and polarimetrically, was complete
within 4 minutes at 5°C, with con-
sumption of 0.6 mole of periodate per
galactosamine unit. No further con-
sumption of periodate or change in
optical rotation was observed after 3
days. After 1 week in excess perio-
date the oxidized polysaccharide was
recovered by dialysis and lyophiliza-
tion. The oxidized product did not re-
act with ninhydrin. A significant quan-
tity of galactosamine was identified
in the hydrolyzate of the periodate-
oxidized polysaccharide.

If the polysaccharide is a simple
linear polymer, only an o-(1—4)-gly-

cosidic link between galactosamine
units (Fig. 1) is consistent with the
observation that a half mole of

periodate is consumed per galactosa-
mine residue and a significant amount
(half) of the galactosamine is intact
after oxidation. The periodate con-
sumed destroys that half of the galac-
tosamine units that are unacetylated
by cleavage between carbons No. 2 and
No. 3, while N-acetylation protects
the remainder of the galactosamine
moieties from oxidation. An alternat-
ing (1—3)-(1—4)-linked galactosamino-
glycan in which the (1—3)-linked units
are N-acetylated would also consume
half a mole of periodate in destruc-
tion of the N-acetylgalactosamine moi-
cties; the unacetylated galactosamine
would survive. Such an alternating
(1-3), (1—4) pattern occurs in the glu-
can nigerose (/0). However, this more
complicated structure is ruled out by
the observation that periodate-oxi-
dized polymer does not react with nin-
hydrin, which indicates that the amino
groups of surviving galactosamine un-
its are not free but masked by acetyl
groups.

Whether the acetylated and unacety-
lated galactosamine units are ordered
in some repeating pattern or whether
the polysaccharide results from ran-
dom acetylation of a-(1—4)-galactosa-
minoglycan is not yet known. A galac-
tosaminoglycan consisting solely of
galactosamine residues which are ap-
proximately one-third N-acetylated has
been isolated from Aspergillus parasit-
icus (11). The occurrence of a galac-
tosamine polymer which is 38-percent
acetylated in A. parasiticus and 50-
percent acetylated in Chondrococcus
columnaris might suggest incomplete
and random acetylation of the same
simple galactosaminoglycan. However,
the galactosaminoglycan from A. par-
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asiticus has a much lower reported spe-
cific rotation, [«]*%;, + 51.5°, than that
of the Chondrococcus glycan, suggest-
ing the presence of comparable amounts
of - and g-glycosidic links in the
Aspergillus glycan. Since these two
N-acetylated galactosaminoglycans seem
to differ in backbone linkage, it is un-
likely that they are examples of a
single randomly acetylated aminopoly-
saccharide.

JouN L. JoHNSON
Department of Microbiology,
University of Washington, Seattle

W. S. CHiLTON

Department of Chemistry
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Inhibition of Insulin Release
by Norepinephrine in Man

Abstract. Normal subjects were giv-
en glucose (300 mg/min) or tolbuta-
mide (1 g, intravenously), alone and
during intravenous infusions of norepi-
nephrine (6 ug/min). Immunoreactive
insulin concentration was less than ex-
pected during the infusions of norepi-
nephrine, but returned to higher values
after  the norepinephrine infusions.
From these data it is concluded that
norepinephrine inhibits the release of
insulin from pancreatic beta cells.

Epinephrine infusions in man inhibit
the expected rise in peripheral immuno-
reactive insulin (IRI) when given
alone or simultaneously with glucose,
glucagon, or tolbutamide (7, 2). These
observations, together with data ob-
tained with slices of pancreas from rab-
bits (3) and intact dogs (4), suggest
that epinephrine acts directly on the
pancreatic cell to block the release of
insulin.

The physiological role of epinephrine
may be restricted to its relatively in-
frequent discharge from the adrenal
medulla; but norepinephrine, as the
neurochemical transmitter (5), would
appear to be secreted continuously as
the final effector of the sympathetic
nervous system. Therefore, it was of
interest to test whether norepinephrine
inhibited the release of IRI, as has
been demonstrated for epinephrine.

