
maturity. After ovariectomy there was 
a transient (and statistically insignifi- 
cant) decrease followed by a dramatic 
rise in the level of pituitary sialic acid; 
this increase was statistically significant 
as early as 20 days after ovariectomy 
(p=<.01) and at all later times the 
values for operated animals were much 
higher than controls of equivalent ages 
(p=<.001). A gradual decline in the 
concentration of pituitary sialic acid 
began at about 50 days after ovariec- 
tomy, but even at 100 days after op- 
eration there was still a significantly 
higher concentration of pituitary sialic 
acid than in the intact controls (p= 
<.001). 

It is considered likely that the in- 
crease in pituitary sialic acid which 
follows ovariectomy is related to the 
increased secretion of gonadotrophins 
(FSH and LH) for the following 
reasons. (i) Sialic acid is known to be 
a significant component of purified 
preparations of gonadotrophic hor- 
mones (9). (ii) Sialic acid has been 
demonstrated by histochemical means 
in certain basophiles of the cat hypoph- 
ysis (10) and in the mucoid cells of 
the human hypophysis (11). (iii) As- 
says of normal male pituitary glands, 
which are known to be richer in gonad- 
otrophins than those of females, 
showed significantly higher concentra- 
tions of sialic acid (12). (iv) In our 
study we made parallel assays of sialic 
acid in adrenal and submaxillary glands 
and found no significant changes after 
ovariectomy. (v) The curve of pitui- 
tary sialic acid concentrations after 
ovariectomy is consistent with the 
known changes in storage and secre- 
tion of FSH and LH after gonadecto- 
my in the rat (5, 13). 

It is not possible to know exactly 
how much of the rise in pituitary sialic 
acid which was found after ovariecto- 
my was due to increased levels of 
gonadotrophic hormones. However, if 
one assumes that 2 percent of the 
normal concentration (250 tmole/ 
100 g) of sialic acid in the normal 
gland is contained within FSH mole- 
cules (12), it can be calculated that a 
tenfold increase in FSH would, in 
itself, account for one-fourth of the 
observed maximum rise in total sialic 
acid. It thus seems reasonable to sug- 
gest that the increasing levels of FSH 
which are known to follow ovariecto- 
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tenfold increase in FSH would, in 
itself, account for one-fourth of the 
observed maximum rise in total sialic 
acid. It thus seems reasonable to sug- 
gest that the increasing levels of FSH 
which are known to follow ovariecto- 
my play an important role in bringing 
about the increased concentrations of 
total pituitary sialic acid observed in 
this study. 
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Finally, it should be emphasized that 
analyses of ovine and human purified 
hormones show that FSH has a much 
higher content of sialic acid than does 
LH (3, 14), and it may eventual- 
ly be shown that completely pure 
luteinizing hormone lacks sialic acid. 
If this chemical difference is also found 
in the gonadotrophic hormones of 
other species, it may form a basis for 
the development of histochemical meth- 
ods for differentiating the FSH- and 
LH-producing cells. 

EDWARD G. RENNELS 
JAMES F. HOOD 

Department of Anatomy, University 
of Texas Medical Branch, Galveston 
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In several animal species, certain se- 
rum proteins appear to be different in 
males and females; for example, the 
relative concentration of albumin in 
rats, as measured by moving boundary 
and zone electrophoresis, was found to 
be higher in females than in males (1). 
In cattle, males possessed less a-glob- 
ulin glycoprotein and more /3-globulin 
and y-globulin glycoproteins than fe- 
males (2). In toads, the separation 
of some of the serum components by 
starch gel electrophoresis has been re- 
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culations, based on extraction and purifica- 
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quantitative terms (that is, actual amounts 
of FSH and LH contained within the 
gland at various time periods) is still 
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FSH in the pituitary gland may increase by 
a factor of five- to tenfold. There is less 
agreement concerning the effect of ovariectomy 
on the concentrations of LH in the pituitary 
gland. 

14. E. F. Walborg and D. N. Ward, Biochim. 
Biophys. Acta 78, 304 (1963). 

15. This study was supported by U.S. Public 
Health Service grants GM-4723 and 2-T-GM 
29-04; it was prompted by discussions with 
Earl F. Walborg, Jr. (M. D. Anderson Hos- 
pital and Tumor Institute) on the carbo- 
hydrate moities of FSH and LH. We thank 
Mary Ann Trompler for her excellent tech- 
nical assistance. 

