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Recent progress  can best be su~narized by citing the publications froD our
laboratory supported by tha previous year ’s contract.

a. Chaudry , I.H., Sayeed , N.M., and Baue , A.E.: Reversal of Insulin
Resistance by In Vivo infusion of AT? in Experinental Shock.
Surg~ica1 Foruri , itt Press.

b. Chaudry , Lii., Sayeed , N.M., and Bauc, A.E .: Evidence for Enhanced
Uptake of AT? by Muscle of Anthals in Shock. Surgery. In Press.

c. Meyers, J. Lembeck, L., O ’Kane, H., and Baue , A.E.: Changes in Functional
Residual Capacity of the lung. Archives of Surgery, 110:576—583 , 1975.

d. Chaudry, ~..R. and Baue , A .E: The Effect of tnsulin on Glucose Uptake in
Soleus Muscle during Severe Hemorrhagic Shock. Can. J. of Physiology ar~td
Pharmaco]..., 53:67—73, 1975

e. Baue, A.E.: Multiple, Progessive or Sequential Sustems Failure—A
Syndrome of the ‘70’s. Archives of Surgery, In Press.

f. - Sayeed , N.M., Chaudry , I.H., and Baue, A .E.: ~~~~~~~~~ Transport and Adenosine
Nucleotides in the Lung in Hemorrhagic Shock. Surgery, Itt Press.

g. Sayeed , N.M., Senior, R.M., Chaudry , I .H . ,  and Baue , A.E.: Characteristics
of Sodium and Potassium Transport in the Lung. Am. 3. of Physiology.
In Press.

h. Chaudry , L.H., Adzick , ~I . S. ,  and Baue, A.E.: Effect of Hydrocortisone a.
Dexaxnethasone on Xylose Transport by isolated Rat Soleus Muscle. Biochi.~~
~Biophys. Acta, in Press.

i. Chaudry, ta., Planer , G.J., Sayeed , N.M., and Baue , A.E.: Enhanced
Uptake of C—AT? by Liver and Kidney of Animals in Shock. Fed. Proc.,
34:379 , 1975: (Abstract).

j. Sayeed , N.M., Adler , R., D ’Agrosa , L..S., Chaudry, I.R., and Baue, A.E. :
Bepatic Transmenbrane Potentials in Hemorrhagic Shock. Fed. Proc. 34:379,
1975. (Abstract)

k. Chaudry, 1.H., Planer , G.J., Sayeed , N.M., and Baue , A.E .: Effect of
Osi~oLarity on Glucose Uptake in Soleus Muscle. Bioohvsical Journal, 15:312,
1975. (Abstract).
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1. Chaudry, LU. , Sayeed , N.M., and Bane, A.E.: DegradatIon of Adenine
Nucleotides by Soleus ~!‘usclz in Hemorrha~ ic Shock. Su::~ :-~ 77:130—185, 1975.

m. Sayeed , N.M., Wurth , M.A., Chaudry, I.E., and ~3aue , A.~~.: Ca~iou
Transport in the Liver in Hemorrhagic Shock . CLrc. Shock, 1:195—207 , 1974.

a. Sayeed , MM., Cha udry , I.~~., and Baue, A.E.: Active Na—i T:ansport and
AT? Levels in Lung and Liver during Shock. Sur~ ical ~~~~~~~~~ 25:5—7, 1974.

o. Baue, A.E.: The Energy Crisis in Surgical Patients. Ach~.ves of Surgery,
109:349—350, 1974.

p. Chaudry, I.H., Sayeed , N .M . , and 8aue,~ A.E.: Insulin Resistance in
Experimental Shock. Archives of Surgery, 109:412—415, 197.~+.

q. Adzick, N.S., Fishxnart, L.J., Sayeed , N.M., Baue, A.E ., and ~haudry , I.E.:
The Effects of Steroids ott Insulin Stimulated Xylose Transport in Soleus
Muscle. The Physiologist, 17:170, 1974 (Abstract).

r. Chaudry, I:H., Sayeed , M.M., and Baue, A.E.: Effect of Hemorrhagic Shock
on Tissue Adenine Nucleotides in Conscious Rats. Cat. 3. of Phvs. and
Pharmacol., 52:131—137, 1974.