The subjects were healthy young
men and women 21 to 31 years of age,
who were within 15 percent of their
ideal body weight and had no known
blood relatives with diabetes mellitus.
They were maintained at rest in a su-
pine position during the test interval.
They were fasted overnight (14 hours),
and then in each one an indwelling
plastic cannula was inserted into an
antecubital vein in one arm for blood
sampling, and a scalp vein needle was
inserted in a hand vein of the other
arm for drug infusions. A slow infu-
sion of 0.85 percent NaCl was given,
to prevent clotting, through each cathe-
ter throughout the 3-hour period
of observation. Blood samples were
taken for analysis of glucose, free fatty
acids, and insulin at 15-minute inter-
vals. A mean of four values taken dur-
ing the first 1-hour control period was
set to 100 percent, and all these and
subsequent values are expressed as a
percentage of the mean control value.

Heparinized plasma was kept at 0°C,
centrifuged in the cold, and frozen at
—19°C until analyzed for free fatty
acids (6), and glucose (7, 8). Whole
blood was kept at 0°C until the sampling
was finished, allowed to clot for 1 hour
at room temperature, and centrifuged
at 0°C. This serum was then frozen at
—19°C until analyzed for IRI by the
double-antibody ~ immunoprecipitation
technique (9). Each subject received
intravenously either norepinephrine (6
pg/min)  (Levophed bitartrate), in
0.85 percent NaCl for 1 hour, or
tolbutamide (1 g) (Orinase) injected
within 1 minute as its sodium salt in
20 ml of water.

An infusion (6 pg/min.) of norepi-
nephrine raised plasma FFA markedly
and glucose slightly (Fig. 1), but had
no effect on serum IRI until after the
infusion was stopped, when a small
rise in IRI was noted. With this small
hyperglycemic response it was impos-
sible to judge whether an increase in
IRI during the norepinephrine infu-
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Fig. 1. Effect of norepinephrine infusion
(6 ug/min) for 1 hour.

~sion could be expected. Therefore, ten
subjects were given glucose (300 mg/
min) and norepinephrine (6 pg/min)
simultaneously. For comparison, ten
subjects were infused only with glu-
cose (300 mg/min). Five of the sub-
jects were tested twice, and ten others
were given either norepinephrine or
glucose (Fig. 2). Mean plasma glu-
cose was significantly higher during

the combined infusions, yet serum IRI
was lower. This difference in IRI re-
sponse was significant when the five
subjects who were tested twice were
compared directly (P < .02, < .02,
< .05, and < .1 for the four points
during infusion), or when all subjects
were compared as two groups of ten
(P < .02, < .05 < .1, < .1 for the
four points during infusion). Perhaps
of equal importance is the prompt
secondary rise in IRI after the com-
bined norepinephrine and glucose in-
fusion, rather than the fall observed
after glucose infusion alone. This sug-
gests that the inhibition of an insulin
response is promptly reversed as cate-
chol concentration in the plasma falls.

Similar studies with tolbutamide as
the stimulus for insulin release were
performed on another group of five
subjects. Each subject was tested
twice, at intervals of at least 1 week;
(selected at random) some subjects re-
ceived 1 g of tolbutamide given alone
as the first dose, the second dose
being 1 g of tolbutamide given 15 min-
utes after the start of an infusion of
norepinephrine (6 pg/min). There was
a significantly smaller insulin response
when tolbutamide was given during a

norepinephrine infusion (P < .05,
< .05, < .05, < .02 by paired compari-
sons for the samples taken 10, 20, 30,
and 45 minutes after administration of
tolbutamide). After the norepinephrine
infusion was stopped, serum IRI con-
centration again rose, although at this
time plasma glucose was already at or
below control values.

The values for plasma insulin in the
normal fasting subjects given glucose
alone (mean =+ S.D., 7.9 = 4.1 micro-
units per milliliter) were not signifi-
cantly different from those in fasting
subjects given glucose and norepineph-
rine (12.7 = 3.0). The plasma insulin
varied little in those subjects given
tolbutamide, measurements on two dif-
ferent days being 10.0 =5.6 and
10.1 = 3.9 microunits.

