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Further investigations were conducted using I-125 labeled corticosterone to
study the biodistribution patterns of the radiolabeled campound in the heat-
stressed and unheated control animal model. There was a time course body
distribution pattern of the i.v. radiolabeled campound noted in
which the heat-stressed animals demonstra a faster uptake and longer

retention time of I-125 labeled corti than did the unheated control

“>fhe rat livers were further analyzed for I-125 labeled corticosterone
content in order to identify liver subcellular localization patterms, Rapid
uptaloeardlamgarzetaltimtimesmedmaracteristicsofﬂmeradio ed whole
.liver homogenates of the heat-stressed rats. Nuclear and soluble 1
fractions of these hamogenates also demonstrated a more rapid and longer
mtmumtimofﬂnradlolabeledc@anﬂasmndtoﬂaemﬁatedml

results séad-to show that i.v. post-treatment of the rats with the
indicated arug mixture is valuable in treating heatstroke.
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severe heat loads (42.2°C to 42.6°C). ntlmtlmanaadtomol
passively to or below 40.4°C. BElood samples were taken at this point or
ttnratshads.nvivadnhans,dep-ﬂhgmmﬂummm

after the animals were exposed to heat stress. rats distributed
intravenously administered I-125-corticosterone somewhat differently than did
control rats. Organ and urine samples from rats retained

rats. In the 24-hour viability studies, rats were injected with post-treatment
regimens of corticosterone, insulin and gluccse in solution. It appears that
post~treatment with this mixture is a valuable tool in treating heatstroke. In
efforts to delineate the functions of a corticosterone, insulin and glucose
mixture on liver, the isolated hepatocyte system was used in a series of
studies. The mixture caused minor reductions in the SGOT and IIH levels of

hyperthermic hepatocytes.

Further investigations were done to evaluate the effects of heat stress on
glucose production from isolated hepatocytes. There was a significant increase
in glucose production when the cells were incubated at 37°C or 42°C in 10 mM
lactate in which a corticosterone-insulin or cortisol-insulin drug regimen had
been added as campared to the incubation in 5 mM glucose or without glucose at
30 minutes. However, at the 60 or 120 minute incubation there were no
significant dlffermces measured for the drug treatments the various
incubation media.

Further investigations were conducted using I-125 labeled corticosterane to
study the biodistribution patterns of the radiclabeled campound in the heat-
stressed and unheated control animal model. There was a time course body
distribution pattern of the i.v. administered radiolabeled campound noted in
which the heat-stressed animals demonstrated a faster uptake and longer
retention time of I-125 labeled corticosterone than did the unheated control
nﬁ.

The livers of the I-125 corticosterone injected rats (either heat-stressed
or cantrols) were processed for subcellular liver fraction studies. There was a
rapid uptake and longer retention time of the radiolabeled campound in the total
liver homogenates and soluble fractions in the heat-stressed animals as compared
to the unheated controls. Therefore, the results in this report demonstrate
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FOREWORD

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of laboratory Animals," prepared by
the Camittee on Care and Use of laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (DHEW Publication No.
(NIH) 78-23, Revised 1978).

This report is submitted in reference to contract DAMD 17-86-C~6087 and in
accordance with the August 7, 1986 letter (Ref.: SGRD-RMS) from the Scientific
and Technical Information Office of The Department of The Army, Fort Detrick,

Maryland.
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CCOMMENTS ON AIMINISTRATIVE AND LOGISTICAL MATTERS

During the pre-contract period (August 8, 1985), Dr. lawrence E.
of USARIEM ard Ms. Lisa K. Griffin of the U. S. Department of the Army visited
the Carver Research Foundation and discussed details pertinent to the
application. Notification of approval was received in October 1985. After
assigment of an account mmber by the Tuskegee University Office of Grants
Management, project staff positions were advertised and one full-time Research

Assistant and a part-time Research Associate were hired. itions were
prepared for the purchase of equipment, supplies and services. The
required for the above were received from the

approvals ocantracting agency
(Ref.: Letters dated November 25, 1985 and February 5, 1986, froam Ms. Griffin
and Ms. shinbur, respectively).

By the time that the first project report was sumitted, the animal room,
located in the basement of the Carver Research Foundation Building, had been
renovated. The research located in Roam 10 of the same building had
been equipped with laboratory ture and utilities. The Tuskegee University
Animal Care Committee had approved of the facilities for handling and housing
the experimental animals to be used (Appendix 1). The lLaboratory Animal
Sexrvices Unit of the School of Veterinary Medicine, Tuskegee University, had

of the experimental procedures to be used in the project (Apperdix 2).
Oopies of the approved documents (Appendices 1 and 2) were sent to Dr. lLawrence
E. Ammstrong, the OQOIR at USARIEM; Dr. George Silver chairman of USARIEM Animal
Use Camittee; and Dr. Wilbert Bowers project collaborator at USARIEM.

In conducting the research described in the first semi-anmual report, the
investigators followed quidelines which appear in "Guide for Laboratory Animal
Facilities and Care” (as prumilgated by the Comnittee of the Institute of
mnlaboratoxy Animal Resources, National Academy of Sciences——National Research

).

In order to conduct the research, which involved the heating of rats, Dr.
Tolbert and Mrs. Hicks spent 16 days (February 22 to March 9, 1986) and 9 days
(February 26 to March 6, 1986), respectively, conducting research, campleting
related tasks at USARTEM in Natick, Massachusetts, and traveling to and fram
USARIEM.

In addition to daily conferences with Dr. W. Bowers of USARIEM (project
collaborator and the person in whose laboratory Dr. Tolbert and Mrs. Hicks
conducted ressarch), the following persons were among those with whom Dr.
Tolbert held discussions pertinent to the project while at USARIEM: Col. B.
Joyce, Dr. L. E. (COTR), Dr. M. Durkot, Cpt. Bruttig, Dr. G. Silver
( of Animal Facility), Mr. T. Martin (Radiation Safety Officer) and Ms.
C. B. Matthew. .

Samples of serum and tissue collected during the campletion of the project

research conducted at USARTEM were frozen and transported to the Carver Research
Foundation of Tuskegee University for analyses.

17
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During the second six-month period (April 28, 1986 to Octcber 28, 1986) of
the contract, the project director kept in constant contact with Dr. Iawrence E.
Armstrong (OOTR) and Dr. Wilbert Bowers (collaborator) at USARIEM. otprimzy
concern was the receipt of authorization for the use of radioisotopes and
mmmmmmﬁmmmwotmmlw

the USARIEM Laboratory Animal Care and Use Comittee (IACUC). The project
protocol had already been approved by the Tuskegee University Radiation Safety
Camittee which provided authorization for that facet of the research which
involved the utilization of various radicactive isotopes. Prior to this period,
the project director had not been apprised of the need for a review by USARIEM
IACUC; however, she considered it of great value since some aspects of the
research were to take place at USARIEM.

The USARTEM IACUC reviewed the research protocol in May 1986 at USARIEM,

mﬂinmnnitmﬂedsevenltadmicalrevisias In July, the project
director resporded as shown in Appendix 3. In reference to this

(Appendix 3), a notice of approval was received in August (Apperdix 4).

A doament which contains details on the preparation and processing of
medical research and development reports was received in August 1986. This
document was provided by the Scientific and Technical Information Office of the
Department of the Army at Fort Detrick.

On September 26, 1986, the notice (Modication No. P60002) of additional
Mlkinﬂnmmtof$19954 for supplies, services and travel was received.
'meseﬁnhmintaﬂedtocoverﬂnhﬂ;etimaseduetorevisias
recommended by USARIEM IACUC. The latter part of September and early December
were spent in preparation for the second trip to USARTEM. Supplies were
ordered, permission was cbtained from USARIEM for the visit and the use of the
Iaatirqfacilityardselected items of equipment.

On October 15, 1986, mjor'meodo:eulmfrmunuadimlnseardxam
Development Comnittee (Department of the Army, Fort Detrick) conducted a site
visit at the Carver Research Foundation of Tuskegee University. He was informed
of the on-going research and the plans for our December 1986 visit to USARIEM.
He also presented a very informative seminar cn the various research opportuni-
tiesuﬂmofﬁmhgfmﬂwneparmentofthehmy

In order to camplete the remaining research, a budgetary shift was
requested by Dr. Tolbert. The request was based on the need for more supplies.
No additional funds were requested. Funds needed were available in the travel

. In the first week of Decamber, Dr. Tolbert, Dr. Weaver, Mrs. Hicks
and Miss Belton went to USARIEM to complete those experiments which required the
heating of whole animals. A malfunctioning computer system caused the loss of
several rats; however, the tesm was able to camplete the experiments by December
19, 1986. Same liver samples were taken back to Tuskegee University for
analysis of radiolabeled contemts.

While at USARTEM, Dr. Tolbert met with Col. Schnakenberg (Ccxmmander of
USARTEM) to discuss the project. He advised her of his well wishes in
this joint research venture and offered his contimied support. Among the other
persons with vhom the project was discussed were Dr. Armstrong, Dr. Bowers, Dr.
Francisconi, Dr. Hubbard and a host of other scientists at USARIEM.

18
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i Experditures and Commitments

Persanal Salaries + Fringe Benefits $ 51,676.00
Equipment $ 25,970.00
Supplies $ 30,383.00
& Travel $ 7,134.00
H Renovations $ 10,500.00
| Overhead $ 26,758.00
Total Amount $152,421.00
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THE EFFECTS OF CORTISOL, CORTTCOSTERONE, INSULIN AND GIDCOSE PRE- AND
POST-TREATMENT ON HEATSTROKE IN RATS AND THE KINETICS OF UPTAKE AND
CELIUTAR RESFONSE

STATEMENT OF THE PROBLEM

Methods to prevent or reduce the mmber of heatstroke fatalities are being
sought by various sectors of society. Heatst:dejsotcammtoﬂ)emilitary
which often has to rapidly mobilize troops for exercises in tropical, sub-
tropical and desert areas. The problem is further amplified by the potential

formeotvd:icleswithmcoolirgcapacityarﬂﬂxemeofce:tam
drugs. United States service persamnel could cperate more effectively in hot
weather if they had the information, training and equipment required to adjust
work-rest cycles and water intake to prevailing envirommental corditions. In
cases vhere exposure to excessive heat load may be unavoidable and heat illness
imminent, an effective post-treatment regimen may have beneficial effects,
subsequent to heat exposure, and could serve a valuable function since the
mortality rate from heatstroke could be as high as 80%.

In efforts to find solutions to the problems of heatstroke, a mmber of
stixdies have been designed and implemented using the rat as the
animal model. A large mmber of these studies have been conducted or are in
progress at the United States Army Research Institute of Envirormental Medicine
(USARTEM). Studies on the use of a pre-treatment regimen (cortisol, insulin and
glucose given intraperitoneally) for the prevention of heatstroke in rats were
conducted by Dr. W. D. Bowers and co-workers at USARIEM in 1984. A member of
the present research team, Mrs. V. E. Hicks, participated in that research.
Results from those efforts suggest that pre-treatment does not increase 24-hour
viability in rats which have been heated to heatstroke temperatures.

In our present work, we used a different approach in which we administered
variosdnx;s(indavamly)asapost-tmabnatdmgmgimafterheat
stress in an attempt to preserve the cellular integrity of the heat-stressed rat
model. Considerable evidence supports the validity of this new approach. The
capacity to reduce ischemic damage with glucocorticoids has been well
doamented, and glucose, insulin and potassium (GIK) are used extensively in the
treatment of myocardial infarctions. GIK increases arachidonic acid formation,
influences phospholipid membrane stabilization and increases prostaglandin
formation. All of these effects are beneficial in reducing necrosis. GIK also
increases glycolysis, decreases free fatty acids (FFA) and changes FFA
camposition. These changes improve ATP production. According to some

, the normal heart derives a substantial fraction of its energy
fram fatty acids and a negligible fraction from anaerabic glycolysis. However,
the latter fraction increases progressively as the heart is rendered anaxic, as
the perfusion medium is enriched with glucose and as insulin is added. The
membrane barrier to glucose entry into the cell is overcome by high extra-
cellular glucose and insulin. GIK also restores intracellular potassium and
insulin stimulates glycogen synthetase.
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Injury due to myocardial ischemia and that due to heatstroke share several
common which provide further evidence tending to validate the present
approach. The earlijest change in either case is believed to be loes of membrane
integrity. Cardiovascular failure may determine lethality in either case.
Reversal of K+ leakage also improves tissue integrity. Withthesefactsi_.nmim

viability. We also stixiied the respanses of isolated hepatocytes to heat, with
or without hormone treatment.
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HYPOTHESIS

Insulin, gluccse and cortisol or corticosterone given together as a post-
treatment regimen may reduce heat injury to cells and thus improve the survival
of rats after a heat exposure which would ordinarily produce a high rate of
fatalities in 24 hours. This hypothesis is based on the beneficial use of in-
sulin and cortisol in heat injury to the isolated perfused liver, the success-
ful use of glucovse, insulin and K+ in treating ischemic injury to the heart
_after myocardial infarction, caxrrent theories on a stepwise progression leading
to irreversible cell injury and the use of the rat as an experimental model for
studies on heatstroke mortality (18). Benefits attributed to stabilizing
membranes are applicable in each case.

STATEMENT OF MILITARY RELEVANCE

According to Hubbard et al. (16), heat casualty rates remain high among
military units participating in cambat exercises in tropical and subtropical
areas and in the Mojave Desert. Their analysis suggested that U. S. Armed
Forces could operate effectively in hot weather if cammanders had the
information, training and equipment required to adjust work-rest cycles and
water intake to prevailing envirommental conditions. In actual ocombat
situations, the cbduracy of the enemy could be the overriding factor determining
both the work-rest cycles and the availability of water. In such cases, where
exposure to excessive heat load may be unavoidable and heat illness imminent, an
effective post-treatment may bring about beneficial effects subsequent to heat
exposure and could serve a valuable function since the mortality rate for
heatstroke could be as high as 80% (23).

STATISTICAL ANALYSIS OF EXPERIMENTAL DATA

The data in this report was analyzed by Two-Way Analysis of Variance
(ANOVA) using the Statistical Analysis System (SAS) with differences being
regarded as significant when p < 0.05. Further statistical analyses were
performed using the t-test and least Significant Difference (L.S.D.) comparison
test between each treatment group with differences being regarded as significant
when p < 0.05. SAS programs were also implemented tc dbtain the means and
standard error of the means of each treatment group. Graphic comparisons of
each treatment group were adbtained using the Graplwriter camputer package.
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A. RESPONSE OF ISOLATED HEPATOCYTES
TO HEAT AND HORMONES

THE SEITING

to address the characterization of isolated rat
hepatocyte responses to heat and hormones were conducted at the Carver Research
Foundation of the Tuskegee University.

EXPERTMENTAL METHODS

Hepatocytes were isolated from male Sprague Dawley rats (450 to 550 qrams)
as outlined in Appendix 3 and diluted to 50 mg/ml. The isolation procedure used
was a modification of those by Berry and Friend (2) and Johnson et al. (20).
Aliquots of the hepatocyte suspensions were assayed for protein content
(Appendix 3, Attachment 9). Hepatocytes (with or without a glucocorticoid,
insulin or insulin/glucocorticoid mixtures; glucocorticoid=cortisol or
corticosterone) were incubated with shaking at either 37°C or 42°C for the
desired periods in plastic test tubes. At the end of the incubation periods,
samples were chilled in an ice/water bath and centrifuged. Supernatants were

fram the cell pellets. Supernatants were analyzed for glucose, SGOT,
K+, Na+ and IIH levels with the aid of an autoanalyzer (Technicon SMA II or the
Flexigem). In cases when only glucose measurements were needed, the gluccee
oxidase method was used (Appendix 3, Attachment 8). Glycogen determinations
were made by the method outlined in Appendix 3, Attachment 10.

Corticosterone hemisuccinate BSA was purchased from Sigma. Cortisol was
purchased from the Upjohn Company and porcine insulin was a gift from Eli Lilly
Company .

