perceived visually in fluorescence mi-
croscopy is insufficient for positive
identification of a product. The intro-
duction of interference filters reduces
the artifact of unequal color percep-
tion by the eye and provides increased
selectivity without serious loss in sen-
sitivity. Such a maneuver is convenient
for separating the fluorescence of the
formaldehyde derivatives of norepineph-
rine and SHT in tissues where they
occur together, such as the pineal body
(I1), and for separating the fluores-
cence of the formaldehyde derivative
of histamine from the other deriva-
tives. Photometric measurement of
emitted fluorescent light permits a
quantitative estimate of identifiable bio-
genic amines seen in fluorescence mi-
Croscopy.
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Epinephrine-Induced Normalization of Lipid

Metabolism in Adrenalectomized Rats

Abstract. In adrenalectomized rats given adequate supportive therapy with
sodium chloride and hydrocortisone, lipemia is markedly elevated after a tri-
glyceride meal. This defect can be corrected by the administration of epinephrine.

Recently we observed (7) that patients
with Addison’s disease exhibited post-
prandial delay in the rate of decrease
in the concentration of plasma triglycer-
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ide, even though these patients were
adequately supplied with hydrocortisone
and desoxycorticosterone acetate. A
similar delay also occurs in subjects

‘analyzed for triglyceride (7).

with coronary artery disease (2) and in
healthy subjects particularly prone to
coronary artery disease (3). This pro-
longed elevation of the concentration of
plasma triglyceride is surprising since
absorption of fat is deficient in both
man (4) and animals (5) suffering from
untreated adrenal insufficiency. Our
observation suggested that patients with
Addison’s disease, who apparently re-
ceived satisfactory treatment, still
lacked some adrenal hormone(s) (other
than hydrocortisone and desoxycorti-
costerone acetate) associated with ade-
quate lipid transport or disposition. To
investigate this possibility we subjected
adrenalectomized rats to a series of
studies.

In the first study, four groups of
adult male rats (Long-Evans strain),
weighing approximately 300 g each,
were adrenalectomized. The first group
of ten adrenalectomized rats received
subcutaneous injections of 0.075 mg of
epinephrine in oil at approximately
9:00 a.m. and again at 4:00 p.m.; the
second group of 12 received 0.5 mg of
hydrocortisone subcutaneously twice
each day at similar times; the third
group of 13 received both drugs sub-

~cutaneously twice each day; while the

fourth group of 6 rats received no
drugs. All adrenalectomized rats were
given 0.8 percent NaCl to drink.
Seventy-two hours after adrenalectomy
all rats were given 3 ml of cottonseed
oil by stomach tube, the abdominal
segment of each thoracic duct was
cannulated by a previously described
technique (6), and intestinal lymph
from each rat was collected separately
for 3 hours and analyzed for triglyc-
eride content (7). For control purposes,
sham operations were performed on 17
rats; 72 hours later, after 12 of these
rats had received 3 ml of oil, the lymph
ducts of all 17 were cannulated, and
lymph was collected for 3 hours and
During
the studies all rats were housed in a
quiet room isolated from ordinary lab-
oratory activity except for the time
during which samples of lymph or
blood were collected.

In the second study three groups of
adrenalectomized rats, which were also
given 0.8 percent NaCl to drink, were
injected with epinephrine (0.075 mg
twice each day), hydrocortisone (0.5
mg twice each day), or both. A fourth
group of adrenalectomized rats re-
ceived no drugs. For control purposes
four groups of rats were given similar
treatment after sham operations. All
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groups were given 3 ml of cottonseed
oil by stomach tube 72 hours after
adrenalectomy or sham operation.
Blood samples (1.5 ml) obtained by
snipping the tail were collected in
heparin-containing tubes before, and 6
hours after, the oil was given, were
analyzed for plasma triglyceride, and
in most cases were also analyzed for
free fatty acids according to the method
of Dole (8). In addition, blood samples
were obtained from the adrenalecto-
mized rats receiving hydrocortisone and
from the untreated control rats 24
hours after the oil was given.

