmage, and Manrer 18 demonstrated that most
rabbits treated with 400 and 600 R showed inhibition of circulating
antibody to BCG as well as suppression of delayed skin reactivity to this
antigen. Porter, Moseley, and Murray14 demonstrated that 800 R X-ir-
radiation to rabbits (LD 50/80 ", = 80 R) resulted in acceptance of
bone marrow transplants in 15%o of the animals, while 900 and 1000 R
resulted, respectively, in 38%o and 62%o acceptance. Recently, Volkman
and Collins 15 demonstrated that 400 R whole-body X-irradiation of
mice sensitized with purified protein derivative or Salmonella gallinarum
antigen suppressed footpad swelling following challenge with the ap-
propriate antigen. These data indicate that cellular hypersensitivity
phenomena are relatively radioresistant and that a single high dose of
X-irradiation is required to affect such a system. The granulomatous
reaction to schistosome eggs in mice behaves in tis manner, lending
further credence to the idea that the schistosome granuloma is a mani-
festation of delayed hypersensitivity. Moreover, the inhibition of circu-
lating antibody in chronically X-irradiated mice without concomitant
inhibition of the granulomatous reaction suggests that circulating anti-
body plays little role in granuloma formation.
Our data also contribute further evidence suggesting that lympho-

penia per se does not result in the suppression of cell-mediated phenom-
ena. Although antilymphocyte serum produces a marked prolongation
of skin homograft acceptance time,1'8"7 it is not clear that inhibition of
cell-mediated reactions is secondary to the lymphopenia produced by
this agent. Other postulates on the mode of action of antilymphocyte
serum include transformation of small lymphocytes into blast cells which
are immunologically incompetent,'8 and selective destruction of the
particular lymphocytes which play a role in delayed hypersensitivity
reactions.'9 X-irradiation also results in severe lymphopenia but, in con-
trast to the effect of antilymphocyte serum, prolongs homograft accept-
ance to only a minor degree.20 The effects of both antilymphocyte serum
and X-irradiation on the schistosome egg granuloma are similar to their
effects on homograft rejection. Both immunosuppressive measures result
in marked lymphopenia, but only the antilymphocyte serum suppresses
granuloma formation. These data, therefore, bolster the concept that
peripheral lymphopenia per se is not essential for the inhibition of cell-
mediated phenomena.
While repeated 7 R and 30 R X-irradiation caused lymphopenia and

inhibited the formation of circulating antibody, these doses had essen-
tially no effect on the granulomatous reaction in unsensitized or sensi-
tized mice. A single dose of 450 R had a similar effect on circulating

Vol. 56, No. 2
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lymphocyte and antiody leves but did suppr gran formation
for a period of several weeks. It is concluded that the effect of X-irradia-
tin on the schistosome egg ganlm is t withat reptd
in other delayed hypesensitvity models. Moreover, it is noted that
neither a decrease in cirulating antibody no lymphopenia per se sig-
nificantiy affects g om mation.

Mice given travenous i tions of sit egp have a repro-
ducible grreaction in the lug which peaks at 16 days.
Treatnent with repeated 7 R and 30 R whole-body X-radiation for 8
weeks prito to egg jection edin modemate to ma lympho-
penia and supp e ci tg antibody, but had no a le ef-
fect on ganulnma formation. Sing-dose 450 R X-irradiatin, which
reulted in lymppea and ibted latinganody, did supre
granuloma formation for a period of about 3 wees after eggi
Mice sensizedwithan dose of egp 1 week prior t egg
challenge and expowsed to repeated 30 R X-iradiaio showed a marked
lymphopen, but no hange in ma ie at the peak
response time of 8 days. Also, m traed with atd 30 R X-iTradi
ation and given intravenous in s o plastic beads d onstated a
maredp al lymphopenia withot any change in the peakf
body gran atU Snse at 2 days. These finding indite that the

itosome granula is relatvely di int, and ftat i behavior
is imilar to that of other llr hyps ivity phenomea. In addi-
tion, because granulma formation was unimpaired in spite of the sup-
pressiOf ciculating antibody and the of marked lympho-
penia, it is concluded at neier of thesefas in and of itself plays a
major role in the granul reaction to im egg.
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Legends for Figures
Fig 1. Photomicrographs of representative granulomas in mice 16 days after injection
of eggs into the lungs. Hematoxylin and eosin. X 225. A. Control mouse: granuloma
consisting of eosinophils, lymphocytes, and epithelioid cells surrounding a schistosome
egg. BS. Mouse treated with repeated 7 R X-irradiation: similar to control. C. Mouse
treated with repeated 30 R X-irradiation: similar to control. D. Mouse treated with
450 R single dose: marked diminution In granuloma size.
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Fig 2. Photomicrographs of representative granulomas 8 days after an intravenous
injection of schistosome eggs into the lungs of mice sensitized by a prior intra-
peritoneal injection of eggs. Hematoxylin and eosin. X 225. A. Control mouse: reaction
consisting of lymphocytes, eosinophils, and epithelioid cells surrounding a schistosome
egg. B. Mouse treated with repeated 30 R X-irradiation: similar to control.
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WI

Fig 3. Photomicrographs of representative granulomas 2 days after injection of
divinyl-benzene-copolyrer beads into the lungs of mice. Hematoxylin and eosin.
x 225. A. Control: granuloma consisting of large numbers of neutrophils with some
mononuclear cells. B. Mouse treated with repeated 30 R X-irradiation: similar to
control.
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