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ABSTRACT

We recently developed a methylprednisolone sodium succinate " SS)/

gentamicin sulfate (GS) regimen that prevented death in baboons give a

2-hour infusion of )0 E. coli (J. Surg. Res. 28:151, 1980). Steroid100
treatment was begun in that study 30 minutes after initiation of E. coli.

Our current aim was to determine if baboons would survive if MPSS

treatment was delayed until all E. coli were infused and severe hypo-

tension had ensued. Fourteen lightly anesthetized baboons (Papio c.

cynocephalus) were administered E. coli and seven were then treated

with MPSS and GS for 10 hours. All nontreated baboons died while 6

of 7 treated animals survived. In the treated group, hypoglycemia

and hypoinsulinemia were reversed, tachycardia was reduced and neutrophil

recovery was improved. Baboons with delayed MPSS, however, evidenced

diminished perfusion and recovered slower than those with earlier MPSS

treatment. In conclusion, primates in septic shock are clearly protected

with delayed steroid/antibiotic therapy.

KEY WORDS: septic shock, steroid therapy, antibiotic therapy, baboon,

E. coli infusion, methylprednisolone sodium succinate (MPSS),

gentamicin sulfate (GS), endotoxin shock, hypoglycemia,

hypoinsulinemia, neutrophil recovery

... .I : . , .-l ..



3

INTRODUCTION

There has been a recent acceleration of interest in the combined

use of steroids and antibiotics in the treatment of experimental and

clinical septic shock (1-6). Recent findings from this laboratory have

shown that dogs subjected to 100% lethal intravenous infusions of F. coli

are completely protected against the typical pathophysiologic and lethal

actions of E. coli by multiple sustaining infusions of both methyl-

prednisolone sodium succinate and gentamicin sulfate (3). However, either

agent, administered by itself without the other, offers no protection to

the animal. These findings have also been reported in the baboon

subjected to E. coli shock (6), and its responses to treatment with the

steroid and antibiotic were very similar to those of the dog (3); that

is, all baboons receiving both agents were permanent healthy survivors.

In the baboon experiments (6), infusion of methylprednisolone sodium

succinate was initiated after 25% of the E. coli organisms had been

administered, while gentamicin sulfate infusion was delayed until all

organisms had been introduced into the blood.

The question has arisen as to a possible loss of therapeutic effective-

ness if the administration of steroid were to be delayed. The purpose of

the present study was to determine if baboons would survive a 2-hour

lethal E. coli infusion if steroid treatment was delayed until all E. coli

were infused, at which time animals would have experienced severe systemic

hypotension. The baboon was chosen as a test animal because of its

phylogenetic proximity to man, and the delay in steroid treatment was

selected to achieve closer relevance to the timing of treatment in humans.

In this present report, comparisons have been made between baboons

administered E. coli alone with those receiving steroid treatment 2 hours

after the initiation of E. coli infusion. Findings clearly support the

. ..
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effectiveness of steroid treatment but suggest that certain adverse

effects of shock may not he readily prevented or reversed if steroid

administration is delayed.

MATERIALS AND MITIDS

The present study utilized 14 adult baboons of the subspecies, Papio

c. cynocephalus. The baboons were allowed a stabilization period of I to

2 months in the local animal facility, then were fasted for 24 hours and

given water ad libitum prior to experimentation. On the day of the study

they were first immobilized with ketamine hydrochloride, 14 mg/kg, intra-

muscularly, and then slowly intravenously anesthetized with sodium pento-

barbital via a percutaneous catheter positioned in the cephalic vein. The

radial or femoral artery and femoral or brachial vein were exposed aseptically

and cannulated for pressure measurements and blood sampling, and for

infusions of live organisms, 0.9% NaC1, and methylprednisolone sodium

succinate (MPSS) and gentamicin sulfate (GS). Each baboon was placed on

its side with controlled-temperature heating pads positioned abovd and

beneath the body and a temperature probe placed in the rectum. A tracheal

cannula was orally inserted and periodic positive pressures were applied

hourly to prevent atelectasis. An equilibration period of one hour was

A allowed each animal before beginning the E. coli infusion. Each baboon

was provided with saline administration, 4 to 6 ml/kg/hr, to maintain

hydration requirements and to prevent hemoconcentration during the 12-hour

monitoring period.

