
Release of Slow-Reacting 
Substance of Anaphylaxis in the 
Rat: Polymorphonuclear Leukocyte 

Abstract. The antigen-induced re- 
lease of slow-reacting substance of 
anaphylaxis was studied in rats pre- 
viously treated with different biological 
and pharmacological agents to deplete 
these animals of specific cellular ele- 
mtents. The polymorphonuclear leuko- 
cyte appears necessary as a crucial cell 
type for optimum release of the slow- 
reacting substance of anaphylaxis, 
whereas the mast cell and lymphocyte 
ar-e not required. 

Slow-reacting substance of anaphy- 
laxis (SRS-A) has been implicated as 
the chemical mediator of asthma in 
humans (1). It is ,released from the 
lungs of sensitized guinea pigs and al- 
lergic humans challenged in vitro with 
specific antigen (2). Chemical defini- 
tion of this mediator has not been 
achieved, but some evidence suggests 
that it is an acid-lipid (1). In biologi- 
cal assays, SRS-A behaves quite char- 
acteristically and is readily distin- 
guished from histamine, serotonin, and 
kinins. It contracts the guinea pig ileum 
and the human bronchial smooth mus- 
cle in the presence of an antihistamine 
without producing tachyphylaxis; it has 
no effect on the uterus of the estrous 
rat and is not destroyed by incubation 
with chymotrypsin. 

Some workers have suggested that 
this substance originates in the mast 
cell (3), but others have questioned this 
(4, 5). Our purpose was to determine 
the prerequisite cellular elements for 
formation in vivo and release of SRS-A 
in the rat (SRS-Arat). 

Rapp (6) described a method for the 
immunologic release of rat SRS-A in 
the peritoneal cavity of the rat. The 
substance present in the peritoneal fluid 
was pharmacologically indistinguisha- 
ble from the SRS-A recovered from 
perfused, shocked guinea pig lungs 
(SRS-AgP). We used this technique of 
intraperitoneal injection to study the 
release of SRS-A in rats previously 
treated with various agents to produce 
depletion of specific cellular elements. 

Male Sprague-Dawley rats (200 to 
300 g) were passively sensitized by the 
intraperitoneal injection of 0.6 ml of 
rabbit hyperimmune antiserum to bo- 
vine serum albumin (BSA) containing 
5 to 12 mg of specific antibody pro- 
tein per milliliter. Four hours later, the 
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animals were challenged by the intra- 
peritoneal injection of 2 mg of BSA 
in 5.0 ml of Tyrode's solution contain- 
ing heparin (50 /g/ml). The rats were 
stunned 5 minutes later and exsangui- 
nated from the carotid artery. A 1.0-ml 
sample of each bleeding was collected 
in 9.0 mg of disodium ethylenediamine- 
tetraacetate, and another 4 to 5 ml was 
collected in clean glass tubes. After ex- 
sanguination, the abdominal wall was 
incised and reflected; the peritoneal 
fluid was aspirated with siliconized 
Pasteur pipettes and collected in iced 
centrifuge tubes. The fluid was centri- 
fuged at 150g for 4 minutes at 4?C, 
and the supernatants were collected in 
iced polypropylene tubes. The sedi- 
mented cells were again suspended in 
3.0 ml of Tyrode's solution and boiled 
for 8 minutes to extract the residual 
cellular histamine and serotonin. Super- 
natant and cellular histamine were as- 
sayed on the standard, isolated prep- 
aration of guinea pig ileum in the pres- 
ence of l0-7M atropine (5). We assayed 
rat SRS-A with a similar preparation 
in which the histamine response had 
been abolished with 10-6M mepyramine 
maleate. One unit of rat SRS-A was 
arbitrarily defined as the concentration 
required to produce a contraction 
whose amplitude was equivalent to 
5 m,ug of histamine base in that assay. 
Representative samples were also as- 
sayed for serotonin and bradykinin 
with the uterus of the estrous rat (5); 
1 0-M methysergide (7) was used to 
block the effect of serotonin. Insignifi- 
cant concentrations of these mediators 
were released. Blood counts and deter- 
minations of whole complement in 
serum (8) were carried out for each rat. 

