severe rejection crises, J.R. had mild
but definite signs of rejection, probably
starting on day 36. Several days before
the apearance of clinical evidence of
rejection, there was a significant in-
crease in the number of large cells plus
mitoses in PHA-stimulated cultures of
her lymphocytes. Raising the dosage of
immunosuppressive drugs decreased the
response in vitro and eliminated signs
of rejection.

This technique of lymphocyte cul-
ture offers a new approach to the prob-
lem of donor and recipient typing for
renal homotransplantation. It may also
provide a way of assessing the degree
of immunologic suppression effected by
cytotoxic agents. Use of this technique
should allow further insight into the
problem of histocompatibility and the
nature of drug-induced suppression of
the immune response.
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Glycogen Synthetase:
Its Response to Cortisol

Abstract. Glycogen synthetase activ-
ity in the livers of starved mice is
stimulated by the glucocorticoid, cor-
tisol.

Greengard et al. (I) and Weber et
al. (2) recently reported that liver
glycogenesis induced by cortisone in
starved rats is inhibited by puromycin
and actinomycin, two agents that inter-
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Table 1. Liver glycogen and glycogen synthetase during starvation; effects of cortisol and deoxycors

ticosterone acetate (DOCA).

o B s DT e O
No. ngl;‘)'al (1 mg) liver) gsgle::g(; Expt. Expt. 4
(Mean+S.D.) (Mean=£$.D.) No. No.
1 0 3.35 & 0.35 2.02 +0.13
2 12 0.05 &+ 0.04 1.18 =+ 0.04 2 i <0.01
3 24 0.05 + 0.01 1.20 4 0.20 3 i <0.01
4 12 Cortisol 3.02 4= 0.32 1.70 = 0.11 4 2 <0.01
5 12 DOCA 0.02 =+ 0.02 1.09 =+ 0.03 5 2 >0.05
6 24 Cortisol 0.69 == 0.39 1.77 £ 0.11 6 3 <0.01
7 24 Cortisol 2.70 += 0.63 1.86 == 0.21 7 3 <0.01
(last 12 .
hours)

* Micromoles of uridine diphosphate formed per hour per milligram of protein in the presence of
glucose-6-phosphate as described by Leloir and Goldemberg.

fere with protein synthesis. It was con-
cluded that the formation of an en-
zyme protein induced by cortisone and
required for glycogenesis is interrupted.
The enzymes investigated were aldolase,
lactic dehydrogenase, glucose-6-phos-
phatase, fructose-1,6-diphosphatase, and
tyrosine transaminase. In addition,
transaminase has been implicated in
cortisol-induced glucose precursor syn-
thesis by Rosen et al. (3).

As part of a study (4) being con-
ducted on hepatotoxic agents and glyco-
genesis, we found that yet another
enzyme, glycogen synthetase (uridine-
diphosphate-glucose—glycogen-1,4-trans-
glucosylase) is stimulated in vivo by
the glucocorticoid, cortisol. This ob-
servation now becomes relevant to the
question of the identity of the enzyme
protein whose antibiotic-inhibited syn-
thesis prevented glycogenesis by corti-
sone.

Three-month-old A/Jax male mice
(20 to 25 g) in groups of six were
killed at the intervals indicated in Table
1. A 10-percent homogenate of the
freshly excised liver in each case was
prepared in a medium composed of
0.25M sucrose, 0.001M EDTA, and
0.1M NaF solution. The homogenate
was assayed for glycogen synthetase
according to Leloir and Goldemberg
(5). Liver glycogen was extracted from
a weighed specimen of fresh liver with
hot 30 percent KOH solution. It was
precipitated by ethanol and measured
as glucose units by Dische’s cysteine-
sulfuric acid reaction (6).

Table 1 shows that (i) liver glycogen
depletion by 12 and 24 hours of fasting
is accompanied by a significant reduction
in glycogen synthetase (expts. 1, 2, and
3); (ii) the administration of cortisol
(expt. 4) but not deoxycorticosterone

acetate (expt. 5) prevents this phenom-
enon at 12 hours; (iii) 24 hours after
administering cortisol, the glycogen val-
ue is depressed but glycogen synthetase
activity is not; and (iv) the administra-
tion of cortisol at the 12-hour interval
restores the values of both glycogen
and glycogen synthetase to normal in
24 hours.

The present results agree with the
conclusion of Dorsey and Munck (7)
that changes in blood glucose level
alone in fasted adrenalectomized rats
cannot explain quantitatively the rate
of deposition of glycogen soon after
cortisol injection. The alternatives sug-
gested were that cortisol either (i) pro-
vided more substrate in the form of
blood glucose, (ii) acted directly on
the liver by mechanisms such as en-
zyme activation, changes in physiology
of circulation, and so forth, or (iii)
acted directly on extra-hepatic tissues
to produce glucose, activator, and sub-
strate. Our findings support a direct
action of cortisol on the liver.

It is clear that the activity of glyco-
gen synthetase is influenced by gluco-
corticoid and not by mineralocorticoid.
Moreover, a decrease in glycogen con-
centration is not always accompanied
by a drop in glycogen synthetase (expt.
6). The central role of glycogen syn-
thetase in glycogenesis, therefore, justi-
fies its inclusion in evaluations of in-
dividual enzymes responding to cortisol
stimulation much along the lines re-
ported by Hilz et al. (8).