Reprints or copies of the manuscripts of these publications or manuscripts in
press are enclosed for review. A number of other papers are being prepared for
submission for publication, but are not cited now because they have not been
completed. Also , we have participated in a nunbe: of programs in which the
work supported by this contract has been presented . These include several pre-
sentations by the responsible investigator at post—graduate courses at the
American College of Surgeons in Miam I in 1974 , a lecture as a Visiting Professor
at the University of Texas Southwestern School of Medicine in Daflas, a post-
graduate course sponsored by the University of Miami in January of 1975 in
Miami, Florida, a presentation of our work at the Society of ~n.i’iersity Surgeonsmee ting in Tucson , Arizona in February of 1975 , several presentations to
Washington University Alumni Association meeting , a presentat~om at a post-
graduate course sponsored by the United States Navy and by the United States
Army Research and Development Command in San Diego in March of 1975 and various
other regional and local problems on shock and circulatory failure. The
princLple findings of the past year will now be summarized .

The lung — energy levels and cell membrane transport.

a) Basic demonstration of cell membrane transport in lung tissue.
This work has now been completed and is being pub1~shed and in
press in the American Journal of Physiology. Specially ?:epared
lung slices were incubated in art oxygenated Kreb ’s—R ingar Bicar—

4 bonate medium for 90 minutes at 0.5° (chilling) , followed by 60
minutes at 37°C (rewarn ing). Fresh tissue cation contents (mean ± SE)
in mmoles/Kg dry weight ~:er e : sodIum , 43 1. t 7; potasstt~~, 416 ± 10.
After chilling tissue sodium increased to 757 ~ 11 and potassium de-
creased to 113 t 6. Upon rewarming there was a net increase in
tissue potassium of about 15 (~zuoles/Xg dry we igh t) and a ma t
decrease in tissue sodiun of about 130. Tissua extrusion of sodium
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and reaccumulation of pota~sium observed at 37°C were abolished when
inN ouabain , dinitrophenol or iodoacetamide was addeJ to the incubation
medium. Similar results ‘iere obtained when the med ium contained no
potassLum or when med ium Na was rep laced by choline . The data indicate
the presence of active Na+_K+ transport in lung cells somewhat similar
to that found in other ma:~a1ian tisaue.

b) Na—K transport and adertosine nucleotides in the lung in ’Fiemorrhagic shock.
This study was undertaken to determine the effects of hemorrha3ic shock
on cellular ~nergy production and utilization in the lung . Energy—
dependent Na _K+ transport was measured by quantita~ing tissue cation
changes during a cold (0.5°C) and a subsequent warm (37°C) incubation of
lung slices from

÷
rats in late hem~rrhagic shock and from unbied control

rats. Active Na extrusion and K reaccumulation by the tissue were
observed upon rewarmirig of lung slices from shock animals. Whereas K+

reaccurtulation was not altered with shock, the rate of Ma+ extrusion was
approximately 40 percent higher. The measurement of the intracellular
water content with cold and warm incubations showed no alterations with
shock. Extracellular water increased with chilling in shock tissue but
not in normal tissue. Lung tissue contents of adenosine triphospate ,
adenosirie disphosphate, or adenosthe monophosphate were likewise unaltered .
Thus cellular energy utilization or production in the lung was not
damaged by hemorrhagic shock but a tendency toward increased interstitial
water seemed to be present.

c) A comparison of active sodium-potassium transport and AT? levels in the
lung and liver during shock. This study shows that the energy—requiring
transport of sodium and potassium is greatly altered in the liver but not
in the lung with hemorrhagic shock. The lack of change in lung cation
transport could be due in part to direct utilization of atmospheric oxygen
in the alveoli by cells of the lung to maintain cellular energy levels
during the low flow state of shock. Lung AT? levels ware maintained at
the control level with shock. Thus, neither the energy—requiring nor the
energy—yielding lung cell processes measured were affected by the circula-
tory alterations of shock in the lung . We have fourtd previously that the
capability of mitochondria from the liver but not from the lung was
decreased by shock. These findings indicate that if the lung is altered by
shock, it is more likely to involve the interstitial tissue of the lung
rather than its cellular components.

