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Evidence has accumulated that suggests
that pharmacologic doses of glucocorticoids
may be beneficial in the treatment of circula-
tory shock (1-4). Several workers, however,
question the use of these steroids in the
treatment of low-flow states (5-8). In ad-
dition, recent findings suggest that prophy-
lactic preshock treatment with these corti-
costeroids is far superior to postshock treat-
ment (see review by Desmonts and Pocidalo
(9)) and that the latter may not result in an
increase in overall survival (10-12). How-
ever, postshock treatment may be dose-
dependent as well as time-dependent (9, 13).

Several mechanisms, (e.g., stabilization of
lysosomal membranes, metabolic actions,
inotropic actions on the heart, vasodilata-
tion, alpha-adrenergic blockade, immune
reactions, curtailment of the constrictor
actions of vasoactive hormones), have been
advanced to account for this protective
effect in shock, but at present there is no
agreement as to the precise mechanism(s)
involved (4, 8, 9, 14-17). It has recently been
demonstrated that pharmacologic doses of
glucocorticoids: (i) can accelerate the clear-
ance of endotoxin in rabbits subjected to
endotoxin and intestinal ischemia shock
(18), and (ii) can aid in the restoration of
normal reticuloendothelial system (RES)
function in rats subjected to hemorrhagic
and intestinal ischemia shock when ad-
ministered in the postshock period (13).
These latter two observations, implicating
the RES, could be quite important since
considerable evidence has accumulated to
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indicate that the RES may: (i) represent a
homeostatic system serving as a critical
common pathway in the pathogenesis of and
in host adaptation to circulatory shock
syndromes (19-24); and (ii) provide useful
diagnostic and prognostic parameters of
shock syndromes (21-25).

In view of the foregoing, the present study
was designed to determine whether different
pharmacologic doses of hydrocortisone
sodium succinate (HC) and methylpred-
nisolone sodium succinate (MP): (i) are
equieffective as both prophylactic and thera-
peutic regimens in circulatory shock; (ii)
are beneficial as therapy only at a certain
time after circulatory shock is induced;
and (iii) alter the early RES phagocytic
depression characteristic of circulatory shock
syndromes (21-28).

Methods. Female rats of the Wistar strain,
weighing 150 + 20 g and anesthetized with
im pentobarbital sodium (Nembutal, 30
mg/kg), were used for all of our studies.
LDso.¢0 shock procedures were utilized in
our experiments. Femoral arteries and veins
were cannulated in all animals, including
controls. Acute hemorrhage was used to
induce circulatory shock. Hemorrhage was
induced by gradedly bleeding the anesthe-
tized rats via a cannulated femoral artery
over a 20-30 min period to a fixed volume
of 3% body weight and withholding the
blood for 2 hr (24). After the 2-hr hypoten-
sive period the shed blood was reinfused
(intra-arterially) over a 20-30 min period.
Two milliliters of Ringer alone or containing
different doses of either HC (Solu-Cortef,
The Upjohn Co., Kalamazoo, MI) or MP
(Solu-Medrol, The Upjohn Co.) was infused
iv at a constant rate for 25 min either before
hemorrhage (i.e., pretreatment at 2 or 6 hr)
or posthemorrhage (i.e., immediately upon
return of shed blood or 2 hr after return of
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shed blood). The cannulas were removed
immediately after the Ringer and steroid
infusions and the wounds were sutured.
The animals were observed for survival for
7 days. Rats that survive such hemorrhage
procedures for 7 days are known to live out
their entire life spans (24). All hemorrhaged
animals were autopsied grossly at death for
characteristic signs of shock. Blood pressure
was carefully monitored in all of these
experiments. The statistical validity of the
survival data was assessed by means of the
chi-square test.

In other experiments (i.e., untreated
shocked animals and steroid-treated shocked
animals), RES phagocytic indices (or K
values as they are termed) were determined
3 hr posttransfusion; K values were also
determined in appropriate paired control
animals at similar time intervals. The phago-
cytic indices were determined from the rate
of clearance of colloidal carbon, 4 mg/100 g
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of body weight, suspended in calf skin
gelatin by using a slight modification (29) of
the technique of Biozzi and his co-workers
(30). Precisely timed blood samples were
obtained 2, 4, 8, 12, and 15 min after intra-
venous carbon injection, hemolyzed in 0.1 %
sodium carbonate and the carbon concen-
trations were measured photometrically at
675 nm. Phagocytic indices were calculated:

K = (log Ci-log Cy)/(t: — 1)

where K is the phagocytic index, C; and C,
are the colloidal carbon concentrations per
100 ml of blood at times # and f.. The
means and standard errors of the means were
calculated and statistically analyzed using
Student’s ¢ test.

