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Fig, 2. The depression of serum C' in 
male mice by diethylstilbestrol and the 
elevation of serum C' in female mice by 
testosterone. 0- 0, Males injected (sc) 
with a weekly dose of 1.5 mg diethyl- 
stilbestrol in two or three injections per 
week. Average of seven mice determined 
each point. *- , Females injected 
(sc) with a weekly dose of 0.75 mg of 
testosterone in two or three injections per 
week. Average of 11 mice determined 
each point. Abscissa: Weeks of treatment. 
Ordinate: Mean titers (C'Hno units per 
milliliter). 

and the non-inbred CF-1 mice of C' 

genotype Hc'/ Hc' (8). 
As shown in Fig. 1, the subcutaneous 

(sc) injection of 10 mg of hydrocorti- 
sone in saline (Cortef Acetate, Upjohn, 
or Hydrocortone Acetate, Merck, Sharp 
& Dohme) caused a decrease in serum 
C' which was most pronounced at 2 
to 4 weeks. Many deaths occurred in 
the treated mice, and the normal 
mouse pathogen Corynebacterium 
kutscheri was frequently cultured from 
tissues of these animals. Survivors 

eventually regained normal C' titers. 

Experiments in which 2.5 to 25 mg of 

hydrocortisone were injected demon- 
strated that, with smaller doses, less 

depression of C' was induced and, with 
larger doses, the mice succumbed too 
rapidly for an effect on C' to be noted. 

Results of experiments in which 
male mice were "feminized" and fe- 
male mice were "masculinized" are 
shown in Fig. 2. Male mice injected 
(sc) with weekly doses of 1.5 mg of 
diethylstilbestrol in ethyl oleate (Lilly) 
manifested a depression in C'. Con- 
versely, female mice injected (sc) with 
0.75 mg of testosterone propionate in 
sesame oil (Perandren, Ciba) per week 
showed a threefold increase in serum 
C' titer. 

Comparable numbers of female mice 

injected (sc) with diethylstilbestrol 
and males injected (sc) with testoster- 
one showed no such consistent change. 
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Mice of both sexes injected (sc) with 
0.06 ml of sterile saline per week were 
also studied. Repeated bleeding of the 

saline-injected group of male mice re- 
sults in some decrease in the serum 
C', but not to the marked extent 
shown in the hydrocortisone- or tes- 
tosterone-treated males. Hematocrits 
and total serum protein levels deter- 
mined on samples from control groups 
and groups treated with sex hormones 
showed no change in the course of the 

experiment. 
Our data do not indicate whether 

the C' alterations were due to primary 
effects of the administered hormones, 
or to secondary, more generalized in- 
fluences upon host metabolism. One 

might speculate upon the relation of 
the anti-inflammatory properties of 

hydrocortisone to its anticomplemen- 
tary effect. That components of the 
C'3 complex augment certain inflam- 

matory responses (9) gains particular 
interest in view of the report of Wein- 
traub et al. that some steroidal ef- 
fects involve the C'3 complex (7). It 
remains to be determined whether the 
one or more C' components involved 
in sex hormonal alteration of C' are 
the same ones affected during hydro- 
cortison treatment. 
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The hemolytic complement (C') ac- 

tivity of the serum of male mice is 

greater than that of female mice (1, 2). 
This difference is due to one or more 
of the C' components which act after 
C'l, C'2, and C'4 (2). In an accom- 

panying report, Caren and Rosenberg 
present data on the influence of hydro- 
cortisone, diethylstilbestrol, and testos- 
terone on the whole C' activity in 
mice (3). In this report, we present 
evidence that the amount of at least 
one of the late-acting components of 
mouse complement (C'") is influenced 
by sex hormones. Hemolytic activity of 
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The ease with which mouse C' is in- 
fluenced by exogenous hormones indi- 
cates the usefulness of mice for further 
studies of complement function. 
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these late-acting components was de- 
termined by measuring the capacity of 
mouse serum in the presence of 0.01M 
trisodium ethylenediaminetetraacetate 
(C'"'-EDTA) to lyse sheep erythro- 
cytes (E) sensitized with Forssman 
antibody (A) and containing guinea 
pig C'4 and C'2 on their surface 
(EAC'4g^,2a'i). Before 1958 it was 

thought that the lysis of EAC'4,2a by 
C'-EDTA was due to a single C' com- 
ponent identified as C'3. It is now 
known that the activity of C'-EDTA 
is due to several factors, perhaps as 
many as six (4). Serums lacking any 