RESULTS

Isolated hepatocytes that had been exposed to various drug treatments
(corticosterone, cortisol, insulin or glucose) at either 37°C or 42°C incubation
temperatures for either zero or 30 minutes demonstrated varied responses. These
studies were conducted to determine if a mixture of glucose, corticosterone and
insulin, as well as a mixture of glucose, cortisol and insulin, would affect
either the enzymatic levels of lactate dehydrogenase (IIH) and supernatant
glutamic oxaloacetate transaminase (SGOT) or the levels of sodium and potassium
ions in the supernatants of the isolated hepatic parenchymal cell system used in
our laboratory. In-llevelsmircmased significantly (p<0.g4-p<0.004) in
the supernatants of the ted hepatocytes (Table 1, 3, Figure 1) with
increases in the incubation time and ture (0 or 30 minutes and 37°C or
42°C, respectively). There was a significantly (p < 0.04 - p < 0.0001) greater
IIH release measured when the cells were incubated at either 37°C or 42°C in
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5 mM glucose as campared to the cells incubated without gluccse (Tables 1

and 3, Figure 1). The cells incubated at 42°C for 30 mimutes demonstrated
significantly (p < 0.05) higher IIH levels when campared to the cells incubated
at 37°C in the same drug mixtures. However, the LIH levels did not exceed 1350
+ 99 U/L at 30 mirutes (Tables 1, 3, Figure 1). The hepatocytes incubated at
42°C appeared to be more sensitive to the presence of the corticosterone,
insulin and glucose mixture than to the cortisol and insulin mixture (Tables 1 -
3, Fiqures 1 - 2). Due to the greater sensitivity of the rat hepatocytes to
corticosterone than to cortisol ard since rats have several fold more endogenous
corticosterone than cortisol, only the effects of corticosterone were measured
at longer incubation time periods (Tables 2, 4, 6, 8). There was a samewhat
greater leakage of LIH frum the cells when 5 mM glucocse was added to the cell
suspensions than in the absence of gluccse; however, the drug mixture appeared
to work better in the presence of glucose and might indicate that
corticosterone, at 33 - 49.5 my/ml, activates various cellular protective
mechanisms against either drug toxicity or heat stress. When the cells were
incubated at 42°C for either 60 or 120 minutes (Tables 2, 4, Figure 2), the
release of IIH was reduced approximately 5% and 4%, respectively, in the
presence of a mixture of corticosterone (3.3 - 33 ug/ml) plus insulin and 5 mM
glucose. In the presence of 10 nmM lactate (Tables 2, 4, Figure 2), the LIH
released by the control hepatocyte suspensions was not significantly greater
than the IIH released in the presence of 5 mM glucose (Table 4, Figure 2). The
reduction in IIH released from the liver cell suspensions incubated in a mixture
of corticosterone, insulin and 10 mM lactate was greater than that measured in
the presence of 5 nM glucose (Table 4, Figure 2) when the cells were incubated
for 60 or 120 minutes.

when the hepatocytes were incubated in the absence of any added drug, there
was a significantly (p < 0.05) greater release of SGOT fram the cells into the
incubation medium at 42°C than at the 37°C incubation temperature (Tables 5 - 8,
Figures 3 - 4). In the presence of 5 mM glucocse, the levnls of SGOT release are
conparable for the corticosterone and cortisol treated samples. However, in the
absence of glucose, the levels of SGOT releaswi were higher at 42°C than at 37°C
in a mixture of corticosterone and insulin as campared to the cortisol and
insulin mixture (Table 7, Figure 3). There was a sustained elevation of the
SGOT levels at 42°C even when the cells were incubated in a mixture of glucocse,
cortisol and insulin (Table 7, Figure 3). However, mixtures of corticosterone,
insulin and glucose reduced the amount of SGOT released into the media after 30
mimites at 42°C (Figure 3). This reduction was also produced when
corticosterone was replaced with cortisol in the mixture (Figure 3).

There was a small reduction from basal levels in the SGOT released when the
cells were incubated in the presence of a mixture of corticosterone, 5 mM
glucose and insulin (1.0 ul/ml) at either 60 or 120 minutes (Tables 6, 8, Figure
4). However, none of the reductions were greater than 15% and were not
significantly different (Tables 6, 8, Figure 4).
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The effects of glucose, insulin, corticosterone and cortisol mixtures on
the Na+ levels in the hepatocytesmpersiasmstmnin'l‘able-9-1o Figure
a significant (p<002-p<006)decmaseintbscdit- (Na+)

In the absence of any exogencusly added glucose in the incuFation medium,
the potassium (K+) levels (Tables 11, 13, Figure 6), like Na+ (Tables 9 - 10,
Figure 5), were significantly (p < 0.05) higher than those noted for the K+
levels measured when 5 mM glucocse was added to the incubation medium and the
cells incubated at 37°C or 42°C for 30 minutes. However, the presence or
absence of cortisol or corticosterone had no effect when campared to the
cantrols in the presence or absence of glucose.

It seems that the presence of added K+ in the incubation medium may have
prevented any major cellular fluxes of the K+ levels. At the 37°C or 42°C
incubation temperatures, in which the cells were incubated either 60 or 120
mirmutes, there were no significant differences noted in the K+ levels in the
cells incubated in the various drug mixtures (Tables 12, 14, Figure 7). Further
experiments are plamnned to address a protocol in which K+ is deleted from the
incubation buffer. Perhaps, this deletion, will cause greater K+ fluxes which
can be detected under our experimental conditions.

When the isolated hepatocytes were incubated for 30 minutes in the presence
or absence of insulin (1.0 ul/ml) plus increasing concentrations of
corticosterone or cortisol (33.3 - 49.5 ug/ml) and 10 mM lactate, there was a
51gmf1cantp<0051rx:reasemtheammtofgluooseproduced campared to
either the 5 mM glucose addition or no glucose at 37°C and 42°C (Figure 8).
'Iherewasas:.gmfnzm: (p < 0.05) decrease ingltmsepmductlmwnenﬂxecells
were treated with insulin (1.0 uwU/ml) plus cortisol or corticosterone (33 - 49.5
ug/ml) ; however, the presence of corticosterone in the medium caused the
greatest decreases in glucose production campared to the presence of cortisol
(Figure 8). Therefore, these results seem to demonstrate that the isolated
liver cell system is more sensitive to corticosterone than to cortisol when
campared under the same conditions. Also, the results show that cells can
produce glucose fram lactate, an indication of viability.

Inthepresaneofe)wganxsglxmse(sm or lactate (10 mM), the
over-all glucose production regasesofﬂmeisolatedcellstoﬂmeagmtsme
similar (Figures 9 - 10) at either 37°C or 42°C. When the cells were incubated
in the presence of high levels of corticosterone and corticosterone plus
insulin, less glucose was produced at 60 and 120 mirnutes when campared to the
controls (Figures 9 - 10).
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In a separate series of experiments, cellular respanses of the isolated
liver cells were tested in the absence of insulin and corticosterone
(Figure 11). In an overall comparison of these results it was demonstrated that
at 37°C or 42°C the presence of 10 mM lactate in the incubation medium would
cause the cells to increase glucose production with a correspanding decrease in
glycogenolysis (Figures 8 - 11). These findings also demonstrate the suit-
ability of our test models since the cells seem to be still viable and to be

undergoing all of their metabolic processes at either a reduced or accelerated
rate.
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Table 1. Effects of Insulin, Glucose, Corticosterona and Cortisol on lactate
Dshyxdrogenase Levels in Isolated Hepatocytes Incubated at 37°C

Drug Incubation No Glucose 5 aM Glucose
Time (min)

37°C 37°C Difference
Control o 528+ 71#C 837+ 43*C P < 0.004
Control 30 802+ 630 1075+ 6730 P < 0.02
IN (1.0 ul/ml)
CE (3.30 ug/ml) 30 801+117b 1133+ 723b P < 0.04
IN (1.0 u/ml)
CE (16.5 ug/ml) 30 1007+ 913P 1106+ 813D N. S.
IN (1.0 uU/ml) ab
CE (33.0 ug/ml) 30 973+ 72 1257+ 922 P < 0.04
IN (1.0 W/ml)
CE (49.5 ug/ml) 30 943+ 703 1256+1132 P < 0.04
IN (1.0 ul/ml)
CL (3.30 ug/ml) 30 910+1152P 980+101bc N. S.
IN (1.0 uU/ml)
CL (16.5 ug/ml) 30 1028+1273P 1094+ 583 N. S.
IN (1.0 ul/ml)
CL (33.0 ug/ml) 30 967+ 683b 1124+ 33ab P < 0.06
IN (1.0 W/ml)
CL (49.5 ug/ml) 30 1078+ 922 1163+ 733 N. S.

cells (

(*) 'meinitialcellsuspasiasmdmilledinan'icehnterbammun
were abtained without any incubation.

(a, b, ¢) Any two means within a colum with the same superscript are not
significant at the five percent level of probability using the LSD test.

1ISD at 0.05 = 261.18 or 220.09 when the cells were incubated without glucocse or
in 5aM glucose, respectively.

(1) Probability of difference based on t test. N. S., not significant at five
E ) 29
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Table 2.

Effects of Insulin, Glucose, Corticosterone and Lactate on

ILactate Dehydrogenase Levels in Isolated Hepatocytes Incubated at 37°C.

Corticosterone = Incubation

ug/ml Time (min) None Glucose lactate
0.0 o 2052 + 179 1955 + 160 1867 + 129
0.0 60 2805 + 406 2855 + 333 2386 + 255
IN 60 2915 + 420 2795 ¥ 249 2333 ¥ 255
3.3 60 3002 + 325 2808 + 278 2318 + 260
16.5 60 2810 + 368 2888 + 317 2296 + 247
33.0 60 2718 + 357 2665 + 1306 2279 + 261
49.5 60 2732 + 401 2768 + 318 2398 + 341
49.5 + IN 60 2845 ¥ 453 2680 * 279 2456 + 293
0.0 0 2052 + 179 1955 + 160 1867 + 129
0.0 120 2988 + 340 3078 + 284 2686 + 214
IN 120 2896 ¥ 305 3068 + 347 2633 ¥ 209
3.3 120 3063 + 329 3019 + 460 2670 + 247
16.5 120 2846 + 394 3141 + 316 2460 + 92
33.0 120 2851 + 394 3139 * 213 2705 + 258
49.5 120 2896 + 405 2939 + 279 2936 + 408
49.5 + IN 120 2725 ¥ 370 2806 + 327 2773 ¥ 304

Isolated hepatic parenchymal cells (50 mg/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 37°C with or without insulin (IN) or corti-
costerone. The values shown are expressed in units per liter + the standard
error of the means of three experiments in duplicate. The exogenous glucose and
lactate concentrations were 5 mM and 10 aM, respectively. In cases where
insulin (IN) was added, its concentration was 1.0 ul/ml.

(a, b, c) Any two means within a colum with the same superscript are not

significant at the five percent level of probabilty using the ISD test.
LSD at 0.05 = 544.54.
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DG A (DKE) = DWULIN (1.0 \i/ml) + CORTICOSTERONE (3.30 ug/ml)
AED 10 TR C¥LL SBPISINS

ORG B (DEX] = DEULIN (1.0 \i/al) + CRITCOSTERONE (16.5 ug/ml)
AED 10 THR CELL SEPDEIONS

oG C (DKE) = DNULIN (1.0 WM/ml) + CORTICOSTERONE (33.0 ug/ml)
AXED 70 TR CXIL SEMEINE

ONUG D (INCE) = IMNBULIN (1.0 ul/ul) + CCRTICOSTERONE (49.5 ug/ml)
ADED TO THE CRIL SUSPENSIONS

DRUG A (INCL) = INSULIN (1.0 Wl/wl) + CORTISOL (3.30 ug/ml)
AED 1O TR CXIX SUSPENBIONS

ORUG 8 (DNCL) = DERRIN (1.0 «l/ul) + CORTISOL (16.5 ug/ml)
ALED 70 TR CEIL SUSPDNEIONS

ORUG C (INQL) = DEULIN (1.0 W/ml) + CRIISOL (33.0 ug/ml)
AXED 10 THE CELL SBPENSIOS

oG 0 (INCL) = DRRUILIN (1.0 uli/ml) + CORTISOL (49.5 ug/ml)
ADDED 10 THE CRIL SUSPENSIONE
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Table 3. Effects of Insulin, Glucose, Corticosterane and Cortisol on Lactate
Dehydrogenase Ievels in Isolated Hepatocytes Incubated at 42°C

Drug Incubation No Glucose 5 nM Glucose

Time (min) Incubation Temperature

42°c 42°C Difference

Control 0 520+ 26+ P 1003+ 52%a P < 0.0001
Control 30 954+109 2 1296+ 942 P < 0.04
IN (1.0 u/ml)
CE (3.30 ug/ml) 30 1006+142 3 1350+ 992 P < 0.08
IN (1.0 w/ml)
CE (16.5 ug/ml) 30 1109+1352 1289+1562 N. S.
IN (1.0 ul/ml)
CE (33.0 ug/ml) 30 1226+146 2 134241512 N. S.
IN (1.0 ul/ml)
CE (49.5 ug/ml) 30 1014+1022 1324+1072 P < 0.06
IN (1.0 ul/ml)
CL (3.30 ug/ml) 30 953+1272 1205+1282 N. S
IN (1.0 w/ml)
CL (16.5 ug/ml) 30 1247410223 1253+1152 N. S.
IN (1.0 ul/ml)
CL (33.0 ug/ml) 30 1243+1262 1293+ 58a N. S.
IN (1.0 uU/ml)
CL (49.5 ug/ml) 30 1254+1952 1184+ 532 N. S.

Isolatedhq:aﬂcpamﬂnymlcells(San/ml)fmﬁOto%OgrammleSpmgm
Dawley rats were incubated at 42°C with or without insulin (IN), corticosterone
(CE) and cortisol (CL) added, as noted above. The values are the means in units
perliter+thestardardenurofﬂ1enaamofsdetemi:at1asmthesupena
tants cbtained from the hepatocyte suspensions (in which the initial cells were
either resuspended without glucose or in 5 mM glucose) after each drug

(*) T™he initial cell suspensions were chilled in an ice/water bath and the
supernatants were cbtained without any incubation.

(a, b) Any two means within a colum with the same superscript are not
gsignificant at the five percent level of probability using the ISD test.
ISD at 0.05 = 365.01 when the cells were incubated without glucose.

(1) Probability of difference based on t test. N. S., not significant at
five percent.
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Table 4.

Corticosterone Incubation

ug/ml Time (min) None Glucose Lactate

0.0 0 2080 + 203 1990 + 202 1903 + 166

0.0 60 2826 + 379 3005 + 295 2638 + 303

N 60 2905 ¥ 409 2985 + 286 2579 + 258

3.3 60 2876 + 440 2961 + 254 2544 + 285

16.5 60 2814 ¥ 448 2896 + 278 2479 + 297

33.0 60 2848 + 380 2934 + 300 2569 + 260

49.5 60 2821 + 408 2840 + 236 2611 + 242

1 # 49.5 + IN 60 2724 ¥ 395 2840 ¥ 253 2620 + 226
0.0 0 2080 + 203 1990 + 202 1903 + 166

0.0 120 3388 + 295 3696 + 230 3176 + 296

IN 120 3430 + 301 3439 + 244 3216 + 331

] 3.3 120 3541 ¥ 418 3626 + 384 3335 + 227
16.5 120 3529 + 343 3376 + 277 3340 + 189

33.0 120 3339 + 377 3616 + 410 3445 + 322

49.5 120 3403 ¥ 374 3566 * 507 3385 ¥ 259

49.5 + IN 120 4285 + 1029 3544 + 430 3280 + 215

Effects of Insulin, Glucose, Corticosterone and lactate on
lactate Dehyrogenase lLevels in Isolated Hepatocytes Incubated at 42°C.

Isolated hepatic parenchymal cells (50 mg/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 42°C with or without insulin (IN) or corticos-
terone. The values shown are in units per liter + the standard error
of the means of three experiments in duplicate. The exogencus glucose and
lactate concentrations were 5 mM and 10 mM, respectively. In cases where
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Table 5. Effects of Insulin, Glucose, Corticosterone and Cortisol on
Supernatant Glutamic Oxaloacetic Transaminase Levels in Isolated
Hepatocytes Incubated at 37°C

Drug Incubation No_Glucose 5 M Glucose
Time (min) ~Incubation Temperature

37°c 37°C Difference
Control 0 390 + 56%C 378 + 72% N. s.
Cantrol 30 509 + 33°€ 463 + 80 N. s.
IN (1.0 uU/ml)
CE (3.30 ug/ml) 30 453 + 40°€ 458 + 83 N. s.
IN (1.0 ul/ml)
CE (16.5 ug/ml) 30 472 + 35°€ 450 + 85 N. S.
IN (1.0 ul/ml)
CE (33.0 ug/ml) 30 468 + 34€ 499 + 102 N. s.
IN (1.0 ul/ml)
CE (49.5 ug/ml) 30 478 + 37€ 443 + 86 N. S.
IN (1.0 ul/ml)
CL (3.30 ug/ml) 30 492 + 40C€ 445 + 80 N. s.
IN (1.0 ul/ml)
CL (16.5 ug/ml) 30 527 + 31€ 438 + 80 N. S.
IN (1.0 ul/ml)
CL (33.0 ug/ml) 30 698 + 50D 479 + 94 P < 0.0001
IN (1.0 ul/ml)
CL (49.5 ug/ml) 30 987 + 1292 439 + 50 P < 0.0001

Isolated hepatic parenchymal cells (50 my/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 37°C with or without insulin (IN), corticosterone
(CE) and cortisol (CL), as noted above. The values are the means in units per

liter + the standard error of the means of 6 determinations on the supernatants
cbtained from the hepatocyte suspersions (in which the initial cells were either
resuspended without glucose or in 5 mM glucose) after each drug treatment.

