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The significance of septic shock in man has been emphasized with McCabe's
recent rioocts estimating approximately 132,000 deaths each year in the United
States alone (22). Sepsis, also termed endotoxin shock, is one of the most
serious forms of shock (20). The significant changes that are occurring with
endotoxin shock show progressive malfunctions in most organ systems, including
the heart, Tiver, lung, kidney and brain, associated with depressed hemodynamics
and metabolism (5,16,26). Development of an effective thefapy for the treatment
of septic shock has often been met with failure due to the inability to completely
comprehend the various pathophysiologic mechanisms operative in the experimental
animal model (18). Many laboratory studies are difficult to evaluate because
various anesthetics have been used (15,28,35), and in unanesthetized gnima] stu-
dies the endotoxin s usually administered by bolus injection rather than by slow
infusion (15,28,35). Clinical studies are often hard to assess because controlled
data from gravely i11 patients in different states of the illness in varying
clinical settings are reported (23,35).

Numerous expecimental studies employing exogenously administered cortico-
steroids in the therapy of endotoxin shock have been published, and results vary
from negligible efecciveness (14,15) to nearly complete protection (9,24,27,30,
31,36) against Lhe adverse efrfects of endotoxin. However, the experimental proto-
cols have been greatly restricted, usually consisting of a bolus injection of
endotoxin followed, or preceded, by bolus injections of steroid in the anesthetized
animal and in many studies the degree of lethality is not stated. Variations in
results may be accounted for by the fact that steroids have been used both as a
pretreatment (35) as well as post-treatment (15,28) for shock.

Although a recent clinical study has demonstrated statistically significant
protection with steroids against the lethal effects of sepsfs (32), the value of

corticosteroids for the treatment of septic shock still remains a controversial
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issue (28,33,35). Suggested benefits of corticosteroid action in the animal
model Subjected to endotoxin shock include stimulation of gluconeogenesis (19);
decreased pulmonary congestion and pathology (28); preservation of integrity;of
cellular membranes (37); promotion of adequate tissue perfusion (24); protection
of the liver during warm ischemia (9); increased blood flow and elevated arterial
blood pressure (15,36); increased cardiac output (30); and augmented muscle, skin
and bone blood flows (15). Since studies in endotoxin shock have demonstrated
‘hepatosp]anchnic pooling of blood, hypoglycemia (4) and depressed gluconeogenesis
(12), it would seem that glucocorticoids reported to stimulate gluconeogenesis,
promote tissue perfusion and protect the liver from ischemia, should diminish or
abolish the adverse effects of endotoxin. Therefore, the glucocorticoid, methyl=-
prednisolone sodium succinate (Solu-Medrol, Upjohn Co.; Kalamazoo, Michigan) was
chosen in the present study as a therapeutic regimen for the treatment of endo-
toxin shock in the canine receiving intravenous LD, of E. coli endotoxin by

either slow infusion or bolus injection.

METHODS.
Thirty adult wongrel dogs of random sex, selected for freedom of clinical
signs of disease, were uscd in the present study., A1l dogs were screened for

microfilaria of Dirofilaria immitis (heartworms) and eliminated if positive.

Animals were treated for intestinal parasites and allowed a stabilization period
of 3-6 weeks; o‘nly those with leukocyte counts in the range of 8,000 to 22.000/!1!\\3
and hematocrits exceeding 36% were utilized.

This study was divided into five groups with each group consisting of six
dogs. Group I included awake dols:-given slow infusions of E. coli endotoxin
(LDIOO) (Difco, Detroit) during a 5-hour period with no therapy. Animals in
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Group II were also awake and administered slow infusions of endotoxin (LDIOO)
during a 5-hour period with methylprednisolone sodium succinate (MP) post-treatment j
beginning at +15 minutes after initial infusion of endotoxin. The steroid (MP
50 mg/ml sterilc water) was given in a bolus injection of 30 mg/kg at.+]5 miﬁﬁtes.
and a maintenance dose was given via slow infusion starting at +90 minutes over a
120-minute period at a dosage of 15 mg/kg. Group III dogs were anesthetized with
sodium pentobarbital, 30 mg/kg, and then administered the LD.l00 dose of endotoxin
by slow infusion. This group received MP as administered to Group II. Group IV
animals were anesthetized with sodium pentobarbital, then given a bolus injection
of endotoxin (LDIOO) and administered MP as in Groups II and III. Group V animals
received a bolus injection of endotoxin (LDIOO) after they were anesthetized with
sodium pentobarbital but were not treated with methylprednisolone. The L0100 of
E. coli endotoxin (mean, 2.25 mg/ml) was established by utilizing the survival
results from Groups I and V (non-steroid treated endotoxin-shocked animals) in
which all dogs died.

A Longdwell indwelling catheter (Beckton-Dickinson; Rutherford, New Jersey)

was placed in the excernal jugular vein of all animals studied and taped in place

for colleciing vlood swmples ana administering endotoxin and steroid. A special
sling was used to support the unanesthetized dogs in a comfortable upright posi-
tion during the initial 7 hours; afterwards, the dogs were returned to their cages.

Dogs Tiving ihrnugh 7 days pos.-endotoxin were considered permanent survivors.
Experiments were designed to follow alterations in peripheral white blood

cell (WBC) counts, rectal temperature (TR), hematocrit (Hct) and blood glucose

concentrations, in both treated and non-treated animals. In all groups glucose,

WBC, T,, and Hct were measured initially before endotoxin as well as +15 and +30
”. [ 4 e

" minutes after endotoxin, then hourly from +60 through +420 minutes. Blood samples

were also collected at +24 hours and +7 days post-endotoxin in surviving animals.




