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addition of 2 5  pg,/ml to the first overlay 
medium. 

Results. All viruses except coryzaviruses 11 
and 20 and rhinoviruses 41 and 48 showed 
macroplaques of 2 mm or more in diameter 
without the incorporation of DEAE dextran. 
While the addition of DEAE dextran in- 
creased the diameter of the above 4 viruses 
from 1 mm to 2-3 mm, it did not affect plaque 
size of the other viruses. No increase in 
number of plaques (titer incrmse) of any of 
the 16 viruses tested was observed by ad- 
dition of DEAE dextran. Table I shows 
plaque diameter, PFU and log,, TCD50 (in 
WI-38 tubes) of these viruses. Photographs of 
plaques formed by coryzaviruses types 2 2  and 
25  and rhinoviruses types 42 and 45 originally 
described by the Rlerck group are illustrated 
in Fig. 1. 

FIG. 1. Plaques of rhinoviruses in WI-38 cells. 
Magnification: 1 X .  All plaques were stained by a 
second overlay containing neutral red (see text). 
Upper left: Coryzavirus 22  ; upper right: coryzavirus 
25. Lower left: rhinovirus 42; lower right: rhino- 
virus 45. 

Discussion and conclusions. The lack of a 
uniform and reproducible plaque assay for 
rhinoviruses (now totaling about one hundred 
types) has handicapped characterization of 

these important human pathogenic agents. 
Different procedures involving variations in 
the optimal cell culture, composition of the 
overlay medium and incorporation Olf anti- 
inhibitor and/or enhancing substances (e .g . ,  
DEAE dextran and Mg++ ions) have been 
described by various workers. I n  an attempt 
to develop a simple and reproducible pro- 
cedure for plaquing a substantial number of 
rhinoviruses, we found the following con- 
ditions to be optimal for plaque formation 
by all 16 rhinoviruses that have been tested: 
(1) fully grown WI-38 cell monolayers in 
prescription bottles; ( 2 )  an overlay medium 
consisting of HCAEM containing 10% new- 
born calf serum and 0.7% Ionagar No. 2 ;  (3) 
double agar overlay technique with the second 
overlay (containing neutral red) added 6 days 
after the first; and (4) incorporation Olf 25 
pg/ml of DEAE dextran to the first overlay 
medium as an additional means to improve 
plaque formation. 
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A sexual difference in hepatic enzymic ac- 
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tivities involved in biosynthesis of ascorbic 
acid, and in COnCentratiOnS Of tOtA.1 ascorbak 
in a number of tissues from male and female 
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rats has been previously reported(3). I t  was 
concluded that the higher enzymic activities 
in male liver, at the subcellular level, might 
be the molecular basis for the inoreased as- 
corbate concentrations observed a t  the tissue 
level. If this conclusion is a valid explanation 
of the higher ascorbate levels in males, mn- 
ditions causing diminution of these enzymic 
activities should result in a sirniIar diminution 
of the tissue stores of the vitamin. Data ob- 
tained from hypophysectmized land castrated 
animals reported in this paper indiwte this 
to !be the case. The results not only give 
further support to the above conclusion, but 
also indicate the specific endocrinological basis 
for the observed sexual differences in ascor- 
bate synthesis and storage. 

Materials and methods. Mature male and 
female rats of the Sprague-Dawley strain 
were used. Operations (hypophysectomy and 
castration) were performed by lthe Cjhrles 
River Breeding Laboratories. All animals 
were given Purina Laboratory Chow and tap 
water ad libitum. In addition, hypophysec- 
tomized animals were supplemented with a 
5% glucose solution for at l a s t  one week 
following surgery. 

Enzymic assay conditions were mentidly 
as reported previously(2). The two hydro- 
lases, gulonolactone hydrolase (formerly al- 
donolactonase) and glucuronolactme hydro- 
lase (formerly uronolactonase) , were assayed 
manmetrically in Gilmont diff erentid syringe 
manometers. Evolution of COa following hy- 
drolysis of the appropriate lactcme to its free 
acid in the presence of bicarbonate buffer was 
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taken as a measure of the reaction rate. The 
activity of gulomte NADP oxidarductase 
( formerly TPN-L-hexonate dehydrogenw) 
in reducing glucuronate to gulonate was re- 
corded as the change in optical densilty (340 
mp) as NADPHz was oxidized to NADP. The 
activity of gubnolactone 0 2  o x i d m d m h e  
(formerly gulonolactone oxidase) was deter- 
mined from oxidation of gulonolaatone to 
ascorbic acid under an oxygen atmosphere at 
37OC for 30 minutes. Control vessels mn- 
taining known amounts of ascorbic acid 
showed no loss of ithe vitamin under khe con- 
diltions of the assay. It is assumed that the 
analyses represent complde recovery of the 
ascorbete synthesized enzymatically. Axor- 
bate produced in this assay and that present 
in the tissues was analyzed by a modification 
of the method of Lowry et a2( 1). 

Results and discussion. The higher en- 
zymic activities in males could be either the 
result of a stirnulatory effmt of an- in 
the males, or the result of iitn inhibitory effcxt 
of estrogens or prugestamne in the females. 
Changes in enzymic activities following hy- 
pophysectolmy favor the former of (the two 
possibilities. Fig. 1 illustrates the enzymic 
activities in intact and hypphysmbmized 
rats of both sexes. Hypophysectmy caused 
no significant change in the aotivities of en- 
zymes from female rats with the exception of 
a considerable decrease in gulonolactone hy- 
drolase, an enzyme known to be dependent 
upon somatotrophic hormone(2). In  both 
sexes the activity of this enzyme was markedly 
reduced following hypophysectmy. On the 
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FIG. 1. Comparisons of enzymic activities between intaot and hypophysec.tomized male and 
fem,ale rats. Brackets indicate standard error of the mean. 
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other hand, the enzymic activities of gulonate 
NADP oxidoreductase, glucuronolautone hy- 
drolase, and gulonolactone O2 oxidoreductase 
in hypophysectomized males were significanltly 
diminished to levels characteristic of those 
found in females (p<.OO5 determined from 
t test.) 