(*) The initial cell suspensions were chilled in an ice/water bath ard the
were obtained without any incubation.

(a, b, c) Any two means within a row with the same superscript are not
significant at the five percent level of probability using the LSD test.

(1) Probabilty of difference based on t test. N. S., not significant at
five percent. 1SD at 0.05 = 159.84.
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Table 6. Effects of Insulin, Glucose, Corticosterone and lLactate on
spenntantclutamicmaloaceticmmmhuselmhinlsolatedﬂqamcytes
Incubated at 37°C.

Corticosterone Incubation
ug/ml Time (min) None Glucose lactate

0.0 0 589 + 10 478+ 10 539 + 11
0.0 60 1087+ 39 978+ 85 1098 + 43
N 60 1077 % 31 998 + 49 1036 + 22
3.3 60 1215+ 130 999 ¥ 18 1016 + 27

16.5 60 980 ¥ 10 1025 + 38 874 * 112

33.0 60 983+ 49 983 % 19 934 + 36

49.5 60 1012 ¥ 44 1041 ¥ 111 1003 ¥ 23

49.5 + IN 60 1002 % 36 1049 + 53 936 ¥ 41
0.0 0 589 + 10 478 + 10 539 + 11
0.0 120 1216 ¥ 129 1164 + 75 1086 + 45
™ 120 1181 ¥ 107 1115+ 67 1034 + 22
3.3 120 1048 ¥ 111 1061 ¥ 40 1188 * 119

16.5 120 1028 % 66 1041 ¥ 48 998 ¥ 39

33.3 120 983+ 50 1089 + 20 1018 ¥ 25

49.5 120 1034 ¥ 26 1063 + 42 1095 ¥ 27

49.5 + IN 120 1118 ¥ 36 1023 + 31 1004 ¥ 30

Isolatedt@aticparerdlyml cells (50 my/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 37°C with or without insulin (IN) or corticos-

terone. The values shown are expressed in units per liter + the standard error
of the means of three experiments in duplicate. The exogenous glucose and
lactate concentrations were 5 mM and 10 nM, respectively. In cases where
insulin (IN) was added, J.tsccncmtratimwasloumnl
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Table 7. Effects of Insulin, Glucose, Corticosterone and Cortisol on
Supernatant Glutamic Oxaloacetic Transaminase Lewvels in Isolated
Hepatocytes Incubated at 42°C

Drug Incubation No Glucose 5 mM Glucose

Time (min) " Tncubation Temperature

42°C 42°C Difference

Control 0 386 + 45*9d 388 + 69*a N. s.
Control 30 633 + 30C€ 533 + 982 N. s.
IN (1.0 u/ml)
CE (3.30 ug/ml) 30 553 + 31°€ 495 + 962 N. S.
IN (1.0 u/ml)
CE (16.5 ug/ml) 30 531 + 30cd 483 + 94a N. S.
IN (1.0 uU/ml)
CE (33.0 ug/ml) 30 533 + 33cd 481 + 962 N. s.
IN (1.0 ul/ml)
CE (49.5 ug/ml) 30 557 + 29°€ 464 + 872 N. S.
IN (1.0 uU/ml)
CL (3.30 uy/ml) 30 589 + 36°€ 496 + 882 N. S.
IN (1.0 uU/ml)
CL (16.5 ug/ml) 30 788 + 50b 542 + 1122 N. S.
IN (1.0 ulU/ml)
CL (33.0 ug/ml) 30 1177 + 1052 489 + 542 P < 0.0002
IN (1.0 ul/ml)
CL (49.5 ug/ml 30 1232 + 80a 594 + 724 P < 0.0001

Isolated hepatic parenchymal cells (50 my/ml) fram 450 to 550 gram male Sprague
Dawley rats were incubated at 42°C with or without insulin (IN), corticosterone
(CE) and cortisol (CL) added, as noted above. The values are the means in units
per liter + the standard error of the means of 6 determinations on the superna-
tants cbtained from the hepatocyte suspensions (in which the initial cells were
either resuspended without glucose or in 5 nM glucose) after each drug treat-
m.

(*) The initial cell suspensions were chilled in an ice/water bath and the
were obtained without any incubation.

{(a, b, c, d) Any two means within a row with the same superscript are not
significant at the five percent level of probability using the ISD test.

(1) Probability of difference based on t test. N. S., not significant at
five percent. 37




Table 8. Effects of Insulin, Glucose, Corticosterone and lactate on
Supernmatant Glutamic Oxaloacetic Transaminase levels in Isolated Hepatocytes
Incubated at 42°C.

Corticosterone Incubation
ug/ml Time (min) None Glucose lLactate

0.0 0 584 + 12 519+ 10 506 + 41
0.0 60 1325 ¥ 52 1331 % 113 1333 * 102
N 60 1454 ¥ 36 1276 ¥+ 80 1340 ¥ 116
3.3 60 1314 ¥ 26 1293+ 93 1519 + 128
16.5 60 1319 ¥ 79 1323 + 111 1438 * 109
33.0 60 1414 ¥ 94 1436 ¥ 195 1388 * 190
49.5 60 1515 ¥ 188 1538 + 235 1579 + 237
49.5 + IN 60 1195 ¥ 150 1595 + 246 1459 + 201
0.0 0 584 + 12 519+ 10 506 + 41
0.0 120 1813 ¥ 116 2143 ¥ 228 1745 * 144
IN 120 1684 + 54 1785 + 118 1608 + 118
3.3 120 1627 *+ 70 1573 ¥ 110 1896 + 74
16.5 120 1610 + 145 1659 + 142 1805 + 236
33.0 120 1673 ¥ 180 1935 ¥ 221 1843 * 215
49.5 120 1979 ¥ 258 2088 + 224 1890 + 192
49.5 + IN 120 2045 F 96 1929 ¥+ 205 1826 + 163

Isolated hepatic parenchymal cells (50 my/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 42°C with or without insulin (IN) or corticos-
terone. The values shown are expressed in units per liter + the standard error
of the means of three experiments in duplicate. The exogenous glucose and
lactate concentrations were 5 mM and 10 nM, respectively. In cases where
insulin (IN) was added, its concentration was 1.0 ulU/ml.

(a, b) Any two means within a column with the same superscript are not
significant at the five percent level of probability using the ISD test.
ISD at 0.05 = 316.3.
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ADDED TO THE CELL SUSPRNSIONS

ORUG A (INCL) = INSULIN (1.0 ul/ml) + CORTISOL (3.30 ug/ml)
AED TO THE CELL SEBPENSIOS

ORUG B (INCL) = INSULIN (1.0 Wi/ml) + CORIISOL (16.5 ug/ml)
AXED TO THE CELL SUSPENSTONS

ORIG ¢ (INCL) = DEULIN (1.0 W/ml) + CORTISOL (33.0 uy/ml)
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NO GLucOsE
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(42°C INCuBATION)

Effects of Various Insulin, Corticosterone and Cortisol Concen-

trations on Supernatant Glutamic Oxaloacetate Transaminase Released fm
Isolated Hepatocytes Incubated at 37°C or 42°C for 0 or 30 Mimutes with
5 MM Glucose or withaut Glucose.
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Figure 4. Effects of Various Insulin and Corticosterone Concentrations
on Supernatant Glutamic xaloacetate Transaminase Released from Isolated
Hepatocytes Incubated at 37°C or 42°C for 0, 60 or 120 Mimutes with 5 mM Glucose,
10 mM lactate or without Glucose.
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Table 9. Effects of Insulin, Glucose, Corticosterone and Cortisol on
Sodium Levels in Isolated Hepatocytes Incubated at 37°C

Drug Incubation No Glucose 5 mM Glucose

Time (min) Incubation Temperature

37°C 37°C Difference

Control (o] 152 + 6* 122 + 9* P < 0.02
Control 30 149 + 7 123 + 9 P < 0.05
IN (1.0 ul/ml)
CE (3.30 ug/ml) 30 148 + 4 121 + 9 P < 0.02
IN (1.0 uU/ml)
CE (16.5 ug/ml) 30 153 + 7 123 + 10 P < 0.04
IN (1.0 ui/ml)
CE (33.0 ug/ml) 30 153 + 7 124 + 9 P < 0.04
IN (1.0 w/ml)
CE (49.5 ug/ml) 30 163 + 11 125 + 10 P < 0.03
IN (1.0 uw/ml)
CL (3.30 ug/ml) 30 151 + 5 122 + 10 P < 0.03
IN (1.0 uw/ml)
CL (16.5 ug/ml) 30 155 + 7 123+ 9 P < 0.02
IN (1.0 uU/ml)
CL (33.0 ug/ml) 30 157 + 11 123+ 9 P < 0.02
IN (1.0 uwU/ml)
CL (49.5 ug/ml) 30 142 + 2 126 + 10 N. S.

R

—_—— .

on the supernatants cbtained from the hepatocyte suspensions (in which the
initial cells were either resuspended without glucose or in 5 mM glucose) after
each drug treatment.

(*) The initial cell suspensions were chilled in an ice/water bath arnd the
supernatants were cbtained without any incubation.

Means within the colums are not significantly different from each other.

(1) Probability of difference based on t test. N. S., not significant at
five percent.
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Table 10. Effects of Insulin, Glucose, Corticosterone and Cortisol on
Sodium Levels in Isolated Hepatocytes Incubated at 42°C

Drug Incubatian No Glucose 5 nM Glucocse

Time (min) Incubation Temperature

42°c 42°C Difference

Control 0 149 + 5% 126 + 9* N. S.
Control 30 145 + 4 128 + 9 N. s.
IN (1.0 ul/ml)
CE (3.30 ug/ml) 30 149 + 5 126 + 9 P < 0.05
IN (1.0 u/ml)
CE (16.5 ug/ml) 30 151 + 7 124 + 9 P < 0.04
IN (1.0 uW/ml)
CE (33.0 ug/ml) 30 158 + 10 128 + 10 P < 0.06
IN (1.0 u/ml)
CE (49.5 ug/ml) 30 162 + 12 128 + 9 P < 0.05
IN (1.0 ul/ml)
CL (3.30 ugy/ml) 30 150 + 5 123+ 9 P < 0.03
IN (1.0 ul/ml)
CL (16.5 ug/ml) 30 156 + 8 125 + 10 P < 0.03
IN (1.0 w/ml)
CL (33.0 ug/ml) 30 143 + 1 126 + 9 N. S.
IN (1.0 uw/ml)
CL (49.5 ug/ml) 30 158 + 13 131 + 10 N. S.

Dawley rats were incubated at 42°C with or without insulin (IN), corticosterone
(CE) and cortisol (CL) added, as noted above. The values are the means in
milliequivalents per liter + the standard error of the means of 6 determinations
on the supernatants obtained fram the hepatocytes suspensions (in which the
initial cells were either resuspended without gluccee or in 5 mM glucose) after
each drug treatment.

(*) 'Rwinitialcellsspmsiasmredﬁlledinaﬁice/waterbaﬂmardthe
supernatants were obtained without any incubation.

Means within colums are not significantly different from each other.
(1) Probability of difference based on t test. N. S., not significant at
five percent.
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Figure 5. Effects of Various Insulin, Corticosterone and Cortisol Concen-

trations on Sodium Released from Isolated

for 0 or 30 Minutes with 5 mM Glucose or without Gluccse.
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Table 11. Effects of Insulin, Glucose, Corticosterone and Cortisol on
Potassium Levels in Isolated Hepatocytes Incubated at 37°C

Drugy Incubation No Glucose 5 mM Glucose
Time (min) Incubation Temperature
37°C 37°C

Control 0 6.5 + 0.3% 5.3 + 0.4*
. Control 30 6.4 + 0.2 5.3 + 0.4
IN (1.0 ul/ml)

CE (3.30 ug/ml) 30 6.2 + 0.1 5.2 + 0.5
IN (1.0 u/ml)

CE (16.5 ug/ml) 30 6.4 + 0.2 5.2 + 0.5
IN (1.0 uU/ml)

CE (33.0 ug/ml) 30 6.2 + 0.3 5.3 + 0.5
IN (1.0 u/ml)

CE (49.5 ug/ml) 30 6.6 + 0.4 5.1 + 0.6
IN (1.0 u/ml)

CL (3.30 ug/ml) 30 6.3 + 0.2 5.4 + 0.4
IN (1.0 Wy/ml)

CL (16.5 ug/ml) 30 6.5 + 0.3 5.6 + 0.4
IN (1.0 u/ml)

L (33.0 ug/ml) 30 6.5 + 0.3 5.3 + 0.4
IN (1.0 ul/ml)

CL (49.5 ug/ml) 30 6.8 + 0.6 5.3 + 0.4

Isolated hepatic parenchymal cells (50 mg/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 37°C with or without insulin (IN), corticosterone

" (CE) and cortisol (CL) added, as noted above. The values are the means in

milliequivalents per liter + the standard error of the means of 6 determinations
on the supernatants cbtained from the hepatocyte suspensions (in which the
initial cells were either resuspended without glucose or in 5 nM glucose) after
each druy treatment.

(*) The initial cell suspensions were chilled in an ice/water bath and the
supernatants were cbtained without any incubation.
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Effects of Corticosterone and Insulin on Potassium Levels in

Table 12.

Isolated Hepatocytes Incubated at 37°C.
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The values were cbtained by the analyses of
insulin (IN) was added, its concentration was 1.0

These cells were incubated in the presence or absence of

In cases where

Dawley rats were incubated at 37°C with and without corticosterone for the time

periods indicated.
the supernatants from the cells suspensions and are expressed as milliequi-

Isolated hepatic parenchymal cells (50 mg/ml) fram 450 to 550 gram male Sprague
valents per liter + standard error of the means of three experiments in

glucose (5 mM) or lactate (10 mM).

duplicate.
w/ml.
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Figure 6. Effects of Various Insulin, Corticosterone and Cortisol Concen-

trations on Potassium Released from Isolated Hepatocytes Incubated at 37°C or
42°C for O or 30 Minutes with 5 mM Glucose or without Glucose.
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°C or 42°C for

10 nM lLactate or without Glucose.
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Effects of Various Insulin and Corticosterone Concentrations

Figure 7.
on Potassium Released from Isolated Hepatocytes Incubated at 37

0, 60 or 120 Mimutes with 5 mM Glucose,
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Table 13. Effects of Insulin, Glucocse, Corticosterone and Cortisol on
Potassium Levels in Isolatedﬂqatocytes Incubated at 42°C

Control
1

(1.0 W/ml)
(3.30 ug/ml)

(1.0 ul/ml)
(16.5 ug/ml)

(1.0 ul/ml)
(33.0 uy/ml)

(1.0 ul/ml)
(49.5 ug/ml)

(1.0 uw/ml)
(3.30 ug/ml)

(1.0 uU/ml)
CL (16.5 ug/ml)

IN (1.0 u/ml)
CL (33.0 ug/ml)

IN (1.0 u/ml)
CL (49.5 ug/ml)

5

2 B2 HE HE AE AH

Incubation
Time (min)

0
30

30

30

30

30

30

30

30

30

No_Glucocse 5 M Glucose
—___Incubation Temperature
42°C 42°Cc

6.3 + 0.2¢ 5.3 + 0.3%
6.3 + 0.2 5.3 + 0.4
6.4 + 0.2 5.3 + 0.4
6.5 + 0.3 5.1 + 0.4
6.7 + 0.4 5.3 + 0.4
6.8 + 0.4 5.1 + 0.4
6.5 + 0.2 5.3 + 0.3
6.8 + 0.4 5.2 + 0.4
6.9 + 0.5 5.3 + 0.4
6.6 + 0.6 5.1 + 0.4

Isolated hepatic parenchymal cells (50 mg/ml)
Dawley rats were incubated at 42°C with or
(CE) and cortisol (CL) added, as noted above.
milliequivalents per liter + the standard error

an the

each drug treatment.

fram 450 to 550 gram male Sprague
without insulin (IN), corticosterone

The values are the means in
of the means of 6 determinations

supernatants franthehepatocytesuspmsicns(inwhidxthe
initial cells were either resuspended without glucose or in 5 mM glucose) after

(*) The initial cell suspensions were chilled in an'ice/\ater bath and the
supernatants were cbtained without anv incubation.
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Lactate

Effects of Corticosterone ard Insulin on Potassium levels in
Isolated Hepatocytes Incubated at 42°C.

