


Advances in
ENZYME REGULATION

Volume 8

Proceedings of the eighth symposium on Regulation of Enzyme Activity
and Synthesis in Normal and Neoplastic Tissues

held at Indiana University School of Medicine

Indianapolis, Indiana

September 29 and 30, 1969

Edited by
GEORGE WEBER

Indiana University School of Medicine
Indianapolis, Indiana

Technical editor
Catherine E. Forrest Weber

L)

PERGAMON PRESS

OXFORD - NEW YORK - TORONTO
SYDNEY - BRAUNSCHWEIG



Pergamon Press Ltd., Headington Hill Hall, Oxford
Pergamon Press, Inc., Maxwell House, Fairview Park, Elmsford, New York 10523
Pergamon of Canada Ltd., 207 Queen’s Quay West, Toronto 1
Pergamon Press (Aust.) Pty. Ltd., 19a Boundary Street, Rushcutters Bay,
N.S.W. 2011, Australia
’Vieweg & Sohn GmbH, Burgplatz 1, Braunschweig

Copyright © 1970
Pergamon Press Ltd.
All Rights Reserved. No part of this publication
may be reproduced, stored in a retrieval system,
or transmitted, in any form or by.any means, electronic,
mechanical, photocopying, recording or otherwise, without
the prior permission of Pergamon Press Ltd.

First edition 1970

Library of Congress Card No. 63-19609

Printed in Great Britain by Watmoughs Limited, Idle, Bradford; and London
08 0161162



FOREWORD

Advances in Enzyme Regulation is now in its eighth volume. The appreciative
reception of this series reflected the need for such a source of information,
inspiration, and laboratory and teaching companion.

Volume 8 concentrates on subjects which have reached the stage of produc-
tive summarization and critical evaluatjon in the light of extensive new
results. This book also lives up to its goal of advancing a few steps ahead of
the general front of mammalian enzyme regulation studies.

It has been my editorial policy to impose as few restrictions as possible,
emphasizing, however, the objectives of excellence of contribution, perfection
in presentation, and penetration and scope in interpretation. This principle
gives a wide range of freedom to the participants to express their concepts.
Thus, the responsibility for detail—accuracy of reporting, preciseness of
references, allocations of priority, expressions of judgment and evaluation—
lies with the individual authors.

The Editor, who enjoyed the advice of leaders in the ﬁeld has been organiz-
ing the Symposia and selecting new topics and speakers on the basis of
immediate and long-range significance of the scientific contributions. It is
hoped that the comments and suggestions of investigators and teachers in this
field will continue to come to the Editor’s office and contribute to shaping the
course of forthcoming conferences and volumes.

Indiana University
1969 GEORGE WEBER, Editor
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HORMONES AND SUBSTRATES
IN THE REGULATION OF GLUCONEOGENESIS
IN FASTING MAN

E. Marwiss, T. T. Aoki, P. FeLiG, T. Pozersky and G. F. CAHILL, JR.*

Joslin Diabetes Foundation and the Department of Medicine, Harvard Medical School and
the Peter Bent Brigham Hospital, Boston, Massachusetts

INTRODUCTION

IN previous volumes of this series, data have been presented in which energy
balance was quantified and aspects of its control demonstrated in man sub-
jected to prolonged fasting (1, 2). Man adapts to the fasted state by an
accelerated consumption of fat and its breakdown products as fuel and a
sparing of body protein. That the protein conservation is the result of a
marked attenuation of hepatic gluconeogenesis was suggested by the observa-
tion of diminished urinary nitrogen excretion (3), and confirmed by the
measurement of splanchnic substrate exchange (4).

The reduced rate of gluconeogenesis is related to the adaptation of the
brain to utilization of acetoacetate and B-hydroxybutyrate as principal sub-
strates in place of glucose (5).

Recent studies of the individual amino acids as gluconeogenic substrates
have shown that alanine is quantitatively the most important (6). The marked
diminution in hepatic alanine uptake in prolonged fasting is due to diminished
plasma concentration inasmuch as its fractional-extraction remains un-
changed. Furthermore, exogenous alanine administration results in a prompt
hyperglycemic response due to its conversion to glucose (7), suggestmg that
hepatic gluconeogenic mechanisms remain intact.

Studies of forearm muscle metabolism from this laboratory have demonstra-
ted that the decrease in plasma alanine concentration in starvation results
from a marked decrease in its release from muscle, the body’s principal

; protein store (8). Figure 1 demonstrates the forearm arteriovenous differences

of amino acids in the postabsorptive and prolonged-fasted states. Of particular
interest is that those amino acids showing significant forearm release in both
states correspopd in pattern and magnitude to the splanchnic uptake
previously described (6).

*Supported in part by U.S. Public Health Service Grants AM-05077, AM-09584,
AM-09798, FR-31-05 and the John A. Hartford Foundation Inc., New York,
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{7 PoSTABSORPTIVE
140} PROLONGED STARVATION

FiG. 1

Amino acid balance across forearm muscle tissue in the post-absorptive state
and after 4-6 weeks starvation. A-DV =arterio-deep venous difference.

Thus, the rate-limiting step in the control of hepatic gluconeogenesis in
prolonged starvation is seen to lie in the release of precursor substrate from
the periphery. This occurs despite a substrate-hormone milieu well-documen-
ted as favoring hepatic gluconeogenesis: elevated free fatty acid levels, lowered
insulin levels, and the associated increase in the activity of key gluconeogenic
enzymes. '

The roles of other hormones in influencing the fiux of substrates and rate of
gluconeogenesis have been investigated. Glucagon has long been known to
augment hepatic gluconeogenesis in intact man (9) and in liver studied in
vitro (10). Technical difficulties in the measurement of circulating levels have
thus far yielded conflicting estimates of its response in the fasted state
(11-13). No data have previously been obtained in prolonged fasting.