Results. Tables I and II show the survival
data, as well as the carbon clearance K
values, obtained after acute hemorrhage in
control and steroid-treated animal. These
data indicate several important findings:

TABLE 1. INFLUENCE OF PHARMAcCOLOGIC Doses oF HYDROCORTISONE ON SURVIVAL AND CARBON
CLEARANCE IN RATS SUBJECTED TO ACUTE HEMORRHAGE.®

Group and time of steroid

Survivors/ Survival Phagocytic index (K;

administration (& hr) Dose (mg/kg) total % mean =+ SE)
Controls 24/24 100 0.044 =+ 0.004 (24)
Hemorrhaged controls 2.0 ml Ringer’s 10/26 38 0.011 = 0.003¢ (12)
Hemorrhage + HC
—2.0 hr 10 10/18 56 0.014 £ 0.004 (8)
50 14/18 774 0.025 x 0.005¢ (8)
150 17/18 944 0.046 = 0.008¢ (8)
300 18/18 1004 0.045 £ 0.0074 (8)
—6.0 hr 10 8/18 44 0.010 £ 0.003 (8)
50 10/18 56 0.015 + 0.005 (8)
150 14/18 778 0.030 =+ 0.009¢ (8)
300 18/18 1004 0.047 £ 0.008% (8)
0 hr 10 7/18 39 0.009 + 0.004 (8)
50 9/18 50 0.010 £ 0.003 (8)
150 10/18 56 0.013 £ 0.005 (8)
300 16/18 89¢ 0.024 + 0.004¢ (8)
600 12/18 67 0.007 £ 0.003 (8)
+2.0 hr 150 8/18 44 0.009 = 0.003 (8)
300 14/18 72¢ 0.020 + 0.003¢ (8)
600 7/18 39 0.006 + 0.002 (8)

o All of the hemorrhaged animals were bled 3%, body weight. K values were obtained 3 hr after trans-

fusion of shed blood. Survival determined at 7 days.
® Number of animals.

¢ Significantly different from control animals (P < 0.01).
4 Significantly different from hemorrhaged controls (P < 0.03).
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TABLE I1. INFLUENCE OF PHARMACOLOGIC DOSES OF METHYLPREDNISOLONE ON SURVIVAL AND CARBON
CLEARANCE IN RATS SUBJECTED TO ACUTE HEMORRHAGE®

Group and time of steroid

Survivors/  Survival Phagocytic index (K;

administration (% hr) Dose (mg/kg) total (%) mean =+ SE)
Controls 20/20 100 0.045 £ 0.002 (20)
Hemorrhaged controls 2.0 ml Ringer’s 10/25 40 0.010 £ 0.003¢ (12)
Hemorrhage + MP
—2.0 hr 1 9/18 50 0.011 £ 0.004 (8)
5 15/18 834 0.030 & 0.005% (8)
15 18/18 100¢ 0.038 =+ 0.006¢ (8)
30 18/18 100¢ 0.047 + 0.007¢ (7)
—6.0 hr 1 8/18 44 0.012 & 0.004 (8)
5 13/18 724 0.025 + 0.005¢ (8)
15 16/18 894 0.032 + 0.006° (8)
30 18/18 1004 0.045 + 0.005¢ (8)
0 hr 1 9/18 50 0.011 £ 0.003 (8)
5 10/18 56 0.014 + 0.005 (8)
15 12/18 67 0.020 + 0.006 (8)
30 15/18 834 0.027 £ 0.005% (8)
60 10/18 56 0.009 + 0.003 (8)
+2.0 hr 15 7/18 39 0.011 + 0.005 (8)
30 13/18 724 0.022 + 0.004% (8)
60 6/18 33 0.006 + 0.002 (8)

e All of the hemorrhaged animals were bled 3%, body weight. K values were obtained 3 hr after trans-

fusion of shed blood. Survival determined at 7 days.
®* Number of animals.

¢ Significantly different from contirol animals (P < 0.01).
4 Significantly different from hemorrhaged controls (P < 0.03).

(i) massive doses of synthetic glucocorticoid
hormones are of significant value in the
treatment of rats subjected to acute hemor-
rhage; (ii) if the steroids are administered
prior to induction of shock, lower doses of
both hydrocortisone and methylprednisolone
can be administered for therapeutic effects
than can be given postshock; (iii) MP is
approximately 10 times more potent than
HC in inducing survival after hemorrhage;
(iv) pretreatment of rats with pharmacologic
doses of both HC and MP, which promote
survival after hemorrhage, either ameliorate
or completely prevent the early RES phago-
cytic depression characteristic of circulatory
shock syndromes; (v) administration of
rather high doses of both HC (i.e., 300
mg/kg) and MP (i.e., 30 mg/kg) not only
can promote survival posthemorrhage but

can significantly enhance the depressed RES
phagocytic function normally seen in un-
treated animals subjected to hemorrhage;
and (vi) although administration of very
high doses of both HC (i.e., 600 mg/kg)
and MP (i.e., 60 mg/kg) 2 hr posthemor-
rhage do not enhance or lower overall
survival such high doses may not worsen
the already depressed RES phagocytic capac-
ity of rats subjected to hemorrhagic shock.