Table 14.

q9992495
[eNeNoNeNoNoNoNo]
I+
O -
ELER L
DYV
QE8INISS
* L L] . L] L] . *
[eNeoNoNeNoNoNoNal
+idid1+ 1+ 1414+
S8383478
WOOVOVOYWOYWY
0

ANANRAAR
[eNeoNoNoNeNoNeNol
AR E P PP RN

BE8RAREIR

e & o o & ¢ o o
VOOV INYNIN

°33333383

A

+
00m35055
4 4 4 4 . \d L4
OO MUMNOO

e

MO NOO
HONNNNN-

0occ60000
+l+1+1+H1+1+1+14]

VWOYLYLO PO
AV WYO

[ ] E ] [ ] [ ] L ] E ] ] L ]
MNWVWOWOVWOVWOWOY
NP0 ~AN
SRR LD
[eNoReNoNoNoNoNol
+l+l+ 141+ 1+ 14+14+]
b 4 - 0w o [+
SR8 CRIR
WOOVWOVOVOVOY
e O™
el A Kl )
o [ ] [ ] [ ] L ] [ ] . [ ]
[eNeoNeoNoNoNoNoNel
HHHHIHH I+

(ol -Mm -
BREBAFRRA

o o o o ¢ o o
VWOWOVOVOYVWYY

[~ ReN-NoRoNoNoNol
AA333383

A

+
00m35055
L L d L] 4 . . L]
OO0 MUMNMOO

“MNe

In

49

The values were cbtained by the analyses of

the supernatants fram the cell suspensions ard are expressed as milliequivalents
per liter + standard error of the means of three experiments in duplicate.
cases where insulin (IN) was added, its concentration was 1.0 uU/ml.

These cells were incubated in the presence or absence of

Isolated hepatic parenchymal cells (50 mg/ml) from 450 to 550 gram male Sprague
Dawley rats were incubated at 42°C with or without corticosterone for the

glucose (5 mM) or lactate (10 mM).
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& C379C INCUBATION)
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B. DETERMINATION OF OORTICOSTERONE AND SERIM PROFILES
IN HEATED VERSUS CONTROL RATS

THE SETTING

The Carver Research Foundation of Tuskegee University team conducted this
aspect of the project in December 1986 at USARIEM in Natick, Massachusetts.

EXPERTMENTAL METHODS

s;n:que xats obtah\edfrmonrleskiversmedmglab were
heatedto422C-4260 'nmeanmlsmﬂmmadfmﬂaetmtng
dmberaxﬂmutoredmtuﬂmrrectaltalpemumesdrqpedtoorbelw
40.4°C. Blood samples from each animal were cbtained by cardiac puncture when
the rectal temperature dropped to or below 40.4°C. Blood samples were prepared
for analyses of the sera.

The serum samples were analyzed in duplicate for corticosterone with the
aid of a radioimmmoassay (31, 33) kit aobtained fram Cambridge Medical
Diagnostics. Each serum sample was also analyzed for glucose, K+, SGOT, LDH
and CFK levels.

Unheated rats were used as controls.
Hematocrits were done for each of the rats.
RESULTS

Hamtocritsfortheheat-strssedratsavenqedso+3% whereas those for
the unheated control animals averaged 48 + 1%. However, there was no signifi-
cant difference in the hematocrits cbtained.

In a radicactive evaluation using a I-125 labeled corticosterone MSA RIA
kit it was determined that the control rat sera contained 44 + 2 nanograms of
endogencus corticosterone per milliliter of blood serum. The  heat-stressed
ammlsdalastratadansemﬂxeradioactwecorticostermeomtartton+2
nanograms per milliliter of blood serum within the first hour after the heating
regimens of the animals were discontinued.

The blood serum of the heat-stressed animals was also shown to contain
approximately two-fold more IIH, SGOT and CPK (Table 15, Figure 12) as campared
to the control animals and was also shown to be significantly different
(p < 0.007, p<00013:ﬂp<002,respectively) for the IrH, SGOT and CPK
serunm levels. The blood serum from these enzyme determinations were obtained at
the same time as that for the corticosterone MSA RIA studies. The potassium
(K+) levels were increased by approximately 1/2 milliequivalents/liter for the
heat-stressed animals, but were not significantly different when campared to the
control animals.
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Table 15. Serum Profile of Heat-Stressed Versus Control Rats

K+ ILDH SGOT CPKX
Control 5.3 + 0.2 842 + 55 128 + 7 2525 + 220
Heat-Stressed 5.8 + 0.5 1449 + 180 208 + 18 4165 + 579
Difference N. S. P < 0.007 P < 0.001 P < 0.02

Eight male Sprague Dawley Rats (450 to 550 grams) were heated (42.2°C - 42.6°C)
and removed fram the heating chamber. Blood samples were taken and the serum
analyzed for enzyme, potassium and hematocrit determinations when their rectal
core temperatures dropped to or below 40.4°C. Blood samples of unheated control
rats were taken during the same period.

K+ values are expressed as the mean units per liter + the standard error of the
means.

The enzyme values (1DH, SGOT and CPK) are expressed as the mean units per liter
+ the standard error of the means.

(1) Probability of difference based on t test. N. S., not significant at
five percent.
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C. OCORTIOOSTERONE, INSULIN AND GIIXOSE AS A
POST-TREATMENT THERAPEUTTC REGIMEN

THE SETITING

The Carver Research Foundation of Tuskegee University team traveled to
USARIEM in Natick, Massachusetts, in December 1986, to conduct research required
forthisaspectofﬂxemject
EXPERTMENTAL METHODS

Same aspects of the experimental methods for this portion of the project
appear in Appendix 3 (Attachments 1 and 2). FbrtymleSpragueMeyrats(
to
The
Oon the

toSSOgnms)franQ:arlesRiverm'eadimmboratorywampe:mittad
acclimatize (28°C, 30% relative hl.lnidity) for a minimm of 72 hours.

animals received food and water ad lib. umbefmarﬂarterheatdm. day
ofexpermentatlmarﬂpnortoﬂnmmtialheatim each rat vasweighedam
placed into a restrainer cage. Rectal probes were inserted into each animal and
the animals were heated in the heating chamber (Appendix 3, Attachment 1) from
42.29C to 42.6°C. The animals were removed fram the heating chamber after
campletion of each heating protocol and their rectal temperatures were
contimually monitored. When their rectal temperatures dropped below 40.4°C, the
animal were anesthetized with sodium pentobarbital (i.p.). Twenty of the
heat-treated animals received a 0.5 ml intravenous (i.v.) injection of cortico-
sterone (4.95 ug/ml), amd 0.5 ml (i.v.) of a mixture of insulin (0.1 wi/ml) and
glucose (0.5 mM) via the ascending path of the femoral vein. All of the drugs
were diluted in sterile physiological saline for injection. The corticosterone
was dissolved in propylene glycol and diluted with saline to make a final
propylene glycol concentration of 20%. The remaining twenty animals, which had
also been heated in the chamber, received a single i.v. injection of a mixture
of sterile physiological saline and propylene glycol which was equal to the
carnbined volumes received by the drug treated animals. The controls and the
drug treated animals were placed in their former cages for further monitoring
over a twenty-four hour period to ascertain the twenty-four hour survival rate
of each of the heat-treated rats.

Blood samples were taken from the survivors via cardiac puncture (vacu-
tainer fitted with a 20 gauge needle). Blood serum was prepared from each
sanmple and analyzed for CPK, glucose, K+, LIH and SGOT levels (Appendix 3,
Attachment 2).

Corticosterone (crystalline) was purchased from Sigma. Propylene glycol
was purchased fram Pitman-Moore Pharmaceutical Company, Atlanta, GA.

RESULTS

The major differences in this series of experiments and preliminary ones
are the use of corticosterone that was not attached to BSA, the dissolution of
corticosterone in propylene glycol, the intravenous injection of the drug
mixtures and the determination of hematocrits.
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Control rat weights averaged 450 grams; whereas the rats receiving post-
treatments of gluccee, corticosterone and insulin averaged 520 . The
temperatures at which heating was discontimnued were 42.4 + 0.04°C and
42.3 + 0.05°C for controls and post-treated rats, respectively. Their total
areas, which are the degree-minutes that they remained above 40.4°C, were not

icantly different (Table 16). Potassium and sodium levels were not
reduced by the drug treatment mixtures. Perhaps the exogencus insulin
concentration was too low. lactate dehydrogenase (IDH) and serum glutamic
aaloacetate transaminase (SGOT) levels were variable, but were higher for
controls than for the post-treated rats. However, glucose and creatine
phosphokinase (CPK) values for the control versus post-treated rats were not
significantly different (Table 16).

Although the serum profiles did not show any differences in the potassium
levels in post~treated versus control rat serum, 15% of the control rats died
before the 24-hour swrvival test period was over, while only 5% treated with the
drug mixtures died. The serum profiles of the animals that died are not
included among these data. Details on those rats that died are given in Table
17. When one focuses on the total area as an indicator of survival capability,
it is anticipated that rats with total areas above 50 degree-minites would not
survive., Our data show that only one of the four rats whose total area was
above 50 degree-mimtes did not survive the heat exposure (of course the limited
mmber of experiments which were conducted make these results inconclusive).
The other three non-survivors had total areas ranging from 24.99 to 47.7
degree-minutes (Table 17). In an evaluation of the results on all 40 of the
rats used in this part of the study there were fewer animals whose total area
rose above 50 degree-minutes than animals whose total area ranged from 30 to 40
degree-minutes. However, on a percentage basis, a larger percentage (15% of the
20 controls or 10% of the rats with areas above 50 degree-minutes) of the
controls in the former group did not survive (Table 18).
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Table 16. Serum Profiles of Post-Treated Versus Control Rats

Tenperature (°C) Total Area K+ Na+
RT Max (Deg.-Min.) MBQ/L MBQ/T,
Control 42.4+0.04  42.6+0.04 38+1 5.82+0.23 14240.3
Fost-Treated 42.3+0.05  42.410.06 36+1 6.04+0.22 14340.4
ILIH SGoT GIU CPK
U/L U/L MG/L U/L
Control 2963+2221 1053+336 164+6 1865+336
Post-Treated 703+ 65 779+174 168+4 2008+297

Rats were exposed to heat as indicated in the "Experimental Methods" section.
Twenty served as controls and twenty received the post-treatment of glucose,

twenty rats in each case. For serum determinations of K+, Na+, LIH,
were done in duplicate. Therefore, each value

represents the means of forty determinations. Max. = maximm, K+ = potassium,
Na+ = sodium, ILDH = lactate dehydrogenase, SGOT = serum glutamic oxaloacetate
transaminase, GIU = glucose, CPK = creatine phosphokinase, MBQ/L = milliequi-
valents per liter, U/L = units per liter and MG/L = milligrams per liter.

RT = temperature at which each rat was removed from the heating chamber.
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Table 17. Imndividual Heating Profiles of Rats vhich Did
Not Survive 24~Hours After Heating

Weight Temperature (°C) Total
(grams) . R MAX Area
(Deq. - Min.)
Controls
515 42.5 42.9 52.3
501 42.4 42.5 47.7
488 42.5 42.6 32.9
Post-Treated
456 42.5 42.5 24.9

mtsmternatedtothete:pe:atmirdimtedammfmthedunber
Their temperatures rose slightly, thereafter. Controls were imjected (i.v.)
with saline containing propylene glycol, while the post-treated rats were
injected (i.v.) with 0.5 ml of a mixture of glucose and insulin and 0.5 ml of
corticosterone in saline and propylene glycol. All of the above rats were a
part of the 40 rats reported in Table 16. Four rats did not survive 24 hours
after being heated. RT = temperature at which each rat was removed from the
heating chamber; MAX = maximm temperature reached after removal fram the
heating chamber.
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Table 18. Survival of Heat-Stressed Rats Versus Total Area

“Total Area Total Number Number of Rats
(Deg.- Min.) of Rats That Died
Below 40 26 1C, 1T
40 and Above T 14 2c

Rats were heated to temperatures ranging from 42°C to 42.9°C. After removal
fram the heating chamber, their rectal temperatures and total areas were
monitored. The mmber of control rats (C) and the mumber of post-treated rats
(T) that did not survive for 24 hours are indicated.
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D. Kinetics of Hormone Uptake in Normal
and Hyperthermic Rats

THE SETTING

The research team consisting of Dr. M. E. M. Tolbert, Dr. A. Weaver, Mrs.
V. E. Hicks and Ms. C. E. Belton of the Carver Research Foundation of Tuskegee
University traveled to USARIEM in Natick, MA, in order to conduct the remaining
portion of the kinetic studies. This portion of the project was campleted in

‘ December, 1986.

EXPERTMENTAL METHODS

Kinetic studies were conducted using I-125 labeled corticosterone. Male
Sprague Dawley rats (CD, Strain, Charles River Breeding Laboratory) weighing 450
to 550 grams were allowed to acclimatize for a minimm of 72 hours at 28°C and
30% relative hmidity. Twenty four of the forty eight rats used in this phase
of the investigations were used as the unheated controls. 'maraminirganimls
were subjected (as described in Appendix 3, Attaciment 1) to
rarging from 42.0°C to 42.6°C. 'nnseratsmzmredfrmﬂnmtimdmber
and allowed to cool until their rectal core tamperatures dropped to or below
40.4°C. Each rat was anesthetized with sodium pentobarbital (i.p.) and

Y 4 microcuries of the radiolabeled campound in saline was then
injected via the ascending path of the femoral vein. The rats were sacrified
for blood, urine and organ samples (i.e., liver, heart, kidneys, adrenals,
brain, femir, lungs, muscle, pituitary, small intestines, spleen axd testes) in
order to assay for the body distribution patterns of the radiolabeled campound
on a time course basis. Note that drug injections, except sodium pentobarbital,
were made intravenously.

I-125 labeled corticosterone was purchased from Cambridge Medical
Diagnostics, Inc., Billerica, MA

RESULTS

The results of the biodistribution stidies of iodine-125 labeled
corticosterone were determined in either heat-stressed or control male rats.
The heat-stressed or control rats were divided into groups of three animals per
time period and were sacrificed at time intervals of 0.25, 0.50, 1, 2, 5, 15, 30
or 60 mimites after the i.v. injection of 3.8 to 4.2 uCi of the radiolabeled
campourd. The results are shown in Tables 19 - 22, Figures 13 - 36.

Iodine-125 labeled corticosterone cleared rapidly fram the blood of both
the heat-stressed and control animals with 0.171 + 0.012 to 0.061 + 0.002% or
0.146 + 0.007 to 0.045 + 0.000 tkg-dose/gram, respectively, of the radiolabeled
campound in the circulation at 0.25 to 2 minutes after injection
(Tables 19, 21, Fiqures 13 - 18, 20, 22, 23, 26, 31, 36). There was a
signiﬁcantly (p < 0.04) greater uptake and retention of the radiolabeled
canpard in the heat-stressed animals at the 0.25 to 2 minute time pericd.
After two mimutes, the blood levels for the heat-stressed animals had dropped to
0.032 + 0.003%, mileﬂukidnsyarﬂurimlevalshadrismto0141+0015am
0.085 +0.014%, respectively, at the 5 minute post-injection time periocd (Tables
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19 - 20 , Figures 13 - 18, 20, 22, 23, 26, 31, 36). In the control animals, the
urine and kidneys demonstrated distribution patterms (Tables 21 - 22,
Figures 14 - 18, 23) and were ficantly (p < 0.01) different at ths longer
time periocds in the control rats. However, the heat-stressed and control animal
kidney localization patterns were similar throughout the experimentation (Tables
19 - 22, Figures 14 ~- 18, 23).

Varying distribution patterns of the blood (Figures 13, 16, 17, 20, 22, 23,
26, 31, 36) were exhibited. There was a significant (p < 0.02 - p < 0.04)
decrease in the blood retention of the radioclabeled compourd at the 0.25 to 60
minute time periods in both the heat-stressed or control rats. However, there

There was a rapid decrease with time in the heart distribution patterns in
heat-stressed animals as campared to the control animals (Tables 19 - 22,
igures 19 - 20). The heart localization patterns of the control animals peaked

after 0.50 to 1 minute of exposure. With the exception of these two pericds,
the heart localization patterns of the control animals and heat-stressed animals
were not significantly different (Tables 20 - 22, Figures 19 - 20).