Although norepinephrine appears to
inhibit insulin secretion in a manner
similar to that of epinephrine, at an
equivalent dose its effects are quanti-
tatively less (I, 2). The concentration
of catecholamine in blood was not de-
termined, but it is likely that the
amounts were higher during these in-
fusions than in any physiological varia-
tion measured in normal man, since
each infusion was accompanied by

Norepinephrine . Norepinephrine
6 sLg/min LV. Glucose (? I Tolbutamide Lv. "SRR
Glucose 300 mg/min V.
O mg/mi 300
300- .
FREE
FREE 200+ FATTY 200 (?
FATTY ACID
ACID 100 P :
~
1001 8
51 o ; 0-
S 2001 S) 200 Mean+95%
b © Confidence
3 >
o < Interval
b N (?
Ef, PLASMA S PLASMA L
S GLucose 109] W GLUCOSE 1007 %‘b e )
S
% Mean £95% ls
~ Confidence '{“_,
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Fig. 2. Compérison of glucose with
fusion. Ten subjects for each group.
overlap are significant at P < .05 or
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norepinephrine-plus-glucose in-
Values whose brackets do not
better.

twice.

Fig. 3. Effect of norepinephrine infusion on the response
to acute injection of tolbutamide. Five subjects were studied
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significant bradycardia (decrease of 10
to 20 beats per minute), and hyperten-
sion (increase of 20 to 40 mm systolic
pressure; 10 to 30 mm diastolic pres-
sure). However, this degree of hyper-
tension is common in patients with
pheochromocytoma, and therefore the
hyperglycemia and glycosuria observed
in such patients (/0) may reflect, in
part, insulin inhibition from either epi-
nephrine or norepinephrine. Indeed, in
one such patient with an abnormal
oral glucose tolerance test, there was
no rise in IRI until 120 minutes after
glucose. This early inhibition was no
longer present during a later glucose
tolerance test, repeated after surgical
removal of the pheochromocytoma
(717). This inhibitory effect of infused
norepinephrine on plasma insulin re-
sponses should raise doubts about the
validity of any conclusions drawn from
experiments in which norepinephrine
is given to study the effects of an in-
creased free fatty acid concentration
upon glucose turnover. Although Nestel
et al. have suggested that blockage of
FFA mobilization during norepineph-
rine infusions by nicotinic acid re-
versed the effects of norepinephrine
on glucose disposal (72), we have
found no reversal of epinephrine in-
hibition of plasma IRI despite com-
plete nicotinic acid blockade of epi-
nephrine-induced lipolysis (7).

Although little is known of the local
concentration of norepinephrine at
sympathetic effector sites after stimu-
lation of sympathetic nerves, conceiv-
ably these concentrations are similar
to the concentrations of norepinephrine
in the plasma achieved by our infu-
sion, and therefore the sympathetic
nervous system may play a tonic role
in the regulation of insulin release.
Certainly the pancreas has been shown
to be innervated by sympathetic nerve
fibers (73).

There was a prompt return of plasma
IRI to normal concentrations 30 min-
utes after tolbutamide was given alone.
When tolbutamide was given during a
norepinephrine infusion there was a
definite secondary peak in IRI although
the tolbutamide had been given 60
minutes before. This ‘“rebound” of
serum insulin suggests a prolonged
effect of the tolbutamide since plasma
glucose was already at or below the
values prior to infusion. This prolonged
effect is not surprising in view of the
4-hour half-life of tolbutamide (7/4),
and suggests that the prompt decline
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of the insulih concentrations in the
course of a tolbutamide tolerance test
in normal subjects may reflect counter
regulation by epinephrine or norep-
inephrine secretion rather than lack of
effective tolbutamide levels at 30 min-
utes. Compatible with this suggestion is
the rise in heart rate of 10 to 20 heart
beats per minute, 20 to 30 minutes
after tolbutamide administration, which
occurred in each subject. Therefore,
lack of such counter regulation, rather
than excessive drug response, may be
responsible for part of the abnormal
insulin response to tolbutamide noted
in patients with- organic hyperinsulin-
ism.
DANIEL PORTE, JR.
ROBERT H. WILLIAMS
Department of Medicine, University of
Washington School of Medicine, Seattle

References and Notes

1. D. Porte, Jr., A. Graber, T. Kuzuya, R.
Williams, J. Clin. Invest. 44, 1087 (1965).
2. D. Porte, Jr., A. Graber, T. Kuzuya, R.