783 

these late-acting components was de- 
termined by measuring the capacity of 
mouse serum in the presence of 0.01M 
trisodium ethylenediaminetetraacetate 
(C'"'-EDTA) to lyse sheep erythro- 
cytes (E) sensitized with Forssman 
antibody (A) and containing guinea 
pig C'4 and C'2 on their surface 
(EAC'4g^,2a'i). Before 1958 it was 

thought that the lysis of EAC'4,2a by 
C'-EDTA was due to a single C' com- 
ponent identified as C'3. It is now 
known that the activity of C'-EDTA 
is due to several factors, perhaps as 
many as six (4). Serums lacking any 

783 

Mouse Complement: Influence of Sex Hormones on Its Activity 

Abstract. Sex hormones influence the hemolytic activity of one or more of the 

late-acting components of complement measured in the presence of trisodium 
ethylenediaminetetraacetate. The titers of the late-acting components in the serums 

of male mice, normally tenfold higher than those of females, fell after castration, 
becoming about the same as those of females. The titers of the serums from fe- 
ma!es rose after these mice were castrated, but castration did not affect the 
activities of the first, second, and fourth comnponents of complement. Serums of 
normal and castrated mice of both sexes treated with testosterone showed in- 
creased late-acting component activity, whereas the estrogen caused decreased 
activity. Treatment in vitro of mouse serum with these hormones had no effect 
on the activity of late-acting components. 
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one of these factors are incapable of 
lysing EAC'4,2a. 

To test the hypothesis that sex hor- 
mones affect C""l activity, we castrated 
weanling and adult Balb/c mice of both 
sexes. At intervals after castration, in- 
dividual mice were bled and killed by 
heart puncture, and their serums were 
tested for C"'-EDTA activity. Con- 
trols consisted of mice from which only 
one gonad was removed, mice which 
were sham castrated, and untreated 
mice (Fig. 1). As these mice matured 
there was a rise in the C'"-EDTA ac- 
tivity of the serums of control ani- 
mals. The C'"'-EDTA activity of the 
serums of castrated mice stayed at a 
low level throughout the course of the 
experiment. The results of a similar ex- 
periment with adult male mice are 
shown in Fig. 2. By 1 week after 
castration, their serums contained sig- 
nificantly less C'n'-EDTA activity than 
those of the controls; and, like the 
serums of the castrated weanling males, 
their C'"-EDTA activity remained low 
during the period of observation (4 
months) and was about the same as 
the low C'n-EDTA activity normally 
found in the serums of control adult 
females. The C'm-EDTA activity of 
serums from castrated females (wean- 
ling or adult) did not change signifi- 
cantly during the first 60 days following 
castration, after which there was a slight 
but definite rise. 

The thesis that there is a relation 
between sex hormones and complement 
was further tested by the administration 
of testosterone and estrogen (5) to 
castrated and normal mice of both sex- 
es. Four days after a single injection 
of testosterone there was an increase in 
the C'"-EDTA activity of the serums 

Table 1. C''-EDTA titers of serum of mice 
treated with testosterone or estrogen for 
6 to 8 weeks. C'm-EDTA titrations were 
performed on individual mouse serum as 
follows: 0.2 ml portions of EAC'49',2ag" 
containing 3 X 107 cells were mixed with 
equal volumes of varying dilutions of mouse 
serum in 0.0IM EDTA buffer. Each mixture 
was incubated, with frequent mechanical agi- 
tation, for 90 minutes at 37?C. Then 3.0 ml 
of 0.01M EDTA buffer were added, and the 
cells were collected by centrifugation. The 
supernatant fluid was discarded, the sedi- 
mented cells were lysed by addition of 3.0 ml 
of distilled water, and the optical density of 
each lysate was measured at 412 m,u. Titers 
(C'm-EDTA-H,,0) are expressed as the recip- 
rocal of the dilution of mouse serum giving 
50 percent lysis. 

