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Studies employing exogenously administered corticosteroids as treatment

for experimental septic shock in animal s have yielded conflicting results.

Endotoxin shock in dogs has been successfully treated with an initial bolus

Injection of methyiprednisolone sodium succinate 15 minutes after the onset of

LD100 endotoxin infusion , followed by maintenance infusions of the steroid.

An eighty percent surviva l rate was achieved with this regimen , as reported

by White and col leagues (27). However, the recent work of Hinshaw and others

In baboons admini stered infusions of live Escherlchla coli organisms did not

demonstrate improvement in survival rate between untreated animals and those

receiving methylprednisoione sodium succinate (13). Baboon studies empl oying

methyiprednisol one sodium succinate conducted by Herman and others (9) using

Escherichi a col i organisms and by Johnson ’s group using endotoxin (13) also

failed to demonstrate increased survival. Schuler ard others, however, observed

increases in survival rate in monkeys gi ven endotoxi n followed by dexamethasone

(23), and Schumer documented increased survival rates In patients with septic

shock receiving dexamethasone sodium phosphate or methylprednisolone sodi um

succinate in conjunction with antibiotic therapy (24). Al though Pitcairn and

colleagues (20) obtained survival benefits with rats shocked wi th Escherichia

coil and treated with dexamethasone alone , added Improvements In survival rate

were observed with the dual utilization of an antibiotic and steroid. Because

of the differences in survival rates employing steroid administration in these

reports and the continuing controversy regarding its use in clinical septic
~ct ion 

~~
shock, we considered It Important to test the effectiveness of a corticosteroid a

combined wi th an antibiotic In treating animals subjected to live Escherichi a

coil shock. Experiments were designed using dogs to evaluate survival by 
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employing methylprednisolone sodium succinate adminIstration alone , gentamicin

sul fate Infusions alone, and the two agents in combination . Findings demonstrate

that permanent recovery from Escherichia col i shock results wi th the utilization

of combined steroid and antibiotic therapy.

METH ODS

Experiments were carried out on twenty-three adul t mongrel dogs of random

sex screened for microfil aria (heartworms), treated for intestinal parasites,

and al lowed to stabilize 3 to 4 weeks. Only animals with leukocyte counts less

than 21 ,000/nin3 and hematocrits exceeding 36% were utilized in the study.

Animals were anesthetized intravenously with sodium pentobarbital ,

25 mg/kg , and intubated . Femoral artery and veins were aseptically catheterized

for sampling blood , infusing drugs , and monitoring blood pressure and heart rate.

Dogs were divided into four groups (Table I): Group A (N=7), the control

group , received a one-hour intravenous infusion of Escherichia coil organisms ,

prepared as previously described (1,12). Animals in Group B (N 6) also received

organisms but were additionally treated with methyiprednisolone sodium succinate

(The Upjohn Company; Kalamazoo, Michigan) and gentamicin sulfate (Scheri r’g

Pharmaceutical Corporation ; Kenilworth , New Jersey). Group C dogs (N~5)

received Escherichia coil and gentamicin while Group D animals (N=5) received

Escherichla coil and methyiprednisolone. Mean numbers of organisms infused

in Groups A , B, C and D, were 9.1 x los, 1 1.1 x lOs , g.4 x lOs, and 8.9 x iO~
organisms per kilogram body weight, respectively. Each anima l received a one

milliliter suspension of live Escherlchla coil organisms per kilogram body

weight. Table II describes the treatment regimen : Group A animals received

organisms only and served as the controi group. Group B dogs were treated

with methyipredntsolone Intravenously, 30 mIlligrams per kIlogram , 15 mInu tes 
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after Initiation of the Escherlchia col i infusion . This was followed by

infusions of methylprednisolone, 15 millIgrams per kilogram , 1.5 and 5.0

hours after zero time. Gentamlcin, 4.5 mIll igrams per kilogram , was Infused

Intravenously following completion of organism aó~inlstration . Maintenance

doses of 1.0 milligram per kilogram gentamicin were infused intravenously at

3 and 5 hours, and intramuscularly, 4.0 milligrams per kilogram , at 6 hours,

and once each day for three days. Methylprednisolone was omitted from the

treatment regimen in Group C, while gentamicin was not included in Group D.