Williams, ibid. 45, 228 (1966).

3. H. Coore and P. Randle, Biochem. J. 93,
66 (1964).

4. K. Kosaka, T. Ide, T, Kuzuya, E. Miki, N.
Kuzuya, S. Okinaka, Endocrinology 175, 9
(1964); A. Loubatieres, M. Mariani, I,
Chapal, J. Taylor, M. Houareau, A. Rondot,
Diabetologia 1, 13 (1965).

5. R. Wurtman, New Engl.
(1965).

6. D. Trout, E. Estes,
Res. 1, 199 (1960).

7. Technicon Autoanalyzer Methodology, Meth-
od File, Rev. 2-11-60.

8. A. Saifer and S. Gerstenfeld, J. Lab. Clin.
Med. 51, 448 (1958).

9. E. Samols and D. Bilkus, Proc. Soc. Exp.
Biol. Med. 115, 79 (1964); C. Morgan and
A. Lazarow, Diabetes 12, 115 (1963).

10. G. Molinatti, F. Massara, M. Messina, Pan-
minerva Med. 1, No. 3, 61 (1965); R. Smith-
wick, W. Greer, C. Robertson, R. Wilkins,
New Engl. J. Med. 242, 252 (1950).

11. D. Porte, Jr., unpublished observations.

12. P. Nestel, K. Carroll, M. Silverstein, Lancet
1964-11, 115 (1964).

13. C. Richins, J. Comp. Neurol. 83, 223 (1945).

J. Med. 273, 37

S. Friedberg, J. Lipid

14. J. Stowers, R. Mahler, K. Hunter, Lancet
1958-1, 278 (1958).
15. We thank Mrs. Susan Page for technical

assistance. Supported by grants AM 02456
and TI-AM 5020 from NIH. A portion of
the work was conducted at the Clinical Re-
search Center facility of the University of
Washington, grant FR-37. The studies were
carried out during the tenure of an Ad-
vanced Research Fellowship of the American
Heart Association (to D.P.), supported in
part by the Idaho Heart Association.

14 February 1966 ]

Chimeric and Ex-Parabiotic Frogs (Rana pipiens):

Specificity of Tolerance

Abstract. Rejection of orthotopic neural-fold transplants may be prevented by
either embryonic parabiosis or reciprocal exchange of presumptive blood. These
observations form the basis of the no blood—no tolerance hypothesis, which states
that persistent tolerance by the host requires that the somatic transplant be ac-
companied by presumptive blood from the donor. Regarding parabionts and
chimeras as special cases of transplantation of whole or partial animals, 1 found
that ex-parabionts accept subsequent skin exchanges only from the homologous
ex-parabiont; reciprocal chimeras are compatible provided each animal portion
contains a primary blood source, and will accept transplants as frogs only from
the homologous recombinant. Chimeric recombinations made anterior to the heart
field prove incompatible and fail to survive to maturity. Successful chimeras as
well as ex-parabionts survive to maturity and are apparently normal in every

respect.

When single neural folds are ex-
changed between embryos of Rana
pipiens they are incorporated into the
embryos, but the pigment cells derived
from the donor neural crest are selec-
tively rejected from the host skin dur-
ing middle life of the larva. Rejection is
accompanied by simultaneous repair
from host sources, resulting in a host-
pigment pattern at metamorphosis. In
exceptional instances, repair may be in-
complete by metamorphosis, at which
time the pattern stabilizes, leaving
permanent pigment-free areas in the
skin of the frog (I). The incompatibil-
ity of tissue exchanges between sibling
animals supports the findings of Hilde-

mann and Haas (2) that skin trans-
plants among some 600 larvae of R.
catesbeiana were invariably rejected, in-
dicating a large degree of variability in
histocompatibility in the wild popula-
tions of these animals. Rejection has
been avoided by two methods: After
the exchange of neural folds, the ani-
mals were joined in parabiosis in tail-
bud stages; or exchange of neural folds
was followed by exchange of portions
of the ventral belly region, to include
cells destined to give rise to the blood
of the animal (blood island). The sec-
ond method amounts in effect to a sur-
gical exchange of blood, comparable to
parabiosis, as indicated by the observa-
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