Similarly, growth hormone by virtue of its known adipokinetic, anabolic
and glucoregulatory effects has been proposed as an important fasting
hormone (14). Though no significant elevation in serum growth hormone
levels occurs in fasted obese subjects, an increased sensitivity to its eﬁ"ects
has not thus been excluded (15).

To further examine the possible phys1olog1cal roles of glucagon and growth
hormone in prolonged-fasted man, we have administered them to such
subjects and have investigated the metabohc responses.

MATERIALS AND METHODS .

Ten obese nondiabetic subjects between the ages of 23 and 52 years (five
males and five females) were admitted to the Clinical Research Center of the
Peter Bent Brigham Hospital for voluntary prolonged therapeutic starvation.
All the patients fasted five to six weeks, during which time their daily oral
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intake was 1500 ml of water, 17 mEq NaCl, 13 mEq KCl and one multi-
vitamin tablet. Techniques of urine collection, blood sampling and analysis
are described elsewhere (4, 6).

METABOLIC RESPONSE TO PROLONGED STARVATION
IN OBESE SUBJECTS

16— URINE NITROGEN (M.S. 23yrs. &}

gm/24 hrs.

IMMUNOREACTIVE GLUCAGON (Mean*SE., 3 subjects)

120

ppg/mil,
80

40

SERUM GROWTH HORMONE (Mean XS E, !l subjects)

2
mpa/m. '{m

o]

IMMUNOREACTIVE INSULIN {Mean *SE., 9 subjects)
50

sl /mil. 30

t 5 10 15 20 25 30 35 40 45
DAYS OF STARVATION

FiG. 2

Metabolic response to prolonged starvation in obese subjects. Daily urine nitrogen

excretion is shown for a typical patient. Values for immunoreactive glucagon

and growth hormone during fasting are not significantly different from post-

absorptive. (Immunoreactive glucagon determinations performed by Dr. R. H.
Unger.)
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Six patients received glucagon (crystalline, Eli Lilly and Company) by
constant intravenous infusion in an albumin-containing solution over 48 hr
during the fifth week of fasting. Daily dose was 10 mg in three patients, 1 mg
in two patients, and 0.1 mg in one patient. Immunoreactive glucagon deter-
minations were kindly performed by Dr. Roger H. Unger, by a recent
procedure developed to exclude non-pancreatic glucagon immunoreactivity
(16).

Four further patients received human growth hormone (generously sup-
plied by Dr. M. S. Raben) for three days in a daily dose of 10 mg, administered
as 5 mg intramuscularly every 12 hr.

RESULTS AND DISCUSSION

Figure 2 shows the metabolic response of obese patients to prolonged
fasting. The urine nitrogen excretion drops from 11-15 g/day to a plateau of
4-6 g/day, representing marked curtailment of protein mobilization from
70-90 g to 25-35 g daily. Serum immunoreactive glucagon shows a small
increase from postabsorptive values (p < 0.05, paired #). Serum growth

. £a
(Mean volues, 4 subjects) ’ ﬁl"Y‘!‘l(o)gIEAN n- armo(;gn
[ Fore-conTroL | GLUCAGON [ POST- CONTROL |
- ¥ v 2R v

gm/24hr.

32733734 35 36 37
DAYS OF STARVATION

FiG. 3

Influence of glucagon on urinary ammonia and urea nitrogen excretion during

prolonged starvation. The increase in total nitrogen is due to a significant

increase in the urea nitrogen fraction only (days 35 through 40 vs. mean of fore-
control, paired 7).
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hormone concentrations do not change, but immunoreactive insulin falls
significantly, as previously documented (4).

In the glucagon-infused subjects a steady-state elevation of glucose and
insulin was induced, which in the 10 mg/day studies was 42 4+ 9 mg/100 ml for
glucose and 27 4- 5 pU/ml for insulin. Figure 3 demonstrates the marked
increase in nitrogen excretion which occurred due entirely to the urea fraction,
with no alteration in ammonia. That the increment in gluconeogenesis thus
induced is due to augmented hepatic gluconeogenic activity is further sugges-
ted by the striking fall in plasma amino acid concentrations. All amino acids
measured showed a decrease from baseline at one or more of the sampling
intervals during glucagon infusion. Figures 4 and 5 show those amino acids
for which a significant decrease (p < 0.05, paired ¢) in concentration was
found. Most showed a trend toward baseline values by 48 hr. Figure 4 shows
those amino acids whose nadir in concentration was at 24 hr, Fig. 5 those at
8 hr. These alterations are similar to those recently reported after subcutaneous
glucagon injection in the postabsorptive state (17).

To be noted in Fig. 5 is that with the exception of taurine, lysine and histi-
dine, the remainder are the amino acids which are known to be most sensitive,
to ambient insulin concentration (18). With the smaller glucagon doses no

300
L Bl 24 hours
B 48 hours
200} -
aMsF |-
150

100

50

AT

THR SER PR GLY ALA CcYsS R
Zz
AMINO ACID
FiG. 4

Plasma amino acid response to continuous glucagon infusion over 48 hr (10

mg/24 hr). 0 time values are typical of those reported in prolonged-fasted man

(6). Amino acids whose maximum decrease in concentration occurred at 24 hr
are shown. (Mean +SE.)