Baboons of either sex were divided into two groups and each administered

a 2-hour infusion of live E. coli: the control group (N=7; average weight,

17 kg) received an average of 2.4 (±0.2)xlO10 organisms/kg body weight

prepared as previously described (3, 6, 7). The experimental group (N=7;

----------



average weight, 15 kg) received approximately 3.1(±0.3)xl0 1 0 E. coli/kg

body weight, and the steroid methylprednisolone sodium succinate (MPSS;

The Upjohn Company, Kalamazoo, MI) and the antibiotic gentamicin sulfate

(GS; Schering Pharmaceutical Corporation, Kenilworth, NJ), as described

in the protocol (Table I). The steroid and antibiotic were administered

only after all live organisms had been infused. Maintenance infusions

of MPSS and GS were then given at levels providing optimal plasma

concentrations (3, 6). A total of 18 mg/kg of GS and 75 mg/kg of MPSS

was infused during a -hour period following the administration of live

E. coli. GS was additionally injected intramuscularly at 12 hours and

twice daily for 3 days, during which time animals were maintained in

the recovery room and observed until death for a minimum of 7 days,

indicating permanent survival. Most animals were arbitrarily euthanized

at a later period (8 - 71 days).

Blood pressure and heart rate were monitored on a Sanborn recorder.

Arterial blood samples were taken for determinations o-1 glucose, insulin,

lactate, white blood cell and differential leukocyte concentrations,

platelets, pH, pCO2, P02 , blood urea nitrogen, endogenous creatinine,

serum gentamicin, and blood concentrations of viable E. coli, as previously

reported (3, 6).

Statistics were carried out utilizing the Student's t test for paired

and unpaired data and the Fisher's Exact Test for survival data.

RESULTS

The effects of methylprednisolone sodium succinate (MPSS) and genta-

micin sulfate (GS) in the baboon following a 2-hour infusion of E. coli

were studied during a 12-hour period of continuous monitoring, followed

by an extended observation period, with 7 days selected as the minimum

..--.-- Zia
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time for designation of animals as "permanent survivors". Table 11

provides data for survival times: all baboons in the control group,

given E. coli alone, died within 42 hours (mean 17 hours). Animals

treated with MPSS and GS responded favorably to treatment; five baboons

were permanent survivors while one died at 15 hours and one (#2) at 6

days. Baboon #2, at autopsy, showed signs of severely diminished blood

flow to the forelimb in which the femoral artery had been ligated for

arterial pressure measurements. Survival rates of treated animals (S of

7 or 6 of 7) are statistically significant (Fisher's Exact Test analysis).

During recovery, four of the permanent survivors developed dermal ulcerations

on the pelvic, hind limb and gluteal areas, and on the tail, in one

instance. These ulcerations were treated by the veterinarian using

Septisol wash, hydrogen peroxide, and Panolog ointment, and healed within

two weeks.

Changes in E. coli blood concentrations are shown in each of the two

groups in Table III. Each baboon's blood culture was negative at zero

time. Five minutes after completion of organism infusion, blood concen-

trations were similar in both groups (approximately 107 organisms per

ml blood). At 4 hours following onset of organism infusion, the concen-

tration of organisms in the treated group was less than the control group,

japproximately 10% of the latter (p<0.02), while during the remainder of
the study, significant differences in concentrations between the groups

were not seen. Mean values were, however, lower at 12 hours in animals

receiving MPSS and GS (102 versus 103 organisms per ml blood).

