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of the bacterial dehydrogenases may be 
altered. Another possibility may be a change 
in the permeability of the cell or the emer- 
gence of a divergent metabolic pathway, This 
problem can be clarified by isolating and 
comparing the properties of the same sulfhy- 
dry1 enzymes from the parent susceptible 
and resistant strains. 

Summary. Furacin inhibits purified jack 
bean meal urease as well as urease from a 
susceptible strain of S. aureus. Pepsin, tryp- 
sin and papain are not inhibi'ted. The malic, 
succinic, lactic and a-glycerophosphate de- 
hydrogenases of a susceptible strain of E. coli 

are inhibited .by Furacin while the formic 
dehydrogenase is not inhibited. The a-gly- 
cerophosphate dehydrogenase of rabbit thigh 
muscle is not inhibited. Several dehydro- 
genases from a strain of E. coli resistant to 
Furacin show some cross resistance to 
p-chloromercuribenzoate and some trivalent 
arsenicals. A similar phenomenon was ob- 
served with the urease from a strain of S. 
aweus resistant to Furacin. I t  is concluded 
that Furacin inhibits some enzymes requiring 
active sulfhydryl groups. 
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Right and Left Atrial Pressures in Successive Stages of Oligeniic and 
Normovolemic Shock." (18421) 

HOWARD F. VAN NOATE.~ (Introduced by Carl J. Wiggers.) 
F r o m  the Depnrtnaent of Physiology, Western Reserae Univercity School of Medicine, Cleveland, 0. 

Using dogs under morphine and barbital 
anesthesia, with their chests open and under 
controlled lung inflation, C. J. Wiggers( 1) 
studied the circulatory failure which de- 
veloped as a result of prolonged hemorrhagic 
hypotension, and again after reinfusion of 
the withdrawn blood. I t  was found that the 
experiments could be divided into two ap- 
proximately equal groups: (1) Those in 
which the circulatory failure developed after 
reinfusion as right atrial pressure declined, 
and (2) those in which it supervened despite 
the fact that right atrial pressure was main- 
tained at  or above control levels. The ques- 
tion arises whether the reduction in cardiac 
output-mainly responsible for the decline of 
arterial pressure after transfusion (2,3)-is 
accompanied by changes in left atrial pressure 
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which are in accord or a t  variance with those 
in the right atrium. I t  was the purpose of 
this investigation to study these pressure re- 
lations by simultaneous registration of right 
and left atrial pressures, for it has never been 
proved that the beats of the two ventricles are 
coordinated so perfectly during oligemic and 
normovolemic shock that changes in filling 
pressure for the right ventricle are auto- 
matically accompanied by similar quantitative 
or even directional changes on the left side. 

Dogs weighing from 10 to 15 
kilos were anesthetized wiith morphine and 
sodium barbital at  least 3 hours prior to any 
observations. The chest was opened in the 
midline, utilizing an electric cautery to mini- 
mize blood loss. The trachea was cannulated 
and respirations were maintained by means 
of an artificial respirator. Optical tracings 
of the right and left atrial and the central 
aortic pressures were taken on a rapidly mov- 
ing photokymograph by means of calibrated 
Gregg manometers of adequete frequency and: 
appropriate sensitivity. These were con- 
nected by lead tubing to rigid cannulae intro- 
duced respectively through the right jugular 
vein! a left pulmonary vein and the sub- 
clavian artery. A segmenit capsuIe in the air- 