Mice (" lA1Titer 
(C' '-EDTA-H5,,) 

Type No. Av. Range 

:N :Testo. 6 19.0 13.2-21.0 
N Vehicle 6 8.6 5.0-13.5 

*C Testo. 6 13.0 8.8-17.3 
C c Vehicle 6 3.0 2.1- 4.1 
N 9 Testo. 6 8.8 6.2-14.3 
N9 Vehicle 6 2.1 1.8- 2.4 

N c *Estra. 4 3.9 2.0- 6.2 
N Oil 4 10.0 7.8-13.0 
C? Estra. 4 1.8 1.5- 2.0 
C? Oil 4 1.5- 2.2 

* N, Normal; C, castrated; Testo., testosterone; 
Estra., estradiol. 

of castrated male mice. By the 8th day, 
C'"-EDTA reached one-half that of 
normal male adults, but by the 17th 
day C'm-EDTA activity fell to that ob- 
served before hormone treatment. 

Normal and castrated male and fe- 
male mice received weekly injections 
of testosterone. The C'"-EDTA activi- 
ty of their serums was increased. The 
serums of a similar group of animals 
receiving estrogen instead of testos- 
terone had reduced C'm-EDTA activi- 
ty (Table 1). Testosterone had no ef- 
fect in vitro on the C'n'-EDTA activity 

of the serum of normal females or 
castrated males. Estrogen had no effect 
in vitro on the C"'-EDTA activity of 
the serum from- normalmal males. Further- 
more, there was no reduction in the 
C'n'-EDTA activity of the serum of nor- 
mal males when mixed with the serum 
of either normal females or castrated 
males. It is therefore unlikely that the 
low C'm-EDTA activity of the serum 
of normal females and castrated males 
is due to the presence of an inhibitor. 

Several inbred strains of mice (such 
as, DBA/2, B1OD2 "old" line) have 
a genetically determined deficiency of 
at least one complement component 
(2, 6). It has been reported that these 
animals lack a component which may 
be analogous to human C'5 (7). De- 
spite this genetic C' deficiency these 
animals are capable of normal Arthus, 
homograft, and passive cutaneous ana- 
phylaxis reactions and possess normal 
phagocytic activity and herd immunity 
(8). 

Terry et al. (2) have shown that the 
seruirs of C'-deficient mice contain 
norr'l levels of C'1, C'2, and C'4 
whether the deficiency is sex-related 
or genetically determined. We have 
found that the serums of normal and 
castrated Balb/c mice also contain nor- 
mal amounts of C'1, C'2, and C'4. 
Furthermore, observations in our lab- 
oratory indicate that the complement 
component, or components, missing 
from mice with the genetic deficiency 
are not the same as the component or 
components affected by sex hormones. 

One genetically C'-deficient strain of 
mice (DBA/2) is unusually susceptible 
to carcinogen-induced leukemia (9), 
carcinogen-induced tolerance to tumor 
allografts (10), and to death from 
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Plasmodium berghei infection (11). In 
each case, females or castrates are 
more susceptible than normal males. 
The possibility exists that the increased 
susceptibility of these animals is related 
to a deficiency of at least two late- 
acting components of complement. 
These observations suggest that mice 
lacking more than one component of 
complement may be useful for studies 
on the in vivo functions of comple- 
ment. 

RONALD M. WEINTRAUB 

WINTHROP H. CHURCHILL, JR. 
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Many Phycomycetes produce rhi- 
zoids as outgrowths of a thallus or of 
hyphal filaments. These rhizoids are 
thought to serve for support and, par- 
ticularly in the case of some of the 
chyridiaceous fungi where they pene- 
trate the host cells, as absorptive or- 
gans. Despite their wide occurrence lit- 
tle is known of their composition or 
structure. Aronson and Preston (1) 
have published electron micrographs of 
rhizoids of Allomyces macrogynus pre- 
pared by chemical treatment, which 
show microfibrils that are continuous 
with those in the wall of the parent 
hyphal segment. Analysis of purified 
cell wall preparations of this organism 
has disclosed the presence of compo- 
nents other than the N-acetylglucosa- 
mine resulting from hydrolysis of chitin 
microfibrils (2, 3). There has been no 
evidence to indicate that the composi- 
tion of rhizoid walls differs from that 
of hyphal ones. When mention has 
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and R. A. Nelson, Jr., J. Imltunttol. 95, 355 Table 1. Fluorescent antibody labeling pat- 
(1965). terns of 2-day-old mycelium of Allomyces 