There was a significant (p < 0.03 - p < 0.04) increase in the liver
distribution pattern noted in the heat-stressed and control animals which peaked
at the 2 or 5 minute post-injection time period for the heat-stressed or control
i , respectively. This increase in the liver uptake amd retention of the
radiolabeled campound was more defined in the heat-stressed rats as compared to
the unheated controls. However, the livers fram the heat-stressed animals seem
to have a faster and langer retention time of the radiolabeled campound as well
as to demonstrate a biphasic uptake at the 2 and 60 mimute post-injection time
periods (Tables 19 - 22, Figures 20 - 23). Further analysis of the liver uptake
of I-125 labeled corticosterone was done in which the liver subcellular
localization patterns of the labeled campound were analyzed. The liver
subcellular fraction stixdy is addressed in the next section.

Rat lungs demonstrated a decreasing distribution pattern for both
experimental groups. However, the lungs in the heat-stressed animals seem to
have a higher retention of the radiolabeled compound, with this retention being
biphasic at the 0.25 and 60 minute post-injection time periods, respectively
(Tables 19 - 22, Figures 20, 24).

The spleen of the control animals demonstrated a relatively stable
radiolabel distribution pattermn. However, there was a significantly (p < 0.05)
greater uptake of the radiolabeled campound in the heat-stressed animals at the
60 minute post-injection time period (Tables 19 - 22, Figures 23, 25 - 26).

The adrenal distribution patterns of the heat-stressed animals were
significantly (p < 0.05) higher than the control animals at the 0.25 and 60
mimite post-injection time periods, but were variable for the other test periods
in both groups of animals (Tables 19 - 22, Figures 18, 27).

The pituitary and brain localization patterns were similar throughout these

ons. However, the heat-stressed animals seem to have a higher uptake

and longer retention time of the radiolabeled campound (Tables 19 ~ 22, Figures
28 -~ 31).
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Of the other tissues and organs tested (i.e., femur, muscle, small
intestines and testes), the small intestines and muscle demonstrated increasing
localization patterns, while the uptake in the femur was unchanged and the
localization patterns in the testes were variable in both groups tested (Tables
19 - 22, Figures 26, 32 - 36).

After 60 minutes, there might be a significant variation in the uptake and
retention patterns of the radiolabeled campound in the control and heat-
stressed organs and tissue samples. However, investigations were not done
beyond the 60 minute time period. Wiﬂltheé:oeptimofﬂaehighblood
perfusion and blood containing organs (i.e., heart and femir), the levels of the
mﬂo@ﬁmﬂmhi@mhﬂntmt%&mdntsﬂmhﬂew&rol
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Table 19.

Tissue Distribution of Iodine-125 Labeled
in Heat-Stressed Male Rats Exposed Fram 0.25 to 2 Minutas

Time Period in Mirtes

Tissue 0.25 0.50 1.00 2.00 L.S.D. at 0.05%
' Adrenals 0.147 + 0.067 0.060 + 0.041 0.142 + 0.022 0.054 + 0.011

Blood 0.171 + 0.0123 0.154 + 0.0183P 0,106 + 0.004P 0.061 + 0.002€ P < 0.038

Bain 0.006 + 0.001 0.003 + 0.001 0.003 + 0.000 0.002 + 0.000

Femur 0.007 + 0.000 0.007 + 0.002 0.010 + 0.001 0.010 + 0.001

Heart 0.068 + 0.012 0.041 + 0.017 0.042 + 0.002 0.031 + 0.002

Kidneys 0.195 + 0.007 0.146 + 0.035 0,190 + 0.015 0.197 + 0.000

Liver 0.064 + 0.008° 0.116 + 0.0332 0.098 + 0.012° 0.139 + 0.0042 P < 0.033

Lungs 0.147 + 0.0162 0.123 + 0.0212 0.115 + 0.0062P 0.075 + 0.004° P < 0.046

Mucle 0.003 + 0.000 0.003 + 0.001 0.004 + 0.000 0.005 + 0.000

Pituitary 0.018 + 0.015 0.004 + 0.000 0.003 + 0.001 0.002 + 0.000

S. Intestines 0.019 + 0.003 0.026 + 0.001 0.014 + 0.001 0.022 + 0.003

Splean 0.037 + 0.011  0.107 + 0.034 0.0€ + 0.011 0.082 + 0.001

Testes 0.005 + 0.001 0.005 + 0.001 0.003 + 0.000 0.003 + 0.000

Urine 0.000 + 0.000 0.070 + 0.069 0.000 + 0.000 0.003 + 0.002

gram + standard error of the means (S.E.M.) for 3
Each animal received approximately 4 uCi of I-125 labeled

(a, b, c) Any two means within a row with the same ipt are not
significant at the five percent level of probability using the LSD test.
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Table 20. Tissue Distribution of Iodine-125 Labeled Corticosterone
in Heat-Stressed Male Rats Bxposed From 5 to 60 Mirutes
Time Pericd in Mirutes
Tissue 5.00 15.00 30.00 60.00 L.S.D. at 0.05
Adrenals 0.111 + 0.004 0.082 + 0.011 0.032 + 0.008 0.138 + 0.090
Blood 0.032 + 0.003 0.019 + 0.001 0.016 + 0.001 0.014 + 0.001
Brain 0.001 + 0.000 0.001 + 0.000 0.001 + 0.000 0.002 + 0.001
Femr 0.009 + 0.000 0.007 + 0.001 0.007 + 0.001 0.010 + 0.002
Heart 0.023 + 0.003 0.017 + 0.001 0.011 + 0.002 0.024 + 0.017 J
Kidneys 0.141 + 0.0152 0.086 + 0.0032P 0.050 + 0.007P 0.094 + 0.0393P P < 0.07 ‘1
Liver 0.102 + 0.0073D 0.083 + 0.006PC 0.047 + 0.00F 0.121 + 0.0222 P < 0.038
ungs 0.099 + 0.031 0.049 + 0.002 0.035 + 0.003 0.135 + 0.052 |
Mucle 0.005 + 0.001 0.005 + 0.001 0.006 + 0.001 0.006 + 0.001 1
Pituitary 0.002 + 0.000 0.005 + 0.004 0.001 + 0.000 0.003 + 0.001 ‘
S. Intestines 0.011 + 0.000 0.026 + 0.011 0.042 + 0.016 0.059 + 0.017
Splesn 0.071 + 0.016 0.080 + 0.003 0.063 + 0.003 0.303 + 0.174
Testes 0.003 + 0.000 0.003 + 0.000 0.003 + 0.000 0.005 + 0.001
Urine 0.085 + 0.014 0.089 + 0.052 0.237 + 0.032 0.301 + 0.151 “
)
Values are the mean tky-dose/gram + standard error of the means (S.E.M.) for 3 i
rats per time period. Each animal received approximately 4 uCi of I-125 labeled
corticosterane (i.v.).
(a, b, ¢) Any two means within a row with the same ipt are not
significant at the five percent level of probability using the LSD test. ¢
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Table 21. Ti—nbimmeimotrodim-nstnhdd@ttim
at Two Mimutes or Lass in Control Male Rats

Tims Period in Mimrtes

?E%EEEE%@EHEE ]

0.2% 0.50 1.00 2.00 L.S.D. at 0.05
0.110 + 0.0082 0.062 + 0.013® 0.113 + 0.02R 0.120 + 0.0092 P < 0.046
0.146 + 0.0072 0.118 + 0.010D 0.085 + 0.006C 0.045 + 0.004d P < 0.027
0.004 + 0.000 0.003 + 0,000 0.003 + 0.000 0.002 + 0.000
0.011 + 0.002 0.010 + 0.001 0.011 + 0.001 0.010 + 0.001
0.057 + 0.001 0,123 + 0.092 0.124 + 0.078  0.030 + 0.003
0.173 + 0.008 0.171 # 0.015 0.206 + 0.022 0.211 + 0.016
0.056 + 0.006 0.085 + 0.004 0.112 + 0.010 0.109 + 0.008
0.147 + 0.0162 0.114 + 0.0183D 0.103 + 0.006PC 0.065 + 0.004C P < 0.042

0.008 + 0.001
0.016 + 0.011
0.023 + 0.004
0.089 + 0.012
0.005 + 0.000
0.001 + 0.000

0.006 + 0.001
0.003 + 0.000
0.020 + 0.004
0.071 + 0.011
0.004 + 0.001
0.000 + 0.000

0.006 + 0.001
0.002 + 0.000
0.022 + 0.004
0.101 + 0.010
0.004 + 0.000
0.000 + 0.000

0.007 + 0.001
0.002 + 0.001
0.022 + 0.002
0.109 + 0.006
0.003 + 0.000
0.006 + 0.003

Values are the mean tky-dose/gram + standard error of the means (S.E.M.) for 3

rats per time period.
corticosterone (i.v.).

Each animal received approximately 4 uCi of I-125 labeled

(a, b, c) Any two means within a row with the same superscript are not

significant at the five percent level of probability using the ISD test.
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Table 22.

Tissue Distribution of Iodine-125 labeled Corticostercne

at Periods Bstween Five and 60 Minutes in Control Male Rats

Time Pariod in Mimutes

5.00

15.00

30.00

60.00

L.S.D. at 0.05

0.089 + 0.0182
0.024 + 0.0012
0.001 + 0.000
0.008 + 0.000
0.022 + 0.0022
0.120 + 0.007 2
0.129 + 0.00623
0.052 + 0.003
0.007 + 0.000
0.003 + 0.001
0.023 + 0.002
0.106 + 0.010
0.004 + 0.000

ésgégsssgmsgi

0.064 + 0.0283

0.053 + 0.009P
0.018 + 0.000P
0.001 + 0.000
0.007 + 0.000
0.015 + 0.000P
0.075 + 0.0010
0.099 + 0.008b
0.053 + 0.008
0.005 + 0.000
0.001 + 0.000
0.021 + 0.005
0.111 + 0.004
0.003 + 0.000
0.409 + 0.0342

0.025 + 0.00P
0.013 + 0.000C
0.001 + 0.00Q
0.021 + 0.015
0.007 + 0.000¢
0.041 + 0.004C
0.053 + 0.002€
0.021 + 0.003
0.004 + 0.000
0.002 + 0.000
0.022 + 0.012
0.091 + 0.010
0.003 + 0.000

0.229 + 0.0682b0.230 + 0.112ab

0.024 + 0.003b
0.012 + 0.00F
0.001 + 0.000
0.065 + 0.056
0.006 + 0.001€
0.038 + 0.003C
0,061 + 0.005C
0.033 + 0.004
0.004 + 0.000
0.001 + 0.000
0.014 + 0.002
0.106 + 0.003

0.004 + 0.000

P < 0.033
P < 0.002

P < 0.004
P < 0.014
P < 0.019

P < 0.225

Values are the mean tkg-dose/gram + standard error of the means (S.E.M.) for 3

rats per time period.
corticosterone (i.v.).

(a, b, )

Each animal received approximately 4 uCi of I-125 labeled

Any two means within a row with the same superscript are not

significant at the five percent level of probability using the LSD test.
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Vvarious Time Periods.
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Figure 14. Tissue Camparisons of SKg-dose/gram Values for [I-125)]-Cortico-

sterone in the Kidneys of either Heat-Stressed or Unheated Control Animals at
Various Time Periods.
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Figure 15. Tissue Comparisons of tKg-dose/gram Values for [I-125)-Cortico-
sterone in the Urine of either Heat-Stressed or Unheated Control Animals at
Various Time Periods.
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Figure 16. Tissue Camparisons of Kg-dose/gram Values for [I-125]7-Oortioo-
sterone in the Blood amd Urine of either Heat-Stressed or Unheated Conicrol
Animals at Various Tims Pericds.
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Figure 17. Tissues Camparisons of $Kg-dose/gram Values for ([I-125]-Cortico-
sterone in the Blood, Kidneys and Urine of either Heat-Stressed or Unheated
Control Animals at Various Time Periods.
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stugn in the Adrenals and Kidneys of, either Heat-Stressed or Unheated Control
Animals at Various Time Periods.
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Figure 19. Tissue Comparisons of $Kg-dose/gram Values for [I-lgS]-Oortico—
sterons in the Heart of either Heat-Stressed or Unheated Control Animals at
Various Time Periods.
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Figure 21. Tissus Comparisons of ‘Kg-dose/gram Values for [I-125]-Cortico-
starone in the Liver of either Heat-Stressed or Unheated Control Animals at
Various Time Periods.
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sterone in the Splesn of either Heat-Stressed or Unheated Control Animals at
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Figure 26. Tissue Omparisons of tKg-dose/gram Valugs for [I-125]-Cortico~
starane in the Blood, Intestines, Spleen and Testes of either Heat-Stressed or
Unheated Control Animals at Various Time Periods.

82

o

M“L




MEAMN PERCENT KG.DOSK PER GRAM OF T1SSUK

0.23 [— .M)ll:uat.s
(HEATED ANIMALS)
@anmm
0.2 | C(UNNEATED ANIMALS)
0.153 |
0.1} E:E:
o
2%
i 2%
.0‘0"
24
0.03 ot
g

TINE PERIOD IN MINUTES
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sterone in the Adremals of either Heat-Stressed or Unheated Control Animals at
Various Time Periocds.
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Figure 29. Tissue Comparisons of iKg-dose/gram Values for (I-125)-Cortico-
sterone in the Brain of either Heat-Stressed or Unheated Control Animals at
Various Time Periods.
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Figure 30. Tissus Comparisons of iKg-dose/gram Values for [I-125)-Cortico-
starone in the Pituitary and Brain of either Heat-Stressed or Unheated Control
Animals at Various Tims Periods.
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Figure 31. Tissue Comparisons of iKg-dose/gram Values for (I-125)-Cortico-
sterone in the Blood, Brain and Pituitary of either Heat-Stressed or Unheated
Control Animals at Various Time Periods.
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Figure 32. Tissue Comparisons of tKg-dose/gram Values for [I-125)-Cortico-
sterone in the Femur of either Heat-Stressed or Unheated Comtrol Animals at
Various Time Periods.
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Figure 34. Tissus Camparisons of {Kg-dose/gram Values for (I-125]-Cortico-
starone in the Intestines of either Heat-Stressed or Unheated Control Animals
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Figure 35. Tissue Comparisons of 3Kg-dose/gram Values for [I~125)-Cortico-
sterone in the Testes of either Heat-Stressed or Unheated Control Animals at
Various Time Periocds.
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Figure 36. Tissue Comparisons of AKg-dose/gram Values for [I-125]-Cortico-
sterone in the Blood, Intestines, Muscle and Famir of either Heat-Stressed or
Unheated Control Animals at Various Time Periods.
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E. SUBCELIUIAR LIVER KINETICS OF I-125 OORTICOSTERONE
IN NORMAL AND HYPERTHERMIC RATS

THE SEITING

The research team consisted of Dr. M. E. M. Tolbert, Dr. A. Weaver, Mrs. V.
E. Hicks, Ms. C. Belton and Ms. A. Mauldin of the Carver Research Foundation of
'ms)cegae(mlversity Experimentation in this phase of the inwvestigations was
canducted to adkdress the possible characterization of liver subcellular
distribution patterns in heat-stressed and control animals. The latter portion
of this investigation was conducted at the Carver Research Foundation of

Tuskegee University.

EXPERTMENTAL METHODS

lhleSpuraguelhwleynts(450t0550grans)wereheatedto4zz°cto
42.6°C. The heat-stressed animals were removed from the heating chamber and
monitored until their rectal temperatures dropped to or below 40.4°C. Blood
samples fram the heat-stressed animals were cdbtained by cardiac puncture when
the rectal temperature dropped to or below 40.4°C. Hematocrits were also
cbtained from the control animals. The initial portion of the kinetic studies
of I-125 labeled corticosterone were conducted at USARTEM in Natick, MA, as
autlined in the previous section.

After representatlve tissue and organ samples had been evaluated for I-125
corticosterone content, the remaining livers from either the heat-stressed or
camtrol rats were processed and quickly frozen for further evaluation.
Isolation of the liver subcellular organelles and membranes was conducted at the
Carver Research Foundation of Tuskegee University. The livers were thawed,
weighed and haomogenized. Homogenates were onated into subcellular
on;anelles. Assessments of the various subcellular fractions (i.e., mclear,

mitochondrial, soluble cytosol ard microsomal), as well as that of the total

livm:hmogam:e were analyzed for I-125 corticosterone uptake using a Beckman
gamma counter. Allco.mtsametptessedasoamtspermmrtepergramofﬂnle
liver and were adjusted for background counts.