23 Energy levels — effect of administered ATP, AT? degradation , etc.

a~ Further studies were carried out on the effect of hemorrhagic shock ott
tissue adenine nucleotides in conscious rats ccmparing three tissuesf
liver , kidney and skeletal muscle. Hemorrhagic shock was produced in
conscious rats by canrtulatir.g the subclavian artery and bleeding the
animals to a mean arterial pressure of 40 cus Hg which was maintained
for 1 (early shock) or 2 h (late shock). Analysis of tissues showed
that there was a signIficant decrease in AT? and AD? levels in liver
and kidney in early and late shock. Associated with the decrease ía
AT? and ADP levels were increases in A.’~ and Pi levels. In contra3t
to the above organs, adenirte nucleotides and creatine phosphate levels
of skeletal, muscle did not decrease in early shock but a significant
reduction of these compounds was observed in late shock. The decrease
in AT? content was greater in liver and kidney than in skeletal
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muscle. The present experiments indicate that there is a decree-a in
the energy available to tissues during severe hemorrhagic shock. This
could be due to decreased biosynthesis , to continuing or increased
uti l izat ion of the. nucleotides , or to both.

b) A study of the degradation of adertine nutleotides was carriud out in
order to determine if there  was an increase in break .iown of nucleotides
by various. enzyme systems during diminished circulation. Our previous
studies have sho’~m a salutary effect of adenosirte triphosphata—
magnesium chloride (AT?—M gC17) administered to animals in shock. The
presence of adenine nucleotide converting enzymes on cell sur faces  and
the ability of nucleotides to act at the cell surface have been recog-
nized also. To investigate the fate of administered or externally
applied AT? and to determine whether it would be subjected to increased
degradation with ‘shock , the soleus muscles from rats subjected to
hemorrhagic shock and from control animals were incubated in the
presence of AT?, adenosine diphosphate (AD?), or adenosine monophosphate
(AN?) with NgC1,. Comparable degradation of the adr’ed nucleotides was
observed with both, control muscles and those from bled animals.
Adertylate kinase activi ty was detected to the same extent in the medium
after incubation with both groups of muscles, but other enzymes were
not, suggesting that the latter enzymes were located on the exterior
surface of the muscle cell. Thus with shock there was no increase in
the. breakdown of the nucleotides by the enzymes on the muscle surface
(ATPase, AN?deainthase) or the cellular enzyme, adenylate kinase.

c~ Up take of AT? by tissues. There has been considerable dispute as to
whether or not AT? can get into cells when administered or in the
extracei.lular environment on theoretical grounds. One would suspect
that AT? could not do this. tie have actually measured this phertornonea
though and find some qualitative evidence for AT? getting into various
tissues which are reported following.

Although it has been shown that infusion of adenosine triphosphate
(ATP)-’HgCl, proved beneficial in the treatment of shock , it is not known
whether this effect is due to improvement itt the microcirculation or
direct provision of energy. In searching for the mechanism of this , we
have now examined the in vitro uptake of AT? by soleus muscle of an imals
in shock. Rats were bled to a mean arterial pressure of 40 mm Hg and
so maintained for two hours. Following sacrifice , the two soleus
muscles from each animal ware removed and incubated in ~(rebs-~CO3 b u f f e r
containing 10 mM glucose, 5 mM (8—DC) AT?, S mY . (8— 14C) AD? , or 0.5 mM
(8—14C) adenos ine , and 5 eM MgCl2 for 1 hr under an atmosphere of
95% 02 — 5% CO2 . Following homogertization.and centrifugation , samples
of the muscle extract and the medium were subjected to electrophoresis to
separate the various nucleotides. The concentrations of the several
nucieotides in medium and muscle were calc~~ated from the radioactivity
observed in each fraction. The uptake of C—AT? by muscles from
animals in shock was three tines greater than the uptake by control
muscles. This leads us to conclude that the beneficial effect of
ATP—MgC12 to animals in shock could be due to provision of energy directly
to tissues in which AT? levels were lowered .

