
and vaginal cornification following concomi- 
tant administration with exogenous estrogen 
and is also reflected by modification of va- 
ginal cytology during continued administra- 
tion to cycling female rats. Copulation dur- 
ing extended administration of up to 2.5 mg 
kg/day of L-11 555A. and normal develop- 
ment of ensuing pregnancies if treatment is 
stopped just prior to breeding, suggests 
ovarian activity and psychic responses are 
adequate to support normal reproductive 
functions. On a mg,'kg basis, doses of V- 
1 1  S55A comparable to the minimal effective 
antifertility dose in rats do not exhibit sig- 
nifican t progestational, an tiproges tational . 
antigonadotropic, androgenic, or estrogenic 
activities. 

Suniinnry. V-1 l 5 5 5 A ,  a derivative of 2,3- 
diphenylindene, is an orally active antifertil- 
ity agent in laboratory mammals. In rats. 
its efiicacy is limited to the period of tuba1 
transport of the zygote. Single oral doses. 
administered any time within 4 days of 
breeding. effectively inhibit pregnmcy. After 
the zygote has reached the uterus U-11555A 

is ineffective as a pregnancy inhi,bitor. At 
effective antifertility dosages, U-11555A does 
not exhibit significant progestational, anti- 
progestational, antigonadotropic, androgenic, 
or estrogenic activities. U-11555A inhi;its 
the uterine and vaginal response to endoge- 
nous and exogenous estrogens. 

The authors wish to express their appreciation to 
J .  C. Cornette and A. D. Forbes for their technical 
assistance. 
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Effects of Enzymatic Digests of DNA on Staphylococci." (27139) 

JAMES J. NCKEE A N D  \VERKEK BRAUN 
Insti tute of Microbiology, Rutgers, Thp StatP University, New Brutiswick, N .  J .  

Enzymatic digests of DNA have been 
shown to contain a factor that is capable of 
promoting the establishment of virulent mu- 
tants in initially avirulent cultures of a num- 
ber of bacterial species( 1-6). The active fac- 
tor has been shown to be non-identical with 
known breakdown products of DNA, such as 
purines, pyrimidines, nucleosides, and nucleo- 
tides, and is obtained following exposure of 
DNA to DNAase regardless of the source of 
the nucleic acid. In the case of pneumococci 
the selective population change from non- 
smooth to smooth was found to be attribu- 
table to a selective stimulation of DXA syn- 
thesis and with it an increase in the rate of 

* This work was supported by NSF and Nat. Inst. 
Health, U.S.P.H.S. grants. 

multiplication of smooth virulent types; non- 
smooth avirulent types did not respond to 
the DNA digest(4,S). The present report 
will discuss recent attempts to study influ- 
ences of the DNA digest (factor on population 
changes and growth of staphylococci of dif- 
ferent virulence. 

Materials and methods. Coagulase-positive 
and coagulase-negative strains of known re- 
lationship were employed. Most of these ori- 
ginated from cultures kindly furnished by Dr. 
John E. Blair, who had obtained them as pri- 
mary isolates from human sources. DNA 
from calf thymus isolated by the procedure 
of Kay et aZ.(7) ,  was used routinely, but 
DNA from bacterial sources also was em- 
ployed. Pancreatic DNAase (Worthingtoln) 
was used and the mixtures of DNA and 
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DNAase in diluent containing 0.03 M NfgS04 
plus 0.85% NaCl were allowed to incubate 
a t  room temperature for one hour prior to 
use. They were sterilized by filtration 
through millipore membranes and stored at  
4 O C ' .  Growth and population changes were 
tested in brain-heart infusion broth or in a 
defined medium(8) which had been inocu- 
lated with lo5 to 1CP organisms. Inwula 
either consisted principally of one cell type, 
i.e., either coagulase-positive or -negative, or 
were prepared as mixtures of approximately 
99% coagulase-negative plus 1 % coagulase- 
positive cells. Appropriate tests showed that 
differential clumping was not responsilble for 
the results to be described, i.e., the size of 
each plating unit remained constant under all 
conditions used. This was determined by 
direct microscopic observations on the num- 
ber of cells per aggregate, and by compara- 
tive viable counts following dispersion of ag- 
gregates by sonication (Raytheoln Sonic Os- 
cillator, model 101) sufficient to yield maxi- 
mum increases in counts. 