RESULTS

The subcellular liver kinetics of I-125 labeled corticosterone were
determined. As outlined in the previous section, the liver sections were
cbtained fram either heat-stressed or control rats that were sacrificed at time
intervals of 0.25, 0.50, 1, 2, 5, 15, 30 or 60 mimutes after the intravencus
injection of approximately four microcuries of the radiolabeled campound. Liver
samples were taken from each animal and processed for the subcellular kinetics
of the radiolabeled compound. The results are shown in Figures 37 - 38).
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There was a rapid uptake of I-125 labeled corticostercne in the whole liver
hamogenate fraction with 1290 + 312 counts per minute per gram of liver (Figure
37) atozsmimteswithapeak\ptaheatzmmtes(2336+270)andaslow
decline, thereafter. ﬂmcamamdtotlncatrolanjmllivertmga\ates the
heat-stressed animal liver homogenates demonstrated a more rapid uptake and
longer retention of the radiolabeled campound.

There was also a rapid uptake of the radiolabeled campound in the soluble
cytosol fraction of the heat-stressed at 0.25 minutes (624 + 89 counts per
nimtopergrmoflim(?ig\mn)withapaak\ptakeatzmimtes(1095+
270) and a decline thereafter. The muclear fraction was variable for the livers
from the heat-stressed animals. However, when campared to the control animal
"liver values, there was also demonstrated a rapid uptake and longer retention
time of the radiolabeled campound in the muclear fraction of the heat-stressed
animal livers. The same trend was cbserved in the mitochondrial and soluble
cytosol fractions, whereby the heat-stressed animal livers had a quicker uptake
and longer retention time of the radio-labeled compound.
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DISCUSSION

Heat illness is a term which covers a wide spectrum of disorders which
rarnge from the erythematous rash of prickly heat to the extreme and often fatal
medical emsrgency of heatstroke (8, 11, 12). The latter, the subject of the
present stidy, is characterized by a precipitous rise in body temperature which
may ultimately affect every tissue and organ. Classical descriptions of the

(1, 8, 11, 12, 13, 15, 23, 36) Almst any cambination of these symptoms, which
imlui- , may occur alang with the presence or absence of sweating
(37).

Prevention, of course, offers the most effective approach to reducing
heatstroke fatalities. However, reality confirms that the incidence of
heatstroke will J.mseindnectpmportlmtothenmberof individuals

to conditions conducive to that injury. Qurent military strategy,

requires rapid mobilization of troops for deployment in any climate, is
also stbject to this axiom. For the military, this problem is further anpllfled
by the potential reqxirmﬂ:fortheuseofvduclesmthmcoolingmpamty,
the use of protective suits with no cooling capacity and the use of anti-
cholinergic drugs. Predisposing factors such as heart disease (mterfenng with
the ability of the cardiovascular system to respond) and abnormalities of the
skin (interfering with swaatmg) represent physiological conditions which might
exclude such individuals from ciraumstances which would result in heat overload.
On the other hani acclimatization (which increases cardiovascular and metabolic
efficiency and increases plasma volume secondary to elevated levels of
aldosterone relative to sodium intake), dehydration (which decreases plasma
volmnardi:measeshyperthe.mla) andthe\seofvasoactivednx;srqaresent
controllable factors requiring strict discipline. Thus, educating people at
risk affords the greatest opportunity for prevention.

The actual biological mechanisms which are effectively modified to cause
heat stress and heatstroke are not known. Hcmeve.r,wbenmeisexposedto
elevatadawiranmtaltmpenbnes,themlsmsetpomtatwmd\memn
adequately predict the onset of heat stress and heatstroke since elevated

tures that are sufficient to produce heat stress, heatstroke or thermal
related deaths are not identical. Inpatlem:smdlesﬂartet al. (14) reported
that some patients died with rectal temperatures of 40°C while others with
elmtedbaiytaperabxesashighas46 5°C and 47°C survived. Therefore,
there exists the possibility of a temperature regulatory set point elevation
mechanisa that will cause an adjustment of thermal tolerance which is variable
from one individual or animal to another. However, an overall body core
temperature of 42°Corhigtw.riscmsideredtobeimmpafable with life since
there exists the possibility of extensive thermal damage to internal body tissue
and organ systems (35).

Although some debate continues over the best methods for rapidly lowering
ﬂﬁ% tamperature of patients (1, 8, 9, 12, 19, 22, 24, 26, 31, 139),
this without inducing shivenn; or penpharal vaso:nstricxim 18
a main priority. Concomitant and subsequent steps relate to the cbvious
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requirement for maintaining respiratory and heart functions (open air passage

and performance of CFR, if necessary). Symptams of pathology in various organ

Wmmm&mwmumm lhjcrcmsider-
ations are:

1. Providing intravenocus fluids, but avoiding fluid overload.

2. Establishing baseline clinical data such as acid-base and
electrolyte balance, BUN, CPK, 1IH, CBC, platelet count,
liver function, arterial blood gases and urine analysis data.

3. Relieving seizures with a short-acting arug such as i.v.
diazepam (saome prefer chlorpramazine which can lower
% but may also increase the incidence of hypotension
or the metabolic rate).

4. Reducing acute renal failure in exertional heatstroke with
caemotic agents (e.g., mannitol and furcsemide) when the urine is
isotonic and the urine/plasma concentration ratio for urea
nitrogen is less than 5:1 to prevent acute tubular necrosis.

5. Administering bicarbonate only when severe acidosis is present
and while monitoring for significant hypokalemia.

6. Treating hypotension or heart failure with digitalis while
considering poss i.ble metabolic acidosis and hyperkalemia
(a result of ixhibitim of Nat-x“-ATPase).

7. Administering oxygen and performing bladder catheterization as
symptome dictate.

8. Using heparin if disseminated intravascular coagulopathy (DIC)
is indicated.

In these situations, where the duration of pathological conditions will
determine the fatality rate, prampt and comprehensive therapeutic measures are
essential (8, 12).

The extent of hepatic damage, which usually accampanies heatstroke (5),
mwidshothdiagmticuﬂpmgwsdcclinicaletiasofﬁnswerityof
heat stress and heatstroke (17). This led to the use of the isolated perfused
liver model by Bowers et al. (3,4 6) for studying heat-induced hepatic injury.
Ihinqmishohudparnsadlversystan Bowers et al. (3, 4, 6) were able to
m-a.ofﬂnq.utiasmlativetohaatﬁnmdhqnticinjmx
Therefore, these researchers were able to use an isolated liver system
under conditions which allowed precise control of tuparat\n:ve, pﬂ, m:yqemtim
and perfusate flow independent of cardiovascular and hormonal infl When
this model was used to evaluate various drugs for their topmtectivevalue,
ﬂnwofimﬂinmﬂoordsolinﬁnprﬁmtesigrﬁﬁcmﬂywul
measured indicators of heat-induced hepatic damage that were produced during the
90 minutes of incubation time at 42°C (3). The protective value of these
compounds appears to relate to their membrane stabilizing properties.
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while conventional therapeutic regimens attack camplex symptams resulting
from the failure of organ systems, the campounds in this drug mixture target
cellular injury which must ultimately contribute to both organ dysfunction and
fatality. A part of the rationale for our protocol is based on the concept that
cell death occurs after a series of steps which progress from reversible to
irreversible events (42). Intracellular repair mechanisms, humoral factors and
exogenocusly supplied substances may intervene to prevent the irreversible stages
amd thus cell death. Waugh (38) used cortisone in the treatment of
heatstroke victims in an effort to lower body temperature and induce sweating,
but he cbserved no beneficial effects. In the present study, we used a post-
treatment drug regimen in efforts to lower the body temperature of the rats, to
increase cellular viability and the overall survival rate: c¢. the rats.

An cbserved effect of hyperthermia in rats is an increase in
corticosterone, LIH, SGOT and potassium levels (Table 15). The clinical
importance of corticosterone is not sufficiently clear. The capacity to reduce
ischemic damage with glucocorticoids has been well documented (10), and glucose,
insulin and potassium (GIK) are used extensively in the treatment of myocardial
infarctions (27, 30, 33, 41). Insulin is known to influence potassium flux,
while GIK cambination increases arachidonic acid formation, influences
phospholipid membrane stabilization and increases prostaglandin formation. All
of these effects are beneficial in reducing necrosis (19, 32). The GIK
cambination also increases glycolysis, decreases free fatty acids (FFA) and
d'arﬁsmcmpositim. These changes improve electrical and mechanical
stability of ischemic myocardium. In experimental anoxia, GIK also improves the
production of ATP (33). According to Maroko et al. (27), the normal heart
derives a substantial fraction of its energy from fatty acids and a negligible
fraction from anaercbic glycolysis. However, the latter fraction increases
progressively as the heart is rendered anoxic, as the perfusion medium is
enriched with glucose and as insulin is added. The membrane barrier to gluccse
mﬁmmcellismhyhmmlluhrmamﬁ“ofgmwse
arnd in (33). GIK also restores intracellular potassium while insulin

stimilates glycogen synthetase.

ve heat loss from the body via the sweating mechanisms is a major
non~renal route of water loss from the body. Even though the kidneys are highly
sensitive to various changes in body water hamecstasis, the sweating mechanisms
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possible that this water loss will affect the Na+ and K+ levels (Tables 9 - 16,
Figures 5 - 7) as well as other ions (i.e., calcium and phosphorus) and Na*-K+

One must also consider that exposure to high envirormental temperatures
will directly influence the circulating blood and blood clotting mechanisms of
the body. It is possible that heat stress and heatstroke might produce various
hemorrhagic disorders (i.e., petechial hemorrhages) as well as to produce a
decreased blood coagulation time and bleeding diathesis. Therefore, these blood
disorders would highly influence the metabolic processes of the various organs
ard tissues of the body (e.g., liver, lungs, spleen and femur).

As noted (Tables 19 - 22, Figures 20 - 26, 32, 36), there is an increased
uptake of I-125 labeled corticosterone in the liver, lungs, spleen and famur of
the heat-stressed rats that can be critically influenced by the circulating
blood. Since heat stress and heatstroke will cause the above hemorrhagic
disorders, it is possible that there will be an increased mumber of damaged red
blood cells in the circulation that are being retained by the various tissues
ard organs (Tables 19 - 22, Figures 13 - 36) that are either necessary to
synthesize ard metabolize the red blood cells or are highly dependent on the
blood flow for metabolic processes.

It is to note that in the I-125 labeled corticosterone studies,
there seems to be a course uptake of the radiolabeled campound in the whole
19 - 22, Figures 29 - 31). As a point of reference, there seems
of the radioclabeled campound at the 0.25 minute post-
od in both the heat-stressed and control animals with the
in heat-stressed animals (Tables 19 - 22, Figures 29 -
time heat-stressed animals were allowed to cool
of tions there was a rapid decrease in the
in the brain (Tables 19 - 22, Figures 29 -
ed campound in the brain might be indicative
1 as a rapid metabolism of the drug by the brain
account for the lower uptake of the
to 60 minute post-injection time periods. If
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this is true, then a concept of selective cooling of the brain or other tissues
(i.e., liver and stamach) might be an important consideration in order to
ciramvent the deleterious effects of heat stress and heatstroks.

Our results may be consistent with the concept presented by Malamud et al.
(25) that a high heat overload would cause a direct thermal damage to various
target tissues (i.e., brain). The thermal damage that is produced would result
in a failure of the sweating and thermoregulatory control centers, as well as to
affect various intermal body tissue and organ enzymatic and metabolic processes.

It is possible that exposure to high enviramantal temperatures will cause
heat stress and heatstroke, will subsequently cause an incidence of hyperven-
tilation and cause respiratory alkalosis due to heat exhaustion.

As noted previously, heat exhaustion will also produce metabolic acidosis
(lactate acidosis) with elevated serum lactate levels. It is also possible that
these increased metabolic conditions, as well a: others (i.e., hypocapnia,
hypotension and hypotemia), will also produce liver impairment. A heat related
impairment of liver function would acoount for the cbsexrvations in these
investigations whereby the heat-stressed animals or heat-stressed isolated liver
cells demxnstrated shifts in the various liver metabolic processes. These
cheervations were further verified when we used liver subcellular fractions to
investigate the liver localization patterns of I-125 labeled corticosterone in
heat-stressed or control rats (Figures 37 - 38). Therefore, lactate acidosis
will ensue if there is sufficient impairment of liver and lung functions since
these organs will have a reduced ability to metabolize and dispose of lactate
fram the body. This would possibly account for the results shown in Figures 8 -
10 where there was a greater glucose production when the liver cells were
incubated at 42°C in 10 mM lactate, then in 5mM glucose or no glucose, at 42°C
for 30, 60 or 120 minutes in the various drug mixtures, as campared to the 37°C

temperature.

Injury due to myocardial ischemia and heatstroke share several common
sequelae which provide further evidence to validate the present
approach. The earliest change in either case believed to be a loss of
membrane integrity (3, 21, 30). Cardiovascular failure may determine lethality
in either case. Reversal of potassium leakage also improves tissue integrity in
either case. With these effects in mind and in a natural progression of our
experimental approaches, we have post-treated rats with insulin, glucose and
either cortisol or corticosterone after exposing them to a severe heat load to
determine whether or not this post-treatment improves 24-hour viability. It
appears that viability can be improved after in vitro post-treatment of our
animal model with a of corticosterone, insulin, and glucose. Our in
vivo studies support this statement. Our experimental results show that the
mmber of control rats (15%) which died after heat exposure was three times
greater than the mmber which had been post-treated (5%) after heat exposure.
Note that i.v. injections were used. When the therapeutic imen was
administered intraperitoneally, as was the case in our prel studies, 50%
of the untreated rats died within 24 hours. In using either method, helpful
effects were seen with extremely low concentrations of the insulin and
corticosterone and even when only the drug vehicle was administered. However,
i.v. administration of the therapeutic regimen is the superior route of
treatment. In an effort to determine any possible interrelationships in the
total body distribution patterms of the heat-stressed and control animals
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(Tableszo-za,riqlnun-as),mhwtigatedﬁnkimtiaofcorticm-
terone uptake in normothermic (control) and hyperthemmic (heat-stressed) rats.
Hyperthermic rats distributed I-125 labeled corticosterone, which was given
intravencusly, scmewhat differently then did the unheated control (normothermic)
rats. Most organs and urine of the hyperthermic rats retained significantly
more of the radiclabeled campound after 30 and 60 mimutes of exposure than did
the control rats (Tables 19 - 22, Figures 13 - 36).

Mmuasotﬂnvariancffectsofheatstreasmﬂnblood
serum, as well as liver function and metabolism, are sypportive of what Bowers
et al. (3, 4, 6) reported. These did an extensive evaluation of
the liver subcellular effects of heat stress using electron microscopy to
delineate any cellular alterations. We, however, used the isolated hepatic cell

system, blood serum and profiles, as well as liver subcellular
fractionation studies and 1251abelcdcarticosterankiraticmdalmgof
the whole animals (either heat-stressed or unheated controls) as indicated in
Tables 19 ~ 22 and Figures 13 ~ 38. Using these various approaches, we were

also able to find some ible definitive mechanisms of the effects of heat
stress on the entire model.

In an analysis of the radiolabeled campound uptake in the various
subcellular fractions of the liver, the livers fram the heat-stressed animals
seem to have a greater uyptake ard longer retention time of the radiolabeled
campourd at a very early time when campared to the control animal data (Figures
37 - 38). These findings are consistant throughout the scope of these
investigations and seem to demonstrate that various metabolic and enzymatic
processes are activated during heat stress.

Therefore, we have based our experimental drug treatment design on the
theory that there is a stepwise progression of cell degradation which will
eventually lead to irreversible cell injury. The results of the various
findings in this project have verified some of the proposed thecries (7, 9, 28,
29, 40, 43), that have been projected, where a drug treatment design is very
essential in the treatment of heat stress. As projected, there is a need for a
drug treatment regimen that will bring about a membrane stabilizing effect with
the subsequent reversal of the heat stress symptams. However, these findings
are not conclusive and more work needs to be done in this area.
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APPENDIX 1 !.;-..-,_' '
TUSKEGEE UNIVERSITY ANIMAL CARE COMMITTEE
TUSKEGEE UNIVERSITY
TUSKEGEE, ALABAMA 36088
CERTIFICATE OF APPROVAL e
FOR USE OF VERTEBRATE ANIMALS ' T

IN RESEARCH, TEACHING AND DEMONSTRATION

Committee Number 86-02 Approved Yes c

" PRINCIPAL INVESTIGATOR: Dr. M. E. M. Tolbert

L -7 . RESEARCH UNIT/SCHOOL: Carver Research Foundatjon

o PROJECT TITLE: _The Effects of Cort1sol, Insulin and Glucose Pre- and Post- W
=yl treatment on Heatstroke in Rats, and the Kinetics of I?ptake v

and Cellular Response.