26 February 1964 I 

sources (3), there would seem to be some 
doubt as to whether this hormone actually 
contains any sialic acid. In this connection, 
it has been demonstrated by M. Adams- 
Mayne and D. N. Ward (Endocrinology, in 
press) that neuraminidase does not inacti- 
vate LH. 

10. J. Racadot, Compt. Rend. Soc. Biol. 157, 
486 (1963). 

11. M. Shear and A. G. E. Pearse, Nature 198, 
1273 (1963). 

12. Unpublished observations. We have found by 
bioassay that pituitary glands from 60-day- 
old male rats contain approximately ten 
times as much FSH as comparable female 
glands; by comparison, total sialic acid 
values were only about 35 percent higher in 
male pituitaries than those reported here for 
females. It is important to point out that 
most of the pituitary sialic acid, as measured 
in this study, apparently is not contained in 
the gonadotrophic hormones. Thus, our cal- 
culations, based on extraction and purifica- 
tion data in the literature (for ovine hor- 
mones), indicate that normally no more 
than 1 to 3 percent of the total pituitary 
sialic acid would be contained in FSH 
molecules. 

13. It is agreed that gonadectomy leads to an 
increased production and secretion of gonado- 
trophic hormones in the rat; however, the 
nature and course of these changes in exact 
quantitative terms (that is, actual amounts 
of FSH and LH contained within the 
gland at various time periods) is still 
incompletely known. From the bioassay data 
given in the literature for changes in the 
pituitary content of FSH in the ovariecto- 
mized rat (5), it would appear that within 3 
months after ovariectomy, concentrations of 
FSH in the pituitary gland may increase by 
a factor of five- to tenfold. There is less 
agreement concerning the effect of ovariectomy 
on the concentrations of LH in the pituitary 
gland. 

14. E. F. Walborg and D. N. Ward, Biochim. 
Biophys. Acta 78, 304 (1963). 

15. This study was supported by U.S. Public 
Health Service grants GM-4723 and 2-T-GM 
29-04; it was prompted by discussions with 
Earl F. Walborg, Jr. (M. D. Anderson Hos- 
pital and Tumor Institute) on the carbo- 
hydrate moities of FSH and LH. We thank 
Mary Ann Trompler for her excellent tech- 
nical assistance. 

26 February 1964 I 

ported to be different in the two sexes 
(3). In mice, the concentration of 
agglutinating antibody to chicken and 
sheep heteroantigens (4), and to hu- 
man erythrocytes (5) was found to 
be higher in females; and, in addition 
a protein fraction has recently been 
described as missing in male mouse se- 
rum (Cal A strain) analyzed by starch 
gel electrophoresis (6). Sex-associated 
differences found in mice during the 
course of experiments in which normal 
mouse serum was examined by agar 
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Sex-Associated Differences in Serum Proteins of Mice 

Abstract. Agar electrophoresis of serum from mice of C57BL/10-H-2a, BlO.Sn, 
A.SW, A.CA, R 111, and P1 inbred strains shows that the females have a lower 
concentration of a-1 serum globulin than the males and, in some strains, the 

females also have a lower concentration of a-2 and fl-serum globulin. Females 

of the A.SW strain have a higher serum albumin concentration than males, and 

females of the C57BL/l O-H-2 strain have a higher y-globulin concentration 
than males. Two-dimensional (agar and hydrolyzed-starch) electrophoresis gives 
a typical sex-associated pattern for a-i and a-2 globulins which clearly permits 
recognition of male and female serums. 
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Table 1. Relative percentages of mouse serum proteins separated by agar electrophoresis 
(means ? S.D.). 

No. Globulins 
of Sex Albumin* 

mice a-It a-2t /5? -y| 

Strain A. SW 
13 M 57.80+ 1.93 4.50+-0.40 12.044-0.27 15.324-0.57 10.324-0.43 
13 F 63.73?-0.70 2.05 4- 0.14 8.704-0.25 14.04?-0.20 11.004-0.72 

Strain C57BL/lO-H-2a 
11 M 67.284 1.74 8.08?40.52 10.72?-0.37 10.03?-0.74 3.894-0.63 
11 F 71.374- 2.61 2.324-0.27 8.67?-0.73 10.624-0.98 7.124- 1.21 

Strain P I 
13 M 61.154- 1.21 6.944-0.54 13.034-0.55 13.19 0.52 5.704-0.76 
13 F 65.984-2.76 1.96?-0.23 11.354-1.01 14.584- 1.36 6.14?-0.88 

Strain BlO.Sn 
12 M 60.384- 1.58 5.254-0.53 13.45?0.57 13.784-0.51 7.144-0.58 
12 F 64.534-2.27 1.804-0.21 11.214- 1.06 13.094-0.72 8.934- 1.01 