1
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We have p rev ious ly  shown that infusion of ATP— ’gC12 
had a benef ic ial

e f f e c t  on the s u r viva l  of an imals  a f t e r  shock. However , the fate and
e f f e c t s  of such ad~~im L ;t e r e d  AT? a r 2  r .ot kno~-n . To s tudy  this , the
uptake  of AT? by ti~ suCs from animals in shock w;~s meas ured . Rats
were bled to a mean a r t e r i a l  p re ssu re  of 40 r ’n Hg, so mainta ine d  fo r
2 hrs , then sacrificed . Liver and kidney were reno’~xed and slices
(0.3—0.5 mm ‘thick) were Incubated 1.0 ml of Krebs—HCO 3 buffer
conta in im ~ 10 mM glucose , 5 m~L (3— ~‘C) AT? (0 .45 ~C/p mole) and 5 mM
MgCl 2 in 95~ ~~~~~ 

CO2 for 1 hr and then homogenized . An AT?
regenerating system (FE?—PK) was added to mai n ta i n h i;har  AT?:AD ?
ratio in the medium during incubation. Tissue and neJium samp les were
subjected to electrophoresis to separate and measure the various
nucleotides. Inulin was used to measure the extracellular space which
allowed calcul~~ion of the intracellular concentration of r.ucle3tides.
Intracellular C—AT? values (mean of 8 experiments), expressed in

.,Llmoles/g tissue, were: control liver and kidney , O.55~O.02 and
0.38±0.01 respectively; t shock’ liver and kidney, 1.44±0.03 and
0.82±0.02 respectively. Uptake of 14C—ATP by liver and kidney slices
from animals in shock was at least two times greater than the
corresp.onding uptake in control slices. Thus , the beneficial effect
of ATP-’MgC12 in shock could be due to provision of energy directly to
tissues itt which ATP levels were lowered .

d) A study is also carried out of the relationship bet-aeert nicotinanide
adenine dinucleotide and survival in hemorrhagic shock. It has been
shown that administration of nicotinanide following severe sepsis
favorably a f f e c t s  the survival rate in rats. The object of this
investigation was to determine if nicotinamide would also have a
salutary e f f e c t  in hemorrh ag ic shock. In the  f i r s t  group of rats ,
nicotinamide adenine dinucleot ide  (NAD) , 25—lOO ,~moles, nicotinanide,
100 ~imoles, or nicotinic acid , lOO i.imoles, was infused intravenously
following which the animals were bled to a mean arterial pressure of
40 = Hg for 1½ hrs. The remaining shed blood was then returned
slowly , the vessels ligated and the animals returned to cages. In the
second group of rats, animals were bled to 40 mm H3 for 1½ hts. NAD ,
nicotinamide or nicotinic acid was then givert intravenously followed by
return of the shed blood . Control animals were bled for  the same
period and given the shed blood and an equal volume of saline. Suzvi’ra],
was measured over a period of 12 hrs. Mortality was 10O~ in control
rats and also in the 24 rats receiving NAD, nicotinamide or nicotinic
acid prior to shock. In the 50 rats who received NAD, nicotinanide or
nicotinic acid following shock, no beneficial effect was observed .
Experiments f rom our laboratory have also shown that  during shock tissue
NAD levels decrease significantly . Infusion of nicotinamide following
shock resulted in restoring NAD levels itt liver and kidney , but desp ite
this, the animals failed to survive. These results indicate that
infusion of nicotinamide, NAD or aicotinic acid failed to have any
salutary effect on the survival of rats in hemorrhagic shock, whereas
previous work from our laboratory has clearly shown a beneficial effect
of ATP—MgCl2 for animals in shock.

3) Cell membrane potential and cation transport in the liver. We reported
previously that active Na—K transport in liver was impaired in hemorrhagic
shock. We have now studied the relationship between resting hepatic tratt3-
membrane potentials (Ht?) and cation transport with shock. Rats were bled
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to a mean arterial blood pressure of 40 mm Hg, and maintained for 1 hour
(intermediate shock) or 2 hours (late shock). Some intermediate shock
animals were treated w-ith shed blood p lus Ri ng er s  l a c t a t e  and stud ied
1 hour later. FIT? was recorded in situ, in livers of animals in shock
with a KC1 micro.~lec:rode ( t ip  d iamete r <1 )1, r e s i s t an c e  i0~~ 0 ~{~)).  Cat ion
transport was measured , in vitro, by dete rm ina t ion  o:T n e t  ~~~ ext rusion
and K~ accumulation by liver slices. HTP decreased from 40±0.04 my in
control animals ~to 31±2 in intermediate shock and 19±0.4-in late shock
animals. Active K+ accumulation by liver slices in oles/(hrxkg dry Ut) was:
110±7 in control, 15±4 in intermediate shock and 10±7 in late shock animals.
Active Na+ extrusion was 132±24 minoles/ (hrxk g dry ~;t) in con t ro l  animals
but was not measurable in shock animals. A partial recovery of both the
cation transport activity and the HT? was observed in animals treated after
intermediate shock. These data further support the failure of the active
cation transport in liver in shock .