Results. Both in brain-heart infusion 
broth and in the defined medium( 8) ,  the co- 
agulase-positive type was found to become 
the dominant cell type following 2 4  to 48 
hours of inculbation of initially predominantly 
coagulase-negative populations. In  the early 
tests the addition of DNA digest resulted in 
an extremely variable stimulation of the rate 
with which the coagulase-positive variants 
established themselves. At  the same time, 
however, it was noted that addition of fil- 
trates from aged coagulase-positive cultures 
yielded a consistent stimulation of the rate 
with which coagulase-positive cell types be- 
came predominant in aging cultures. Since 
it is known, particularly from the studies of 
Burns and Holtman(9) that the vast major- 
ity of coagulase-positive staphylacocci will 
also produce a nuclease, and since it is also 
known that staphylococci lyse fairly rapidly 
in aging closed culture systems, it was sus- 
pected that the staphylococci might produce 
their own DNA digest factor in aging cul- 
tures. T o  test this assumption, chelating 
agents (citric acid or versene) were added to 
cultures inoculated with either coagulase- 
positive or coagulase-negative organisms. The 
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FIG. 1. Effects of DNA digest supplemented with 
deoxynucleosides arid deosynucleotides (325 pg of 
each/ml) on growth (optical density) of coagulase- 
positivc and -negative staphylococci in chelated 
BHT medium. OD determined at 640-700 mp in ii 
Klett-Summerson Photoelectric Colorimeter. Ex- 
tent of growth during initial 24 hr can be attribu- 
ted to "carry-over" effects from prior growth in 

lion-chelated media. 

noms 

presence of the chelating agent inhibited the 
multiplication of both types; however, re- 
duced growth did occur. When one ml of 
DNA digest (DD) produced from 400 pg 
DNA and 1 0  pg of DNAase was added to 4 
ml of culture, a stimulation of the growth of 
coagulase-positive cells occurred, whereas the 
coagulase-negative cells responded little or 
not a t  all (Fig. 1 ) .  This selective stimulation 
of the growth of the colagulase-positive type 
in presence of DD was confirmed by a large 
series of replicate experiments, involving both 
viable counts and turbidity readings, and was 
also reflected in the striking differences in 
population change that occurred in DD-sup- 
plemented chelated cultures compared to un- 
supplemented chelated cultures (Fig. 2 ) .  As 
in the case of brucellae and pneumococci, fur- 
ther supplementation of the digest-containing 
cultures with mixtures of deoxyribonu- 
cleosides (DNS) and deoxyribonucleotides 
(DNT) tended to enhance the effectiveness 
of the digest factor, but this enhancement 
was not obtained in all tests. DNS and DNT 
had slight effects in the absence of DD, but 
as in the case of purines, pyrimidines, DNA 
alone, or DNAase alone, these supplementa- 
tions failed to duplicate the effects of D D  
(Table J ) .  The diluent containing MgS04 
did produce a fair stimulation of the estab- 
lishment of coagulase-positive variants in ini- 
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FrG. 2. Effeets of DNA digest snpplcmcntcd with 
c1roxyril)oiiiielCosides :ind cleosyrihonucleotides o i l  
c~sta.hlisliincnt o f  eongul:~sc-positive types in  initi- 
:illy 99y~ eo:rR~il:isc-nclg:ltive phis 1 % congolasc- 
positive caultures in e1icl:tteil RHT. medium. Propor- 
tion of co:igiil~sc-i,ositirc org:inisinn was cstiniatccl 
hy dctcrinining per ccnt of pignicntcd colonics 011  
iiiitriciit 2g:tr plates inocu1:itetl with s:iinples frotii 

the liquid culture. 

tially predominantly coagulase-negative cul- 
tures but this may be attributed to a partial 
negation of the chelation. Ashed DNA plus 
DNAase had no effects on chelated cultures. 
and tests with DNA from B. subtilis and 
from pneumococci as source of D D  yielded 
the same results as were obtained with calf 
thymus DNA. 

Studies with pneumococci and Rrucella had 

revealed that 2-acetyl amino-5-nitrathiazole 
is a potent inhibitor of the effects of DNA 
digest(l0). Addition of this compound to 
the digest-containing cultures of staphylo- 
cocci now has been found to produce similar 
inhibitions. 