Methods. 
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line from the artificial respirator permitted 
the optical recording of the respiratory cycle. 
I n  addition, mean pressure was recorded con- 
tinuously on a smoked drum to facilitate 
standardization of the hypotension levels. A 
femoral artery and vein were cannulated to 
ivithdraw and reinfuse blood. Hemorrhagic 
shock was produced according to the method 
developed in this laboratory( 4,s) escept that 
a stepwise type of bleeding suggested by 
Lawson (6) was eniployed to lower arterial 
pressure to the 50 mm Hg level within 30-45 
minutes. Optical records were taken a t  fre- 
quent intervals and each was calibrated with 
respect to its individual base line. .ill records 
were compared a t  the same phase of lung in- 
flation. This, in addition to the fact that the 
respiratory depth and rate were maintained 
constant, eliminated changes in atrial pres- 
stires due to cyclic respiratory changes in 
\'enous return. pulmonary resistance or hydro- 
static pressure. Of the various ways for de- 
termining atrial pressures on optical rec- 
ords( 5) .  measurement of the instantaneous 
pressure a t  the end of systole (IT pressure) 
n-as found to be most expedient and reliable 
for comparison of records taken a t  wide in- 
tervals of time. I t  may be recalled that such 
easily determined pressures represent the 
pressure initially available for filling of the 
respective ventricles after the A-L- valves 
open. Whenever clearly indicated, the pres- 
sure at  the onset of ventricular systole. the I, 
pressure, was also measured. This theor- 
etically corresponds to the initial intraven- 
tricular tension under which ventricular con- 
traction starts. 

Results. Shock consistently followed use of 
the bleeding and transfusion techniques in 
16 dogs, but the purpose of this study could 
only be fulfilled when complete sets of relia- 
ble records were realized a t  spaced intervals 
thrmghout the entire 7 Ito 9 hours required 
for each experiment. This sine qua nun 
prosed difficult. Man>- experiments yielded 
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only partial information or needed to be 
wholly discarded owing to technical difficul- 
ties involved. Among these were experiments 
in which (a )  atrial pressure curves (particu- 
larly the left) were obviously distorted, (b) 
the position of the atrial sounds required re- 
adjustment as the volumes of the cardiac 
chambers changed, (c) the depth and rate 
of lung inflation could not be kept constant, 
(d)  the animal's temperature could not be 
maintained a t  an even control l e d ,  or (e) 
additional anesthesia was required. 

-4s a result of these vicissitudes of experi- 
mentation only six experiments were realized 
in which conditions were wholly satisfactory. 
Of these, only one experiment the data of 
which are plotted in Figure 1 displayed a 

ti. R 
- 600 I 1200 

M M  
SALINE 

80 

1 2 0 0  

1 I I L I 1 
HOURS 

FIG. 1. 
C;riipli of da ta  showing sequence of soiiie cardio- 

dynamic events f ollowiiig bleeding t o  ltypotcnsive 
I t ~ e l s  and subsequent reinfusion of blood, as indi- 
r a t e d  in  ('(2 by upper black area. Vertical lines in- 
tlic.:ite (a1q)roxiinat ely) successiye phases of shock 
;Icl:tlrtetl to ieceiit nonienelature adopted bp Wig- 
gc11.5 (.;) . O r d w  ( i f  ~ ' L I P V ~ S  : bleeding and wjnfusion 
~ - o l i i i n ~ ~ s  ; lienrt i x t c  (H.R.) ; arterial blood prcs- 
w w ;  \- : i i t c t  Z jtoiiits of left titrial p r e s s ~ ~ r e  
(LL1.Y.  PT. and L.A.Z. PT) ; V point of riglit 
: i t l , i : i I  ] ) ~ W S L I W  (R.A.TT. PT). All atrial prc~ssure.e 
:i i ( L  rc.1:ctc.d t o  lcx\-~l of animal board as zero nlid 
s!iov rcl:iti\-c c.h;cngps oiily; all valurs X I  c .T3 t o  c i ~ ~  
nini stline liiglirr than actual atrial yresy'uw. 
High t atrial Z 1)rcssures f ollo~ved 1- p~essures 
so Cl(JSC'1:- t h a t  their  plot is omitted to pwveiit con- 
fusion in graphing. Phases : 1-3, olipeiiiic shock ; 
1, blccding nnd simple hypotension ; 2, imljending 
stage;. 3, critical stage; B, reinfusion; 4-6, norino- 
~-01ernic shock; 4, compensatory stage ; 5, progrrs- 
sive stage; 6, terminal stage. 
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sustained elevation of right atrial pressure 
similar to that of a group reported by C. J. 
Wiggers ( 1) during the criltical period of 
oligemic shock ( 3  ) and during the circulatory 
failure following transfusion( 5,6). A survey 
of left atrial pressures in this experiment re- 
veals that (a) during the critical phase(3) 
both Z and V pressures declined in the left 
atrium, (b) during the period of reinfusion 
(R) left atrial V and Z pressures rose much 
more than corresponding right atrial pres- 
sures, and (c) during the circulatory failure 
following transfusion( 5,6) ,  V pressure in the 
left atrium fell [below control values, while 
it remained elevated in the right. The Z 
pressures in the left atrium also declined but 
not to levels below control values until the 
terminal stage( 6) .  