Rectal temperatures were obtained using a Tele-Thermometer probe (Yellow
Springs Instruments; Yellow Springs, Ohio). Leukocyte counts were measured with
a Coulter ZF automatic particle counter (Coulter Electronics, Inc.; Hialeah, gla.).
Blood glucose concentrations were determined using a Beckman glucose analyzer (Beck-
man Instruments, Inc.; Fullerton, Calif.) with an accuracy of +3 mg%. Statistics

were carried out ulilizing t test for paired or unpaired data.

RESULTS

Table 1 shows individual changes in hematocrit in dogs receiving LD;qo E- coli
endotoxin while Table 3 presents mean values and statistical analysis of the same
data. The most marked increases (p<0.02) in hemoconcentration were 6bserved in
animals not receiving methylprednisolone (MP) following a slow infusion of endo-
toxin (Group I, Table 3). Dogs treated with MP after slow infusion of endotoxin
(Groups II and III) exhibited significantly lower hematocrit values (P<0.05) when
compared with animals administered endotoxin without MP treatment (Groups I and V).
Hematocrits also markedly increased (p<0.05) in dogs administered the bolus injec-
tions of endotoxin and post-treated with MP (Group IV) compared with animals slow=-
infused with endotoxin and treated with MP (Group II). Hematocrits remained
elevated in two dogs in Group IV that survived through 24 hours but died by 36
hours post-endotoxin administration.

Survival data are shown in Tables 1 and 2. Increased survival rates (83%)
were observed in the two groups of animals receiving slow infusions of LD<|00 endo-
toxin and post-treated with MP (Groups Il and III). Of particular interest is the
fact that anesthesia did not influence survival results. Animals with the most
marked increases in hematocrit did_hgﬁ usually survivg. A1l dogs in Group I died
when administered LD,,, E. coli endotoxin over a 5-hour infusion period. A1l six

animals in Group IV receiving a bolus injection of L”loo endotoxin died even
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though they were post-treated with methylprednisolone. The mortality rate was
100% for Group V after LD]00 bolus in the absence of treatment with methylpredni-
solone. v

Alterations in blood glucose concentration in individual animals in res;bnse
to LD]00 endotoxin are arrayed in Table 2 while mean values with statistical
evaluaticns are shown in Table 4. The individual values in Table 2 reveal that
hypoglycemia progressively developed in Groups I and V in which methylprednisolone
was not administered and in Group IV animals receiving bolus endotoxin with MP
treatmeni.. In Groups II, III and IV administered MP a significant hyperglycemia
was seen approximatcly 30 to 120 minutes post-endotoxin (p<0.05) (Table 4).

Group V animals given bolus injections of endotoxin but no steroid developed
hyperglycemia at 240 to 300 minutes post-endotoxin (p<0.01) compared with all
groups treated with MP (Group II, III and IV). Blood glucose values were signifi-
cantly higher (p<0.05) as late as 7 hours after endotoxin in Group III animals
given MP compared with animals in Group I not receiving methylprednisolone.

Changes in rectal temperature are listed in Table 5. The control temperatures
for Groups IV and V were significantly higher (p<0.05) than those for Groups I
and II, apparently due to random sampling. Groups I through IV showed significant
febrile responses acter administration of endotoxin by either slow infusion or
bolus injection in hoth awake and anesthetized dogs. In Group V the only signifi-
cant increase of rectal temperature occurred at 360 minutes with only two dogs
surviving at that time.

Table 6 presents alterations in peripheral leukocyte concentration after
administration of endotoxin. Endotoxin injection caused a significant leukopenia
in all five groups (p<0.05) at 15 through 60 minutes when compared to control
values. The levels of leukopenia for G;;ups v ;nd V receiving endotoxin by bolus

injection were lower (p<0.05) than in the slow-infused groups (Groups I, II and III).




A significant Teukocytosis (p<0.01) was observed at 24 hours in Groups II and

IIT in which 83% of all animals survived.

v

DISCUSSION y

Corticosteroid therapy in the treatment of septic shock is still a contro-
versial subject among both clinicians and medical scientists (35). Many labora-
tory studies are difficult to evaluate because they involve either pretreatment
(use of drugs prior to administration of endotoxin) or multiple treatment with
bolus injections of endotoxin in contrast to slow infusions (15,28,35).

The primary purpose of this study was to determine the effectiveness of
intravenous administration of methylprednisolone sodium succinate (Mé) as a post-
treatment for canine endotoxin shock. Shock was produced in awake and anesthetized
dogs via either bolus injections or 5-hour infusions of LDyqo E- coli endotoxin.
Results clearly demonstrate an increased survival (83%) with MP post-treatment
alone during slow infusion of endotoxin. In contrast, all dogs post-treated with
MP died when endotoxin was administered as a bolus. Schumer's double-blind study
of patients in sepsis documented increased survival with methylprednisolone (32)
which is corroborated by the present studies using a slow infusion model. Thomas
and Brockman found that post-treatment with methylprednisolone did not alter sur-
vival results in dogs administered intravenous bolus endotoxin (35). Following
injection of MP (30 mg/kg) at 1 and 7 hours after bolus injection of LDSO-GO £, colt
endotoxin, survival time was lengthened (48 hours) in dogs subjected to endotoxin
shock (28). Results from the present study clearly indicate that the most appro-
priate procedure possessing clinical relevance is the endotoxin slow infused model.