A review of all our previous work studying cation transport in the liver in
hemorrhagic shock was also reported . Cation trans~orc ca?ability was
measured in liver slices of rats bled to mean arterial blood pressure of
40 c~ Hg. This pressure was maintained for: (a) ½ hour without return of
any shed blood (early shock), (b) 1 hour with slow return of 3O~ of shed
blood (intermediate shock) or (c) 2 hours with slow re turn of 70% of shed
blood (late shock) . In vitro sodium—potassium transport  was inhibited itt
early, intermediate, and late shock. This was accompanied by a loss of cell
volume regulation. Sodium and water contents increased and tissue adenosime
nucleotides (AT?, ADP , and AMP) decreased with shock. The decreases in AT?,
ATP:ADP ratio, and the energy charge values in intermediate and in late shock
probably were not of such a magnitude to indicate  comp lete loss of the in
vitro sodium—potassium transport. The impairment of cation transport with
shock could thus be related to factor (or factors) other than energy
availability. The in vitro cation t ransport  was restored to normal with

:reinfusion of all shed blood and Ringer ’s lactate in early shock. This d~ d
not occur in intermediate shock. Alterations in sodium—potassium transport
would severely impair the capability of the cells to extrude water which
would lead to cell swelling . This in turn could contribute to critical
loss of interst i t ial  and vascular f luid resulting in decreases in the
effect ive circulatory volume itt shock.

4~ Hormonal e f fec t s  on cell membrane processes. Further work was carried out
in this area. We have published the work now on e f fect  of insulin on
glucose uptake itt soleus muscle during hemorrhagic shock .

a) Hemorrhagic shock was produced by bleeding conscious rats to a mean
arterial pressure of 40 mm Hg, which was maintained for 2 h. Basal
glucose uptake by isolated soleus muscle from normal rats and rats

• subj ected to hemorrhagic shock (‘ shock’ muscles) Increased with the
increase in medium glucose concentrat ion.  Uptake values were similar

• in both groups of muscles. This indicates that th ere  were no
• a l terations in the basal glucose carrier mechan ism during shock.

Whereas insulin (0.1 U/mi) s t imulated glucose up take  in control muscles
under aerobic as well as under anaerobic conditions , it had no
st imulatory e f fec t in ‘shock’ muscles under e i ther  environment.
Maximal st imulation of glucose uptak e in ‘shock’ muscles was observed
at an insulin concentration of 0 .2  U/mi . The ability of muscle to bind
insulin was not a lt ered during ’ shock . The present  experiments indicate
that  insulin responsiveness to ti3sues is altered in shock. This
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co~ id be due to a l t e r a t i o n s  in the insulin sens i t iv ity  of the glucose
carrier mechanian during shock.

b) We have now foun d  that  th i s  insul in  r es is tance  occur r ing  dur ing
hemo rrhagic  shock can be cc~v -~rsed by the in ‘zi i o in fu s i o n of AT?.
We have previously demonstrated a l t e r a t i on s  in cell  m embra n e  f u n c t i o n
in shock w i t h  insu l in  res istance  and decreased ~ —Kt t r ans3or t .  We
have also fdund that adenosine triphosphate—rnagnesiun chloride
(ATP—MgC12 ) favo rab ly  inf luenced energy levels and survival of animals
in shock. The present study was undertaken to determine the effect
of In vivo infusion of AT?—~’gCl2 on tissue insulin resistance in shock.
The results indicate that insulin resistance can be overcome by the
infusion of ATP-~’gC12 to animals in shock.