The stimulatory effects of the DNA digest 
Ltctor on the growth of coagulase-positive 
staphylococci also expresesd itself under cer- 
tain in :Gvo conditions. Thus, when mice 
were inoculated subcutaneously with approx- 
imately 5 i: lo8 coagulase-positive organisms 
suspended in 100 pg of DNA plus 2 5  pg of 
DNAase (0.2 ml) a striking increase of the 
gross pathology resulted. Fig. 3 shows the 
appearance of mice sacrificed 14 days after 
subcutaneous challenge with staphylococci 
which were injected either with or without 
DD. Suspending the organisms in DNAase 
alone, DNA alone: or a mixture of purines and 
pyrimidines (50 7 of each) failed to produce 
such effects. Preliminary tests in which in- 
tracerebral administration of the pathogen 
was used have indicated similar enhancing 
effects of the DNA d'igest, resulting in more 
rapid and greater 'mortality of the animals 
that had received DD intracerebrally with 
the infecting organisms. DNA digest has 
failed to exert any detectable modification 
on systemic infections initiated by IP or IV 
challenge. Attempts have been made to an- 
tagonize the in ZGZW effects by agents capable 

TABTAE 1. F,fft?cts of DD aiid of Knoivn C'oiii1)oiwiits of DNA 0x1 Population Changcs and 
C: rowth of St:iphylococci in RHT. Inoeuluni : !W%, RVlI  cougulase-negative plus 1% BVJT 

coagulase-positive cells ; inoculum size : 5 x 10". 

12 hr  24 hr  48 hr  
Culture conditions OD %+ OD %+ OD % +  

.2T(i (iR ,262 74 

.lo7 10 
271 6(i 
.079 10 
.071 14 
.111 18 
.110 23 
.I06 19 
.089 2 1  
.I34 36 

* Deoxynneleosides. t Dcoxynuclcotides. 
a 0.5 mg/ml citric acid. I, DNA 80 y/ml + DNAnsc 20 y/ml. 80 y/ml of emh. 

'I 100 y/ml of cmh. * 50 y/ml of each. 
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FIG. 3. Mice inj. with coagulase-positive organ- 
isms, with and wit.hout DD, 14 days following 

snbcut. infection. 

of interfering with DNA digests effects in 
vitro. So far, neither chelating agents nor 
nitrothiazole, administered locally, have al- 
tered the course of subcutaneous staphylococ- 
cal infections in mice. 

Our finding that growth of 
coagulase-positive staphylococci, in vitro and 
in z~ivo, can be stimulated by a factor present 
in DNA digests raises some interesting ques- 
tions regarding the significance of such effects 
in the normal course of staphylococcal infec- 
tions. I t  is conceivable that the tendency of 
virulent staphylococci to prosper in abcesses 
may be associated with the organism’s depen- 
dence on cell breakdown factors that accu- 
mulate and persist for relatively long periods 
in such environments. Our findings that 
staphylococci are not merely dependent on 
production of the stimulating DNA digest 
factor by cells of the host but also appear 
capable of producing their own digest factor 
in closed environments in vitro, would appear 
to explain the rather unusual direction of 
population changes of these organisms in vi- 
Iro. It will be recalled that staphylococci 
tend to undergo changes in vitro from aviru- 

Discussion. 

lent to predominantly virulent populations, 
whereas members of other pathogenic bac- 
terial species tend to undergo in vitro popula- 
tion changes in the opposite direction ( 1 1 ) . 
Finally, it can be hoped that the demon- 
strated relationship between growth of viru- 
lent staphylococci and DNA digest factor can 
be used for the recognition of inhibitors capa- 
ble of interfering with in vivo propagation of 
this pathogen. This might be accomplished by 
preventing the action of the DNA digest lac- 
tor or by preventing its production and ac- 
cumulation. A potential therapeutic approach 
based on this phenomenon could be expected 
to affect staphylococci without regard to their 
antibiotic resistance since recent tests have 
shown that penicillin-resistant and penicillin- 
sensitive coagulase-positive types respand 
equally to the stimulating effects of the DNA 
digest factor. 

