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This sﬂxiyamsis*edofi.rxiu:ingsenticem.iainagmmof9dogsbyt?eiv.
injecticn of live E. coli arganiasms and comparing their pathophyuiological alteraticns
to a growp of 6 control animals. The study was carriad cut ovar a psried of 12 hrs.
The physiological parameters of msan systeamic arterial pressure, heurt rate, hemato~
crit, pH, and serum glutamic oxalacetic transamirase were oompared at the zero time,
+4, +8 and +12 hour times. Studies of the lung for assay of patholngical dchanges by
use of the light microscope ware completed at the end of the study, which also
included the Mallory's Phogsphotunastic Acid Hematoxylin technigue for fikrin., The
results from the study are: (1) Septicemic dogs had a hichly significant dxop in mean
gystemic arterial pressure at the +4 hr pericd which remained statistically signifi-
cant at 12 hrs. (2) A marked increase in hwart rate was obssrved at both 8 and 12 hrs
in the septicemic dogs. (3) The incrmase in hamatoorit for the septicamic dogs was
highly significant at 4, 8 and 12 hrs. (4) Ths septicemid dogs had a notable d&rep in
pH at the 4 hr tims period. (5) The increcses in serum glutamic oxalacetic trans-
aminase were significant at 4 and € hre for ths geptiosmic dogs. (6} Tha difforen:
in lactate readings were significert at 4, 8 and 12 hea., (7)) Using an arhitoery
grading systam, the hematoylin and eosin stained lung tissues from the septicemic
dogs were gonerally more severely affectad than those of the comtinle. The pathologicd
al observations supporting this statemant included a more sevare thicksning of the
alveolar walls, more diffuse atelsctasis and '*:cvr sevem: mtra—a.lveolm‘ herorrhes.
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Sepsis is surpassed in frequency only by hemorrhage and myocardial

infarction as a cause of clinical shock (1). The most camon offending
organisms are gram-negative bacteria, although septic shock may occasionally

occur after infection with fungi, rickettsiae, viruses and gram-positive

bacteria. The infections with gram-negative bacilli are increasing in

frequency and at present constitute the most camonly encountered life-
threatening infections in patients in general hospitals. The mortality
in patients in whon shock f:-“.velops‘as a consequence of the gram-negative
bacteremia ranges franVSO—SO% (1). 'fhere is a serious concern regarding
the failure to develop an effective treatment in clinical medicine; and
Hinshaw et al. (2) stated that there is increasing evidence that gram-
negative septicemia remains a serious threat in éu.rgical practice today.
The pathophysiological effects of short-term septicemia and shock
have been well documented in previous studies (3,4,5,6). The purpose '
of this research was to induce septicemia in a group of dogs with the
use of live Escherichia coli organisms and extend the study over a 1l2-hour
period of time. This period of time was in contrast to most previous
studies mich were conducted over a shorter time span. The live orga.ﬁisms
were used rather than purified endotoxin so as to more closely approximate
thé clinical entity as seen in the human patient. In'sunmation, there
was a correlation of havodynamic neasuremeﬁts, clinical pathological
altéra.tions and morphological changes of the lung during a l2-hour study

of septicenic animals.
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MATERIALS AND METHQDS

The Escherichia coli organism used in the experiment was prepaxed

as previously descrlbed (2). Counts ranged between 2 - 4 X 109 orgamsns/
ml and a concentration was established which was lethal in 50% of animals ’

receiving 0.7 ml of inoculum per kg of body weighc.

Fifteen adult mongrel dogs (Canis familiaris) with a weight range of
12.0 to 18.4 kg were used in this study. No conditioning procedures were
perfomed on the experimental subjects. Each dog was intravenously
anesthetired with 30 mg/k.g of sodnm pentobarbital. During each experi-
ment, suptlementary sodium pentobarbital was administered when the animel
showed e'idence of rousing. An edbtracneal tubz was mserted to simplify
breathinj.

The Jnirais were then placed in a supine position. The femoral artery
was located and cannulated with Silastic tubing. This tubing was advanced
to the diaphregmatic lewel of the abdominal aorta so as to record systemic
wrterial pressure and heart rate. The feroral vein was also incised and
S.lastic tubing inserted. This tubing was used to make injections and to |
obtain venous blood sarpies.

By ronitoring with a rectal thermaometer, the body tamperatures of
the animals were maintained with small fluctuations by the use of heating
pads.

Septicemia was produced in 9 dogs by the injecti.n of the live E.
ooli organisms into a ferwral venous catheter.  The 6 control dogs
received a conparable amount of sterile saline, These injections were
completed in spproximately a one-minute period of time.