5. Supplied by the Schering Corporation, Bloom- nmacrogyntts. field, N.J., as Oreton (aqueous testosterone, 
given in the dosage of 2.5 mg per mouse) and Antiserum treatment 
as Progynon (estradiol benzoate in oil, given Fluorescence 
in the dosage of 0.1 mg per mouse). Con- of mycelium 
trols were given Oreton vehicle (supplied by H- 
Schering) or sesame oil. The C'm-EDTA titers First Second Hy- Rhz- 
of the serums from animals receiving vehicle phae oids 
or oil were the same as those from untreated 
controls. Absorbed Labeled - + 

6. L. Herzenberg, D. K. Tachibana, L. T. Labeled None + + 
Rosenberg, Genetics 48, 711 (1963); B. Cin- Unabsorbed Labeled goat* + + 
ader, S. Dubiski, A. C. Wardlaw, J. Exp. Labeled goat None - - 
Med. 120, 897 (1964). Unabsorbed Labeled . 

7. U. R. Nilsson and H. J. Muller-Eberhard, Absorbed Labeled goat* + + Fed. Proc. 24, 620 (1965). 
8. C. Crisler and M. M. Frank, ibid. 24, 620 Goat antiserum to rabbit globulin. tWeak 

(1965); L. D. Caren and L. T. Rosenberg, positive. 
Immunology 9, 359 (1965); Z. Ovary, Int. 
Arch. Allergy Appl. Immunol. 3, 162 (1952); 
S. Ben-Efraim and B. Cinader, J. Exp. Med. 
120, 925 (1964); C. Stiffel, G. Biozzi, D. Mou- mycelium mixed with Freund's adju- 
ton,-Y. Bouthillier, C. Decreusefond, . m- myxed with Freunds adu- 
munol. 93, 246 (1964); L. D. Caren, J. F. vant. We used serum from a single 
MacKnight, L. T. Rosenberg, Fed. Proc. 24, d d 698 (1965); L. T. Rosenberg, in "Complement edng; t showed at least even pre- 
workshop," lmmunoclheinistry, in press. cipitin lines when tested by the Ouch- 

9. A. Kirschbaum, A. G. Liebelt, N. G. Falls, tr t iu i Cancer Re*. 15, 685 (1955). terlony technique with fresh mycelial Cancer Res. 15, 685 (1955). 
10. B. A. Rubin, Progr. Exp. Tumor Res. 5, 217 extracts. Labeled antiserum was pre- 

(1964). 
11. J. Greenberg, E. Nadel, G. R. Coatney, J. pared from a globulin fraction of the 

Infect. Dis. 93, 96 (1953). specific serum by the method of Riggs 
12. We thank Dr. E. P. Vollmer for suggestions et l. (4). Fluorescein-labeled g and advice, and M. O. Harris for able tech- goat 

nical assistance. antiserum to rabbit globulin (5) was 
* Present address: Department of Surgery, d in som 

Johns Hopkins Hospital, Baltimore, Md. tests. 
28 February 1966 Various procedures have been em- 

and R. A. Nelson, Jr., J. Imltunttol. 95, 355 Table 1. Fluorescent antibody labeling pat- 
(1965). terns of 2-day-old mycelium of Allomyces 

5. Supplied by the Schering Corporation, Bloom- nmacrogyntts. field, N.J., as Oreton (aqueous testosterone, 
given in the dosage of 2.5 mg per mouse) and Antiserum treatment 
as Progynon (estradiol benzoate in oil, given Fluorescence 
in the dosage of 0.1 mg per mouse). Con- of mycelium 
trols were given Oreton vehicle (supplied by H- 
Schering) or sesame oil. The C'm-EDTA titers First Second Hy- Rhz- 
of the serums from animals receiving vehicle phae oids 
or oil were the same as those from untreated 
controls. Absorbed Labeled - + 

6. L. Herzenberg, D. K. Tachibana, L. T. Labeled None + + 
Rosenberg, Genetics 48, 711 (1963); B. Cin- Unabsorbed Labeled goat* + + 
ader, S. Dubiski, A. C. Wardlaw, J. Exp. Labeled goat None - - 
Med. 120, 897 (1964). Unabsorbed Labeled . 

