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this activity (Table II). However, some data
suggest that urinary blood group substance
is either degraded or of smaller molecular size
than salivary blood group substance(2,3) and
such altered molecules may conceivably have
altered activities.

Summarv. The blood group activity in hu-
man urine has been investigated by means of
inhibition of hemagglutination and the results
compared to the activity of saliva. Blood
Group A and B activity was the same when
measured in saliva or urine, although a few
urine specimens showed non-specific inhibi-
tion unless dialyzed. Ulex extract inhibiting
activity was present in saliva specimens of
secretors from all blood groups, whereas in
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urine, this activity could not be demonstrated
except in specimens obtained from Group O
individuals. Ulex extract is not useful, there-
fore, as a reagent for determining the se-
cretor status of an individual when urine is

the source of antigen.
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Considerable effort has been expended on
the development of methods for quantitation
of pituitary hormone levels in blood. Al-
though there have been some studies reporting
gonadotrophic activity in the blood of small
non-pregnant laboratory animals such as the
gonadectomized rat(1,2,3,4), the estrous rab-
bit(5), and the mouse(6), the extensive liter-
ature, recently reviewed(7,8), is concerned
predominantly with investigations concern-
ing levels of these hormones in human blood.

With regard to blood gonadotrophic activ-
ity in the larger non-pregnant mammalian
species, very little information is available:
such activity has been demonstrated in the
estrous pig(9), and in the non-pregnant mare
(10). Rimington and Rowlands(11) could
not confirm the presence of hormone in the
blood of the non-pregnant mare; and Santo-
lucito(12) could not detect circulating gona-
dotrophic hormones in sheep blood during

* Supported in part by USP.HS. grants and
grant-in-aid from Syntex Animal Products.
t NIH Predoctoral Fellow.

various stages of the estrous cycle. Reports
demonstrating the presence of growth hor-
mone activity in the blood of non-human
mammalian species are similarly rare. Gem-
zell et al.(13) reported values of 0.57 ug of
growth hormone per ml in a calf, whereas
Trenkle et al.(14) found values ranging from
5 to 74 pg of growth hormone per 100 ml of
serum from non-pregnant and non-lactating
sexually mature cows.

Recently a simple technic has been de-
veloped (15) for collection of blood from the
cavernous sinus of sheep. Inasmuch as the
cavernous sinus is one of the main avenues
for venous drainage of the pituitary, the op-
portunity to detect pituitary hormones in
blood is considerably enhanced; the concen-
tration of these substances should be higher
in blood obtained from the cavernous sinus.
The following study was undertaken to com-
pare gonadotrophic and growth hormone ac-
tivity in blood plasma from the cavernous
sinus as compared with levels in blood ob-
tained from jugular or recurrent tarsal veins.

Materials and methods. Samples of plasma
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were prepared from blood obtained from 20
sheep (mixed breed) varying in age from 2 to
4 years. All animals had been orchidecto-
mized at 2 to 6 weeks of age.

Samples of blood from the cavernous sinus
were obtained from unanesthetized animals
using the cavernous sinus technic(15). For
each collection period, the volume of blood
obtained from a single animal ranged from 50
to 150 ml. Comparable volumes of blood
from the recurrent tarsal or jugular veins were
collected at the same time. All blood samples
were placed in heparinized tubes and immedi-
ately cooled in an ice bath. Within one hour
the blood was centrifuged under refrigeration
and the plasma aspirated, frozen, lyophilized
and stored.

Assays were conducted in immature female
rats, hypophysectomized at 26-28 days of age,
used 2 weeks postoperatively. The dried
pooled plasma was reconstituted with sterile
distilled water in such a way that each assay
animal received a total dose equivalent to 5,
10, 15, 20, 25, or 30 ml of original plasma in
4 days. The actual injection volume of the
reconstituted plasma was one ml daily over
the 4-day period. At autopsy the uterus and
ovaries were removed from each animal and
weighed; the ovaries were fixed in Bouin’s so-
lution, sectioned and stained with hematox-
ylin and eosin. The right tibia was removed,
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sectioned and stained with silver nitrate; the
width of the proximal tibial epiphyseal plate
was used as a measure of growth hormone ac-
tivity (3,13). Completeness of hypophysec-
tomy of the assay animals was checked by
examination of the sella turcica. Data from
incompletely  hypophysectomized animals
were discarded. Uninjected hypophysecto-
mized rats were included in each assay series.
The FSH potency of the plasma was ex-
pressed as the minimum amount of injected
material necessary to initiate follicular growth
in ovaries of recipient rats(16). The increase
in size of the ovarian follicles was established
by measuring with an ocular micrometer. An
increase of 75 u over the average follicular
size of 350 u present in the uninjected con-
trols, was considered as a positive response.
ICSH potency was determined by the mini-
mal dose necessary to initiate repair of ovar-
ian interstitial tissue(17).