Saline infusions were substituted for drugs when the latter were not administered .

We considered the initial bolus injection of methyiprednisolone at 15 minutes

essential since a large number of organisms had been infused (2 x lO~ organisms

per kilogram body weight) by that time. We also decided that maintenance

infusions of methylprednisolone would be necessary because of its short in vivo

half—life (coninunicatlon , The Upjohn Company). Animals were continuously

monitored for a 6-hour period and returned to a recovery room for subsequent

observation for 7 days or until death.

Plasma glucose concentrations were determined with a Beckman glucose

analyzer, leukocyte counts wi th a Coulter automatic particle counter, rectal

temperature with a Tele-Thermometer probe, serum insulin by radioininunoassay ,

blood lactate with perchioric acid, glycine-hydrazine buffer, NAD~ and lactic

dehydrogenase , and pH, pCO2 and p02 wi th an Instrumentation Laboratories

blood gas analyzer. Escherlchia coil blood concentrations were determined by

standard colony count procedures , and serum concentrations of gentamicin were

monitored by bioassay using Staphylococcus epidermidis (ATCC 27626) as the

assay organism and Antimicrobial Medium #5 (Difco; Detroit, Michigan).

Statistics were carried out utilizing a Student t test for paired or

unpaired data.

- ~~~~ ~~ r TT~ _ _ _ _
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RESULTS

Effeote of methy lpr ednieoione and genta ’nioin on the eurvwal of dcg8

challenged with LD~~ Eacheriohia coli o?ganiam inf t ta iona . Table III suninar-

izes individual animal survival tImes in the control and three treatment

groups. Seven dogs were administered Escherichia coi l alone and served as

controls. All died wi thin 24 hours fol lowIng Escherichia col l infusion .

However, all six animals receiving steroid and antibIotic survived the LD~~Q

Escherichia coil challenge and appeared to be in excellent condition when

sacrificed 6 to 7 days later. Animal s receiving steroid or antibiotic separ-

ately, but not in combination , died within 30 hours following Escherichia

col i infusion , except one given the antibiotic , whi ch became a permanent

survivor. Typical adverse i ntestinal responses occurring early in animals

given Escherlchi a coi l alone , without the combined treatment, were bloody

diarrhea and sloughing of the intestinal intimal lining.

Effect. of methylpr ednieo lone and gentcznioin on f t z~tore re lexted to aurvival

in doga eubjooted to lethal infu aic,za of Ea cheriohia coli . Figure 1 presents

alterations In mean systemic arterial pressure and hematocrit in treated and

untreated animals. No differences in mean pressure changes were seen between

the four groups of animals. Pressures signifIcantly declined wi thin one hour

following the onset of Escherichia coli infusion in both treated and untreated

dogs, and mean val ues renam ed depressed unti l termination of pressure

recordings at 6 hours. Signifi cant Increases in hematocrits are seen in all

of the groups when each group Is compared to its own zero time value (pcO.05).

On the average, the smallest increases were observed In Group B animals

receiving both steroid and antibi otic. However, because of the wide range

of values, there Is no statistically sign ifi cant difference in hematocrit

changes between Groups A and B.

T I  11’TI TT T_ 1 . ~~~~~~
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Figure 2 illustrates mean changes in blood glucose and insulin concen-

trations in treated and untreated animals. Dogs receiving Escherichia coli

alone (Group A) demonstrated notable decreases In glucose concentration from

3 to 6 hours (NO.05). In contrast, administration of methyiprednisolone a~nd

gentamicin after Escherlchla coli (Group B) and methyiprednisolone alone

(Group D) resulted in significantly elevated blood glucose concentrations

compared to Group A dogs challenged with Escherichia coli only (pcO.05).

Group C animals , administered gentamicin alone after Escherichia coi l ,

responded simi l arly to those untreated dogs in Group A (p>O.05). Serum

insul in concentrations during shock were ins ignificantly al tered from zero

time values in each of the four groups although mean values in both steroid-

treated groups were elevated at 2 hours. Hypoinsulinemi a was not observed in

any of the groups, although the mean insulin concentration of the treated i
t

animals (Group B) was significantly below its own control at 6 hours (p<O.05).

Changes In leukocyte and neutrophil concentrations are depicted in Figure 3,

and results show a marked early development of leukopenia and neutropenia to a

similar degree in all 0f the groups (pcO.05). Very large increases in leuko-

cyte and neutrophil concentrations, exceeding 45,000 cells/nm 3, are seen at

24 hours In Group B, the fully-treated animals (p, 0.005).

Mteratlons tn heart rate and rectal temperature are shown In Figure 4.

Heart rates were relatively constant during the 6-hour observation period,

while Increases in rectal temperature of 1 to 2 degrees centigrade were

noted in all groups. Mean temperature had recovered in Group B animals by

24 hours

Table IV presents changes tn pH, pCO2, p02 and bl ood lactate In treated

and untreated animals admini stered Escherlchia coil. Of special note is the
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improved pH of Group B dogs at 6 hours (pcO.05) and the significantly sustained

reductions in pCO2 in all groups. Sl ight but statistically significant

decreases in p02 were observed in Groups A, B, and C at 4 to 6 hours follow ing

the onset of Escherichia coli Infusion . Mean Increases in arterial blood

lactate are seen in all groups at some time during the course of shock. The

highest values range between two and three times the control , zero time con-

centrations of each group. Treatment with methylprednisol one and gentamicin

(Group B) did not lower the concentrations of lactate below those of the

untreated animals (Group A).

Effeot. of gentamicin on the in vivo eurvival of Lecherichia coli (ED
100

) .

Bioassays demonstrated the achievement of gentamicin levels ranging from 10 to

17 micrograms per milliliter bl ood in Groups B and C up t~ 6 hours after the

onset of Escherichia coi l infusion (Table V). Although levels at 24 hours

are lower, It is assumed that optimal concentrations were achieved prior to

that time. Data from Table V indicate that the introduction of gentamicin

into the blood does not signifi cantly alter the concentration of circulati ng

Escherichla coil. Results from the four groups reveal similar decreases in

concentrations during the study.

DISCUSS I ON
The present study was undertaken to evaluate the effects of steroid and

antibiotic treatment on dogs subjected to live Escherichia coil-induced shock

(LD1OD). All control dogs receiving Escherlchia coi l alone died within 24

hours, while all animals treated with initi al and sustaining doses of methyl-

prednlsolone and gentamicin survived. Methylprednisolone- and gentamicin-

treated animals appeared healthy and demonstrated normal behavior and eating