Previous work from this laboratory using LD80 endotoxin in dogs with MP post-
treatment revealed only a 47% increase in survival rate (15); MP was injected

intravenously +15 minutes after endotoxin at a dose of 20 mg/kg body weight with




no maintenanc: doscs of the steroid utilized. The half-l1ife of MP has been
reported to be approximately 3-4 hours (8); therefore, in the present study a
maintenance dose of 15 mg/kg body weight was infused for a 2-hour period beginning
90 minutes afler the onset of endotoxin infusion and 75 minutes following th;
initial 30 mg/kg injection of methylprednisolone. The additional administration
of MP may have influenced survival by maintaining its plasma concentration at
effective levels during and following administration of endotoxin.

A controversy currently exists over the use of anesthetics in animal shock
models. Data from the present study clearly document that use of sodium pentobar-
bital (30 mg/kg body weight) as an anesthetic agent does not influence survival
results. Both groups of animals receiving MP after slow infusion of LD]OO endo-
toxin had an 83% survival rate although six dogs were anesthetized and six animals
were awake.

Hematocrit increased markedly (p<0.05) in all groups; however, Group II and III
animals post-treated witii MP showed significantly less hemoconcentration. The
degree of hemoconcentration was presumably an important factor in determining
mortality. The decreased hematocrits seen in surviving animdls could be attri-
buted to the steroid's action in preserving the integrity of cell membranes (37),
promotion of tissue perfusion (24), increased blood flow, and elevated blood pres-
sure (15,36). Prager et al has previously demonstrated that dogs given steroids
required less fluid to maintain systemic arterial pressure and urine output (28).

Normoglycemia was associated with survival of animals in Groups II and III
receiving a lethal slow infusion of endotoxin followed by treatment with methyl-
prednisolone. The presence of normoglycemia suggests a stimulating effect of
methylprednisolone on hepatic gluconeogenesis (19) possibly through promotion of
adequate hepatic perfusion (9,24). An increased mesenteric blood flow in endotoxin-

shocked dogs post-treated with methylprednisolone has been reported (36). In a
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study of rabbits subjected to 30-minute portal vein occlusions producing liver
ischemia, 90% of the animals died, while with MP post-treatment only 56% died (9).
Animals in Groups I, IV and V all became hypoglycemic during this study and a31
dogs died in these three groups. Hypoglycemia has been previously associated with
death in canine endotoxin shock (1,4,18) and in man during septic shock (29).

A positive correlation has been previously established between maintained blood
glucose levels and survival in dogs subjected to endotoxin shock (18). Therefore,
the action of methylprednisolone on the 1liver may have been an important factor
determining survival in the present study.

The early leukopenia observed in all groups after 5nitiation of either slow
infusion or bolus injection of endotoxin was similar to previous results reported
by this laboratory (17) as well as those of other investigators (2,3,31). The
initial leukopenia was more severe in the two groups receiving bolus injections
of endotoxin. Mulholland and Cluff reported that endotoxin causes granulocytes
to adhere to the capillary endothelial cells and then later leave the circulation
and move into the tissue (25). The return of the leukocyte count to near normal
or to a leukocytotic state corroborates earlier studies and may be the result of
entry of new leukocytes from the bone marrow into t. 2 circulation (10,13,17).
Leukocytosis has also been reported to occur after corticosteroid injection (6),
and this mechanism might account for some degree of the leukocytosis seen in the
survivors. ?he leukocytosis seen in the animals infused with LD.l00 endotoxin and
treated with'steroid was similar to but more marked than that observed in doags
given sublethal endotoxin as previously reported (38,39,40).

Elevated tanpera£ures occurred in all groups except Group V. Although the
mechanisms for the pyrqgenic response to endotoxin are not clearly identified,

studies have shown that the neutrophil can release a pyrogen which will produce
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a febrile response in animals administered endotoxin (11). There is also evi-
dence that endotoxin produces fever by direct action upon the brain (10). A
recent hypothesized mechanism is that hyperthermia may be due to inhibition of
Protaglandin E, catabolism in the hypothalmus (34). Corticosteroids have been
reported to reduce leukocyte pyrogen production (7); however, the groups receiving
corticosteroid in this study still exhibited fevers. This may have been due to

an overwhelming quantity of endotoxin resulting in excessive pyrogen versus anti-
pyrcgenic activity of the corticosteroid. The absence of an elevated temperature
in Group V may be the result of the lethal bolus injections of endetoxin producing

a poor tissue perfusion, thus negating any pyrexia from pyrogen release.

SUMMARY

The use of corticosteroids has long been intensively studied for the treat-
ment of septic slock; however, there still remains much controversy over their
use. This study was designed to determine the therapeutic value of post-treatment
with methylprednisolone sodium succinate (MP) in the awake and anesthetized canine

receiving LD of E. coli endotoxin by either intravenous slow infusion or bolus

100
injection. The MP was administered initiallyat 15 minutes post-endotoxin at a

30 mg/kg body weight dose and then followed at 90 minutes with a maintenance dose
of 15 mg/kg by slow infusion over a 120-minute period. It was found that post-
treatment with MP produced a significant increase (83%) in survival in dogs
receiving LD, E. coli endotoxin (2.25 mg/kg) by slow infusion whether awake or
sodium pentobarbital anesthetized. Both the 5-hour infusion and bolus injection
of the endotoxin (2.25 mg/kq) produced a 100% mortality with no post-treatment.
Post-treatment with the MP did not alter the 100% mortality in the canine bolus-
injected endotoxin shock model. Survival was associated witha normoglycemia and

stabilized hematocrit, while death was accompanied by hypoglycemia and severe

hemoconcentration.




1.

2.
3,

4,

5.

7.

10.

]]0

2.

- —

f

REFERENCES

Archer, L. T. Hypoglycemia in conscious dogs in live Escherichia coli septie

cemia: A chronic study. Circ. Shock 3: 93, 1976. v
Atkins, E. Pathogenesis of fever. Physiol. Rev. 40: 580-646, 1960.