Blood sanples for determination of pH, hematocrit, serum gqlutamic

oxalacetic transaminase and lactates were drawn from the venocus cathater
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prior to injection and at 4, 8, ana 12 hours post-injection of orgam.me o
Physiological detenninations for systamc arterial pressuréb 'émd . |
heart rate were recorded prior to injection and at hourly mtervals untll
the 12-hour post-injection time. These rea.dmcrs were recozﬂed on a-
four-channel Sanborn recorder. v
After the 12-hour study was campleted the am‘.mais were sacrifiea"
by rapid administration of concentrated sodium pentobarbital solutwn »
intravenously. Following euthanasia, an autopsy was performad and a o
section of the diaphragratic lobe fran the lung of each animal was cbtained

. and fixed in 108 neutral buffered formalin. After proper fixation the

tissues were processed and sectioned. This was followed with the routine
heematoxy;m and eosin stains as well as the Mallory's P?bsplbtmgth :

Acid Hematoxylin technique (7) for detection of fibrin.

RESULTS
Graph Figures 1, 2, 3, 4, and 6 show results from nine animals to
which live E. coli organisms were administered. Alsc shown are the 6
animals which are designaved as controls. The fiqures are graphed as
change fram control (zero time) values and arc plotted at +4, +8 and .
+12 hour intervals. | | | "
Figure 1 presents changes in mean systemic arterial éressure (sap)
and is expressed in mm of Hg. AL zero time all anesthetized animals
(i = 15) had a mean 32P of 130 rm Hg. " After 5 hours the difference in

SAP batween the control and septicemic animals was highly significant

'(p < 0.01). The mean drop in SAP was -2.83 for the control as campared

to -25.00 for the animals given the E. coli. At the +8 hour recording,
the differeonces in SAP were not significant, but were significant (p <

0.05) ar_;ai.ri at +12 hours. The mean chanqges from mnotrol time at the

,.»vj
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12 hour interval were -32.14 for septicemic models zid -13.83 for control
animals.

Figure 2 illustrates changes in the heart rate ard is expressed in
beats per minute. At +4 hour readings the differences in heart rate ketween
control and septicemic animals were not significant, but were significant
(p < 0.05) at both +8 and +12 hour readings. At +8 hours the animals
given E. ooli had a mean increase in heart rate of +32.25 while the
control animals had a decrease of -13.00. Twelve hour readings wera
+29.14 for septicemic animals and -16.00 for contvols.

Illustration of the hematocrit (Hct) changes expressed in % packad
cell volume are shown in Figure 3. The differences between control and
septicemic animals in hematocrit readings weie highly significant. (p < 0,61)
at all three recording perirds. At the +4 hour reading the rean hematocrit
increased +14.00 units for dogs given E. coli while it increased +2.67
units for control dogs. ..fter 8 hours the mean reading was +13.13 for
septicemic animals campared to +1.00 for controls. The 12 hour readings
were +15.29 a~d +1.16, -espectively.

Figure 4 presents the data collected as to pH cihanges in the vemnpus
blood. At +4 hours the readings were significantly different (p < 0.05)
between septicemic and control animals as the mean pH dropped -.022'.'m
septicemic animals and was raised +.03 in ocontrols. At the 8 hour
interval tie pH of the septicemic animals regained its original zems hour
reading +.0) while :he control animals leveled to a +.0l. At 12 hours
the animals given E. coli continued to raise to +.02 and the controls
to +.03. Thus the differences between the groups were not significant

at either 8 or 12 hours in relation to pH readings.

y




In Figure 5, tle changes in the'release of the enzyme, serum glutamic
oxalacetic transaminase (SGOT) are illustrated. At the 4 hour interval
the differences in the release of S30T were significanc (p < 0.05) with
a mean reading of +210.63 International Units for the septicemic animals
and a -.82 reading for controls. After 8 hours the differences were
still significant (p < 0.05) with the septicemic animals now having a
mean reading of +320.05 and control animals showing -.55. The differences
in S3OT failed to be significant at the 12 hour interval due to large
individual variations in the experimental group.

Figure 6 presents changes in laccates and is expressed in mg %.

At the zero hour the mezn lactate readings for the control and septicemic
animals were 11.64 and 11.13 mg %, respectively. The differences between
control and septicemic animals in lactate readings were significant (p <
0.05) at all three recording periods. At the +4 hour reading the mean
lactate reading increased to 19.31 for the dogs given E. ooli while it
decreased to 10.28 for the control animals. After 8 hours the lactates
were 16,15 for the septicemic animals and 6.76 for the controls. The
12 hour readings were 13.68 and 5.84 respectively.