Mean serum concentrations of gentamicin sulfate in the seven treated

animals were 19.1 (±1.5), 13.1 (±1.2), and 13.7 (±1".4) tig/ml at 3.5, 8.5,

and 12 hours, respectively.

i
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Mean systemic arterial pressure and heart rate changes are illus-

trated in Figure 1. Blood pressure responses to E. coli were similar

in both treated and nontreated baboons and could not be used as a prognosis

for survival unless they were obviously low (see animal #2, upper frame

of Figure 1). Heart rate changes, on the other hand, were generally of

prognostic value inasmuch as rates were significantly lower in animals

receiving steroid and antibiotic (p<O.O5).

Figure 2 portrays changes in blood glucose and serum insulin concen-

trations in treated and nontreated baboons. Animals receiving E. coli

only, without MPSS and GS, became progressively hypoglycemic and hypo-

insulinemic during the 12-hour observation period. In contrast, treated

animals maintained glucose levels within the norrml range and insl iii

concentrations were elevated above the control, nontreated group.

Marked reductions in numbers of white blood cells and mature neutro-

phils were seen during the first 4 hours in all baboons of both treated

and nontreated groups (Figure 3). flowever, from 4 to 12 hours after the

onset of E. coli infusion, numbers of these cell types and immature neutro-

phils progressively increased in animals receiving MPSS and GS infusions

compared with the nontreated animals. Of note was the observation of

thrombocytopenia in all animals of both groups after F. coli administration

with no differences between treated and nontreated baboons at any time

during the 12-hour period.

There were no significant differences in p02, pH, pC02 and lactate

between baboons receiving E. coli alone and those administered MPSS and GS

following delivery of the total E. coli dose (Figure 4). The figure shows

that pCO2 progressively fell, and lactate rose in both groups while pH

remained relatively constant during the observation period. No significant

. . .. , , • -._" -
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changes in p0, were seen in either group when valti cs (hiring shock were

compared with those at zero time.

Figure 5 demonstrates small but significant (p<O.0S) rises in blood

urea nitrogen (BUN) concentrations in both treated and untreated animals,

while those receiving MPSS and CS showed lesser elevations at 8 and 12

hours. Mean increases in endogenous creatinine concentrations were mild

in both groups.

Rates of saline administration were similar in the two groups: an

average of S.S and 7.4 ml per kg per hour were infused during the 12-hour

period in nontreated and treated baboons, respectively. These quantities

were not significantly different (p>O.O5). Hematocrit ch mges were

insignificantly different between the treated and untreated groups (p>O.OS):

mean values at control (zero time) were 45 and 43, and at 12 hours were

46 and 40, respectively, in nontreated and treated baboons.

DISCUSSION

Our recent reports have shown that the lethal pathophysiology of

E. coli-induced shock is effectively prevented by combined glucocorticoid

and antibiotic therapy in both dogs (3) and nonhuman primates (6). We

demonstrated in a recent report (6) that baboons administered LP 100 E. coli

are effectively treated by infusions of methylprednisolone sodium succinate

(NPSS) administered after one-fourth of the organisms were given, followed

by subsequent infusions of MPSS and gentamicin sulfate (GS) during a

12-hour period. All animals thus treated were healthy permanent survivors

(6). Although a massive number of organisms had been administered (7xl( 9

organisms/kg body weight) prior to MPSS infusion in that study, aortic

pressure had not yet fallen to the lowest point it would have had treatment

not been initiated (6). The present study was designed to extend this work

in baboons by delaying steroid treatment until all organisms were given

4 - - .-
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(2-3x10I0 E. coli/kgj), thus allowing the early maximum drop in mean

aortic pressure to occur prior to commencing steroid treatment. Tlis

delay of onset of treatment also provided a closer alignment of the baboon

model with the clinical situation. Results demonstrate the remarkable

effectiveness of methylpreh'i.so1,ne sodium succinate and gentamicin

sulfate even when their administration is withheld until all organisms

have been given. Howevr, in delaying the initiation of the NPSS,

several obstacles were uncovered: recovery of normal eating and physical

activities was delayed, body surface ulcers developed in some animals, and

the survival rate was slightly decreased.

