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trophoretic and chromatographic properties
indistinguishable from Hb III. Finally, Hb
“IIT” in the methotrexate-treated adult duck
and Hb III in the embryo and duckling may
be structurally identical. On the basis of
current genetic concepts(12) the last possi-
bility would imply that the folic acid antago-
nist has led to the recall of Hb III by de-
repressing the gene responsible for the syn-
thesis of this protein.

Summary. Methotrexate-induced megalo-
blastic anemia led to altered proportions of
Hbs I and II in the adult Peking duck and
to the appearance of the 2 new hemoglobins
which we have tentatively labeled Hbs “IIT”
and “X.” One of these, Hb “III,” has elec-
trophoretic and chromatographic properties
indistinguishable from Hb III seen only in
the embryo and duckling.
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Both epinephrine and glucagon are effec-
tive against insulin hypoglycemia and when
given to the normal animal usually produce
a temporary rise in blood sugar. However,
it is thought that their hyperglycemic and
glycogenolytic actions involve different carbo-
hydrate reserves. In the normal untreated
animal, glucagon, which is secreted into the
portal vein, acts almost exclusively on hepatic
glycogen, whereas epinephrine, which is di-
luted and widely distributed by the blood,
acts principally on muscle glycogen stores(1).
Since glucagon reduces plasma amino acid
_concentration(2) and increases nitrogen ex-
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Donald, primary author.

cretion(3), it is almost certain that gluco-
neogenesis from protein also occurs, either as
a direct effect or as a result of liver glycogen
depletion(4). This may account in part, for
the adverse effect of glucagon administration
on growth(5).

Although there have been many studies of
metabolic effects of epinephrine and gluca-
gon, we have not seen data comparing the
effects of these hormones on both carbohy-
drate and protein metabolism in the same
animal. The purpose of the present experi-
ments was to study changes in liver and
muscle glycogen, blood glucose, and plasma
amino acids in fed and fasted rats during
chronic administration of epinephrine and/or
glucagon. Changes in body weight were also
recorded.

Materials and methods. Adult male Sprague-
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FIG. 1. Changes in body weight of fed and
fasted rats during chronic administration twice
daily of peanut oil 0.1 ml (control) or peanut oil
containing epinephrine 0.1 mg, glucagon 0.93 mg
or both epinephrine and glucagon.
Dawley rats were fed (food and water ad
libitum) or fasted (water only) 1-5 days un-
der otherwise identical conditions. Each ani-
mal received twice daily a subcutaneous in-
jection of 0.1 ml peanut oil (control) or 0.1
ml peanut oil containing epinephrine 0.1 mg,
glucagon 0.93 mg or both epinephrine and
glucagon. Animals were sacrificed at 24-hour
intervals, 12 hours after the last injection.

Rats to be killed were administered pento-
barbital 60 mg/kg. Approximately 20 min-
utes later, the abdominal cavity was entered
and liver for glycogen determination removed
within 30 seconds and placed in KOH.
Muscle tissue was obtained immediately
thereafter and treated in the same manner.
The method of Good, Kramer and Somogyi
(6) was used for both liver and muscle glyco-
gen. Heparinized blood was used for glucose
and amino acid determinations. The Somogyi-
Nelson(7) colorimetric technique was used
for blood sugar. The method of Frame, Rus-
sell and Wilhelmi(8) was used for blood
amino acid determinations.
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Results. Although data were collected at
24-hour intervals for 5 days, the major
changes; except for body weight, occurred
within the first 24 hours. The data from
glycogen, glucose, and amino acid determina-
tions for days 1-5 have been pooled.

Changes in body weight based upon initial
readings for the same animals are shown in
Fig. 1 for the 5-day experimental period.
Glucagon with or without epinephrine signifi-
cantly decreased body weight in fed animals.
Epinephrine alone did not alter body weight.
Fasted animals of all groups sustained a body
weight loss of approximately 20% in 5 days.
The glycogen group lost more weight than
other fasted animals, but the difference was
not statistically significant.