HsIEN-GIEH SIE
WiLrLiaM H. FIsHMAN
Department of Pathology,
Tufts University School of Medicine,
and Cancer Research Department,
New England Center Hospital,
Boston 11, Massachusetts
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Inhibitory Postsynaptic Potentials in Grasshopper Muscle

Abstract. Hyperpolarizing inhibitory postsynaptic potentials have been dis-
covered in fibers of the “jumping” muscle of the grasshopper. These potentials
attenuate the depolarizing excitatory postsynaptic responses. They are enhanced
during depolarization of the muscle fiber with applied current and are diminished
and then reversed during hyperpolarization. The electrogenesis appears to be
caused by chloride-activation. Gamma-aminobutyric acid activates the inhibitory
synaptic membrane and picrotoxin is an inactivator agent.

The occurrence of inhibitory neuro-
muscular synapses in the Crustacea is
well established, but evidence for peri-
pheral inhibitory activity in the other
large arthropod group, the Insecta, has
been slight (Z). However, during an ex-
amination of neuromuscular transmis-
sion in the metathoracic extensor tibiae
muscle of the locust after section of its
motor innervation (“denervation”), po-
tentials were discovered (2) that ap-
peared to be hyperpolarizing inhibitory
postsynaptic potentials. Hyperpolarizing
potentials had previously been recorded
from this muscle by Hoyle (3), but they
did not seem to attenuate the depolariz-
ing excitatory potentials. In an attempt
to resolve these conflicting observations
the properties of the hyperpolarizing
postsynaptic potentials of normal prep-
arations have been reexamined.

The metathoracic extensor tibiae
muscle of the lubber grasshopper, Ro-
malea microptera, was used throughout
this investigation. Recordings of inhibi-
tory postsynaptic potentials were ob-
tained from about 70 individual speci-
mens. Most recordings were restricted
to the closely packed, highly tracheo-
lated, bundle of muscle fibers at the
proximal end of the muscle. These
fibers, most of which have smaller di-
ameters than the rest of the fibers of
the extensor muscle, are either triply
innervated, receiving endings from a
“fast” and a “slow” excitor axon as
well as from the “hyperpolarizer” or
inhibitor axon, or they are dually in-
nervated, with no endings from the
“fast” axon. Although the “slow” ex-
citor and the inhibitor axons origi-
nate from the metathoracic ganglion (3)
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in the same fine nerve (No. 3b) and
cannot be separated by dissection, the
two axons usually have slightly differ-
ent thresholds to electrical stimulation
and can therefore be excited independ-
ently (Fig. 14). Reflex excitation of the
two axons obtained by stroking differ-
ent parts of the animal with the tip of
a fine brush has frequently been used
as a further method of analyzing the
two synaptic events, since by selective
activation of different reflex pathways
the two axons can be excited in-
dependently or simultaneously (Fig. 1,
B-D).

The largest hyperpolarizing postsyn-
aptic potentials (about 15 mv) are re-
corded from fibers with relatively low
resting potentials (—35 to —45 mv),
whereas only very small hyperpolariz-
ing postsynaptic potentials are ob-
served in fibers with resting potentials
greater than —65 mv. The hyperpolar-
izing postsynaptic potentials summate
(Fig. 1, B and C) and facilitate at high
frequencies of stimulation, these effects
being most obvious in fibers with low
resting potentials. The “slow” excitatory
potentials, which produce depolariza-
tions between 1 and 30 mv, are modified
by the hyperpolarizing electrogenesis.
This excitatory potential is attenuated if
it arises during the early phase of the
hyperpolarization (Fig. 14). Thus, such
an attenuated potential may indeed be
termed an inhibitory postsynaptic po-
tential. However, if the excitatory po-
tential arises during the declining phase
of the inhibitory potential, the ex-
citatory is usually slightly enhanced.
Presumably, therefore, the active phase
of the inhibitory electrogenesis is rela-

tively brief compared with the duration
of the inhibitory potential which it
evokes, the declining phase of the in-
hibitory potential being passive. The
discrepancies between the present re-
sults and those obtained by Hoyle (3)
could be explained on the basis that he
examined the effects of the passive and
not the active phase of the inhibitory
postsynaptic potential on the excitatory
electrogenesis. This would account not
only for the apparent lack of attenua-
tion of the excitatory potentials by the
inhibitory potential, but would also ex-
plain the slight enhancement of the
“fast” excitatory response that he ob-
served.

The inhibitory postsynaptic potential
is augmented during depolarization of
the muscle fiber by applied current (Fig.
2, C and D), while reversal of the re-
sponse occurs during hyperpolarization
of the muscle fiber (Fig. 2, A and B).
The reversal or equilibrium potential
for the inhibitory potential is usually
between —65 and —75 mv, but in some
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Fig. 1. Hyperpolarizing inhibitory and de-
polarizing excitatory postsynaptic poten-
tials recorded from fibers of the meta-
thoracic extensor tibiae muscle of Romalea
microptera. A, Recordings from a single
fiber. ¢ and b, Control responses to reflex
stimulation of the “slow” axon (a) and
to electrical stimulation of the inhibitory
axon (b). c—e, Interaction between ex-
citatory and inhibitory postsynaptic poten-
tials as intervals between responses are
changed. The excitatory potential was not
attenuated when it occurred after the peak
of the inhibitory postsynaptic potential
(c). Only the falling phase of the excita-
tory potential was affected when the in-
hibitory potential began later than did the
excitatory potential (e). B—D, Postsynaptic
potentials evoked by reflex stimulation
recorded from three different fibers which
had low resting potentials (—40, —42 and
—45 mv, respectively). In B both excita-
tory and inhibitory potentials were evoked,
the first response being an inhibitory po-
tential which diminished an excitatory
potential that followed it closely. Note
marked summation of the inhibitory po-
tentials in C and D. Calibrating pulses
(5 mv and 100 msec) appear at the be
ginning of each trace. )
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