Evidence for the beneficial effects of Mfl'SS, even when its initial

administration is delayed until all organisms have been given and the

animals have demonstrated a maximal fall in blood pressure, is as follows:

glucose and insulin concentrations are maintained at near normal values,

tachycardia is blunted, augmentation of mature and immature neutrophil

numbers is seen, and survival is remarkably improved.

Fluid administration was not considered a prominent factor in the

effective resuscitation inasmuch as F. coli-shocked dogs treated similarly

with MPSS and GS, but receiving no fluid support, were permanent survivors (3).

Findings have consistently shown that steroid administration alone is
ineffective in the treatment of Fi. coli shock in both dogs (3) and primates

rI  (6, 9, 10). It is essential that steroid and antibiotic are given concomitantly.

Our recent reports sugge:;t that large doses of MPSS do not depress phagocytic

activity in baboon blood (8) or delay time of recovery of the animal (3, 6).

No evidence was obtained to support the view that gentamicin sulfate

adversely affected the kidneys: RUN and senn creatinine concentrations

increased as much or more in baboons given E. coli alone without GS as

A.*
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those who were fully treated with NIPSS and GS. A previous study in haboons

showed that BUN and creatinine concentrations completely returned to

control values during the recovery period (b), and the only animals

I demonstrating the presence of urine flow were those receiving MPSS plus

GS (6).

Proposed mechanisms of protection of NIPSS and GS infusions against

the pathophysiologic eflects of i. coli in the baboons of the present

study have been suggested in a previous report (6) and include improvement

of hemodynamic, metabolic, endocrinologic and phagocytic functions

resulting in the maintenance of normal morphologic-functional status of

tissues including brain, liver, heart, kidneys and adrenals (6).

Emphasis on the baboon has been pursued because of its phylogenetic

proximity to man, which extends the application of findings in this species

1* to the human patient in sepsis or septic shock.

4
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TABLE I I

SURVIVAL DATA IN BABOONS RECEIVING ESCHERICHIA COLI ORGANIS4S AND

TREATED WITH METHYLPREDNISOLONE SODIUM SUCCINATE AND GFNIAMICIN ,qI,FA1'I*

Baboon Weight Survival
Group Number Sex (kg) Time

E. coli only 1 F 15.8 10.5 hr

2 F 16.2 3 hr

3 M 19.1 5 hr

4 M 19.0 32 hr

5 M 18.2 42 hr

6 M 16.0 12.5 hr

7 M 15.5 16 hr

Mean 17.6 17 hr

E. coli + MPSS + GS 1 M 13.0 6 months "

2 F 16.0 6 days
3 F 18.0 53 days f

4 M 13.0 8 days

5 F 14.1 71 days5

6 M 17.5 36 days !;

7 F 13.4 15 hours

Mean 15.0

*The difference in survival between the groups assessed by the Fisher

Exact Test is significant (p<0.OS).

Permanent residence supplied by private party.

§Euthanized.

own_ _
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FIGURE LEGENDS

Figure 1. Individual changes in mean systemic arterial pressure and

mean heart rate (±SE) in baboons receiving F. coli alone

and those with E. coli followed by intermittent infusions of methyl-

prednisolone sodium succinate (MPSS) and gentamicin sulfate (GS).

MPSS and GS were infused only following total administration

of E. coli as described in Table I.

= p<0.05, paired comparison within group with zero

time value.

= p<0.05, unpaired comparison between groups at designated

times.

Figure 2. Changes in serum insulin and blood glucose concentrations in

treated and nontreated baboons; mean (±SE). Each group, N=7.

= p<O.O5, paired comparison within group with zero

time value.

= p<O.OS, unpaired comparison between groups at designated

times.

Figure 3. Changes in white blood cell, mature and immature neutrophils,

and platelets in baboons receiving E. coli alone versus those

receiving E. coli and subsequently treated with MPSS and GS.

= p<O.O5, paired comparison within group with zero time

value.

= p<0.05, unpaired comparison between groups at designated

times.

N = numbei above each bar.
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Figure 4. Alterations of pH, pCO2 and lactate in baboons receiving

E. coli alone (N=7) and E. coli plus subsequent infusions

of MPSS and GS (N=7).

