gether in the suitable habitats and are
harvested indiscriminately by crowfoot
brails dragged across the river bottom.
The harvested shells are considered es-
sential to the cultured pearl industry
(/7). Annual yields of high quality
shells have ranged from 5,000 to 10,000
tons, but recently yields decreased be-

cause of overfishing, pollution, or silta-

tion of the habitats.

Large quantities of shells are har-
vested and discarded because they have
undesirable color or structural charac-
teristics for the pearl industry. The dis-
carded shells have desirable chemical
qualities, E. crassidens being an ex-
ample. The suggestion of using a bio-
genic calcareous substance as a raw ma-
terial in manufacturing is not unusual
(12), although production of a high
quality chemical reagent from these
shells would be unique. Current research
(11) on the life histories and manage-
ment of this valuable, renewable nat-
ural resource is indeed opportune.
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Epinephrine: Cascade Reactions
and Glycogenolytic Effect

Abstract. The concept of a cascade
reaction may serve to indicate the un-
derlying chemical similarity between
several biological amplification proc-
esses, and as a basis for the formulation
of units that emphasize amplification
phenomena in reaction kinetics. This
approach is discussed in relation to the
glycogenolytic effect of epinephrine.

Blood coagulation has been represent-
ed by Macfarlane (I) as a cascade re-
action that can provide a series of am-
plifications of a weak initial stimulus;
by Davie and Ratnoff (2), as a water-
fall sequence. Wald (3) has drawn an
analogy between blood coagulation and
visual excitation and has suggested that
amplification systems of this type may
occur elsewhere in living systems.

Elevation of blood glucose by epi-
nephrine is now known to be asso-
ciated with a rather complex chain of
events that connects the hormone and
the glycogenolytic enzyme phospho-
rylase (4). The events divide into at
least five stages, in four of which a
chemical agent acts by influencing the
rate of a reaction whose product is an
agent that influences the stage imme-
diately following. There is some justi-
fication for classification of these events
as a cascade amplification system and
for their arrangement in the form of
Fig. 1. First, the same physiological
necessity for amplifying a weak signal
exists here as in blood coagulation or
vision; and second, three of the in-
dividual stages are similar to the con-
versions of proenzyme to enzyme that
occur in blood coagulation.

However, in the phosphorylase sys-
tem there are additional complica-
tions: First, various agents, such as
5’-adenosine monophosphate (5’AMP),
glucose-6-phosphate, and adenosine tri-
phosphate (ATP), that are not produced
specifically in response to the original
hormonal stimulus also act by influ-
encing one or more of the enzymic
stages; they appear to act for control
systems that are distinct from or com-
plementary to the hormones. At the
phosphorylase stage, for instance,
5’AMP acts by stimulating the activity
of phosphorylase b (5), thus producing
the same effect as epinephrine but at
the same time decreasing the amplifica-
tion of a hormonal signal to the extent
that it may have no effect on the pro-
duction of glucose from glycogen; cal-
cium and a kinase-activating factor act

similarly at the kinase stage (4). Sec-
ond, 3’5’AMP appears to act as a ‘sec-
ond messenger’ for various hormones
other than epinephrine, as an agent to
accomplish either the same end (as
with glucagon and the elevation of
blood sugar) or different ends [as with
vasopressin (6)]. However, if we consid-
er the glycogenolytic response to epine-
phrine as an isolated (and well docu-
mented) system, it appears that the
cascade manner of arrangement may be
acceptable as an indication of the chem-
ical similarity between this and several
other biological amplification systems.