~~~
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habi ts when sacrificed 6 to 7 days after Escherichia coi l administration.

On the other hand , shocked dogs treated with either steroid alone or anti-

biotic alone were not protected against the adverse effects of the Escherichia

coil ; all but one of those animals died within 30 hours.

These results are consistent with recent work by Herman ’s group and by

Hinshaw and col leagi es on baboons challenged wi th Escherichia coil , in which

steroid admInistration alone failed to improve hemodynamic and metabolic

parameters or to Increase survival (9,13). The present observations are in

partial contrast to those of Pitcairn and others who reported increased sur-

vival with corticosteroids alone in Escherichia coil-challenged rats (20).

The present results differ from White and colleagues ’ recent study using L0100
endotoxin rather than Escherichia col i organisms in whi ch methyipredniso lone

alone s ign i f i can tly increased survival of dogs. These recent findings together

with those of the present study suggest that the mechanisms of Escherichia coli

organism- versus endotoxin-induced shock may significantly differ.

There is a wide dispari ty of findings concerning the effectiveness of

steroid administration in experimental septic shock. We believe that this may

be due in part with failure to treat early befo re the appearance of bloody

diarrhea and sloughing of the intestinal intimal lining which invari ably

signals the onset of i rreversible shock; failure to continue maintenance

doses of the steroid in view of its short half-life, as evidenced by the

development of hypoglycemia when steroid is not utilized ; failure to combine

antibi otic with steroid therapy duri ng Escherichia col i shock ; and finally,

failure to utilize maintenance doses of antibiotic in order to sustain optimal

plasma concentrations.
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Hypoglycemia Is a consistent finding In dogs, rats, monkeys and baboons

following Escherichia coil or endotoxin administration as reported by Filkins

(6), Griffiths (7), Hinshaw (12—14), Schuler (23), White (27) and their

colleagues , and Archer (1). InhibItion of hepatic gluconeogenesis (6,8)

and the development of hepatic lesions (1—3 ,14) demonstrated in these animals

significantly contribute to the elicitation of hypoglycemia.