Bennet, I. L. Jr., Cluff, L. E. Bacterial pyrogens. Pharm. Rev. 9: 427-475,
1957 .

Berk, J. L., Hagen, J. F., Beyer, W. M., et al. Hypoglycemia of shock.
Ann. Surg. 171: 400, 1970.

Berry, L. J. Metabolic effects of bacterial endotoxins. In: Microbial Toxins,

Vol. V (S. Kadis, G. Weinbaum, and S. J. Aj1, eds.), Academic Press, New York,
1971, p. 165.

pale, D. C., Fauci, A. S., Guerry, D., et al. Comparison of agents producing
a neutrophilic leukocytosis inman: hydrocortisone. prednisone, endotoxin,

and etiocholanolone. J. Clin. Invest. 56: 808-813, 1975.

Dillard, G. M., Bodel, P, Studies on steroid fever II. Pyrogenic and anti=-
pyrogenic activity in-vitro of some endogenous steroids of man. J. Clin,
Invest. 49: 2418-2426, 1970.

DiSanto, A. R. The Upjohn Company. Personal Communicétion.

Delpin, E. S., Figueoroa, I., Lopez, R., et al. Protective effect of steroids
on liver ischemia. Amer. Surgeon 683, 1975.

Freedman, H. H. Further studies on passive transfer of tolerance to pyro-
genicity of bacterial endotoxin. The febrile and lTeukopenic responses.

J. Exptl. Med. 112: 619, 1960. " |

Gillman, S. M., Bornstein, D. L., and Wood, W. B., Jr. Studies on the patho-
genesis of fever. J. Exptl. Med. 114: 729, 1961.

Groves, A. C., Woolf, L. I., O'Regan, P. J., et al, Impaired gluconeogenesis

in dogs with E. coli bacteremia, Surgery 76: 533, 1974. !




13.

14,
]5.

16.

]7.

8.

]gl

20.

21,

2l

23.

24.

25.

Herion, J. C., Walker, R. I., Herring, W. B., and Paimer, J. G. Effects of

endotoxin and nitrogen mustard on leukocyte kinetics. Blood 25: 522, 1965.

Hinshaw, L. B. Shock tour symposium. J. Okla. State Med. Assoc. 59: 471{ 1966.
Hinshaw, L. B., Solomon, L. A,, Freeny, P. C., et al. Endotoxin shock: Hemo=-
dynamic and survival effects of methyiprednisolone. Arch.Surg. 94: 61, 1967.
Hinshaw, L. B. Melease of vasoactive agents and the vascular effects of

endotox'n. In: Microbial Texins, Vol. V (S. Kadis, G. Weinbaum, and S. J.

Aji, eds.), Academic Press, Mhew York, 1971, p. 209.

Hinshaw, L. B., Mathis, M. C., Naneato, J. A., and Holmes, D. D. Recovery
patterns and lethal manifestitions of Tive E. coli organism shock. J. Trauma
10: 787-794, 1970.

Hinshaw, L. | ., Peyton, M. D., Archer, L. T., et al. Prevention of death in
endotoxin shock by giucose acministration. Surg. Gynec. Obstet. 139: 851, j974.
Holtzman, S., Schuler, J., Earnest, W., et al, Carbohydrate metabolism during
endotoxemia. Circ. Shock 1: 99, 1974,

lLees, N. W. The diagnosis and treatment of endotoxic shock. Anesthesia

3ks 89F, 1970,

Lillehei, R. C., Maclean, L. D. The intestinal factor in irreversible endotoxin
shock. Ann. Surqg. 148: 5i3-525, 1958.

McCabe, W. R. Gram-negative bacteremia. Adv. Intern. Med. 19: 135, 1974.
Mcllenry, M. C., and Hawk, W. A. Bacteremia caused by gram-negative bacilli.
Med. Clin. . Am. 58: 623, 1974.

Motsay, G. J., Alho, A., Jaeger, T., et al. Effects of corticosteroids on

the circula.ion in shock: Experimental and clinical results. fed. Proc.

29: 1861, 1970.

Mulholland, J. H., and Cluff, L. E. The effect of endotoxin upon suscepti-
bility to infection: The role of the granulocyte. In: Bacterial Endotoxins,

A Symposium. Quinn & Boden Co., New Jersey, 1964, p. 211,

s ———t———




26.

27.

28.

29.

30'

31,

32-

33.

34.

35.

36.

Nagler, A. L., and Levenson, S. M. Experimental hemorrhagic and endotoxin

shock. In: Microbial Toxins, Vol. V, Academic Press, New York, 1971, p. 341.

Pitcairn, M., Schuler, J., Erve, P. R., et al. Glucocorticoid and antibig}ic
effect on experimental graanegative bacteremic shock. Arch. Surg. 110: 1012,
1975.

Prager, R., Kirsh, M. M., Dunn, E., et al. The benefits of corticosteroids

in endotoxic shock. Ann. Thor. Surg. 19: 142, 1975.

Rackwitz, R., Jahrmarker, H., Prechtel, K., et al. Hypoglykamie wahrend
kreislaufshock. Klin. Wochenschr. 52: 605, 1974.

Sambhi, M. P., Weil, M. H., and Udhoji, U. H. Acute pharmacodynamic effects
of glucocorticoids: cardiac output and related. hemodynamic changes in normal
subjects and patients in shock. Circulation 31§ 523, 1965.

Schuler, J. J., Erve, P. R., and Schumer, W. Glucocorticoid effect on hepatic
carbohydrate metabolism in the endotoxin-shocked monkey. Ann. Surg. 183: 345,
1976.