The question then arises of an ap-
propriate unit to be used in describing
amplification at each stage. The num-
ber of molecules of product obtained
in unit time, in response to one mole-
cule of the agent influencing the en-
zymic reaction, appears to be one way
of expressing the information required.
Although enzyme kinetics has been con-
cerned with the rate of change of sub-
strate or product under various condi-
tions, this particular quantitative rela-
tion has received little attention. At
present, amplifications can be expressed
in this way only in terms of epineph-
rine, 3’5’AMP, and glucose-1-phos-
phate, each of which has a well-de-
termined molecular weight. The range
of numerical values for this expression,
obtained with the individual stages in
the postulated chain of events and com-
pared with the values obtained for the
overall response, in terms of micro-
moles of final product per micromole
of hormone, may provide evidence on
the validity of the theoretical scheme.

Although reported experiments were
not designed for this type of approach,
they yield some relevant data. Numeri-
cal values for this expression would be
expected to vary somewhat with the
ratio of quantity of agent to quantity
of enzyme; this variation has been dem-
onstrated with particulate preparations
of adenyl cyclase from dog myocardi-
um by Murad et al. (7). From their
figures one may calculate that with
4 X 10—3M ATP and 1 X 10—5M epi-
nephrine about 1/10 molecule of extra
3’5’AMP was formed in 12 minutes
at 30°C in response to 1 molecule of
epinephrine. At the lowest concentra-
tion of epinephrine shown on their
graph (about 6 X 10—7M) about V5
molecule of 3'5’AMP was formed in
12 minutes in response to 1 molecule
of epinephrine. In view of other, more
general requirements of the tissues for
ATP, it may be physiologically signif-
icant that only a small proportion of
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Fig. 1. Arrows indicate known chemical
changes; lines connect chemical agents and
the changes they are known to influence
or catalyze. Abbreviations: ATP, adenosine
triphosphate; 3’5’AMP, adenosine cyclic
3’S’-monophosphate; 5’AMP, adenosine
5’-monophosphate; P, inorganic phosphate.

the total is converted to 3'S’AMP. Oth-
er data (6), showing that 1.5 X 10—°M
epinephrine and 1.5 X 10—°M 3’5’AMP
produce almost exactly the same quan-
titative response in rabbit-liver slices in
terms of glucose output and glycogen
breakdown, also suggest that there is
no rapid amplification of the hormonal
signal at this stage in this tissue. How-
ever, by use of the pair of rat gas-
trocnemius muscles in place in the
body, intracardiac injection of 0.55
pmole epinephrine per kilogram was
found to increase the cyclic AMP con-
tent on one muscle within 1 minute by
0.54 to 1.13 umole/kg beyond that of
the other muscle, which was removed
just before the injection (8). This rep-
resents 10- to 20-fold amplification, if
one assumes an even distribution of
epinephrine (5.5 X 10—8M) throughout
the body during the whole time.

Using phosphorylase-b kinase extract-
ed from rabbit muscle, Krebs, Graves,
and Fischer (9) found increase in ac-
tivity from 200 unit/ml in the absence
of 3'SAMP to 3100 unit/ml in the
presence of 1 X 10—*M 3’5 AMP.
If one assumes that the glycogen-syn-
thesizing units of Illingworth and Cori
(10) also indicate the catalytic activity
of phosphorylase in glycogen break-
down, this may be calculated to rep-
resent formation of about 1600 pmole
glucose-1-phosphate per minute in re-
sponse to 1 ymole of 3’5’AMP.

One may estimate overall amplifica-
tion in the phosphorylase system from
the figures of Timms et al. (11):
5.4 X 10—"M epinephrine reduced the
mean level of glycogen in guinea pig
intestinal smooth muscle from 1.46 to
1.01 mg/g (wet wt) within 2 minutes.
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This reduction represents formation of
glucose-1-phosphate at 2320 pmole/min
per micromole of epinephrine. Using
frog sartorius muscle at 20°C, Helm-
reich et al. (I12) calculated the glyco-
gen decrease in 5 X 10—"M epineph-
rine from the glucose-6-phosphate and
lactate formed. The maximum rate of
loss may be estimated, from their
graph of loss versus time, at about 0.1
pmole of glucose ml—! min—!, which
figure gives an amplification factor of
200. These figures are within the range
to be expected from combination of the
amplifications (given above) of the
signals of the “first messenger” epi-
nephrine and the “second messenger”
3'5’AMP. In view of the variety of
“second messenger” functions that have
been ascribed to 3'S’AMP, it is inter-
esting that, at least in the phosphorylase
system, this signal is amplified more
than that of the “first messenger.”