The absorption of fats in adrenalec-
tomized rats is shown in Table 1.
Alert appearance and other indications
that adrenalectomized rats were in ex-
cellent condition during the collection
period were observed only in the group
that received both epinephrine and
hydrocortisone.

Despite the marked impairment in
intestinal absorption of fat in untreated
adrenalectomized rats or in adrenalec-
tomized rats treated with epinephrine
only, the postprandial increase in the
concentration of triglyceride in the
plasma (see Table 2) was as great as
that observed in the control rats. More-
over, when intestinal absorption of fat
was improved in adrenalectomized rats
by administration of hydrocortisone and
the general condition of these rats ap-
peared excellent, a new defect in their
fat metabolism became apparent: the
postprandial concentration of plasma
triglyceride increased much more and
remained higher than that of the sham-
operated control rats, regardless of
whether the controls had been treated
with the same corticosteroid or not
(Table 2). However, when the adrenal-
ectomized rats received both hydro-
cortisone and epinephrine, the post-
prandial concentrations of triglyceride
in the plasma approximated those of the
controls. The general condition of all
adrenalectomized rats was excellent
during this phase of the study.

These results suggest that in the
adrenalectomized rat, seemingly well
maintained with NaCl and hydro-
cortisone, there is a very marked
postprandial derangement in the metab-
olism of triglyceride, and that the
derangement resembles that in patients
with Addison’s disease who have re-
ceived similar treatment (/). Epinephrine
prevented or reversed the defect—
a rather surprising property for this
hormone to possess and one not known
heretofore. The prevention or reversal
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Table 1. Intestinal absorption of fats in adrenalectomized rats. Values are means =+ standard

error of the mean.

No. of Av:;;age sz;ph Intestinal lymph triglyceride
rats (2) (ml) (mg/100 ml) (mg/3 hr)
Untreated adrenalectomized rats
6 303 20 = 04 1145 = 140 20.5 = 5.1
Adrenalectomized rats given epinephrine
10 302 30 = 04 770 = 77 243 + 43
Adrenalectomized rats given hydrocortisone acetate
12 294 2.54% 0.3 1413 = 105 46.0 = 3.2
Adrenalectomized rats given epinephrine and hydrocortisone acetate
13 295 44 £ 04 1628 = 112.0 70.9 £ 7.4
Normal rats
12 293 3.8 = 02 1997 = 98 762 = 5.8%
Normal rats (starved)t
5 288 41 = 0.5 357 = 29 148 = 19

* These two values differ significantly (p < .001) from the unmarked values in the same vertical

column.

+ Received no oil before intestinal lymph was collected.

Table 2. Concentrations of triglyceride and free fatty acids in plasma of adrenalectomized
rats before and after the administration of cottonseed oil. Values are means =+ standard error

of the mean.

Triglyceride (mg/100 ml)

Free fatty acids (ueq/liter)

No. Average
of wt. Before 6 hr after 24 hr after Before 6 hr after
rats (2) admin. admin. admin. admin. admin.
of oil of oil of oil of oil of oil
Untreated adrenalectomized rats
16 262 10 = 4.1 52 = 5.2
Adrenalectomized rats given epinephrine
10 292 9 + 2.1 66 = 13.8 805 =+ 155 1235 = 160
Adrenalectomized rats given hydrocortisone acetate
15 297 11 = 3.4 198 + 18.2% 60 = 23 661 = 52 3302 += 150

Adrenalectomized rats given epinephrine and hydrocortisone acetate

20 307 7 =20 48 + 1.5 1154 =+ 232 1317 = 129
Contro!l rats
16 312 10 = 6.0 50 £ 5.0 14 = 2 1031 = 140 2476 = 324
Control rats given epinephrine
10 298 11 = 2.8 51 = 7.8
Control rats given hydrocortisone acetate
16 301 12 £ 5.0 58 = 877 = 130 2428 =+ 200
Control rats given epinephrine and hydrocortisone acetate
10 298 9 + 4.1 29 = 6.1 1117 = 125 1631 = 180

* This value differs significantly (p < .001) from all other values in the same vertical column.

of the defect is due specifically to
epinephrine and not merely to a gen-
eral improvement in the animals, since
the general condition of all rats was
excellent during this part of the study.