= p<O.05, paired comparison within group with zero

time value.

- p<O.O5, unpaired comparison between groups at designated

times.

Figure 5. Changes in blood urea nitrogen (BUN) and endogenous creatinine

concentrations in treated (N=7) and nontreated baboons (N=7).

= p<0.05, paired comparison within group with zero time

value.

- p<0.05, unpaired comparison between groups at designated

times.

*1



4

200- Mean Systemic Arterial Pressure

E. coli only (mm Hg)
' a

150-

A0 
7

100 -.

0-0

E. coil MPSS 4 GS

50

Heart
Rate P - -- * * * " '* "

200 - (/z' '1 '" -T J L _

U---O • - -~WmnI/ Wl i L -L -__--

150' / *
ISO-e 

E.coli only

0--0 E.coil , MPSS f GS
0 r

0 4 8 12
Time (hours)

b



Blood Glucose col ny(mg/dIle EcIIOl
150- E-- x Eoil MPSS 4 GS

K 100-

0-

InsulinII100- (uU/mf)

50-

0 48 12
Hour s



10- White Blood Cells
X iI03/mm

3
) I"

7 6I

0 -

E- E. Coli only

Matl re Neutrophils W E. Coli4MPSS - GS

5 X 1o 3 ,mm 3I 72

Imm lure Neutrophils

7 
7

Platelets

400- (Xl('
3 /mm

3 ) 2

200- 6

0cL
0 2 4 6 12 Recovery

Hours



*- E.coli onlytpHi
po--oE.colt IMPSS 4 GS

7.45- ...o - -- --

7.35. I

25 - -- C-

(mm Hg)Q. I .

Lactate ,
(mg/dl)r

50

0 4 8 12
Time (hours)



*-E. coil only
Blood Urea Nitrogen o-E. coli *MPSS 'GS

(mg /dl)

40 T

T -

20-

0- ICreatinire
(mg/di)O

0 4 8 12

Time (hours)



UNCLASSI FlIED
SECURITY CLASSIFICATION OF THIS5 PACE (Whe.n Veo Emoteod)

t 1. REOTNMSP 2. GOVT ACCESSION NO, 3 RIECIPIENT'S CATALOG NUMBER

Technical Report No. 142 Ab 9--

>1JRVIVAL OFPRIIA1ES IN E11TV, SEPTIC S1KX:K TechnicalI e prt.

LB./Ilinshaw L..Archer B.K./lBllcr-lodd, -)qIB
P.O. Box 26901, Oklahoma City, OK 73190 N 0-0

11. CONTROLLING OFFICE N4AME AND ADDRESS 12. REPORT DATE

Office of Naval Research 27 Januzirv 108Sl
Arlington, Virginia 13 2MEO F AE

14. MONITORING AGENCY NAME It AORESS(it different siban ControIlng OfI,-). 1S SECURITY CLASS (ofI this rop,tj

.2 ~~ __ SC4ECULE DONAIN

I.ISTRISUTION STATEMENT (of this Reoport)

Distribution of this report is unlimited

17. DISTRIBUTION STATEMENT(oD the Abstract entered In Bloak 20. it different from. Report)

IS. KEY WORDS (Continue an revees Wo it necessary and Identify by block numWber)

septic shock, steroid therapy, antibiotic therapy, baboon, L. coli infusion,

111TRACT (Confloato an rvees *#do Of neesar arts ldmelII& bp blook am"Ie)

We recently developed a methylprednisolonc sodium succinate (MIPSS)/gentamicin
sulfa (GS) regimen that prevented death in baboons given a 2-hour infusion

'Iof LIjE. coli (J. Surg. Res. 28:151, 1980). Steroid treatment was begun
in that stfudy 30 minutes after initiation of E. coli. Our current aim was
to determine if baboons would survive if MPSS treatment was delayed luntil
all E. coli were infused and severe hypotension had ensued. Fourteen lightly
anest etid baboons (Papic c. cynocephalus) were administered E. coli- and