In Table 1, an arbitraxy grading system is presented for the purpose
of evaluating the H and E stained sections of lung tissue for pathological
purposes.  The lung tissues were cbhtained at. the conclusion of the 12
hour study period and the evaluation nade by light microscovy. The table
presants four grades of changes with Grade 1 representing very ﬁu’.ld
pathology and being essentially normal. Giade 2 is for tissues presenting
x slight thickening of alvenlar walls, focal atelectasis, moderate
congnstion with some intra—-a‘lw:solar hemorrhage and edema. Grade 3 lung
tissae represents moderate thickening of alwolar walls, more diffuse
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TABLE 1

LIGHT MICROSCOPE LING GRADING SYSTEM

—

Grade 1:
Grade 2:

Grade 3:

Grade 4:

Very mild changes, essentially normal.

Slight thickening of alveolar walls, focal
atelectasis, moderate congestion, some intra-
alveolar hemorrhage and edema.

Moderate taickeniny of alveclar walls, more
diffuse atelectasis, severe congestion, mod-
erate intra-alveclar hamwrrhage and edema.

Severe thickening of alveolar walls, very
diffuse atelectasis, severe cangestion, intra-
alveolar hemorrhage and edema.

Ps———ry 1
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atelectasis, severe congestion with madérate intra-alveolar hemorihage
aﬁd edera. Grade 4 is reserved for the severe pathological changes with
severe thickering of alveojar walls, ver; diffuse atelectacis, severe
congestion, hevworrhage and edewa seen.

Tahle 2 presents the evaluation of the lung tissues of the experi-
mental animals using Table . 3 the guideline for the pathological
classification. Of the control animals the Grade of 2 is assigned to
4 animals representing slight pathological changes. The other two
control animals are judged to be Grade 3 denoting moderate changes. Of

. the septicamic animals only one showed slight Grade 2 changes and 5 °

animals were classified as the mdefate Grade 3. Three of the septicemic
models were placed in the Grade 4 class representing ~very severe patho-
Zogical changes.

All lung tissues were stained by the Mallory's Phosphotungstic Acid

'Hematoxylin techm.que and the cbservation for fibrin was negative except

for Ser.ticemic Dog Number 13. This one animal displayed a very minute

amount of fibrin present and it is considered of no real significance

due to the small quantity detected.

DISCUSSICN

Physiological reéults from this study arc in general agreement with
previous reports (8,9,10,11). Mean systemic arterial pressure as reported
in this experiment shows a highly significant hypotension which was con-
tinuing to drop 2t time of termination of study. This is in agreement
with Hinshaw E‘.E al. (2) who described a decreasing mean systemic artarial
pressure when using live organisms. Motsay et al. (8) attributed this
hypotenéion to stagnation and shunting of blood. This present smdy

reveals a marked increase (p < 0,05) in heart rate as did Buckerg et al.

4/ ’
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TABLE 2

EVALUATION COF EXFERIMENTAL ANIMALS USING THE LIGHT
MICROSCOPE LING GRADING SYSTEM

Control Dogs o Septicemic Dogs
Experimental Number Grade

4 2 1
6
8

10

to
W

12 2 7
1 3 9
11

13

[ 8] W
w
&» w &> w W wW W e N }l

15

Average 2.33 Average 322
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(12) rote a tachycardia in his 5-hour study with primates. Guenter et al.
{9) did not have a significant increase in heart rate in a 4~hour

rmonkey study. The increase in hematocrit was highly significant in this{
study amd continued to be rising slightly at the termination. Hincaaw
et al. (10) also cbserved a marked increase in hematccrit in nis nan-
surviving dogs. The pH values derived from this study were significantly
acidic at +4 hours, but then continued to be rising slichtly at th. time
of sacrificing the models. Hinshaw et al. (10) found the ph to show
significant decreases until death, but Blair (11) ‘considered lactacidemia
to be a much better indicator of degree of shock as he fourd the pH of

rﬁany iuman patients to be ncmmal as late as imediately beiore death.
Extreme elevations in serum levels of glutamic oxalacetic transaminase were
observed in thJ.S study and this was considered irdicative of injury to

the vital tissues of the body. These enzyme changes correlated well with
Hinshaw's et al. (10) reports on his non-surviving dogs. '

One factor which must be strongly considered 1n evaluating the
physiological alterations is that of anesthetic effect. Sama (13) reports .
that the hemodynamic changes produced by pentobarbital are conflicting '
and thoughc due to experimental model.and dose. In the dog he reported
an initial fall in mean blood pressure followed by a rise to control or
above in 30-60 min. Also he reported an increase in heart rate which
remained elevated throughout the duration of anesthetic. These general
effcects of pentobarbital must be considered.