Data from the present study indicate that methylprednisolone administration

elicits hyperglycemia and prevents the destructive onset of progressive hypo-

glycemia and subsequent death. Berry (4) and Holtzman and colleagues (16)

reported that corticosteroid administration stimulated hepatic gluconeogenesis ,

while Schuler and assocIates (23) observed that it supported carbohydrate

metabolism in shocked nonhuman primates. Schuler ’s group utilized dexamethasone

sodium phosphate in endotoxin shock and reported that it prevented the endotoxin-

induced inhibiti on of g luconeogenesi s , the subsequent metabol ic derangements ,

and the depletion of high-energy adenine nucleotides (23). BaIls and colleagues

found that treatment Or endotoxln-shocked monkeys with methylpredniso Ione

Inhibited the development of disseminated intravascular coagulation , fibrin

depositi on in hepatic sinusoids and lesions of the liver (3). Latour and co-

workers (18) also fo~”~d that glucocorticoids prevented general i zed intravascular

clotting. Al though Balls and others (2,3) reported that the steroid also inhibi ted

blood-vascular reactions and lesions of the lung in the monkey , Pingleton and

colleagues’ observations are not in agreement wi th thi s finding (19).

Hypolnsulinemi a as reported in baboons administered Escherichia coli (12,13)

was not seen in the present study, although at 6 hours the mean insulin concen-

tration in the fully-treated group was below the zero time value (pcO.05).

The maintenance of adequate insulin levels in the presence of normal glucose

concentrations should promote normal glucose transport into the cell.
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Balls ’ group (3) showed that methylprednisoione protected leukocytes in

endotoxin shock by inhibiting their degranulation and fragmentation, an obser-

vation also not in agreement wi th Pingleton ’s work (19). Hinshaw and others

found no detrimental effects of methylprednisolone on neutrophils in vitro ,

In the presence or absence of live Escherichia coil (11). The methylpred-

nisolone conceivably may be protecting the leukocytes, which may in turn aid in

protecting the liver by removin9 Escherichia coil from the peripheral circula-

ti on.

The hepatic circulation is presumed to be augmented by steroid administra-

tion (15). Delpin and others prevented liver ischemi a wi th steroid (5). The

cardiovascular actions of methyiprednisolone which may indirectly aid the

liver include Increased cardiac output reported by Sambhi and col l eagues (22),

positive i notropic support of the heart observed by Rao and Cavanagh (21),

elevated coronary bl ood flow described by Hinshaw and associates (10), and

enhanced regional bl ood flow noted by Vaughn (26) and Hinshaw and others (15).

The fact that flu id administration was not required to enhance survival in the

present study and that ph values were normalized in spi te of increases in

lactic acid are consistent with the above findings .

Bacteria are extensively distributed in many organ systems as observed

by Schloerb and others In canine septic shock (23). In order to kill or inhibit

these bacteria, it appears necessary to transport adequate amounts of antibiotic

to these sites. Since methylprednisolone improves both systemic and regional

blood flows, It should aid in the distribution of the antibiotic.

By Improving blood flow, methylprednisolone should aid hepatic gluconeo-

genes is , acid base balance, and antibiotic distri bution , which may explain the

advantages of combined steroid and antibiotic treatment in experimental septic

shock.
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SUMMARY

This study was designed to determine the efficacy of maintenance infusions

of methyiprednisolone sodium succinate and gentamicin sulfate in live Escherichia

coil organi sm shock. Twenty-three conditioned dogs were anesthetized , instru-

mented aseptically, infused for one hour with approximately 9.5 x 10~ organ i sms

per ki logram , studied for 6 hours and observed for 7 days or until death.

All seven untreated dogs died within 24 hours following variable periods of

hypoglycemia, hemoconcen tra tlon , intesti nal hemorrhage, diarrhea , and acidemia.