" VERTEBRATE ANIMAL(S) . - _ N
-.-  USAGE FOR TOTAL PERIOD: _Approximately 250 Rats, Sprague-Nawley Str.; 1k vrs - -

s ’ e : e . N4

This is to certify that the facilities are available to house the above-named species
of vertebrate anima.ls. The proper maintenance and general care will be provided e
in accordance with the guidelines of the National Institutes of Health's "Guide for
the Care and Use of Laboratory Animals" and the Federal Animal Welfare Act.
Experimental procedure(s) conducted on these animal(s) will be closely monitored.
At the termination of the experiment(s), animal(s) will be humanely euthanatized,
tissue(s) specimen(s) collected as needed and thereafter disposed of by incineration. ‘
(a“,..,m.((’ O(\VM s
Committee Chairman_Kunmwar X Srivastava.BVSc: Phn:Ninl.
Approval Date: _ April 16, 1986,
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: . APPENDIX 2

EXPERIMENTAL ANIMAL DATA FORM

LABORATORY ANIMAL SERVICES
SCHOOL OF VETERINARY MEDICINE
’ -TUSKEGEE INSTITUTE

This EXPERIMENTAL ANIMAL DATA FORM myst be completed by all investigators or
- instructors who plan to use live animals for research or instructional purposes.
S et Federal guidelines mandate that Tuskegee Institute maintain and submit a detailes
s record of 1ive animals used in research or teaching laboratories. Voluntary compii-
: ance with the Institute's Animal WelFfare Guidelines is encouraged. The completed
form should be forwarded to: The Director of Laboratory Animal Services, Department
of Pathology, School of Veterinary Medicine.

....................................................................................

NAME (Investigator/Instructor) __ Dr. M. E.M. Talhsre _.A.LLA_/.T&E:_
DATE

.PARTMENT .8 SCHOOL

) —Carver Repsearch Foundatign LZ%:%?AIL____
. THE EFFECTS OF CORTISOL, INSULIN AND GLUCOSE PRE- ELEPHONE #
TITLE OF PROJECT/COURSE AND POST-TREATMENT ON HEATSTROKE IN RATS, AND THE KINETICS OF

UPTAKE AND CELLULAR RESPONSE
PROJECT OR COURSE NUMBER DAMD17-86-6087 From 10/28/85 To5/15/87

s ~—TINCLUSIVE DATES)
~ LOCATION OF ANIMAL HQUSING FACILITY: Carver Research Foundation Basement:

INDIVIDUAL RESPONSIBLE FOR CARE AND MANAGEMENT QOF ANIMALS: Mrs. Vernetta Hicks

AR (PLEASE USE CONTINUATION PAGES AS NECESSARY)

A. EXPERIMENTAL PROCEDURES: {(Please check the appropriate experimental procedure/s to be
used and provide the requested information)

.c 1. x The experimental procedure/s may involve ANIMAL PAIN AND DISTRESS which will
Raiefivis : be relieved by the use of appropriate drugs: See attachments #1 and #2.

a. Briefly describe the types of animal experimental procedures to be usec:
_Animals will be anesthecized with nembutal prior to surgery.

b. List the drugs that will be used to relieve pain:
Namhiiral

c. List the animal species (mice, dog, goat,etc.) and the NUMBER of each to
be used in the project/course:

—Approximacely 250 rafs

RN

BN 2. x The experimental procedure/s must involve ANIMAL PAIN AND DISTRESS; drug
Lo intervention would interfere with the experimental results.

s . *  a. Briefly describe the types of animal experimental procedures to be used:

Taen Some of the rats to which reference is made in #1 above
’ will be heat stressed without being anesthetized.

b. Provide justification for using this type of animal experimental procedure

The use of an |ng;;hg;t§xng .‘.nL“Ln_;hg_n;gagggn_;anJlESBIi-
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-2-
with that already collected at USARIEM in Nactick,MA. -

c. List the animal species and number of each to be used in the project;

course:
_Approximately 150 rats of the 250 indicated in item #1
above.
3. The experimental procedure/s will involve 1ittle or no ANIMAL PAIN OR

DISTRESS (animals will be used only for specimen collection, injections,
and similar procedures).

a. Briefly, describe the types of animal experimental procedures to be used:

b. List the animal species ani the number of each to be used in the project/
course:

B. SPECIAL PROCEDURES (CONTAINMENT): (check the appropriate item if any of the follow-
ing will be used in the project/course)

1.

2. Carcinogens 1, Organisms contagious to animals

x  Radioisotopes 3. Organisms contagious to man

C. EUTHANASIA PROCEDURES:

1. Outline the procedure and 1ist the drug’s that will be used to euthanize the
experimental animals:

Nembutagl

D. PRINCIPAL INVESTIGATOR/INSTRUCTOR ASSU?ANCE:

I agree to abide by the "Animal Welfare Guidelines” adopted by Tuskegee Institute
and permit eme-gency veterinary care for those animals showing evidence of pain or
illness (if not the intent of the experiment).

4/14/8¢
DAVE

(DO NOT WRITE BELOW THIS LINE)

........................................................................................

RECOMMENDATIONS, COMMENTS, ETC. _(a ot be. Boks B enewru Y 2,
Paly tasek A~ irma ol A e, 0. A b o/ boave vindl
3 4 2 . -—A’A‘ ™ -d ’g/.-_' .4’&.’. e — ;L s - A

AR XYL [ e 7 - ey - e ——
REPERERLE NUMBER: ~ Lowar U e dhivinoka. L72Y/ /2
Signature (Jirector of Laboratory
Animal services)
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APPENDIX 3
Caruer Besearch Foundation of Tuskegee ’ntuersity

ESTABLISHED, 1940 BY GEORGE WASMNGTON CAAVER

TUSKEGEE, ALABAMA 30080

July 11, 1986

Col. Brendan E. Joyce

Commander

U.S. Army Research Institute

For Environmental Medicine
Building 42

Natick, Massachusetts 01760-5007

Dear Col. Joyce:

The following is provided to comply with the concems of the USARIEM Lab. (Re:"Recommend
Madification and Resubmission,"provided with the minutes of the May 12 meeting of the
Interim USARIEM Laboratory Animal Care and Use Committee).

a. Project staff members appreciate the affirmation of its use of laboratory animals in
the proposed research. :

b, Kinetic Studies

Kinetic studies will be conducted using I ‘“Carticosterone. To avoid depletion of blood volume

and the stress on rats and their loss due to surgery, we propose to replace the original protocol
with the one which follows. Forty rats will be acclimatized for a minimum of 72 hours at
28°C and 30% relative humidity. Twenty will be used as unheated controls. The remaining
ones will be subjected to heat as described in Attachment 1, where they are heated to a
temperature of 42°C-42.6°C. After these rats have been removed from the heating chamber
and their core temperatures drop to or below 40.4°C, 0.5 ml of the labeled compound in
saline will be injected into the femoral vein of each. Five minutes later, a 1 ml sample
of arterial blood will be collected by cardiac puncture from each of four rats after
anesthetization with nembutal Ten minutes later, another four samples will be collected
from four different rats. At 15, 30, and 80 minutes, the same procedure will be performed
on each of four rats at each time period given. Rats will be sacrificed after each blood
collection, and organ (e.g.,liver, heart,and kidneys) will be assayed for radioactive label-
after dissolution in soluene. For each heated rat from which blood is collected, an unheated
rat will be injected (i.v.) with 0.5 ml of the labeled compound and blood and organ samples
collected at the periods indicated above. Note that drug injections except nembutal will
be made intravenously.

Hematocrits will be done for each rat before and after heating.

Serum will be prepared from the blood samples. Determinations of LDH, K*, CPK, and SGOT
will be completed on each sample.

The use of this protocol eliminates the need for surgery and the heating of rats containing
radioactive label. No more than a total of 3 milliliters of blood will be taken from each
rat during the kinetic studies. This volume does not have to be replaced with pooled rat
serum or fatty acid free albumin since the rats will be sacrificed immediately after blood

and organ collections. Based on the recommendations,these modifications and procedures
will be utilized. 110

OFFICE OF THE OIRECTOR




siapent

OFFICE OF THE DII!CC'I;OI NDATION
THE CARVER RESEARCH FOU ‘
TUSKBGER. ALABAMA Col B. E. Joyce

Hepatocyte Studies

Trypan Blue (s routinely used as the indicator of cell viability in the research involving
hepatocytes. To date, the cells isolated by our method are not used uniess 80% or more
of thosse sampled exclude the dys. Data on the baseline values of hepatic enzymes prior
to heating versus post-heating of hepatocytes will continue to be collected during each
experiment. Statistical analyses will be done to determine if there are any significant
differences (p<0.05). This information will be provided {n the next progress report.

Post-Treatment Studies

In the post-treatment studies, injections of drugs will be made intravenously. If possible,
sterile dextrose solution and saline will be used. Also corticosterone hemisuccinate (a soluble
form of corticosterone) will be used wherever corticosterone is required without the label

c. For scientific validity, the minimum number of animals needed per test point in the kinetic
studies is three. In our protocol four are to be used per test point. The mean, standard
error of the mean and p values will be calculated for the data. Data will also be subjected
to Analysis of Variance and the Duncan’s Multiple Range Test.

d. We appreciate the affirmation of our use of male albino rats in these studies.

The results of these studies will be compared to the pre-treatment results obtained by Dr.
W. Bowers of USARIEM, who is the collaborator for this project. He used the same species
and most of the methods being used in this project.

e. Procedures

The procedures used in completing this project are given in Attachments 1 to 10. Most
of the procedures used involving whole animals are essentially those used by Dr. W. Bowers
of USARIEM when he conducted the pre-treatment studies. A part of the rationale for the
proposed protocol is based on the concept that cell death occurs after a series of steps which
progress from reversible to irreversible events. Intracellular repair mechanisms, humoral
factors, and exogenously supplid substances may intervene to prevent the irreversible stages
and thus prevent cell death. Results from past efforts also suggest that pretreatment does
not increase 24 hour viability in rats (Bowers, unpublished results, USARIEM, 1984). Our
present work suggests a different approach using post-treatment and preservation of cellular
integrity as the goails rather than a preheating regime and a post-heating effort to lower
body temperature. Considerable evidence supports the validity of this new approach. The
capacity to reduce ischemic damage with glucocorticoids has been well documented, and
glucose, insulin, and potassium (GIK) are used extensively in the treatment of myocardial
infarctions. GIK increases arachidonic acid formation, .influences phospholipid membrane
stabilization and increases prostaglandin formation. All of these effects are beneficial in

~ reducing necrosis. GIK also increases glycolysis, decreases FFA and changes FFA composition.
These changes improve electrical and mechanical stability of ischemic myocardium. In
experimental anoxia, GIK aiso improves production of ATP. According to some investigators,
the normal heart derives a substantial fraction of (ts energy from fatty acids and a negligible
fraction from anaerobic glycolysis. However, the latter fraction increases progressively
as the heart (s rendered anoxic, as the perfusion medium is enriched with glucose, and as
insulin (s added. The membrane barrter to glucose entry into the cell is overcome by high
extracellular glucose and insulin. GIK also restores intracellular potassium, and insulin
stimulates glycogen synthetase.

Infury due to myocardial ischemia and that due to heatstroks share several common sequelae
111
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which provide further evidence tending to validate the present approach. The earifest change
in either case is believed to be loss of membrane integrity. Cardiovascular failure may
determine lethality in either case. Reversal of K* leakage improves tissue integrity (n either
case. With these in mind and in a natural progression of previous research, we intend to
post treat rats with (nsulin, glucose and corticosterone after exposing them to a LDgg heat
load to determine whether or not this post-treatment improves 24 hour viability. We intend
to study the kinetics of hormone uptake in normothermic and hyperthermic rats in an effort
to determine the relationship of kinetics with hyperthermia and normothermia. We also
intend to study the response of isolated hepatocytes to heat, with and without harmone
(labeled and uniabeled) treatment and compare data from the experiments to those of intact
animals to confirm the 1984 findings of Bowers and associates. This i{s germane to our

approach. .

References for the above statements can be provided upon request. I have several publications

on isolated hepatocyte; those on hepatocytes appear in the Joumal of Biological Chemistry,

Metabolism, Proceed of the National Acade [*) ience the Joumal of
ronmental Science and Health, results of my most recent studies of the effects

of acetylsalicylic acid on adult rat hemoglobin is reported in Biochemical and Blophysical
5 Research Communications.

f. The affirmation of the procedures to minimize pain and discomfort to the greatest extent
possible without compromising the objectives is appreciated. -

g- Mr. Thomas D. Martin Ul (Safety Office, U.S. Natick Research, Development and
Engineering Center) was contacted during my initial trip to USARIEM. This is noted in my
J Six Month Report on this project. More recently Mr. Martin was contacted by telephone

in reference to information on future use of radioactive material at USARIEM by the research
team. When radioisotopes are involved., Mr. Martin will be contacted again prior to and
during visits to USARIEM by project staff members.

Persons involved in this research have training and experience in the proper handling of
radioisotopes and devices which produce ionizing radiation. Methods they will use will be
in compliance with applicable regulations.

h. The method of euthanasia will be by nembutal injection (i.p.). This method is already
4 in use.

i. Hopefully, the above comments will clarify the concems of the Committee in reference
to the protocol and are those which conform to the proper USARIEM Memorandia (e.g.,
| M-70-18, AR-70-18).

Sincerely yours, .

’ IV lagadk &.0m. Jd{;&
Margargt\E. M. Tolbert, Ph.D.
Directory Contract No. DAMD17-86-C-6087

cc: Dr. L. Armstrong, COTR, USARIEM
Dr. W, Bowers, Collaborator, USARIEM
Dr. G. Silver, Chairman, USARIEM Laboratory
Animal Care & Use Committee
Dr, A, Weaver, CRF
Mrs, V. E, Hicks, CRF 112




ATTACEMENT 1

FROCEDURE FOR THE USE OF THE HEATING CHAMBER

Calibration of Heat Chamber Computer System.

1. Rt thermomix and water into water bath, and set the controls of the
water bath for 37°C.

2. Connect Quartz Tharmometar Probe to the Quartz Tharmcmeter (Model 28041).

3. wmwmmmmmmmm

4. Turn an the Controller, Model 488%A.

5. Tum on the Voltmstar, Model 3456A.

6. Turn an the Scarner, Mcdel J49%A.

7. Turn on the Printer.

8. Turn on the Box-Terminal Control-Program Switch.

9. Tha camputer print-aut with responses by project staff are as follows:
1, ENTER ID4. Type DUBO
2. ENTER STUDY ID. Type TOLEERT
3. DO YOU WANT TO CALIERATE: Type YES
4. HOW MANY TIMES TO RUN THROUGH IOOP?: Type 1
5. WHEN BATH REACHES 37°C, HIT THE RETURN KEY
6. WHEN BATH REACHES 40°C, HIT THE RETURN KEY
7. WHEN BATH REACHES 43°C, HIT THE RETURN KEY

The printer will give calibration information:
8. ARE YOU RUNNING ON LINE: Type YES

9. ENTER ERROR FACICR: Type 0
10. ENTER ALARM LEVEL: Type 47

11. IS ALARM LEVEL FCR A HIGH ALARM?: Type YES
- 12. HOW MANY CHANNELS WITH SUPPRESSED ALARM OPTION: Type 0
13. HOW MANY SURJTECTS: Type any mumber between 1 and 6
14. ENTER SUBJECTS #1 ID:

ENTER SUBJECTS #2 ID:

ENTER SURJECTS #3 ID:

ENTER SUBJECTS #4 ID:

ENTER SUBJECTS #5 ID:

ENTER SURJECTS #6 ID:

15. ENTER INTERVAL IN SECONDS: Type 60
16. TO EXIT THE SYSTEM: turm off the box and hit the return kay.

After calibration of the heat chamber camputer system, insert ocne of tha six
Ractal Probes into each of six experimental rats after placing them in a
restrainer cags. These restrainer cages are the same as those described in the
mw No. T6/85." by G.J. Thamas, C.B. Matthew, W.T.

113

C e S g—

.t _Aa Amf




pt MMﬂ
it
um

e

under their respective headings.

PR
PPN PN
b P

114

A e S e =«

et o o S




Serum Profile

Each rat bloocd sanple will bs collected in vacutainer tubes equipped with a 20
gauge needle, via cardiac puncture. Prior to perforation of the heart, the rats
will bs anesthetized with nesbutal (30 mgy/ky, i.p.) and the external skin
puncture area madse aseptic with Betadine Solution. The samples will be kept in
an ice/water bath until centrifuged to separate cut the serum. The blood serum
will be analyzed for LIH, K+, CPK, Na+ and SGOT with the aid of an auto-
analyzer. UWhere necessary, endogenscus insulin and corticosterone levels will
be determined using radioimmmoassay kits.