Strain A.CA 
12 M 59.80 4 1.83 4.21 4- 0.42 11.66? 0.64 16.43 4 1.20 8.21 4- 0.95 
12 F 60.96 4- 1.36 1.794- 0.09 10.20 4- 0.47 16.77 0.90 10.25 4- 1.84 

Strain R III 
8 M 66.08 4- 2.50 4.33 4- 0.72 12.034- 0.52 11.91 4 0.65 5.28 ? 0.99 
7 F 68.844-2.40 2.464-0.40 9.294-0.90 12.41 0.72 6.97 4-0.67 

* p = <.01 for both sexes of strain A.SW. t p - <.001 for all strains except R III, where p =. 
<0.05. $ p -- <.001 for strain A.SW; <.05 for strain C57BL/10-H-2d; <.02 for strain R III. 
? p = <.05 for strain A.SW. Ii p = <.05 for strain C57BL/10-H-2d. 

and two-dimensional electrophoresis are 
reported. 

Serum was obtained from male and 
female mice, 75 to 90 days old, of 
C57BL/ 10-H-2d, B 1O.Sn, A.SW, A.CA, 
R III, 'and P1 inbred strains. Agar 
electrophoresis was performed with agar 
strips (20 X 1.4 X 0.1 cm) prepared 

C57BL/1 0--2d B O 

C 

Fig. 1. Starch gel electrophoresis of the 
serum proteins separated by agar electro- 
phoresis in different inbred strains of mice. 
The agar strips from the first electropho- 
resis were inserted into the gel slots and a 
second electrophoresis was performed at 
right angles to the first. The agar-strip 
controls are included to show correspond- 
ence of the Tiselius zones with fractions 
obtained in the starch gels. 
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by allowing 2.5 ml of hot 1-percent 
Difco Noble agar in barbital buffer 
(0.05 p., pH 8.6) to solidify on glass 
slides. Sample holes, 0.2 cm in diam- 
eter, were made in each strip, 6 cm 
from the cathode end. The slides were 
placed in a Grassmann horizontal elec- 
trophoresis tank containing the barbital 
buffer. Samples of 0.003 ml were 
placed in the prepared holes and im- 
mediately afterward a potential gradi- 
ent of 4 volt/cm was applied for 5 
hours between the ends of the agar 
strips. The strips were then treated as 
recommended by Uriel and Grabar (7). 
After staining with amido black 10 B 
and eluting with 0.02N NaOH, the con- 
centrations of the protein fractions were 
determined by spectrophotometric read- 

ings at 620 m/x. The serum fractions 
were named albumin, a-1, oa-2, ,/-, and 

y-globulins, in analogy with the protein 
fractions of human serum. The albumin 
was associated with a faster moving 
component, which because of its small 
size and poor separation, was difficult 
to measure accurately. This fraction 
was included with the albumin in our 
results. Two-dimensional electrophore- 
sis patterns were obtained by an agar 
hydrolyzed-starch method (8). 

The results of the agar electropho- 
resis, which are summarized in Table 1, 
showed that in the strains studied, there 
was a considerable difference between 
males and females in the relative con- 
centrations of several protein zones. 

Figure 1 shows two-dimensional elec- 
trophoresis patterns of individual male 
and female serum samples from each 
different strain; serum patterns similar 
to those shown were found in each of 
six other individuals of the same sex 
and strain. Although strain differences 
appear, a characteristic sex-associated 
pattern is very apparent and permits 
differentiation between males and fe- 
males in all of the strains studied. Sex- 
associated differences are clearly ob- 
served in the a-1 and a-2 globulin com- 
ponents. Alpha-1 globulin, almost ab- 
sent in female serums, appears in males 
as a semicircular cap above and to the 
left of albumin. In the starch gel, a-2 
globulin resolves into three major com- 
ponents, the relative levels of which 
differ depending on the sex of the 
mouse. These results disagree with 
those of Cons et al. for mice of the 
Cal A strain (6), since no protein frac- 
tion was found to be absent in the se- 
rum of any male mouse of the strains 
studied by us. 

The influence of sex has been demon- 
strated not only in serum proteins but 
also in proteins of rat liver (9) and 
of mouse and rat urine (10) so that 
it would be worthwhile to investigate 
the effect of sex upon other proteins of 
the animal organism. Experiments to 
elucidate the mechanism of the serum 
protein differentiation between males 
and females are now under way. 
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