7. U. R. Nilsson and H. J. Muller-Eberhard, Absorbed Labeled goat* + + Fed. Proc. 24, 620 (1965). 
8. C. Crisler and M. M. Frank, ibid. 24, 620 Goat antiserum to rabbit globulin. tWeak 

(1965); L. D. Caren and L. T. Rosenberg, positive. 
Immunology 9, 359 (1965); Z. Ovary, Int. 
Arch. Allergy Appl. Immunol. 3, 162 (1952); 
S. Ben-Efraim and B. Cinader, J. Exp. Med. 
120, 925 (1964); C. Stiffel, G. Biozzi, D. Mou- mycelium mixed with Freund's adju- 
ton,-Y. Bouthillier, C. Decreusefond, . m- myxed with Freunds adu- 
munol. 93, 246 (1964); L. D. Caren, J. F. vant. We used serum from a single 
MacKnight, L. T. Rosenberg, Fed. Proc. 24, d d 698 (1965); L. T. Rosenberg, in "Complement edng; t showed at least even pre- 
workshop," lmmunoclheinistry, in press. cipitin lines when tested by the Ouch- 

9. A. Kirschbaum, A. G. Liebelt, N. G. Falls, tr t iu i Cancer Re*. 15, 685 (1955). terlony technique with fresh mycelial Cancer Res. 15, 685 (1955). 
10. B. A. Rubin, Progr. Exp. Tumor Res. 5, 217 extracts. Labeled antiserum was pre- 

(1964). 
11. J. Greenberg, E. Nadel, G. R. Coatney, J. pared from a globulin fraction of the 

Infect. Dis. 93, 96 (1953). specific serum by the method of Riggs 
12. We thank Dr. E. P. Vollmer for suggestions et l. (4). Fluorescein-labeled g and advice, and M. O. Harris for able tech- goat 

nical assistance. antiserum to rabbit globulin (5) was 
* Present address: Department of Surgery, d in som 

Johns Hopkins Hospital, Baltimore, Md. tests. 
28 February 1966 Various procedures have been em- 

ployed to release antigens from the 
cell walls, including enzymatic di- 
gestion and treatment with sodium de- 
oxycholate. As many as three antigens 
were detected in such extracts and each 
can be obtained by more than one 
extraction procedure. Preparation of 
the cell walls by mechanical means and 
a preliminary chemical analysis of an- 
tigen-containing fractions have been 
described (2, 6). 

Two different absorbed antiserum 
preparations were used in these experi- 
ments: One (I) was absorbed with a 
heated enzymatic wall digest which 
contained one antigen, and the other 
(II) was absorbed with a digest con- 
taining two antigens, one being com- 
mon to both extracts. Both prepara- 
tions gave identical results in the label- 
ing patterns obtained. Absorptions 
were carried out by mixing equal vol- 
umes of the antiserum and the antigen 
solution and incubating the mixture at 
4?C for 48 hours (I) or 1 week (II). 
Precipitates were removed by centrifu- 
gation, and the supernatants were test- 
ed for excess antigen or antibody. Prep- 
aration I contained excess antigen; 
preparation II gave no detectable pre- 
cipitin lines in the agar diffusion tests 
with either antiserum or antigen. Fig- 
ure 4 shows a double diffusion test 
prepared with one of the wall digests 
and several of the serum samples used. 

Two- or three-day-old plants grown 
from zoospores in Emerson broth were 
used for most experiments. Plants grown 
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been made of walls of rhizoids they 
have been analyzed together with hy- 
phal walls and assumed to have the 
same composition. However, using im- 
munofluorescent techniques, we have 
shown that differences in the composi- 
tion of the walls of those two struc- 
tures do exist in A. macrogynus. 

Cell wall extracts containing one or 
two antigens were used to absorb por- 
tions of an antiserum which had been 
produced against whole mycelium. 
Young plants of A. macrogynus were 
incubated in absorbed antiserum, 
washed several times, and treated with 
the same antiserum, unabsorbed but 
labeled with fluorescein isothiocyanate. 
The results of such a procedure can 
be seen in Fig. 1 where only the rhi- 
zoids show attachment of the fluores- 
cein-labeled antiserum. 

The rabbit antiserum was prepared 
by injecting rabbits beneath the scap- 
ulae with ground lyophilized vegetative 
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Antigenic Differences in the Surfaces of Hyphae 
and Rhizoids in Allomyces 

Abstract. Immunofluorescent techniques have demonstrated a difference in 
surface components of hyphae and rhizoids of Allomyces macrogynus. An anti- 
genic component detected on the rhizoidal surface may be present, but masked, 
in the hyphal-wall matrix material. The system also allows visualization of the 
hyphal wall during aging, when changes from a smooth to a fissured surface are 
noted, and differences in adsorptive properties occur. 
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