Albir~o Holtaman rats were fasted for 16 hours and lightly anesthetized
w-ith ether. Cannulation of subclavian arterie s and jugular vein was
performed on all animals , after which they were allowed to awaken.
They were then bled to a mean arterial pressure of 40 Hg which was
maint~’ ‘or 1½ hours. The animals then received intravenously over
a pe about 15 m inutes (a) saline (0.25 ml) followed by their
sh€ ‘shock ’ untreated animals) or (b) ATP—M gC 1 (0.25 ml ,
25 PLus their shed blood (‘ shock’ t reated) . ~ontro1 animals
re 0 .25  ml saline but were not bled . The animals were sacrificed
30 minutes a f t e r  AT?—~-~gCl 2 infusion and the two soleus muscles f rom
each animal were incuhatea for 1 hour at 37°C in Krebs—HCO buffer
containing 10 riN glucose with or without insulin (0.1 U/mlL Glucose
uptake was measured by the disappearance of glucose from the medium .
The muscles were analyzed f o r  AT? contents  fol lowing incubation .

Basal glucose up tak e  values by cont ro l  muscles and those from animals
subjected to shock (treated and untreated) were the same. In fus ions
of ATP—MgC12 had no effect on basal glucose uptake but permitted
insulin to exert  it s  scimulatory e f f e c t  on muscles from ‘shock’ animals.
ATP levels decreased in untreated animals; treated animals showed AT?
levels similar to those of controls .

The results pr~ 5ented above indicate that insulin resistance can be
overcome by the  ~n r u s i o n  of AT?-~!gC l2 to animals in shock. Althoug h
ATP levels in shock t issues In creased fol lowing t reatment , the
relationship b~ t~~ -~n AT? levels and insulin effect has yet to be
established (unpu ish~ d ob~ erv i t Ions) . I t  has been shown that  cellular
swelling occurs d ur i n g  shock and it is also known that AT? induces
muscle contractions . Moreover , it has recently been shown that AT?
induces membrane conformatior.al changes . Whether the e f f e c t  of
ATP—MgC12 in overcoming tissue insulin resistance with shock is due
to reversal of cell swel l ing  or due to some other  metabolic or
membrane e f f e c t  is not yet  known.

c). Insulin resistance in experimental  shock was also measured in
adrenalectomized animals. Previously adrena1ectom~:ed (AD’C) rats were
bled to a mean arterial pressure of 40 rmn Hg and maintained for 1½ hours.
Basal glucose uptak e  by isolated soleus muscle from ADX norma l rats
and ADX rats  subjected to shock (“ shock” muscles) increased with the
increase in medium glucose concentra t ion and uptake was similar In both
groups of muscles .  This indicates that shock per se did not produce
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arty al tera t ions  in the basal glucose carr ier m e chan i s m .  Insulin
(0.lunit/ml) increased uptake in ADX control hut not in ADX shock
muscles. Maximal stimulation of glucose uptake in shock muscles was
observed at an in~ uli n concen t ra t ion  of 0.2 un i t/ m l  insulin. These
experiments provide t f irst direct evidenc~ that  th~ r espons i~z en-~~s
of tissues to insulin is altered during shock . This alteration could
not be due to increased steroid or ep inep hrine output during shock .

d) Studies of the effect of glucocorticoids on sugar tr anspor t  ware also
made as were the effects on osmolarity. Previous work from our
laboratory has shown that tissues f ron  animals  subj ected to severe
hemorrhage were resistant to insulin. Since the blood level of
corticosteroids is known to increase during shock, it is possible that
the insulin resistance could have been due to the interaction of
steroids with insulin. To test this possibility, Hoitzman rats (70—90g)
were bi lateral ly adrenalectomized (ADX) 3—4 d a s  p r io r  to the study.
Two soleus muscles from each animal were quickly removed and placed in
1.0 ml of medium containing Kr ebs— HCO 3 b u f f e r  (pH 7.4) and xylose
(6 mg/mi). Insulin and steroids when used were added to concentrations
ranging front 100 utJ—200 mUlml- arid l0~~~i 10-2 respectively. In cubat ions
were carried out in a metabolic shaker for 30 minutes at 370; shaking
rate 1.10 cycles/mm ; atmosp her e 95% 0