Schuwer, W, Steroids in the treatment of clinical septic shock. Ann. Surg.
184: 333, 19/6.
Staden, A, ¥ethylprednisolone: Pharmacologic aoses‘in shock lung syndrome.

J. Thor. Cardiovasc. Surg. 71: 800, 1976.

Splawinski, J. A. Mediation of hyperthermia by Prostaglandin €y A new
hypothesis. Arch. Pharm. 297: $95-897, 1977.

Thomas, C. S., and Brockman, S. K. The role of adrenal corticosteroid therapy

in Escherichia coli endotoxin shock. Surg. Gynec. Obstet. 126: 61, 1968.

Vaughn, D., Kirschbaum, T., Bersentes, T., et al. Effects of corticosteroid
hormones on regional circulation in endotoxin shock. Proc. Soc. Exptl. Biol.

Med. 124: 760, 1967.




37.

38.

39.

40.

Weissman, G. Labilization and stabilization of lysosomes. Fed. Proc. 53:

1038, 1964.

White, G. L., Archer, L. T., Schroeder, T., et al. Development of a new p;del
for the study of endotoxin shock. Physiologist 19: 409, 1976.

White, G. L., Archer, L., Beller, B., et al. Leukocyte respoase, liver function
and altered survival in superlethal endotoxin shock. Fed. Proc. 36: 503, 1977.
White, G. L., Archer, L. T., Beller, B. K., et al. Leukocyte response and

hypoglycemia in superiethal endotoxin shock. Circ. Shock, in press.

————




PaALl S'6€ b 9y Ly Lv 8v 0S 8y 8 Ly 9 iy 8l
paLg xx 89 & {9 69 0L 9L $'89. IS Sy 6v LL
PaALl 6¢€ 13 65 09 vs SS 85 19 95 0s e a4 9l
paAll LE 85 95 99 5§ 2s LS 0¢ 9 137 8¢ S°ey Sl
PaALl S S° Ly s 0s ] Vs 5§ LS 8Y S°9y 144 6¥ 14t
PaAL] €y $i5 05 s'6¥ VS v SS 9s 144 37 oY Shp EL
Ju2W1e34] PLOJ3]S - ULXOJOPUS UOLSNUL MOLS SsBop pazijayisauy :II1 dnoug
paAL] SE St St 124 v I by Ly €S 0S 6V v L
PAALT 9 St 0§ 6% Ly 8 2s SS 9S 85 LS 144 LL
patd ¥ 0S s ¥S 09 99 el 19 95 8% 6€ ol
PaAL] LS 6b 4] 55 95 85 29 £9 09 L9 SS €S 6
PaALT 6v 0S €S LS s 03 09 85 SS s 8b 0S 8
P3ALT 6¢ v 8t 8 6% 0s LS LS 6 124 St St L
pIURUILAUL PLOJYS - ULX0JOPUD UDLSNJUL MO|S “sBop femy :II dnouy
patad wx 89 9 89 L9 0L LL LS 95 3 Ly 9
paLa xx 2L L9 S9 69 L9 €9 6S €S 0S 6t S
paLa * SL 59 19 ¥S &b b ot ?
pata xx €9 S9 9 9 89 19 3 8t 6v 6t £
p3La 2 09 {S 0S 8¢t 9¢ 4
paLa ; * 89 89 0L 89 S9 €S 6 8t 8t L
JuUBWI B3] OU - U(X0J0PU3 uoLsnyul Mo(s ‘sbop axemy :[ dnoug
ey L+ b2+ 0Zp+ 09€+  00E+  Op2+ 081+ 0Zl+ 09+  O€+  Gl+ 1043u0) “ou Bog
skep  sunoy sajnulw ‘aut]

N1X0100N3 1105 3 %°'a1 NV QI¥ILSINIWOY $900 NI LIMIOLWWIH NI SIONVHD L 318WL < «

B — ]

BT S S ——




- T i et g

SUNOY 9€ PuR 2 USIMISQ PIJUNII0 YIe(yyy
SANOY pZ Pue SIINULW (OZp UIIMIDG PALINII0 YIe30ys
?|dwes snorAaad j0 S3INULW (9 ULYILM P3JINII0 Y3ea(ds

porsad ajnuiw 2 e 43A0 A SnoudAeajul uaAtb uorjdafut sniog,

63/6u Q€ [e3lqJeqojuad wWNLpPOS Y3ILM PIZLIBYIsAuy,

potsad ajnulw QZ| © 403 uixojopua-3sod sajnuiw Qg 3@ 3uojostupauad|Ayjawby/bug| jo uorsnjur MO|S e uayj uoirydafug
ULXO30pU? J433je Sanuiw G| e uor3daful sniog AqQ 3jeurddns wnipos auojostupasdAyzaw 63/6w Qf YjLm pajead3 umomv

potuad unoy g e 43A0 A[SnouaAeajul udALb uotsniut Mo(S.,

s

uLx030pud 1105 -3 b6%/bu Gz°Z ueauw - oopoan

u3d43d uL 3tad0jewsy OJILH,

patd ¥ LS 9s SS 2s 0S 8t 8t 6€ 0€
patd * L9 99 ¥9 29 €S SS LS 8t 62
pald ¥ 69 0L 0L €L el 99 ¥9 95 LS 9S 82
pata * 1L 59 9% 9t S LY Ly 44 4
patd * 09 09 SS 0S St A 44 St 92
patd Ly 9t 9t 17 0§ 8t Sv ot 187 4 T4

judurpesd] ou - uLxojopud uor3dafui snioq “sbop paziiayisauy :A dnouay
patQ ey G'29 85 09 19 ¥9 29 85 §°GS §° 1S A 0S ¥e
patg xxx %9 4 Ly 8Y 6t 0s 6t 8t et St A4 €2
patd x* 89 99 €9 S9 €9 29 LS €5 SS 0s 44
patd % €9 59 ¥9 ¥9 29 09 8t 134 £Y 4] 12
pat@ * S*hL 4 el VA 69 19 G°89 S§°1S 02
patd x 1L L9 99 €9 S9 LS S 0b S'ev ot 61