While more experiments are needed, this 
single experiment supported by casual data 
from other incomplete experiments, suggests 
that elevation of right atrial pressure found 
in a fair proportion of Wiggers' experiments 
(1) may not be accompanied by a mainten- 
ance of left atrial pressure. 

In 2 experiments, an example of which is 
shown in the plot of Figure 2,  V pressures fell 
in both atria during the bleeding(1). Both 
tended to return to control levels during the 
impending and critical phases of oligemic 
shock( 2,3). In  three experiments, right and 
left atrial V and Z pressures were reduced dur- 

ing hemorrhage and failed to rise during the 
subsequent impending and critical periods. 

Following reinfusion the elevation of left 
atrial V and Z pressures greatly exceeded 
those in Ithe right atrium in all 5 cases. In 
the right atrium this rise was followed by a 
prompt drop in pressures to subnormal levels 
in all 5 experiments. In  3 of these cases, the 
decline of left atrial pressure stabilized at 
or above control levels; in the other 2 it fell 
below them. In the experiment plotted in 
Fig. 2, an additional 320 cc of crossmatched 
blood was administered during the terminal 
stage. This resulted in a slight elevation of 
righit atrial and a marked rise of left atrial 
pressures to control levels. Despite this rise, 
systolic, diastolic, and pulse pressures con- 
tinued to diminish until the end. 

Since changes in heart rate have a deter- 
mining effect on atrial pressures the experi- 
mental data were reviewed in an effort to find 
times in different stages of the experiment 
when the heart rate remained relatively con- 
stant. Two comparisons of left and right 
atrial Z pressures under such conditions are 
recorded in Table I. 

The data of Exp. 12 were obtained from 
one of the 2 animals in which both right and 
left atrial pressures decreased below control 
values after reinfusion. It will be noted that 
leflt atrial Z pressure decreased to a greater 
extent than the right, both during the stage 
of impending oligemic and the compensatory 
and terminal stages of normovolemic shock. 

The data of Exp. 10 were obtained from 
one of the 3 animals in which right atrial Z 
pressure decreased, while left atrial Z pres- 
sure was sustained during postinfusion phases. 
During the stage of critical oligemic shock 
both right and left atrial 2 pressures de- 
creased very little, but during Ithe progres- 
sive stage of normovolemic shock right atrial 
pressure fell while that of the left atrium re- 
mained near a control level. 

Such comparisons indicate that the altera- 
tions in atrial pressures are not dominated by 
the changes in heart rate but are due to other 
causes. 

Interpretation of  Atrial Pressure Changes. 
Briefly recapitulated, 3 patterns of change in 
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the atrial pressures were observed in the post- 
infusion shock phase: (a) a decrease in both 
the right and left atrial pressures ]to low levels, 
the left decreasing to a greater extent, (b) a 
decrease in the right atrial pressure to a low 
level. but a failure of the left to decrease be- 
low a control level, and (c) a decrease in the 
left atrial pressure, the right remaining nor- 
mal or elevated. If we assume that the post- 
transfusion circulatory failure in these experi- 
ments had been due solely to reduction in 
venous return ( 3 ) ,  right atrial pressure would 
be expected to decline. With the further 
probable assumption that the left heart re- 
ceives a proportional decrement of flow, left 
atrial pressures should decline even more a t  
the Z and \- points:(7,8). Such a combina- 