Results and discussion. Table I shows the
results obtained from bioassay of the plasma.
Gonadotrophic and growth hormone-like ac-
tivity was not found in significant amounts in
the plasma obtained from the peripheral veins,
Evidence of increased levels of these hor-
mones was obtained in the cavernous sinus
plasma as compared with peripheral plasma.
The injection of 20 ml equivalent of caver-
nous sinus plasma over a period of 4

TABLE I. Growth and Gonadotrophic Response of Immature Hypophyscctomized Rats In-
jected with Castrate Male Sheep Plasma.

— Ovaries \

Uterus
FSH ICSH
Total Epiphyseal response response
plasma No.of tibial carti-

Materialinj. dose,ml rats lagewidth,z Wt,mg Pos. Neg. Pos. Neg. Wt,mg
Cavernoussinus 5 6 181 + 11* 11+1 0 6 0 6 27T+ 1
(venous) 10 12 190 + 8 12 +1 1 11 0 12 31+ 2
plasma 15 11 178 + 10 14 +1 3 8 0 11 33+ 1
20 16 204 + 12 16 -2 7 9 6 10 42+ 5
25 5 187 + 10 24 + 6 4 1 3 2 74 +20
Systemie (ve- 5 4 156 =+ 13 9+1 0 4 0 4 33+ 4
nous) plasma 10 10 161 =+ 9 10+1 0 10 0 10 29 + 2
15 12 164 = 6 10+1 0 12 0 12 27+ 2
20 17 172 + 7 10 41 2 15 0 17 33+ 3
25 8 170 == 9 10+ 1 0 8 0 8 32+ 2
30 7 172 + 14 14 +1 0 7 0 7 31+ 1
Uninj. controls 0 15 144 + 6 8+ 5 0 15 0 15 23+ 1

Criterion of positive response for FSH; presence of ovarian follicles with avg diameter of
425 u or more; for ICSH: repair of ovarian interstitial tissue.

* Mean =+ S.E.M.
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days into recipient hypophysectomized im-
mature female rats resulted in a signifi-
cant increase in ovarian and uterine weight.
This observation was supported by the re-
sults of histological examination of the ovar-
ies. The minimum effective dose (MED) for
FSH or amount of material necessary to pro-
duce a positive response in 50% of the ani-
mals was approximately 20 ml of plasma per
day, whereas the MED for ICSH was some-
what higher, between 20 and 25 ml of plasma
per day. Thus the FSH/ICSH ratio in plasma
was slightly greater than one.

Although injection of 25 ml of peripheral
plasma resulted in a slight increase in ovarian
and uterine weight, a total dose of 30 ml of
systemic plasma failed to cause stimulation of
either follicular growth or interstitial cell re-
pair. The relationship between amount of
cavernous sinus plasma injected and increase
in ovarian and uterine weight can be noted in
Table I. Injections of plasma from caver-
nous sinus blood caused a significant increase
in the width of the epiphyseal cartilage plate
as compared with untreated hypophysecto-
mized controls. Some increase in epiphyseal
cartilage width was obtained at all dose levels
of cavernous sinus or systemic plasma.
Greatest stimulation occurred when a total
dose of 20 ml of cavernous sinus plasma was
injected. In all but one instance, systemic
plasma resulted in a consistently smaller in-
crease of the epiphyseal cartilage plate width
than for a comparable dose of cavernous sinus
plasma. A dose-response relationship be-
tween graded doses of cavernous sinus or sys-
temic plasma and the width of the epiphyseal
cartilage plate is not apparent.