Table 1 gives the various procedures 
for depleting the rat of specific cell 
types. The first procedure involved the 
osmotic disruption of the mast cells of 
the rat peritoneal cavity by the in- 
stillation of 20 ml of distilled water. 
Fawcett (9) described the depletion of 
mesenteric mast cells of rats with this 
method; we found it equally effective 
in obliterating the free peritoneal mast 
cells as assessed by either the residual 
cellular histamine concentration or 
morphologic examination of the peri- 
toneal cells. Groups of rats were also 
previously treated with a rabbit anti- 
serum directed against rat mast cells 
(10). These rats had virtually no intact 
free peritoneal or mesenteric mast 
cells, as determined by the residual 
cellular histamine concentration or by 
microscopic examination of sedimented 
cells and mesentery stained with tolui- 
dine blue. In rats devoid of peritoneal 
mast cells due to prior treatment with 
distilled water or rabbit antiserum to 
rat mast cells, generation of rat SRS-A 
did not differ significantly from that in 
control animals. Thus, the participation 
of other types of cells was assessed. 

To evaluate the role of the poly- 
morphonuclear leukocyte, leukopenia 
in rats was produced with nitrogen 
mustard; this left the peritoneal mast 
cells intact. Attempts to generate SRS- 
A in rats previously treated with this 
drug revealed almost complete suppres- 
sion of release of rat SRS-A (Table 1). 
In an attempt to confirm that poly- 
morphs were required for this release, 
rats were treated with a rabbit anti- 
serum to rat polymorphonuclear leuko- 
cytes (11). Rats treated with this anti- 
serum became markedly leukopenic 

Table 1. Effect of various procedures on serum complement (C'H50), total circulating poly- 
morphonuclear leukocytes (PMN), peritoneal mast cells, and antigen-induced release of slow- 
reacting substance (SRS-Arat). Results expressed as mean of six rats. C, control group; E, 
experimental group. Modifying procedure: I, distilled water (20 ml, 5 days previously); II, rabbit 
antiserum to rat mast cells (2 ml, 1 day previously); III, nitrogen mustard (2 mg/kg, 5 days 
previously); IV, rabbit antiserum to rat PMN (3 ml, 1 day previously). Agents were given 
intraperitoneally, except for nitrogen mustard which was administered intravenously. 

Circulation Peritoneal cavity 

Modi- Total Sup- 
fying histamine in Antigen- pression 

proce- C'Hto Total free pe- induced re- of rat 
dure (unit/ml) PMN/ml ea ces lease of SRS-A SRS-A toneal cells 

t(g per rat) (units per rat) release 

E C E C E C 

I 207 289 3325 2520 18.6 0.15 289 362 0 
II 234 203 3496 2808 26.0 0.02 677 592 13 
III 207 274 3364 177 12.0 10.7 650 15 98 
IV 234 161 3825 0 18.0 0.03 558 60 89 

* Data on whole complement was obtained in a separate experiment with six rats per group; all 
other determinations were obtained as part of same experiment. 
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and released only 11 percent of the rat 
SRS-A of a control group (Table 1). 
Experiments with a rabbit antiserum to 
rat thymic lymphocytes (12), given in- 
travenously in a dose of 0.2 ml 4 hours 
before the experiment, revealed no sig- 
nificant suppression of release of rat 
SRS-A when the absolute lymphocyte 
count was reduced to 20 percent of 
control values. 

The number of hemolytic units of 
complement (C'H50) of rats which had 
produced rat SRS-A was reduced by 
about 25 percent as compared to a 
group of control animals. The effect 
of the various treatments on the C'H50 
was therefore determined (Table 1). 
None of these procedures seriously de- 
pleted serum complement. When com- 
plement was removed from rats by 
means of a semipurified, nontoxic 
fraction of venom from cobra (Naja 
haje) (13), SRS-A production was 
markedly reduced. We cannot state 
whether this inhibition occurred be- 
cause of dependence of the reaction 
on complement or because of deple- 
tion of the substrate for release of rat 
SRS-A; cobra venom itself releases a 
slow-reacting substance from tissue and 
serum (14). Investigation of the possi- 
ble requirement of complement must 
await the establishment of a system in 
vitro. 