Discussion. The present experiments sup-
port the idea that administration of massive
doses of synthetic adrenocorticosteroids may
be of considerable value in the treatment of
circulatory shock. These experiments thus
confirm and extend earlier studies of several
workers (1-4, 9-13, 18). Our present findings
indicate that, at least for rats subjected to
hemorrhage, prophylactic use of these ste-
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roids is, however, much more efficacious
than is postshock therapy, thus confirming
a notion suggested previously by others
(9-12). In addition, the present data support
the idea that postshock treatment with
massive doses of glucocorticoid is probably
not only time-dependent but dose-dependent
as well (9, 13). For example, (i) only one
dose of HC (i.e., 300 mg/kg) and MP (i.e.,
30 mg/kg) resulted in enhanced survival
when administered posthemorrhage; and (ii)
a delay in time of steroid administration
(i.e., immediately after transfusion of shed
blood vs 2 hr posttransfusion) resulted in
less of a therapeutic efficacy.

Considerable evidence has accumulated
to suggest that tolerance to various types of
experimental shock and trauma may be
associated with the functional capacity of
the phagocytic elements of the RES (19-29).
The present findings indicate that doses of
synthetic adrenocorticosteroids which sig-
nificantly enhance survival after acute hemor-
rhage either can completely prevent the
usual RES phagocytic depression seen early
after shock (e.g., if steroid is given prophy-
lactically) from occurring or can ameliorate
the RES depression (e.g., if steroid is given
postshock). These steroid-induced adaptive
RES phagocytic changes, seen only in ani-
mals which survive the hemorrhage, are
very similar to those seen in animals that:
(i) spontaneously survive hemorrhage and
other forms of circulatory shock (21-26,
28), and (ii) are tolerant to shock and trauma
(22, 25). Enhanced RES function could
result in more efficient handling [i.e., in-
activation of blood-borne tissue mediators,
endotoxins, metabolites and/or other nox-
ious tissue products released in shock (19,
20, 22)]. In fact, one recent report does
indeed indicate that therapeutically effective
doses of glucocorticoids can actually ac-
celerate the clearance of endotoxin in rabbits
subjected to shock (18). Furthermore, lyso-
somal enzymes are not only degraded (me-
tabolized) by the RES (8, 31) but remain
intracellularly in the phagocytic elements of
the RES of animals during the reversible
phases of circulatory shock (32, 33). Since
RE cells are known to take part in many
aspects of body metabolism, (e.g., catabolism
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and anabolism of proteins, carbohydrates,
lipids and steroids) (28, 34), it also must be
entertained that glucocorticoid-induced re-
versal of deranged aspects of cellular me-
tabolism (e.g., acidosis, hyperpotassemia,
excess lactate) observed by several investi-
gators (4, 9, 14) in patients and animals
subjected to shock, could in part be brought
about through a stabilization and/or en-
hancement of RE cell function.

Although some old work has suggested
that administration of high doses of gluco-
corticoid hormones may impair phagocytosis
of leukocytes and RE cells from both animals
and man (see 34-36 for older references),
it must be pointed out that these older
studies: (i) were not well controlled; (ii)
employed impure glucocorticoids, cortisone
or cortisol without its sodium succinate
moiety; and (iii) employed repetitive doses
of these steroids. Very recent findings of
several investigators strongly suggest that
even repetitive daily administration (up to
1 g iv) of synthetic HC sodium succinate
and MP sodium succinate to patients fails to
impair phagocytosis of either latex particles
or bacteria by peripheral leukocytes (35-37).
The present results could be used to extend
the latter concept to fixed RE cells. Even
though the present findings, when considered
in light of other work discussed above and
elsewhere (13, 17) could implicate the RE
cells as the pivotal system responsible for
steroid protection in shock, it must be
emphasized that (i) these experiments are,
to our knowledge, limited to a single type of
circulatory shock, (i) they were done in a
single species, (iii) it is possible the RES
changes may be the end result of the bene-
ficial effects of glucocorticoid administration
rather than the cause, (iv) these experiments
are limited to clearance of carbon as a test,
of RES function (others such as Di Luzio
Filkins and co-workers, see references in
(34), have demonstrated that colloidal car-
bon may not always be an adequate measure
of other aspects of RES activity), and (v)
these experiments do not take into account
the possible role opsonins play in the ob-
served RES-steroid carbon clearances (34).

Summary. Experiments with rats indicate
that: (i) hydrocortisone sodium succinate
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(HC) and methylprednisolone sodium suc-
cine (MP) enhance survival after hemor-
rhage; (ii) MP is approximately 10-times
more potent than HC; (iii) both HC and
MP are more efficacious if administered
prior to hemorrhage; (iv) efficacy of post-
shock therapy with both steroids is not only
time- but dose-dependent; and (v) HC and
MP can ameliorate or completely prevent
the early RES phagocytic depression ob-
served in circulatory shock. Overall, these
data could be used to suggest that: (i) the
RES may play a pivotal role in the beneficial
actions of synthetic adrenocorticosteroids
in circulatory shock, and (ii) numerical
RES phagocytic indices may be diagnostic
and prognostic parameters in circulatory
shock therapy.
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