By analogy with visual excitation
Wald (3) has suggested application of
Poisson curves to the relation between
log of concentration of activating
agent and frequency of response in a
cascade system. While the phosphoryl-
ase response, unlike visual excitation or
blood clotting, is not usually considered
in terms of an all-or-none phenomenon,
one may note that the curves, obtained
for the relation between log epineph-
rine concentration and extra 3'5’AMP
formed by liver adenyl cyclase (7),
are of a sigmoid shape that corre-
sponds with the dose-response curves
for many drugs (13).

J. M. BOWNESs

Department of Biochemistry,
Faculty of Medicine,
University of Manitoba, Winnipeg 3

References and Notes

1. R. G. Macfarlane, Nature 202, 498 (1964).

2. E. W. Davie and O. D. Ratnoff, Science
145, 1310 (1964).

3. G. Wald, ibid. 150, 1028 (1965).

4. Various papers in Control of Glycogen
Metabolism (Ciba Found. symp.), W. J.
Whelan, Ed. (Churchill, London, 1964).

5. H. E. Morgan and A. Parmeggiani, J.
Biol. Chem. 239, 2440 (1964).

6. E. W. Sutherland, I. @ye, R. W. Butcher,
Recent Progr. Hormone Res. 21, 623 (1965).

7. F. Murad, Y. M. Chi, T. W. Rall, E. W,
Sutherland, J. Biol. Chem. 237, 1233 (1962).

8. J. B. Posner, R. Stern, E. G. Krebs, ibid.
240, 982 (1965). ..

9. E. G. Krebs, D. J. Graves, E. H. Fischer,
ibid. 234, 2867 (1959).

10. B. Illingworth and G. T. Cori,
Prep. 3, 1 (1953).

11. A. R. Timms, E. Bueding, J. T. Hawkins,
J. Fisher, Biochem. J. 84, 80P (1962).

12. E. Helmreich, S. Karpatkin, C. F. Cori, in
Control of Glycogen Metabolism (Ciba
Found. symp.), W. J. Whelan, Ed. (Church-
ill, London, 1964), p. 223.

13. H. B. Bull, An Introduction to Physical Bio-
chemistry (Davis, Philadelphia, 1964), p.
25

Biochem.

14. I thank M. C. Blanchaer for interest and
information.

24 February 1966

Mast Cells and Necrosis

Abstract. Subcutaneous injections of
normally well tolerated amounts of hy-
pertonic NaCl or urea solutions pro-
duce extensive topical necroses in rats
systemically treated with various mast-
cell dischargers and mast-cell products.
This response is considered to be closely
related to mast-cell function, for it
cannot be duplicated by systemic treat-
ment with a variety of other agents.

Two hundred and forty female
Sprague-Dawley rats with an average
body weight of 100 g (range, 90 to
110 g) were subdivided into 24 equal
groups for two experiments. Half the
animals received 2 ml of a hypertonic
aqueous solution of NaCl (10 percent),
the other half a solution of urea (20
percent), always subcutaneously on the
back in the thoracolumbar region. One
group of each series was not otherwise
treated and served as controls; the
other groups were treated with various
mast-cell dischargers, mast-cell prod-
ucts, and severe stressor agents as indi-
cated in Table 1. .

In all instances the systemic treat-
ment was applied just before the top-
ical treatment. The animals of groups 9

Fig. 1. Sharply delimited area of cutaneous
necrosis (with thromboses in small veins
and hemorrhages) at the site of topical
treatment with hypertonic NaCl in a rat
given compound 48/80 at a distance from
this region. External (top) and internal
(bottom) aspect of same skin flap.

1371