Although epinephrine also appeared
to improve the absorption of fats by
adrenalectomized rats treated with
hydrocortisone, as measured by analysis
of fat in intestinal lymph, we hesitate
to say that this improvement in ab-
sorption is due to some additional
specific action of epinephrine, because
the administration of epinephrine with-
out hydrocortisone did not improve
absorption. Instead we believe it prob-
able that administration of epinephrine
kept the general condition of the
adrenalectomized rats that had been
given both hydrocortisone and epi-
nephrine from deteriorating during the
intubation of their intestinal lymph

ducts. This in turn insured a good
flow of lymph and a consequent normal
absorption of triglyceride. It has been
our experience (9) that the intestinal
absorption of lipid cannot proceed
normally if the animal is in poor gen-
eral condition during the collection
period.
MEYER FRIEDMAN
SANFORD O. BYERS
Harold Brunn Institute, Mount
Zion Hospital and Medical Center,
San Francisco, California 94115
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Functional Ribosomal Unit of
Gamma-Globulin Synthesis

Abstract. Nascent protein synthesis
is associated with polyribosomes in ex-
tracts of lymph node cells removed
from hyperimmunized rabbits, if the
ribonuclease activity in such extracts is
inhibited. Prior treatment of the cells
with actinomycin D markedly decreases
protein synthesis by polyribosomes.

A unique characteristic of antibody
formation is that an individual animal,
after appropriate stimulation with an
antigen, can produce antibody mole-
cules of a seemingly unlimited num-
ber of different specificities. The pos-
sibility has been considered, therefore,
that the mechanism of y-globulin syn-
thesis differs from that of other mam-
malian proteins.

In the mammalian systems that have
been examined under conditions which
preserve ribosomal aggregates, protein
synthesis occurs on clusters of ribo-
somes (polyribosomes) held together
by a messenger RNA (mRNA) mole-
cule (I, 2). The average number of
ribosomes forming a single polyribo-
some is approximately proportional to
the size of the mRNA (3). Further,
polyribosome-mediated protein synthe-
sis slowly ceases when the synthesis of
new RNA is prevented with actino-
mycin D (2).

The synthesis of antibody can be
inhibited by actinomycin D (4); this
suggests but does not prove (5) that
v-globulin synthesis is also dependent
upon the continued synthesis of mRNA.
Stenzel et al. (6) have studied the func-
tional ribosomal unit of protein syn-
thesis in spleen cells from immunized
rabbits and have suggested  that the
polypeptides of v-globulin are synthe-
sized on single ribosomes and dimers,
and thus the synthesis of +-globulin
differs from that of other mammalian
proteins which have been investigated.
In our experiments we show that
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protein synthesis by lymph node cells
obtained from hyperimmune rabbits oc-
curs on polyribosomes and that treat-
ment of such cells in vitro with actino-
mycin D inhibits protein synthesis.

Rabbits were hyperimmunized with
T2 phage and, 4 to 9 days after the
last immunizing injection, cells were
“teased” from the popliteal lymph
nodes, washed, and resuspended (2 to
4 X 107 cells/ml) in either tris-buffered
1066 medium (7) supplemented with
fetal-calf serum (20 percent) or Eagle’s
medium (8) containing 1/10 to 1/50
the standard concentrations of amino
acids. Cells were stirred gently for 1
hour at 37°C and then exposed to 10
uc of Cltlabeled amino acids (9) for
1.5 to 3 minutes in order to label only
nascent protein (I, 2). The cells were
washed three times in chilled Earle’s
saline solution, and 4 X 107 cells were
resuspended in 1 ml of cold hypotonic
buffer (10—2M KCl; 10—-2M tris-HCI,
pH 7.4; 1.5 X 10—3M MgCl,).