Juswleaul piLosals -Lrwapov:m uor3oafur snioq “sbop pazijayisauy :Al dnouy

93e4 (+ ve+ 0cr+ 09¢€+ 00€+ ove+ 081+ 021+ 09+ 0c+ Gl+ [043u0) ‘ou bog

sAep  sanoy

sa9jnulw “awtj <

(*3.,u03) 1 eVl

AT

—————————




PaAL] 96 S8 28 €L g/ 08 26 S0l L6 6Ll 96 L6 8l
paig *x 0L et 601 ovl 90t 6 £6 L2l 901 201 Ll
PaAL] 96 pSi £8 €8 6L €8 08 6 LEtL octl £6 28 91
paAaLl 601 20l SLlL vol SoL SLL gLl 821 ¥ot 0€l 66 96 Sl
paAL] oLt €0l 06 b6 L6 Lt LLL 1248 502 S8l 801 ¥6 14!
PaAL] 88 86 85 89 92 L8 901 evl 2N 08l ot 68 £l
JUSL}32347 PLOJIIS - ULXOJOPU3 UOLSNJUL MOLS mmmov p3z138y3sauy :111 dnoay
paALt €0l 124 S8 08 (YA 00l 08 £6 oLt 601 001 €01 2l
P3ALY Lot 801 88 S/ 16 08 901 €01 0zt 16 S6 L0l i
patd *x €2 62 187 LS SS 1L 901 801 (8 26 ot
PaAL] 86 0cl L0} 9l 2Ll 0clL 8Ll 1228 AN | 1248 ELl oL 6
PIALY 0zl ofL L0l 96 06 601 Ll €21 9l €6 86 L6 8
PaALT] cLtL 18 99 8. 74 L6 66 €Sl 891 591 oLt 601 L
JudWlead) pLOUI}S ~ ULXOJOPUd uotsnjui Mo(s ‘sbop axemy :]I dnouy
patd ¥ L9 89 L9 €L 18 yoL 96 06 56 901 9
patd ¥ 19 L9 09 89 S9 18 S. 6L 174 44 S
peta . » 6€ 65 08 9L €01 tot 06 v
patg *x LS (S #s t9 2s {9 8 0L 88 101 €
pata * ot 99 8 8 8. 2
paid > €€ 6€ 95 4] 74 9l 98 26 001 1
JUSUI ALY OU - ULXOJOPU3 UOLSNIUL MO|S ‘sbop ajemy :1 dnouag
ey [+ v+ 02+ 09¢+ 00€+ 0p2+ 081+ 0ZL+ 09+ 0t+ Gl+ |043u0) “-ou Bog
sAep  sanoy sajnuLw ‘auwy)

NIX0L0GN3 1103 ‘3 40

q

00lgy Ny Q3¥3LSINIWGY SDOG NI

gVOILVELINIINGD 3S0ONTD Q0078 NI SNOILWYILIY "2 378vl




SANOY 9E pue gz UIIMISQ P3JJNII0 YIed(yxy

SANOY pZ pue SIINULW (Zy UIIMIAQ P34UNII0 Y3e3(0xy

a|dwes snotAaad jo S93nULW Q9 ULYILIM Pauanddo Y3ealds
pot4ad ajnuiw 2 ® 43A0 A[SnoudArajul UaALb uorjdaful m:—omm
6%/6w Og |e31q4eqojuad wWNLPOS Y3LM PIZLI3YISIuY,

poraad ajnuiw pzZ| © 403 uLxojopua-3sod S33nuiw Q6 3° 2uo|osiupaud|Ayzaw 6%/6w G| 4O UOLSNIUL MO|S @ U3Y3 uoi3d3fut

ULXO030pPU3 J33j® S3JNULW G| 3B UOLID3[uL sn|og AQ 33euldINS wWNLpos auc|osiupaad|Ayjaw 6x/bw Of y3im pajeass 3sod

P
potuad unoy G e 43A0 A Snoulaesajul udALlb uoisnjyul xo_,mu

urxojo0pud (oo ‘3 by/bw G2°2 ueaw - oo—a._n
ju3d43d wbw uy asoon|b voo—ma

p3ta » Sl €€ 29 €6 00L €8 LEL 901 ot
pa3lg * T4 LS 18 16 vl SOt Stt 26 62
paid % €9 89 €S 99 59 oL 20t 68 S8 S8 82
palg * 0s 8t 101 101 oblL 9zl L6 L
patd * 13 8¢ 09 8 8 86 gcl 08 92
pata x> 09 ot 144 6 11 é8 611 9Pl 6L1 86 T4

JUdWIL3IJL] OU - ULXO3Opud uoir3dafui snioq *sbop pazijayisauy :A dnouag
paig x¥¥ 8¢ 6L 86 S8 68 16 92l 8sl ivi vEL ool 24
pata »yx 8L 59 L9 ¢8 L6 6 geL - Lel €01 orl 801 | X4
patd ¥ 6L S8 S8 66 601 9l L0¢ 01 92l 68 22
p3ta ¥ 0s 8t 9g LS 59 20l €Ll Shl r4 40 ¥8 12
pata ¥ 26 68 L 74 01 S0l SLL 16 0¢
pat@ ¥ 9§ 1% 08 06 el 9slt StlL 0L 66 6l