4 This difference is consonant with an  elementary 
proposition emphasized b! Little, et aZ.( i , S )  that 
on.ing to the lesser distensibility of the leit atrium 
the pressure increment required to press a certain 
additional volume into the Ieit atrium must be 
greater than that  required to  force the same addi- 
tional volume into the right atrium. Obviously, the 
lesser distensibility o i  the leit atrium per  se does not 
create the additional necessary pressure, as wrongly 
inierred by S a h a r  e t .  a l .  (PRO( .  Soc. EXP. Riot. ASD 
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tion of effects was found in 2 experiments 
only. In  the 3 records in which right atrial 
pressures decreased below control values in 
the post-inf usion phase of circulatory fail- 
ure, but in which the left did not decrease to 
the expected amount or actually remained a t  
or above control values, the fall in right atrial 
pressure would also indicate a decreased 
venous return. The failure of the left atrial 
pressure to fall t o  an even greater extent, as 
would be expected, however, strongly suggests 
a depression of the left ventricular muscle in 
these cases. In  the sixth animal, the right 
atrial pressure remained elevated while the 
left atrial pressure decreased in the post- 
infusion phase. Since the initial hemorrhage 
and the reinfusion indicated a greater disten- 
sibility of the right atrium than of the left, 
some other factor must have operated. The 
elevation of V and Z pressures in the right 
atrium allows the conclusion that pressure for 
filling the right ventricle was adequate. The 
decline of left atrial V and Z pressure strongly 
suggests that less blood is returned through 
pulmonary veins to the left atrium. Ex- 
cluding a highly improbable increase in pul- 
monary resistance great enough to impede 
blood flow to the left atrium, one is forced 
to the conclusion that depression of the right 
myocardium must have been concerned. Evi- 
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dence of a dominant left ventricular depres- 
sion seemed to be present in 3 of these ex- 
periments and signs of righit ventricular de- 
pression in one of them, 

Summary and Conclusions. 1. Simultane- 
ous changes in right and left atrial pres- 
sures together with aortic pressure pulses 
were successfully recorded through the ex- 
periments in 6 out of 16 dogs which were sub- 
mitlted to standardized procedures of bleed- 
ing and reinfusion developed in this labora- 

tory. 2. analysis of the results supports 
previous observations from this laboratory 
that myocardial depression can supervene 
during the circulatory failure which develops 
after prolonged hemorrhagic hypotension and 
subsequent reinfusion of the withdrawn blood. 
I t  extends these observations in showing that 
such myocardial failure may affect either the 
left or right ventricle dominantly. 
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Lysozyme Production in iResponse to Injury of Gastrointestinal Tract 
in Dogs. (18422) 

HUGO C. R ~ O E L L E R , ~  HOMER C. MARSHALL AND JOSEPH B. KIRSNER. 
(Introduced by Walter L. Palmer.) 

From the Frank Billings Medical Clinic, Department o f  Medicine, University of Chicago. 

The recent investigation of Meyer and his 
co-workers suggesting a relationship between 
lysozyme ( 1) and certain ulcerative diseases 
of the alimentary tract has aroused wide- 
spread interest ( 2 , 3 ) .  The evidence suggested 
that lysozyme locally initiated the lesions of 
chronic ulcerative colitis by removal of the 
surface mucus, with dissolution of the mucous 
cells; necrosis of the denuded tissue by pro- 
teolytic enzymes, presumably furnished by 
micro-organisms, subsequently ensued, W ang, 
Grossman, et  al.(4) showed that lysozyme 
produced erosions and hemorrhages in the 
gastric and colonic mucosa of rats, and in- 
creased the digestive effect of hydrochloric 
acid and pepsin in vivo. Lysozyme was con- 
sidered capable of damaging mucous mem- 
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branes, but no evidence was adduced that it 
removes surface mucus from the mucosa. 

The hypothesis that the polysaccharolytic 
activity of lysozyme leads to gastrointestinal 
ulceration has not been substantiated, as yet, 
by the demonstration of a lysozyme substrate 
in the gastrointestinal wall or lumen( 5,6).  
High lysozyme titers have been demonstrated 
in healing skin incisions, callus of healing rab- 
bit fractures, and in inflammatory exudates( 7, 
8,9). The possibility exists, therefore, thait 
lysozyme is a result rather than a cause of the 
inflammatory reaction in chronic ulcerative 
colitis. To evaluate this possibility, the con- 
centrations of lysozyme were measured before 
and during experimentally induced injury ta 
the bowel in dogs. 

Methods of Study. Lysozyme titers were 
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