Six dogs we re treated wi th a total of 60 milligrams per kilogram methyl pred-

nisolone sodium succinate slowly infused at 15, 90 and 300 minutes following

onset of Escherlchia coli administration . A total of 6.5 milligrams per

kilogram gentamicin sulfate was additionally infused at 65 , 180 and 300 minutes ,

with 4.0 milligrams per kilogram gentamicin sulfate given intramuscularly at

360 minutes and daily for three days. The six treated dogs maintained normal

blood glucose and pH values during the initial 6-hour period , and adverse

intestinal findings were absent. These treated animals were sacrificed 6 to 7

days later in a healthy state. Ten additional animals received the same

regimen of either steroid or antibiotic and nine died within 36 hours. Find-

ings stress the Importance of maintenance infusions of both steroid and anti-

biotic agents following lethal Escherlchla coil administration .
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TABLE I.--DOSAGES OF ESCHERICHIA COLI ADMINISTERED TO ANESTHETIZED DOGS

Deeoript ion of Animai Nwnber of orgcmi~ma
Group exp erimenta l group number per rnilliliter~

A Escherlchia colt alone 1 8.4 x lO~(control ) 2 8.7 x
3 9.2 x 109

4 8.6 x l09

5 9.0 x iO~
6 10.0 x i09

7 9.5 x l09

Mean 9.1 x i09

B Escher l chi a colt , 
~ 

8 17.0 x
methy1pred ~Iso lone 8.6 xgentanncin

10 8.1 x i0 9

11 11.0 x i09

12 13 .0  x
13 8.7 x

Mean 11.1 x iO~
C Escherichia coil , 14 9.0 x i09

gentamicin 15 10.0 x lO~
16 9.6 x l09

17 9.7 x’ 1O 9

18 8.7 x
Mean 9.4 x i09

D Escherichia coil , 19 8.5 x lO~methylprednlsolone 20 9.0 x
21 10.0 x iO~
22 8.7 x 109

23 8.4 x
Mean 8.9 x lO~

___________________

*~~e milliliter infused per kilogram body weight
tmethylprednlsolone sodium succinate
1gentamlcln sulfate
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• iE i~~.--SUi~V iVA L ~iA iA IN DOGS R~CEiV1NG ESCHERICHIA COLi ‘,-“AN ISMS
AND TREATED WIT H METHYLPREDN ISOLON E* AND GENTAM ICINt

Group D 8oription cusd treatment Animal §of experimental group number Survival time

A Escherichia col l alone 1 <24 hrs
(control) 2 <24 hrs

3 <24 hrs
4 <24 hrs
5 5 hrs
6 <24 hrs
7 <l2 hrs

Escherichla coil , 8 7 days
methylprednisolone*, 9 7 da sgentamicint

10 6 days
ii 7 days
12 7 days
13 7 days

C Escherichia coIl, 14 7 days
gantamicln 15 6 hrs

16 30 hrs
17 12 hrs

18 <24 hrs

D Escheri chia coli, 19 24 hrs
m.thylprednlsolone 20 23 hrs

21 23 hrs
22 l9 hrs
23 2l hrs

Methylprednisolone sodium succinate .
tGentamlcln sulfate.
1Six-da,y surviva l In good condition represents permanent recovery .
0A1 1 animals sacrificed at 6 or 7 days .

_ _  
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FIGURE LEGENDS

FIgure 1. Effects of methyiprednisolone sodium succinate and gentamicin

sulfate on blood pressure and hematocrit in canine Escherichia coil

shock. (Mean values with paired and unpaired statistical analyses.)

FIgure 2. Effects of methyiprednisolone sodium succinate and gentamicin

sulfate on blood glucose and insulin concentrations in canine

Escherlchla coil shock. (Mean values with paired and unpaired

statistical analyses.)

Figure 3. Effects of methylprednisolone sodium succinate and gentamicin

sulfate on leukocyte and neutrophil concentrations in canine

Escherlchia coil shock. (Mean values wi th paired and unpaired

statistical analyses.)

FIgure 4. Effects of methylprednlsoione sodium succinate and gentamicin

sulfate on heart rate and rectal temperature in canine Escherichia

coil shock. (Mean values with paired and unpaired statistical

analyses.)
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