In the initial experiments, “pulse”-
labeled lymphocytes were disrupted in
a number of ways: (i) with a Dounce
homogenizer after suspension of the
cells in hypotonic buffer alone, or in
buffer supplemented with either 10—+
mg of hydrocortisone per milliliter or
0.1 percent Tween 80 (10) (these ad-
ditions increased the cell breakage);
(ii) with a Potter-Elvehjem homogenizer
after suspension of cells in either hypo-
tonic buffer or the same buffer supple-
mented with 0.25M sucrose; (iii) with
0.5 percent deoxycholate.

The cultivation of S3 HeLa cells,
the preparation of cytoplasmic extracts,
the determination of ultraviolet absorb-
ancy at 260 mp, and the determination
of the radioactivity insoluble in tri-
chloroacetic acid (TCA) have already
been described (I7).

When extracts from labeled lympho-
cytes were prepared as described, al-
most all of the radioactivity was associ-
ated with either single ribosomes or
small aggregates of two to three ribo-
somes. Since a minute amount of
pancreatic ribonuclease causes similar
breakdown of HeLa cell polyribosomes
under the same conditions (2), experi-
ments were undertaken to determine
whether this association of nascent pro-
tein with single ribosomes was due to
breakdown of polyribosomes. Lympho-
cyte extracts were mixed with HeLa cell
cytoplasm which had been treated with
C'4]abeled amino acids for 1.5 min-
utes, and the mixture was analyzed on
sucrose gradients along with untreated
HeLa cell cytoplasm (Fig. 1). In the

cytoplasm of the control HeLa cell the
ultraviolet-absorbing material (which
is mostly due to ribosomal RNA) is
in both the region of the single-ribo-
somes (745) and in the lower part (100
to 3508) of the sucrose gradient. The
heavier material contains polyribosomes
composed of 5 to 30 ribosomes each
(12). In agreement with the results of
Penman et al. (2), nascent protein (as
determined by TCA-precipitable radio-
activity) is primarily associated with
polyribosomes, or has been released
from the ribosomes, and is found at
the top of the gradient. Very little
radioactivity is associated with single
ribosomes. When the same HeLa cell
cytoplasm is mixed with lymphocyte
extracts (Fig.. 1), both ultraviolet ab-
sorbancy and radioactivity are lost
from the polyribosome fraction and
are associated with single ribosomes
and small aggregates.

In the second part of this experiment
extracts prepared from labeled lympho-
cytes were mixed with unlabeled HeLa
cell cytoplasm (Fig. 2). The Hela cell
polyribosomes were broken down as
before, and lymphocyte nascent pro-
teins were again associated with single
ribosomes and small aggregates (Fig. 2).
This was true of lymphocyte extracts
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Fig. 1. Breakdown of HeLa cell poly-
ribosomes by lymph node cell extracts.
HeLa cells (8 X 10°) were treated (pulse)
with C"-labeled amino acids, and cyto-
plasm was prepared and divided into two
portions. One portion was mixed with the
lysate from 4 X 10 lymph node cells,
and both the treated sample and the
untreated control were layered on a
sucrose gradient (15 to 30 percent)
and were centrifuged for 120 minutes at
24,000 rev/min in a SW 25.1 swinging-
bucket rotor. The bottom of the gradient
is on the left and the top is on the right.
, 0.D.:eo of untreated Hel.a cell cyto-

plasm; ®————@, TCA-precipitable radio-
active fraction from untreated HeLa cell
cytoplasm; ———~—, O.D..w of lymph node

cell plus treated HeLa cell cytoplasm;
O-+++Q, TCA-precipitable radioactive
fraction of treated HeLa cell cytoplasm.
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