From these data it is concluded thart the 

higher enzymic activities in i n b t  males are 
andmgen dependent, and that the decreasd 
activities following hypophysectolmy are the 
result of d e c r e d  secretion of testicular an- 
drogens. In order better to demonstrate an- 
drogenic requirements, and to exclude the 
multiple hormonal deficiencies of hypophysec- 
t m y ,  castrated males wme studied. Fig. 2 

51- 
INTACT - 

OX~DOREDUCTASE WXIDOREDUCTASE HYDROLASE HYDROLASE 

FIG. 2 .  Comparisons of enzymic activities between intaiot and castrated male rats. The two 
groups of castrated animals were operated 2 and 6 weeks before sacrifice. Brackets indimte 
standard error of the mean. 

IOO- 

90- 

80- 

U 
7E 70- 
I- u 60- s z so- 
LL 

5 ; 40; 30 

g 20- 

10- 

TISSUE ASCORBATE a CASTRATE 
FEMALE 

TT. T 

cf LIVER LUNG KIDNEY ADRENAL SPLEEN MUSCLE W E  PLASMA 
MG% INTACT MALE (37.8f 1.5) (39.8+ 1.5) (IQ.8f 03) (449f 21) (63.0f2.8) (7.3fO.4) (12.2fl.l) (IA* 0.1) 

FIG. 3 .  Tissue ascorbate concentrations od intact females and castrated mdes relative 
to intact male levels. Num'bers in parentheses are mg of ascorbic acid per 100 g tissue from 
inhat male rats. 
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illlustrates the diminution of enzymic a t i v i  ties 
following castration for 2 and 6 weeks. The 
effects of castration are seen to be quite 
similar to those of hypophysectmy. I t  is 
interesting to note that, unlike the marked 
decrease in activity of plonolactone hydro- 
lase found in hypphysectmized rats, the 
decrease in lcastrated males was of a similar 
magnitude to that of the other 3 enzymes. 

Concomitant with the reduction of male 
enzymic activities fallowing castration wlas a 
decrease in ithe tissue levels of ascorbic acid. 
As shown in Fig. 3, male rats castrated for 6 
weeks had significantly diminishsd cmcen- 
trationfs of tissue ascorbate which approach, or 
reach, those typical of females: in onie case, 
viz., bone, the level was even below that in 
females. Diminished concentrations of ascorbic 
acid are statistically significant for all tissues 
with the exception of the adtrenals (p<.O5). 
These decreased concentrations od tissue as- 
corbate whioh were found along with de- 
creased hepatic enzymic activities in castrated 
males give further support to the hypothesis 
that tissue levels of ascorbic acid are de- 
pendent upon the rate of biosynthesis by the 

liver. The effects of hypophysectmny and 
castration clearly indicate a requirement of 
normal testicular secretion for the mainte- 
nance of the typically higher enzymic x- 
tivities and tissue levels of asoorbic acid in 
intact ~males. 

Summary. Hypophysectmy or askration 
of male rats results in a diminution d biosyn- 
thetic enzymic aativities and tissue ccmcen- 
trations af axmbic acild to levels chara~ter- 
istic of females. The data support the hy- 
pothesis that the sexual difference in tissue 
concentration of ascorbic acid in intact rats 
is dependent u p  a differente in the rate of 
hepatic bimynthesis. The sexual difference 
in hepatic enzymisc activities is interpreted to 
be dependent upon testicular secretion of an- 
drogens. 
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Enteric Bacteria as a Possible Cause of Hemolytic Antibody-Forming 
Cells in Normal Mouse Spleens.* (32479) 
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By the hemolytic plaque assay of Jerne and 
Nordin ( 1 ) , 19 S hemolysin producing cells 
can be individually detected and enumerated 
( 2 ) .  With the addition of anti-mouse gamma 
globulin before adidition of complement, the 
7 S antibody producing cells citn also )be 
detected(3,4). This method ca.n be adapted 
to study bacterial somatic plysaccharide( 5)  
and other antigens that adhere to sheep red 
Mood cells (SRBC). One perplexing and 
bothersome aspect of ithis technique is the 
variable small number of hemolysin pro- 
ducing “background” plaque-forming cells 
(B-PFC) against SRBC in the spleens o f  

* This investigation wits supported by USPHS 
Grants (2.4-0.3367 and K6 (2.4-14, 219. 

mice(2), rabbits(5), and humans(6) without 
prior SRBC injeation. These 19 S handysin 
producing B-PFC are dso ’present in s d l  
numbers in lymph nodes, thymus( 7 )  and bme 
marrow(8) as well as following transplmta- 
tivvn of iwgenic lymphoid tissues to l e h l l y  
irnadiated hmts(9). These B-PFC can !be 
considered as belonging to a clone of cells 
which produce specific antibodies without 
prior contact with the antigen according to 
the clonal selection theory( 10). Alternatively, 
the animal may be responlding to other anlti- 
gens which praduce cross-reacting antibodies 
to SRBC. Naturally occurring hemagglutinins 
in mouse sera for SRBC and chicken RBC 
have been described( 1 1) .  These vary with the 
strain and sex of mice and seasonaIIy(ll,lZ, 