These results clearly demonstrate the pres-
ence of gonadotrophic hormone activity in
cavernous sinus plasma of castrated male
sheep. Although equivalent or larger doses
of peripheral plasma resulted occasionally in
increases of ovarian and uterine weights, the
failure to demonstrate a graded response with
increasing amounts of such plasma (and with-
out histological changes in the ovaries) would
suggest that these small differences were not
necessarily related to gonadotrophic hormone
activity. The systemic plasma derived from
castrated male sheep failed to stimulate con-
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sistently follicular growth in the recipient hy-
pophysectomized animals, and no evidence of
ICSH activity was apparent. A total of 1§
to 20 ml of cavernous sinus plasma, however,
caused an ovarian and uterine weight stimula-
tion accompanied by active follicular de-
velopment, as judged by the appearance of
medium to large follicles; more importantly
a total dose of 20 to 25 ml of cavernous sinus
plasma produced interstitial cell repair. The
finding that ICSH and FSH were detected in
the cavernous sinus blood and not in the
peripheral blood might be explained on the
basis of dilution of the hormone level near
the site of production, or to a peripheral uti-
lization of these hormones. This finding is in
contrast to previous demonstration of an in-
crease in follicle-stimulating activity in plasma
of gonadectomized rats where stimulation of
the interstitial cells, however, was not appar-
ent(3,4). Since plasma from gonadectomized
animals was not compared with that from in-
tact male sheep, it is impossible to say
whether an increased FSH and ICSH activ-
ity resulted following the removal of the
testes. This is presently being investigated.

The typical straight-line relationship be-
tween the cartilage plate response and the
logarithm of the dose of growth hormone was
not obtained in this experiment as has been
reported in other cases(3,18). The fact,
however, that 20 ml of cavernous sinus plasma
produced an increase in cartilage width (in
excess of 50 u) over that of controls can only
be accounted for by the presence of growth
hormone-like activity. The lack of greater
response with larger doses of plasma might
be explained by the presence of other hor-
mones, like ACTH and gonadotrophic hor-
mones which tend to depress the normal re-
sponse of tibial epiphyseal width to growth
hormone. Toxic effects of large doses of
plasma also cannot be ruled out as contrib-
uting to these effects.

This study, together with an earlier report
by McFarland, Clegg, and Ganong(15)
clearly demonstrates that blood obtained
from the cavernous sinus of sheep contains a
sufficiently high concentration of pituitary
hormones to make detection of gonadotrophic
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and growth hormone possible by present bio-
assay technics.

Summary. FSH and ICSH and growth
hormone-like activity were demonstrated in
the cavernous sinus plasma of gonadectomized
male sheep, and in apparent higher concentra-
tion than found in peripheral plasma.
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Adenovirus type 8 shares many character-
istics (e.g., size, morphology, ether-resistance,
cytopathogenicity, complement-fixing group
antigen) with other adenoviruses. However,
it differs from other types in producing a spe-
cific and unique eye disease in man. Adeno-
virus type 8 is the principal and perhaps the
sole infectious agent capable of regularly pro-
ducing typical epidemic keratoconjunctivitis
(EKC) in man after natural or experimental
infection(1).

Isolates of type 8 from many parts of the
world, studied in different laboratories, have
shown uniformly low infective titers for many
different cell lines and for some primary cells
in culture. It has been suggested that this
uniformly low infectivity is a function of the
exceedingly small proportion of fully infective
particles in the virus population grown in tis-

* Supported by grants from US.PH.S. and Bur-
roughs Wellcome Fund.

sue culture(2). Much evidence indicates that
virus populations growing in the adult human
eye may also have only a minute proportion
of fully infective particles. This small
amount of infective virus released accounts
for the low spontaneous communicability of
the infection and the importance of iatrogenic
spread(3).

The question arises whether propagation in
cell culture at selective conditions might
raise the infective titer of adenovirus type 8.
To that end we have performed 2 series of
experiments reported here. In one we evalu-
ated the effect of different incubation temper-
atures, in the other the effect of inoculum
size, comparing limiting dilution to undiluted
tissue culture.

Materials and methods. Viruses. Two
strains of adenovirus type 8 were employed.
One was the prototype strain (Trim) isolated
in this laboratory(4), the other a Japanese