The results of glycogen, glucose, and
amino acid determinations are summarized in
Table I. The glycogen content of the liver in
fasted controls was about one-third that of
fed controls. Liver glycogen was reduced by
hormone administration in both fed and
fasted animals, but the reduction was not
statistically significant in the fasted group.

Muscle glycogen levels were lowered by
fasting but were not significantly changed by
hormone administration in either fed or
fasted animals. Plasma amino acid levels
were the same in fed and fasted controls.
Hormone administration lowered these levels
in both fed and fasted animals, glucagon
alone or with epinephrine being more effec-
tive than epinephrine alone.

Blood glucose levels were lower in fasted
than in fed animals. Neither hormone pro-
duced significant differences in blood glucose.
The absence of hyperglycemia may be ex-
plained by the fact that the samples were
taken 12 hours after the last hormone injec-
tion. Peak hyperglycemia usually occurs
within 2 hours after glucagon or epinephrine
injection(5,9,10).

Discussion. The use of pentobarbital anes-
thesia to expedite the taking of samples did
not appear to alter carbohydrate parameters.
The control levels of liver glycogen in both
fed and fasted animals were intermediate to
those reported by other workers(9,10,11,12).
Blood glucose values were in the normal
range.
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TABLE I. Liver and Muscle Glycogen, Blood Glucose, and Plasma Amino Acid Levels in Fed

and Fasted Rats Following Chronie' Administration of Glucagon and/or Epinephrine.

Plasma,

amino acids, Blood glucose,

Liver glycogen, Muscle glyeogen, mg/100 ml mg/100 ml
g/100 liver g/100 musele blood blood
Mean* S.D. P Mean S.D. Mean S.D. P Mean S.D. P
Fed series:
Control 3.96 + 1.01 46 =+ .08 8.31 + 1.53 129.0 =+ 13.9
Glucagon 1.83 +1.14 <.01 48 + .08 6.86 + 1.52 >.05 122.0 +20.1 <.4
Epinephrine 2.56 + 1.47 <.05 46 + .08 778 +1.02 >.4 134.0 + 203 >.5
Glueagon and  2.57 + 2.12 <.10 42 + .16 6.13 == 97 <.01 120.0 + 149 >.2
epinephrine
Fasted series:
Control 1.11 # 1.07 37 +.09 8.28 + .84 113.0 + 27.8
Glucagon T4+ 17 <5 36 + .14 6.83 =122 <.01 108.0 = 18.6 >.5
Epinephrine 20+ 18 >.1 .31 =+ .06 7.34 += .69 >.02 100.0 = 7.1 >.2
Gluecagon and BSl+ 13 <3 30 +.05 6.61 + 1.07 <.01 100.0 =154 >.2
epinephrine
* Values based on 7-10 animals. 8.D. — Standard deviation from mean, P — Prob-

ability compared with control for that group.

Fed animals were provided with food and water ad libitum ; fasted rats, water only. Control
animals received 0.1 ml peanut oil; experimental rats, 0.93 mg g]ucagon and/or 0.1 mg epineph-
rine suspended in 0.1 ml peanut oil administered subcutaneously twice daily for 1-5 days.

In our experiments, body weight loss by
fed animals as a result of glucagon adminis-
tration was in agreement with findings of
other workers, who have reported that gluca-
gon-treated animals lost more weight than
pair fed controls(5,10). That suppression of
appetite and decreased food intake is not the
full explanation of weight loss was supported
by the observation that liver and muscle
glycogen and blood glucose levels were not
reduced to the levels of fasting controls. For
example, the mean liver glycogen level of
glucagon-epinephrine animals, which had lost
an average of 10% of body weight, was the
same as for the epinephrine group, which lost
no weight and more than twice that of fasted
controls. If weight loss in glucagon animals
were a starvation effect, these parameters
should have approached fasting levels (Table
I).