2
_5% CO . The muscles were then

rinsed , blotted , f rozen  and homogenized in B~~(OH) ,_Z nSO4 and the super—natant was analyzed for xylose. The results indi~ace that in control
as well as in muscles from ADX an ima ls , 100 mU/ml ir.sulin was - required
for maximal icylose tr anspor t .  }lyd rocortisone ~10 4N ) ,  Dexamethaso ne
(10 4X) or Hyd rocor:isone—2 1 Na succiriat e  (10 N) had no e f f ec t  on basal
transport. In the presence of 1O 4N of any of the above steroids
insu l in—st imula ted  t r an s p o r t  was not a f f e c t e d  at an~ insulin concentration.When Hydrocor t i sor .e—2 1 Na succinate was used at l0~~N, insulin—stimulated
transport was decreased with a maximal inhibitory eifect in the presence
of 100 mU/mi insulin. In this stud y ,  steroids fai led to inhibit insul in—
stimulated t r anspor t  at concegtr at ion s higher than known blood steroid
levels during shock (l0~~—1O N). Thus, it is unlikely that during
shock steroids were responsible for the observed tissue insulin
resistance.

The e f f e c t  of hyperosmolarity on g lucose uptake  was studied in the pre—
sence and absence of insulin. Glucose uptake by isolated rat soleus
muscle was measured by Incubating the muscles for 1 hour at 37°C in a
Tris—HCI buffer , pH 714 , containing 10 mM glucose and varying amounts of
sorbitol to give the required osmolari ty . The results , expressed in
,pmoles/g/hr, are mean of 8 determi nat ions in each group, and indicate
that  under basal conditions , glucose uptake increased with the increase
in medium osmolarity . However , in the presence of 0.1 U/mI insulin,
uptake reached optimum at physiological osreolarity, i.e. at 300 milli—
osmoles (mOs). Further increase in osmolarity resulted in a progressive
decrease in glucose up take in the presence of insulin , ind icating
insulin resistance at higher osmolar i ty . At 400 mOs , glucose uptake in
the absence and presence of 0.1 U/mi insulin was the same. For Insulin
to produce its opt imal  s t irau la tory  efiect  at  400 mOs , 0.25 U/mi insulin
was req uired , which is 250 tImes the concentration of Insulin required
to produce its maximal effect at physiological osmolarity. Thus , normal
osmolarity is needed for  op t imal  insulin e f f e c t  on glucose uptake .
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To determine the effuct s of glucocorticoids oct su~~ir trans~ o:t, xy lose
t ransport  in isolated rat so].CuS muscle of biiate:~illy adrenalectcmi:ed
animals was studied . The results talicate that jr vitro addition of
iO~~ N hydrocortisone , dexamethasone or hydrocortisone sodium succinac~
had no inhibitory effect on basal xylose transport . Increasing the
concentration of hydrocor t i sone  sodium succ inate  to iü~ 2 N also fa i l ed
to show an inhibitory effect on basal trar~sport. In the presence of
both low and high mediu m insulin , the above ste ro ids~ fa i led  to inh ib i t
insulin—sti~ulated transport. When t~ e concentration of hydrocortisone

- 
sodium succinate was increased to 10 M, insulin—stimulated transport
was decreased. The results thus indicate that glucocorticoids at
physiological concentrations or even at concentrations observed under
pathological conditions do not inhibit basal or insulin—stimulated sugar
t ransport .

5) Several other areas of activity which were reported which come under the
purview of this cont rac t  include a clinical s tud y carr ied ou t  by Dr .  Je r ry
Meyers and responsible investigato r entitled “Changes in Functional
Residual Capacity of the Lung a f t e r  Operat ion. ” A copy of this publication
is enclosed . The editorial by the responsible investigator entitled “The
Energy Crisis in Surgical Patients” was published and is enclosed. The
editorial ‘.‘Mult i p le , Pr ogres sive or Sequent ia l Sys te s Failure—A Syndrome
of the ‘70’ s” which is itt press is also enclosed .

Thus , in sunwiary, there has been excit ing progress in the past year , part icular ly
in the area of membrane transport and energy metabolism as it relates to the lung
and compares with the liver , kidney and with skeletal muscl2, with energy replert—
ishment arid with insulin resistance -
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