M. E. M. Tolbert, A. Weaver, V. E. Hicks

] Carver Research Foundation of Tuskeges University
1986
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1.

2.

CELL ISOIATION: A SURGICAL PROCEDURE

Each rat (male, fed) was lightly anesthetized with Nembutal (Sodium

Pentobarbital, 30 my/kg, i.p.) order to alleviats the pain of surgery.
with a of fi ﬁammumwllddwmyﬁoﬂurim-id‘
to ¢ itate invertad "Y" cut was made trc-ttnstm:mto

The stamach was located and positioned to also expose the esophagus.
TWo sutures were applied on two different points along the escphaqus.
Apairoffwmusdmmﬂnwmmm
x&‘;cwt place ard tied tightly. The escphagus was cut between

The stamach and intestines were gently pulled to the right of the

cavity. The vena cava was located; a loosely tied suture was put into
place araurd it. The portal vein was locatad,
of forceps. Two sutures were put in place around the portal vein.

With a catheter (fitted withacamﬂ.a) a puncture was carefully made

:
g
§

cava. Immadiately, Ca+2-fres Krebs Henseleit Buffer (KH) was pumped
through the camrula into the liver to prevent blood cl . The cannula
was tightly tied in place with the two remaining sutures.

Quickly aftar tightening the sutures around the portal vein, the suture
which was placed around the vena cava was tightansd to prevent the flow of
solution through the cpening which was cut earlier. The thoracic cavity
was cpened and all argans and camective tissus removed.

Amrmd.mtalleOnlotmmmandtcnwwmlimud

Fitey of collagenase* was added to the temperature
omtroll-d (37°C) reservoir comtaining Ca+2-free KH and allowed to recycle
thraugh the liver for 20 to 30 mimutes. In all cases, where KH was used,
the solution was gassed cantimuocusly with a mixture of 95% oxygery5% carbon

M. E. M. Tolbert, A. Weaver, V. E. Hicks
mﬁ Research Fourdation of Tuskeges University
198

*The amount of collagenase used should be varied according to
its activity. The largest amount used is fifty milligrams
per 100 milliliters of KH.
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Operation of the Perfusicn Aeration Apparatus

The parfusion asration spparatus: M-18; Medical Research Apparatus
Corporation, Boston, MA.

1.

2.

5.

7.
8.

With the thermostat ; tuned on at least 20 mirutes ahead of
tims, £1i1l ths ressrvoir with 200 ml of Ca+2-fres KH.

Comect the 95% axygerysSt carbon dickide gas mixture to the reservoir.
%%mmMmmmmmmmmm

Aftar the liver has besn cammlated, as mtdpuv:laﬂy,allowﬂuﬂrst

100 ml of to collect in the chest cavity.
pesrfusate a wvaste reservoir. If the liver parfuses well, thare will
be a substantial blanching effect of the liver. If there seams to be an

imdu;nuliwrblandurgwllbadcmtmwmny.
Weigh out 50 my of collagenase ad dissolve it in smll amount of

Ca+2-free KH and add that solution to the reservo, The total volume
of K in the reservoir should be 100 ml. p‘rrus through the
liver to contime for 20 to 30 minutas.

Aftar the 20 to 30 mimutes of perfusion, stop the flow of Ca+2-fres KH

wmummmmmmum tubs from the chest cavity.
Gently remove the liver from the rat's body.

Place the liver in a petri dish which is partially filled with Ca+
free KH. Gcﬁymﬂnlimwithapluticspawhtotzum
calls which have besn subjected to collagenase digestion.

Filter the call suspension through two layers of cheese cloth.

Washtluallsatlastﬂuutin-innguhrmbygmtlymimgim
(50 x g) the cell suspension for 2 minutes in a table top centrifuge.
the final wash, resuspend the calls in regular KH.

mmmmwamumo 50 my of wet cells/ml of
otm,ﬂucnlhmrndytorimdhumu least 80% of an aliquot
omtﬁict:;u suspension excludes trypan blus, a dye used to assess cell

V.

M. E. M. Tolbert, A. Weaver, V. E. Hicks
Carver Research Fourdation of Tusksges University
1986
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ATTACHMENT S

PREPARATION OF CELLS FCR USE

1. After removing the liver from the rat, transfer the perfused liver to a
plastic petri dish.

2. wujfxapla-ticlpamla, gently scraps the lcbes of the liver to disperse

3. Filter the cell suspension through cheese cloth. (Use only about 10 to
20 ml of Krebs-Henseleit (KH) to rinse the cells.)

4. Distribute the suspension equally into plastic centrifuge tubes.

5. Csntrifuge the samples 2 mirutes at 50 x g with a clinical centrifuge.
6. Aspirate off the supernatant in each tube.

7. Wash cells 3 times with reqular KH.

8. Aftar the third washing, resuspend cells in regular KH and determine
the wet weight of the cells.

9. Determine the amount of regular KH solution needed to make the cell
suspension 50 my of wat calls par ml of solution.

10. Test with Trypan blue for cell viability.
1l1. The cell suspension is now ready for immediate use if more than 80%
oclude the Trypan blue.

Call Wet Weight Determination

PR
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1.

2.
3.

5.

6.

ATTACHMENT 6
Precedure For Handling Cells For Heat Stress Stidies

Pipetts the desired concentrations of each drug or drug mixtures into
plastic test tubes (100 X 17 mm). _

Pipstte 1 ml of cell suspension (50 my/ml) into each tube.

Gas each sample with a mixture of 95% caygery/S$ carbon dicxide.
Cap each sample tube tightly.

Place the first two samples (the zero controls) of each set (2 from the
379C set and 2 from the 429C set) in an ice/water bath. Place the
remaining tubes in separate water baths (cne set at 37°C and the
other set at 429C). Incubate samples in a water bath shaker set at
the above temperatures for the specified time.

Pipette 1 ml aliquots from the supmrmatants into another set of
tubes. To each, add 1 ml of water ard analyze for

correspording
the desired paramsters.

l(. Ec Hl W' Ao m' V. Ea HiCh
Carver Research Fourdation of Tuskeges University
1986
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1.

2.

4.
5.
6.

ATTACHMENT 7
(AMENTMENT)

PROCEIURE FOR UPTAKE STUDIES USING HEAT STRESSED AND UNSTRESSED CELlS
(OPTIONAL)

Csll suspensions from either the 37°C or 42°C temperature treatment will be
used in this investigation.

The cell suspensions fram either the 379C or 42C treatment will be
treated as follows.

Add the radioclabeled campound (I-125-corticostercns) to each test tube.
Incubate at either 37%C or 429C.

Cantrifuge the tubes at 20,000 x g for 1 haur in an ultracentrifuge.
Separate the supernatant from the cell pellets.

Assay the cell pellets amd supernatants for the radicactive label.

A further fractionation of the cell pellets will be done by

resusperding
the cell pellets and centrifuging the suspensions at 150,000 x g for two
hours with the subsequent assay of the fractionated components.

M. E. M. Tolbert, A. Weaver, ard V. E. Hicks
Carver Research Foundation of Tuskeges University
1986
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GIDOOSE ASSAY
1. The Glucose Stock Solution is 0.01 gram gluccse/ml.
2. Dilute 0.5 ml of glucose stock solution to 10 ml with water.

3. Preparation of the variocus Standard Solutions from the 500 ug/ml
(E) standard solution.

Tube # ml of Solution E Water(ml) Final Conc'n(ug/ml)
Al A2 Q.0 1.0 0

Bl,B2 1.0 19.0 25
a,2 1.0 9.0 50
D1,02 1.0 4.0 100
El,E2 1.0 0.0 500

4. Pipet aliquots of each sanmple into the corresponding tubes. Add
sufficient water to maks 200 jl.

5. Pipet 200 ul of each standard, #Al through E2 into properly
labeled tubes.

6. To each standard and sample, add 0.8 ml of glucose oxidase reagent.

7. Allow samples and standards to incubate at 37°C for 30 miuntes or
to incubate at room temperature for 60 mimites.

8. Ra;gvetlusaml. fram the water bath and add 2.0 ml 7.5 N Sulfuric
Acid.

9. Record the abscrbance of all samples and standards at 540 nm
(zero tha spectrophotamster with the "A" samples).

10. Determine the concentration of each sample using the recorded values for
the stardards.

Glucose Oxidase Reagent

Add 250 my of crude glucose axidase and 5 my horse radish peroxidase (Rz =
0.3 or higher) to 50 ml of glycerol buffer. Mix well; add an additional 50 ml
of the buffer. Then add 12,5 my of O-dianisidine-di HCL. Shaks to mix. The
solution can be stored in the refrigerator in an amber bottle.
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5.

1.
6.

300
500

ATTACHMENT 9

Add 0.1 ml of eithar the microsamal or cell suspansions to Auplicate tubes.
Add 0.8 ml of water to each sample.

For blanks, add 0.9 ml of water.

To all samples and blanks, add 0.1 ml of 1% decxycholate solution.

Add 4 nl of Biuret Reagent to all samples and blanks (mix well).

Allow samples to sit at roam temperature for 20 mirtes.

Read the absorbance ({) versus water at 540 m for each sample.

Calculate protein content as follows:

ng protein per aliquot = (A x 15.7)

Biuret Reagent

5 gm Qupric Sulfats
0 gm Sodium potassium tartrate
ml 10% NaCH
ml of water
Store in an amber bottle.
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1.

2.

4.

ATTACHMENT 10

GLYCOGEN ASSAY (ANTHRONE METHOD) PREPARATION
OF REAGENTS AND ASSAY PROCEIURE

Anthrone Reagent

To 100 ml of watar add 400 ml of concantrated furic Acid,
Cool this solution in an ice/water bath and add 0.8 grams of anthrone.

Procedure for Isclated Liver Call Studies

A. After incubation of the call saxples is campleted, chill the samples
in an ice/water bath. Cantrifuge them at high speed for approximately
5 mimrtes. Separate the supermatant (to be analyzed for urea,
glucose and/ar other parametars) fram the call pellet in each case.

B. a. Add 0.1 ml of 30% KOH to the call pallet in each tube.
Allow each to dissolve in the oold overnight.

b. Place each tube in a test tube rack ard cap with marbles.
Place the tubes in a 80°C water bath. Heat for 15 mimites or
until sanples dissolve. Remove the samples from the water bath.

. Add 0.1 ml of water and 0.4 ml of 95% ethanol. Cap samples again

with marbles ard heat in a water bath (80°C) until the ethanol
bubbles evolve.

d. Chill the samples in an ice/water bath immediataly. Refrigerate
the samples overnight to precipitats the glycogen.

%%Mmatmooom) in the cold
for 30 the supermatants

Add an equal amunt of water (amount will vary acoording to the glycogen
content) to each tube. Shaks each sample to suspend the glycogen. Take
aliquots (volums may vary depanding on the glycogen content) for analysis.

Preparation of Standards

Solution A To 4.9 ml of water add 100 ul of 1 my/ml gluccse solution.
lution is 20 ug/ml.

PR N

Solution B ml of solution A add 2.5 ml of watar.
lution is 10 pg/ml.
Solution € ml o uticn B aXd 2.5 ml of water.

g gY B
B g gl

utim 5 pg/ml.

123

o T

__;_-*_______M
po oy e _



7.

Set up 8 more tubes in the following mamner:
Tubs Number Contants

1-2
3-4
5-6
7-8

To tubes 1 through 8 and each sample, add 5 ml of anthrone reagent.
Kesp the samples cold while adding the reagent.

Shaks well and put these tubes in a boiling water bath for 8 mimites using
marbles to prevent evaporation.

Remove the samples from the boiling water bath and place them in an
icevater bath. The resulting solutions should be green.

Determine the absorbance of each sample at 625 rm with the aid of a
spectrophotamster.

Calculate the amount of gmin glumu equivalents for each
sample using the results the standards.

pae
1
LA

Note: The anthrone method for glycogen was adapted from

Mortimore, G.E.; King, E.,Jr.; Mondon, C.E.; and
Glinsman, W.H. 1967. Effects of Insulin on Net

ta Alterations in Perfused Rat Liver.
Am. J. Physiol. 212:179
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APPENDIX 4

SGRD-UE-HR 1 Adgust 1986

MEMORANDUM FOR: SEE DISTRIBUTION

SUBJECT: Action of USARIEM Laboratory Animal Care and Use Committee re:
Modification and resubmission of the x-oposal entitled "The effects
of cortisol, insulin and glucose treataent on heatatroke in rats"
submitted by Dr. Margaret E. Tolbert, Carver Research Foundation

1. The original protocol eniitled "The affects of cortisol, inaulin and
glucose treatment on heatstroke in rats" was considered {nitially at the 12
May 1986 meeting of the USARIEM LACUC chaired by (then) CPT G. R. Silver,
D.V.M. The minutes of this meeting indicated that members of the committee
recommended extensive modification of the protocol and resubmission to the
LACUC after suitable revision. The recommendations for revision were detailed
in the minutes of the 12 May 1986 meeting of the LACUC.

2. The protocol was returned to Dr. Tolbert and in a letter to COL Joyce with
10 attachments dated 11 July 1986, Dr. Tolbert detailed the revisions to the
protocol which she had elected to make to respond to the suggestions of the
USARIEM LACUC.

3. During that interval CPT Silver was replaced as Chairman, LACUC by the
undersigned.

4. On 21 July 1986 I received a call from Dr. Tolbert regarding the progress
on her protocol by the USARIEM, LACUC. Unfortunately, I was not on the
distribution list for Dr. Tolbert's 11 July letter and had not seen (t so I
was unable to report any progress. However, on that same day (21 July) I
obtained a copy of Dr. Tolbert's letter containing the revisions to the
protocol, and on 22 July 1986 distributed a copy of that letter to all members
of the LACUC who voted on the original submission. Thus, members of the
USARIEM LACUC have now evaluated che revisions to the original protocol
outlined in Dr. Tolbert's letter.

5. Dr. Tolbert's proposal is generally in three parts and several committee
members elected to consider each portion separately.

a. Cortisol, insulin, and glucose as a post;heatins therapeutic regimen.

The LACUC agreed that the modifications which Dr. Tolbert submitted were
entirely adequate as written and no further alterations are necessary on this
portion.

b. Kinetics of hormone uptake in normal and hyperthermic animals

Although the majority of the LACUC recommended approval of this substudy
as revised by Dr. Tolbert, the following additional recommendations are
submitted for consideration. It is possible that the same rat can be sampled

for 60 min. At least 2 members of the gucuc believe that with the
12
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SGRD-UE-HR 1 August 1986

SUBJECT: Action of USARIEM Laboratory Animal Care and Use Committee re:
Modification and resubmission of the proposal entitled "The effects
of cortisol, insulin and glucose treatment on heatstroke in rats"
submitted by Dr. Margaret E. Tolbert, Carver Research Foundation

radiolabelled tracer to be used, a blood volume of 0.1 ml may provide
sufficient volume for counting. If this is the case, then the kinetic studies
will be less variable (4 time points on a single rat rather than on U4 separate
rats should provide more consistent kinetic data) and fewer rats will ve
necessary for comparison of normothermic and hyperthermic animals. A further
recommendation for consideration is the use of a chronically implanted cannula
in the jugular vein for label injection to replace the currently proposed
femoral vein injection. Thg_eamittu recczmends extreme care in the assay of
the other variables (LDH, K , CPK, SGOT) using radioactively contaminated
plasma.

c. Response of isolated hepatocytes to heat and hormones.

Although the majority of the LACUC recommended approval of this substudy
as revised by Dr. Tolbert, the following additional comments are submitted for
consideration. At least two members of the LACUC believe that if sufficient
numbers of viable hepatocytes can be isolated from a single rat for
experimental purposes, then the total number of rats currently requested (100)
may be significantly reduced.

6. In summary, the USARIEM LACUC recommends approval of all three parts of
the protocol as amended by the letter of 11 July 1986 signed by Dr. Tolbert.
The USARIEM LACUC also requests the principal investigator to consider the
recommendations noted in #5 b,c above.

ﬁ,4&Jb\lii;::;__.__._‘_‘_,,;}
RALPH P. FRANCESCONI, Ph.D
Interim Chairman, USARIEM

W Laboratory Animal Care & Use Committee

APPROVAL/DIWRARAGMAL
DAVID D. SCHNAKENBERG
CoL, MSC
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