Considering the severity of the physiological parameters recorded
in this study it would be assumed that with axceptions the majority of
the experimental models were deteriorating and death we'ild have been

occurring if sacrificing had not been accamplished.
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The morphological lung pathology changes observed in the septicemic
animals were campatible with those reported by Pool et al. (5) in his
primate study in which death occurred at 5-19 hours after injection of live
organisms. Those findings consisted of intra-alveolar hemorrhage, thick-
ening of alveolar walls and atelectasis. Findings of this present study
were also similar to light microscopy results repor:ced by Coalson et al.
(6) in a 4-hour primate experiment. Those changes were extreme atelectasis,
focal intra-alveolar hemorrhage, pulmonary edema and very cellular
alwolar walls with no fibrin present. Groves et al. (14) had reported
fibrin abserved with the light microscope in his 24-hour study, but none
at the 6 hour level. This present study showed a minute amount of fibrin
in one septicemic animal at the end of 12 hours so there is a possgibility
of being in agreement with Groves et al. (14) if longer study periods
were undertaken. The moderate to severe congestion abserved in control
and septicemic animals is attributed to immobilization and positioning
due to prolonged anesthesia. In conclusion, the lung daﬁges observed
in this study would be in agreerent with Kux and Massion (15) who state
that respiratory insufficiency is recognized with increasing frequency
as an important cause of death in patients suffering from septic shock.
SUMMARY

This study consisted of inducing septicemia in a qroup of 9 dogs by
the intravenous injection of live E. coli organisms and camparing their
pathophysiological alterations to a group of 6 control animals. The
study was carried out over a period of 12 hours. The physiological
parareters of mean systemic arterial pressure, heart rate, hematocrit,

pll, and serum glutamic oxalacetic transaminase were compared at the
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zero time, +4, +8 and +12 hour times. Studies of the lung for assay of
pathological changes by use nf the light microscope Qere campleted at
the end of the study, which also included the Mallofy's Phosphotungstic |
Acid Hematoxylin technique for fibrin. The results from the study are:

1. Seoticemic dogs had a highly significant drop in mean systemic
arterial pressure at the +4 hour period which remained statistically
significantlat 12 hours. |

2. 'A marked increase in heart rate (p- 0.05) was abserved at
both 8 and 12 hours in the septicemic dogs.

3.k The increase in heamatocrit for the septicemic dogs was highly_
significant at 4, 8 and 12 hours.

4. The septicemic dogs had a notable drop in pH (p <0.05) at
the 4 hour time period. |

S. The increases in serum glumc oxalacetic transaminase were
significant at 4 and 8 hours for the septicemic dogs.

€. The differences in lactate readings were significaﬁt at 4, 8
and lz hours. | |

7. Using an arbitrary grading system, the hematoxylin and eosin
stained lung tissues from the seéticemic ddqs vare generally more severely
affected than those of the controls. The pathological cbservations
supporting this statement included a more severe thickeninjy of the alveolar
walls, more diffuse atelec.asic and more severe intra-alveolar hemorrhage.

8. The Mallory's Phosphoturgstic Acid Hematoxylin stained tissues
failed to reveal any significant amounts of fibrin in either septicemic
or control animals at the light microscopic level of observation.

These findings indicate that inducsd septicemia in a 12 hour study
model produces significant physiological alterations and observable morpho-

logical changes of the lung.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figqure 6.

FIGURE LEGENDS

Effects of intravenous injection ofv live E. coli
organisms on mean sysitémlc arterial pressure (SAP).
Bq:ressedinunits »f mm of Hg and graphed as change
fram control (zero time) values.

Effects of intravemous injectian of live E. coli
organisms on heart rate.’ Expressed in beats per
minute and graphed as change from control (zero time)
values. |
Effects of intravenous injection of live E. coli
organisms on hematocrit (Hct). Expressed in per cent

packed cell wlune and graphed as change from control
|

{zero time) values.

Effects of intravenous injection of live E. coli
organisms on blood pH. Graphed as change fram control
(zero time) values.

Effects of intravenous injection of live E. coli
organisms on serum glutamic oxalacetic transaminase
(SGOT). Expressed in intermational units and graphed
as change fram control (zero time) values.

Effects of intravenous injection of live E. coli
organisms on lactates. Expressed in ng pe cent and

graphed as chang: from control (zero time) values.
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