Stechschulte et al. (5) successfully 
produced rat SRS-A in the peritoneal 
cavity of the rat by use of hyperim- 
mune rat antiserums and specific anti- 
gen. In experiments with homologous 
antiserums in previously treated rats, 
we confirmed the results obtained with 
rabbit antiserums. Thus, in the rat, we 
recognize two different homologous im- 
munoglobulins which mediate the se- 
lective release of distinctly different 
chemical mediators, histamine ;and rat 
SRS-A, through the participation of 
different cell types. One antibody, pres- 
ent early in immunization, sensitizes 
rat mast cells for the release of hista- 
mine and serotonin (5, 15), while the 
other, found in hyperimmune anti- 
serum, prepares the rat for the release 
of rat SRS-A, provided that circulating 
leukocytes are present. 

The polymorphonuclear leukocyte 
contains several hydrolytic enzymes 
which probably participate in the in- 
flammatory process. Acid proteases and 
cathepsins have 'been suggested as pos- 
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mast cells in vitro, releasing histamine 
(17). Kinin-forming enzyme activity 
also has been associated with the lyso- 
somal fraction of polymorphonuclear 
leukocytes (18). We stress the signifi- 
cance of this cell in inflammation by 
regarding it as a prerequisite for the 
release of a third mediator, rat SRS-A. 
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Lederberg (1) and Anderson (2) us- 
ing micromanipulation have made pedi- 
gree analyses of the progeny of zy- 
gotes of Escherichia coli; these are 
among the most revealing studies on 
genetic recombination. Lederberg found 
that segregation following matings with 
an Hfr-Cavalli (HfrC) donor strain was 
usually complete by the third division 
and that generally only one recombi- 
nant class was produced per zygote. 
However, with an Hfr-Hayes (HfrH) 
donor strain, Anderson found that 
segregation was much more delayed 
(three to more than nine divisions) and 
usually several recombinant classes 
were produced from a single zygote. 
Tomizawa (3) has used a statistical 
technique to study the kinetics of 
segregation and has confirmed the 
findings of Lederberg for matings with 
an HfrC donor parent. These studies 
are of particular importance in that 
they provide limitations on possible 
mechanisms for genetic integration. 

Because of the differences mentioned 
above, the number of recombinant 
classes appearing in single clones (clone 
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heterogeneity) and the kinetics of seg- 
regation for both HfrC and HfrH do- 
nor strains have been studied with a 
statistical method of analysis. The re- 
sults confirm the observations of both 
Lederberg and Anderson and indicate 
that segregational patterns are depend- 
ent on the male strain utilized. 

Donor strains were prototrophic for 
the markers used and were streptomy- 
cin-sensitive. For HfrH the order of 
marker transfer was origin, threonine, 
leucine, galactose, tryptophan, histidine, 
and streptomycin; for HfrC, the order 
was origin, lactose, proline, leucine, 
threonine, arginine, and streptomycin. 
The recipient strains (PA309 and PA- 
330) could not synthesize the amino 
acids or ferment the sugars listed. My 
results are independent of the recipient 
strains used. 

The general techniques for mating and 
for determination of the genetic consti- 
tution have been described (4). Both 
parental types were grown to concen- 
trations of about 2 X 108 cells per milli- 
liter (exponential phase), mixed in the 
ratio of 1 male cell per 10 female ones, 
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Genetic Recombination in Escherichia coli: Clone 

Heterogeneity and the Kinetics of Segregation 

Abstract. Several recombinant types may be produced from a single Escherichia 
coli zygote when the donor parent is Hfr-Hayes and segregation is delayed; 
usually only one type is produced with Hfr-Cavalli. Statistical experiments con- 
firm well-known pedigree analyses by micromanipulation and suggest that DNA 
synthesis is required before final genetic integration. 
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