Summary. The multiplication of coagu- 
lase-positive staphylococci was found to be 
stimulated by a factor present in enzymatic 
digests of DNA, which previously had been 
shown to stimulate DNA synthesis and mul- 
tiplication rates of other gram-positive bac- 
teria, regardless of the source uf DNA used. 
Coagulase-negative variants do not respond 
and the presence of the DNA digest factor 
therefore enhances population changes favor- 
ing rapid establishament of coagulase-positive 
organisms in initially predominantly coagu- 
lase-negative populations. On the basis of 
studies with chelated media it was concluded 
that, by virtue of cell lysis and nuclease pro- 
duction, a DNA digest factor can accumulate 
naturally in non-chelated, aging staphylococ- 
cal cultures containing at least a few coagu- 
lase-positive cells. An enhancement by DNA 
digest of localized lesions that develop follow- 
ing subcutaneous injection of staphylococci 
into mice also was noted. The implications 
of these findings for understanding the un- 
usual direction of population changes of 
staphylwocci in vitro as well as problems of 
pathogenesis and therapy have been dis- 
cussed. 
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lnterstitial Fluid Pressure in Intestinal Subinucosa of Dogs in Endotoxin 
Shock.* (27140) 

MAURICE 11.. ~ I E Y E R ,  EDWIN 1. NORDHEIM AND HENRY M. BALLIN 
(Introduced by Maurice B. Visscher) 

IlPpart r i m t  0.f Phgsiolog?, MPdical School, Irniversity of Minnesota, Minneapolis 

The loss of fluids from vessels has been 
shown to be associated with changes in lymph 
flow and interstitial fluid pressure( 1 .2 ) .  Aust 
rt a L ( 3 )  found a significant sequestration of 
plasma albumin labeled with P1 in the intes- 
tine of the dog 5-7 minutes following admin- 
istration of a lethal dose of E .  coli endotoxin. 
Ballin and Ilfeyer(4) have shown an increase 
in lymph flow rate from the small intestine 
after endotoxin and more recently Alican and 
Hardy(5) observed an increase in the thora- 
cic lymph flow early after endotoxin. which 
was primarily attributed to an increase in he- 
patic lymph flow. This was followed by a 
decline and a secondary rise which was 
chiefly accounted for by an increase in the 
intestinal lymph flow. I t  therefore seemed 
desirable to measure tissue pressure in the in- 
testinal submucosa during endotoxin shock. 
I n  addition, since portal hypertension occurs 
during the initial stages of endotoxin shock 
( 6 ) ,  tissue pressures were measured during 
a 10-minute period of obstructive elevation 
of the portal venous pressure in order that 
comparisons might be made. 

Method. Adult dogs were fasted 18-24 
hours, then anesthetized by intravenous ad- 
ministration of sodium pentobarbital. The 
procedure for measuring tissue pressure was 
modified after that of AlcMaster( 1 ,2 )  and 
Hinshaw et uZ.( 7 ) .  A R24 or 27 gauge needle 

* Supported by grants from U.S.P.H.S. 

filled with saline was inserted into the intes- 
tinal submucosa, connected to a Statham 
strain gauge via a polyethylene catheter and 
the pressure was recorded on a Sanborn re- 
corder. Pressure within the system was 
elevated 3 to 10 cm of saline for a short pe- 
riod (0.5 to l sec.) and the pressure decay 
slope was followed until a plateau occurred 
which was accepted as the tissue pressure 
( f’+issup) in mm of Hg when referred to a zero 
catheter a t  atmospheric pressure. Successive 
values agreed within 0.5 mm of Hg. Pressure 
in the portal vein (PD,.) was also recorded by 
cannulating the splenic vein following splen- 
ectolmy. 

Tissue and portal pressures were measured 
in 12 dogs, prior and subsequent to intra- 
venous administration of E .  colit endotoxin 
( 1 mg,kg) and in another 12 dogs, before, 
during, and after obstructive elevation 04 the 
portal pressure. Portal pressure was mechani- 
cally increased by utilizing a screw-clamp 
fitted with an extension or by using a long 
ligature of umbilical tape placed a b u t  the 
vein and passed through a plastic tube which 
could be depressed against the vessel. 

The average tissue pressure in 
the intestinal submucosa at various times 
€allowing administration of endotoxin and 
obstructive elevation of the portal pressure, 
plus and minus the standard error of the 

t E .  cob endotoxin was obtained from Difco Labs. 

Results. 