JudwIeas] pLouaadls - ‘c_xouovcu uot3dafur snloq ‘sbop paziiayisauy :A] dnoag

93e4 {+ 1244 17424 09¢€+ 00€+ ove+ 08l+ 0ZL+ 09+ 0t+ Sl+ (o43u0) “ou bog

sAkep  sanoy sajnutw *aut] ~

(*3.,u0)3) Z 38vVL




paip siewiue g j0 mm

I1 dnosg 03 uosituedwod pautedun = d ®

I dnoug 03 uostuedwod paatedun = d P

ULX0}0pU3 24042G 50D Yoes 40) JuU3WIANSEaW Let3tul,

Ampwmumngommvo.umammmvucmuumwuuocnco_uuoncw=wxouow:mm=~on.mmovvamuu:umoca">n=ogw

$quawjeaul-3sod suo|osiupadadifyzsy - ULX030pUd LOLIdafuL sniog ‘sbBop pazijayissuz Al dnoug fjusawjeaul-3sod
auo|ostupasd|Ay3aw - ULXOJOPU3 uUJLSnitl MO[S °SDOP pazijayissue :]I] dnoug fjuswieadi-3sod auo|osiupaad|Ayiauw
- ULXO030puU3 uOLSNjuL MO|S sBop 3x2#2 :I] dnoag fJuswlead] Ou - uULXO30pud uotsnjul mols ‘sbop ajeme :] a:o;wn

uixojopud L[0d 3 (63/6w Gz-2 uesw) ooPoq yatm pajoafut auaam sdnoub ||y °dnoub yoes uL g “sbop Qg J0 Le3oL,

S0°
3 ! (t1)ss (z21)8s  (v)og  (¥)29 (€)oo ()vs (e)1s  (e)ew  (2)9p  (€)st A a“ugo
S00° S0° 20° 20" S0° ad
3 (L1)e9  (v)s6s ()29 (r)es  (e)v9  (€)29 (e)19 (e)ss (e)ev (2)6v (2)ip Al dnoug
S0° 620° 20° S00° (N :
(U (v)er  (g)ss (g)ss (e)ss (g)ss  (g)es  (v)es (¥les  (2)v  (Ley  (L)ip 111 dhoug
100" L00° 100" 500" 20"
(e)vy  (2)9v  (L)oS (2)os (2)os (g)es (€)9s (¥)8s (2)9s (€)vs (2)8y (2)st 11 dhoug
3 3 (€)89 (1)99 ()99 (2)69 (L)89 (2)99 (1)9s (2)os (2)v  (2)st q! dnoug

L+ b+ 0+ 09€+ 00+ ove+ 081+ 0ZlL+ 09+ 0t+ Sl+ lo43uo0)

sfon  <cunoy sajnulw ‘awt}l

aAum + NY3W) NIXOLOGNI Q3¥ILSINIWAY S90@ NI (%) LI¥IOLVWIH NI SNOILWYILTY “€ 318VL™ .




I dnoug 03 uostaedwod pasiedun = d

PaLp SLeWLUR § 4O 9

P

€ 21981 335 0.,

20° d
() 0 () 5) 49 W WM. U e P
B ) 29 tS ve 2 L9 £6 801 oLl 821 £6 A dnoug
20° 20° 10 S00° 100" va
(02) (2) (6) (8) (9) (9) (21) (v1) (6) (9) (v)
2 85 89 L L 8 88 6Ll 951 vzl Al 56 Al dnouy
50" S0° 500° 10° Loo" 1o- 00  so° pd
(v) (21) (8) (6) (9) (o1) (9) (6) () (@) () (€)
00l 801 88 68 06 €01 201 8Ll 52t Shl 1ot 26 I11 dnoug
s20°  20° S0° S0° S0° v._
(v) (21) (1) (v1) (ot) (oL) (1) (6) (6) (zt) (¥) (€) 2
o1 S0t 6L 28 18 £6 66 St 621 8Ll ot 201 1 dnoug
(1) (8) (9) (9) (s) (6) (i) (s) () (5) .
2 3 09 9 S 6S 29 St 96 S8 06 26 qf 9049
(+ p2+ 02p+ 096+  O00E+ Ov2+  O08l+ 021+ 09+ 0t+ Gl+  [043U0)
sAkep suanoy sajnuLw ‘awg

o(3S ¥ NV3W) NIXOLOONI GI¥3LSINIWQY S900 NI (39W) SNOILVMINIONOD 3500019 00078 NI SIONVHI

B .u._m<._.

o A A |




padnsesiw 30U SeM aunjedadwsy [e30a4 3Inq sAep / ybnouayy paAL] S|ewiue 9 jo mm
P3Lp slewiue 9 30 9
S8n|eA |043u0) 03 uostaedwod padied = d p
€ 3LqeL 335, 0y
§20° pd
(s*) (v°) () {s7) (s) i TR |l MR {2*) (L)
2 3 I'68 6'68 9'gc £'ge L8  f & 'St THE T e A dnoug
S0° S0° 50° o 20° S0° pd
(€°) (¢) (8°) (9°) (9°) () v} 127} &) 2*) (0°)
2 [8C 9'6C B'6E 66 [I'BE Wi 8 't R »E 1w Al dnoug
20° 620" S0° S0° 520" S00° 20" Lo° S0* d
2y @) ) 8 ) 1oy ) 0l i) Bl 1 P
I ' 'St & ', L°6€ 1’6 0°6E 88 88 6'8  0°8E I11 dnouag
S0° S0 G20° 20° S0° 20° S00°  S00° d
) Wl Wy Wl oW ) : ) 9 a v (1) P
3 3 L'8€ 686 2°6€ €£€°6€ 6°8€ 88 0°6E  6°8E 8°LE 1 dnoug
10° 10° 100" 00"  §20° 100°  S00°  SO° eg
8] ) &) (2°) ') 3} @) ¥ B
2 El 68 S8 ' ¥R II'sE I® R "THR &= > q! dnoag
L+ p2+ 02p+ 09€+ 00€+ Ov2+  OBl+ 021+ 09+ 0t+ Gl+ l0J3u0)
skep  sanoy sajnuiw ‘awt)