DIDI Fc~l410 143 ECITION OF I NOV 65 Is OSSIOLETERUCASFE

SECURITY CLASSIFICATION OF THIS PAGE (When Does Entered)



LJNCLXSS I P1I3E)
k.~ij4ITy CLASSIFICATION Or THIS PAOE(Whor Dot* Entoed)

seven were then treated with MPSS arid GS for 10 hours. All nontreated
baboons died while 6 of 7 treated animals survived. In the treated group,
hypoglycemia and hypoinsulinemia were reversed, tachycardia was roduced
and neutrophil recovery was improved. Baboons with delayed MPSS, however,
evidenced diminished perfusion and recovered slower than those with
earlier MPSS treatment. In conclusion, primates in septic shock are

clearly protected with delayed steroid/antibiotic therapy.

UNCIASS I F 1I31D
SECURITY CLASSIFICATION OF THIS PAGE(Whon Dols Enteted)

Z-L I.



OFFICE OF NAVAL RESEARCH
BIOLOGICAL SCIENCES DIVISION
BIOPHYSICS PROGRAM, Code 444

DISTRIBUTION LIST FOR TECHNICAL, ANNUAL AND FINAL REPORTS

Number of Copies

(13) Administrator, Defense Dccumentation Center
Cameron Station
Alexandria, Virginia 22314

(6) Director, Naval Research Laboratory
Attention: Technical Information Division
Code 2627
Washington, D. C. 20375

(6) Office of Naval Research
Attention: Code 102IP (ONRL DOC)
800 N. Quincy Street
Arlington, Virginia 222217

(3) Office of Naval Research
Biophysics Program
Code 44
Arlingtcn, Virginia 22217

Commanding Officer
Naval Medical Research and :evelcpmen: Cz-and
National Naval Medical :enter
Bethesda, Marland 2 C

, Chief, Bureau of Medicine 9-4 Lrger:
2erartent zf the Navry
Washingtonr, :. 7. 2 '5

,2 T~echnical F'eference lhz

Naral Media2. :.esea--:h -ns~ te
Nat *-n.. glva edize2. -enter
B=ethesda, Maryland 7CO:i-

Cffice cf Naval Researc a rnnch 2fie
3u''dl'- i, Secticn -
6c6 S-er Stree-t
3ostcn, Massac-h-us ets.z

-fic f Naval ?eseaz-: 3razz'
26 Scuzh za-'5r_'53 -1-cl inhl :"-, ree

--..- "S r



(2.) Office of Nav&:2 ? eseaxch Bra~c- :fflze
2.030 Easat Grte Street
Pasadena, Ca.2.:fcraia 9;:.c 6

(:) COzmandlng Officer
Nava,!. Medical. ieseerch Unit 7c. 2
Box ;.4
APO San Francisco 96263

Comanding Officer
Yaval Medical2 PRees.r-*- n::.c. 3
FF0 New Ycrk 09527

(2.) Officer in Charge
Submarille Medlica.. ?esearc*z ...abcrcr:-j
NTavalI Submartze 3ase, 'Tev ... 3c:

Groton, Conecticuc 06-:L2

Scientific Librai7r
Nava.. Aeros.ace eL:;2 R ?es e :ns-i. -ue
Naval Aercscace C a..en-.er
Pensacola, ~a 2.

Na-,a2 A-r :e're.z:: :ere
Attz: Aercst~ace Xejizl ?sea'- -a

:1a'Ta2 3iesciences :~::

A 1&vS2. Su:-m2.y ^Ze=:er

-. .~~~:esar, r3.se-

3c....zzi A.: rce Basie

US Army Medical Research and Development Command
ATTN: SGRD-SI
Fort Detrick
Frederick, MD 21701



(l) Department of the L-Wm
U. S. Army Science and

Technology Center - Far East
APO San Francisco 96328

{ (1)Assistant Chief for Technology
Office of Naval Research, Code 200
800 N. Quincy Street

*1IArlington, Virginia 22217

ME.