Epinephrine and glucagon produce acute
changes in carbohydrate parameters which
differ from the results with chronic adminis-
tration. In this connection Costa et al(11)
reported that 2 hours after an injection of
glucagon, both fed and fasted rats showed
glycogen levels below controls in liver and
above controls in muscle, whereas 2 hours
after epinephrine administration glycogen
levels were higher than controls in liver and

lower than controls in muscle. With both
hormones peak hyperglycemia occurs within
2 hours(5,9,10).

With chronic administration, on the other
hand, the effect of these hormones on carbo-
hydrate parameters appears to be modified
by other factors. Stimulation of insulin se-
cretion is no doubt one of these factors(l,
11). In fed animals liver glycogen levels have
been reported to be higher than controls with
chronic administration of glucagon and lower
with epinephrine, the reverse of the acute
effect, with no alteration or an occasional in-
crease in muscle glycogen stores(9,10,11,12).

Our fed animals did not show increased
levels of liver glycogen with chronic admin-
istration of glucagon. Instead all hormone
injected groups had lower-than-control levels
of liver glycogen in both fed and fasted ani-
mals. Costa et al(11) reported that the de-
crease in liver glycogen following glucagon
administration persisted for 12 hours in
fasted animals, with a subsequent increase to
higher-than-control levels at 24 hours. Our
results suggest that continued glucagon ad--
ministration prevents this rebound effect. Al-
though muscle glycogen and blood glucose
levels were lower in fasted animals hormone
administration did not alter these parameters
significantly in our animals.
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Plasma amino acids, though unchanged by
fasting, were decreased by hormones, gluca-
gon being more effective than epinephrine.
Because liver glycogen levels were lower, it
is not possible to ascertain whether this was
a direct hormonal effect or the result of glu-
coneogenesis to replace liver glycogen stores.
It seems unlikely that the latter is the case,
in view of the fact that lowering of liver
glycogen by fasting was not accompanied by
a decrease in plasma amino acids.

It has been suggested by Foa and Galan-
sino(1l) that the main effect of glucagon is
the transfer of glucose from the liver to the
periphery, whereas the net effect of epineph-
rine is the reverse. Although this may be
true in the untreated animal and appears to
occur shortly after glucagon and epinephrine
administration(11), it does not appear to be
the principal effect of chronic administration.
In our experiments both hormones depleted
liver glycogen stores without significant in-
crease in muscle glycogen or blood glucose.
The hormones did not exhibit synergism or
antagonism. Carbohydrate parameters were
altered more by fasting than by hormone ad-
ministration. Blood amino acid levels were,
however, unchanged with fasting but lowered
by glucagon and epinephrine.

Summary. Changes in body weight and in
metabolic parameters were studied during
chronic (twice daily) administration of gluca-
gon 0.93 mg and/or epinephrine 0.1 mg to
adult male rats. During the 5-day experimen-
tal period, fed control and epinephrine-
treated animals lost no weight. Glucagon and
glucagon-epinephrine animals lost 10-15% of
their initial body weight. "Fasted animals,
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control and hormone injected, lost approxi-
mately 20% of their initial body weight dur-
ing the 5-day period. The weight loss by
hormone-treated animals was not significantly
greater than for controls. Liver glycogen was
lowered by fasting and hormone administra-
tion. Muscle glycogen and blood glucose lev-
els were lowered by fasting only. Plasma
amino acid levels were not altered by fasting
but were lower in hormone-treated animals.
Changes in carbohydrate parameters usually
associated with acute administration of gluca-
gon and epinephrine, i.e., hyperglycemia and
glycogen shift from/to liver, to/from muscle,
were not observed in adult rats during chron-
ic administration of these hormones.
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Intraocular ovarian isografts in intact male
mice develop mature follicles but show only
sporadic luteinization. Administration of a

* Supported by USPHS Research Grant CA-02880.

single dose of bovine LH gives a quantitative
luteal response(1,2). Similar grafts in ovari-
ectomized females show cyclic formation of
mature and luteinized follicles(3). The cor-