-Gm + NV3W) NIXOLOGNI Q3Y3LSINIWAY S900 NI Sov NIVIIINIL TVLIIY NI SISNOASTY  °S IT8VL




SaN|RA |0J4]UQ) O} UOStJeduwod paated = d

P3LP S[BULUZ § JO g

€ d1qeL 335,

P

e

; ol . 10° 0° G00" va
(oovz) (ooll) (oocz) (cozz) (oos) (oos) (oo8) (oov) (002) (0092)
2 E 008€L 00S2L OOvLL 00/0L 0096  00SZ  O0OvS  008E  00vZ  00SPL A dnoug
S0° 500" L00" 00" 100" en
(00£9) (ocosg) (oole) (oosz) (oosL) (ootl) (oo9) (ooe) (oos) (oot) (oo6)
3 00902 00vZl 00S6L 009l2 0082l OOOEL 000L 008y  O0O6E 0062  OOSEL Al dnoug
100° s0° S00° 100" 100" W pd
(oot9) (oose) (oosy) (oozy) (00s:) (008L) (oogz) (ooor) (oo6) (oos) (oozL) (oo8)
00902 009%S 00S6L 0089L 00SGEL  0OEZ 00101l 00LS 008y 002§ O00¥8 0092l 111 dnoug
Mo. Mo. 500" 500° 500" 100° p°
(ooze) (0029) (00zz) (ooor) (oosz) (oosi) (ooiz) (oost) (ooot) (oost) (oo6L) (0O¥L)
00/61L 00Ely 00€9L 0OLZL 00S¥L 0006 00201 ©00SZ. 000/ 00/8 00/9  00SSl 11 dnoug
S00° 10° S0° eg
(006s) (ooee) (oosy) (oost) (oozz) (oost) (oos) (oos) (oosz) (oosl)
3 3 00621 006EL 009%L 0098 0088 006, 0009 O0OLS 009 008zl q! dnouy
L+ b2+ 02v+ 09+  00€+  Ov2+  08l+  0Zl+ 09+ 0€+ Sl+ 1043u0)
sAep  sanoy sajnuiw ‘awt}]

o(3S + NV3W) NIXOLOGN3

QIYILSININAY SI0G NI Ames\v SINMOJD 3LAJ0NN3T NI SNOILVI¥VA 9 3Tavi




UNCLASSIFIED

Secunty Classification

DOCUMENT CONTROL DATA-R&D
ccurity classilication of title, body of abstract and indexing annotation muxst be entered when the overall report is classilied)
NATING ACTIVITY (Corporate author) 2a8. REPORT SECURITY CLASSIFICATION
UNCLASSIFIED
UNIVERSITY OF OKLAHOMA HEALTH SCIENCES CENTER 2b. GROUP
OKLAHOMA CITY, OKLAHOMA UNCLASSIFIED

[0 _INCREASED SURVIVAL WITH METHYLPREDNTSOLONE POST-IREATMENT IN LETHAL
ENDOTOXIN SHOCK o - s o

) g t and, inclusive dates)
Technical Kepawt)

4.
% AUTHORIS) (First name, middle ini 1al, last name) " x

T N TS "
l GQ L,/hhite, Lq T,/Archer, B?“K. Beller E?UE? Hinshaw

E BRI i 7@, T Q 7b. NO. OF REFS
16 Fe @738 12 ZEE # Pa 40

Sa. ORIZ[NAYOQ's ER(S)

NA#F14-76-C-#229
PROJECT NO m
NR 105-516

9b. OTHER REPORT NOI(S) (Any other numbers that may be assigned
this report)

d.

10 DISTRIBUTION STATEMENT

Distribution of this report is unlimited.

11 SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

1 Office of Naval Research

L
[E] AesV\(Acv

The use of corticosteroids has long been intensively studied for the treat-
ment of septic shock; however, there still remains much controversy over their
use. This study was designed to determine the therapeutic value of post-treatment
with methylprednisolone sodium succinate (MP) in the awake and anesthetized canine
receiving LDy of E. coli endotoxin by either intravenous slow infusion or bolus
injection. The MP was administered initially at 15 minutes post-endotoxin at a 30
mg/kg body weight dose and then followed at 90 minutes with a maintenance dose
of 15 mg/kg by slow infusion over a 120-minute period. It was found that post-
treatment with MP produced a significant increase (83%) in survival in dogs
receiving LD]JO E. coli endotoxin (2.25 mg/kg) by slow infusion whether awake or
sodium pentobarbital anesthetized. Both the 5-hour infusion and bolus injection
of the endotoxin (2.25 mg/kg) produced a 100% mortality with no post-treatment.
Post-treatment with the MP did not alter the 100% mortality in the canine bolus-
injected endotoxin shock model. Survival was associated with a normoglycemia and
stabilized hematocrit, while death was accompanied by hypoglycemia and severe
hemoconcentration.

S/N 0101-807-6811 Security Classification A-31408

DD "7U.1473 (Paee D) L'LD »I L/’[p /7L UNCLASS IFIED QU.&/

e . it e v S e = - e — -

—




