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recently described a dextrorotatory isomer of
i-U, and a racemic DU. While no evidence
has yet been presented for their occurrence in
nature. their existence enforces the need of
distinctive terminology.

Certain additional results given in Table I
require brief discussion. In Exp. 2, yield
from fresh bile was even greater than from
crude glucuronide, yet in Exp. 5 addition of
bile salts. either to crystalline bilirubin or
crude glucuronide was inhibitory rather than
enhancing in its effect. In general, better
yields were obtained when there was a 12 hour
preliminary growth of bacteria in broth, prior
to addition of bilirubin. This is seen most
clearly in Exp. 3, Table 1.

Recent experiments carried out with S. Gil-
bertsen, to be described separately, indicate
that at least in the normal individual there is
a similar basis for failure to note significant
increase of fecal urobilinogen after intraduo-
denal administration of free bilirubin. How-
ever, in patients with acholic feces, feeding of
above described bilirubin glucuronide has thus
far failed to result in formation of appreciable
amounts of fecal urobilinogen and other fac-
tors must be sought to explain this discrep-
ancy. These studies are being extended.

Summary and conclusions. 1. A method
of preparing a relatively stable concentrated
adsorbate of conjugated bilirubin (glucuron-
ide) from bile. is described. This has been
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used in a series of experiments in broth cul-
tures of fecal bacteria. 2. A significant and
often much greater increase of urobilinogen
formation was observed after addition of the
conjugated as contrasted with free bilirubin.
3. The urobilinogen group formed in the
bacterial cultures consisted of varying pro-
portions of d-Dehydrourobilin, i-Urobilin,
and 1-Stercobilin. Under the same conditions
the fecal flora readily reduced d-DU to i-U,
and i-U to 1-S.

The technical assistance of Mary Weimer, Irene

Bossenmaier and Violet Swenson is gratefully ac-
knowledged.
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Distribution and metabolism of cortisol-4-
C' in rats has been traced after administra-
tion by intravenous, intramuscular, subcutane-
ous, intragastric, and sublingual routes(1,2,
3). Only minor differences in total amount
excreted have been found over periods of 1
to 5 dayvs. A previous report(4) described
the fate of cortisol-4-C'* in the rat during the
first hour after intracardiac injection. In nor-

mal animals essentially all of the injected ra-
dioactivity was recovered in the GI tract and
excreta after 60 min. Extension of these
studies in which the hormone was injected in-
travenously, showed a striking difference from
previous results, a difference in distribution
as well as a slower rate of excretion. This
observation was elaborated since it seemed to
have application in the study of the role of
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TABLE I. Distribution of Radioactivity, in % of Total Counts Injected, after External Jugu-
lar Vein Injection of Cortisol-4-C* into Normal Rats.

Time after inj. - 5 min. N 60 min,————
Wt, g 271 261 263 324 333 327
Dose, ug 12.2 12.2 12.2 13.9 13.9 13.9

, epm 48,700 48,700 48,700 55,700 55,700 55,700
GI traet & excereta 11.8 11.3 0.2 58.9 56.6 59.4
Muscle 43.7 43.7 38.0 23.6 12.8 21.4
Liver 20.5 23.0 24.4 10.9 13.6 11.1
Skin 16.9 13.1 17.2 9.8 111 8.9
Plasma 7.1 5.5 6.9 1.0 2.2 1.1
Kidneys 3.4 3.3 4.2 1.3 1.0 1.1
Head 5.8 5.2 5.7 2.7 2.0 2.9
All other organs* 2.8 2.9 2.9

Total 109.2 105.1 105.6 110.0 102.2 107.

* Lungs, spleen, heart, thymus, thyroid, panereas, adrenals, genital organs, and fat.

adrenal cortical hormones in normal and ab-
normal physiology. First, radioactivity in the
principal organs of intact rats was determined
5 and 60 min. after injection of tracer doses
of cortisol-4-C!* vig the external jugular and
tail veins, and the results were compared with
those obtained after intracardiac injection.
Second, the study was repeated in adrenalec-
tomized rats 60 min. after external jugular
vein injection of cortisol-4-C'* alone and cor-
tisol-4-C* mixed with corticosterone.
Materials and methods. The data for in-
tercardiac injection were taken from a pre-
vious report(4). For the intravenous injec-
tions, 260 tn 330 g male Sprague-Dawley rats
were used. In the previous studies the rats
were fasted overnight prior to intracardiac in-
jection. Since an intact animal fasted over-
night was found to have 52.29% of the injected
radioactivity in the GI tract and excreta 60
min. after jugular vein injection of 37,900
cpm of cortisol-4-C'* (compared to 58.9%.
56.6% and 59.4% in unfasted animals), un-
fasted animals were used in the studies of in-
travenous injection. Specific activity of the
cortisol-4-C1** was 4.08 uc per mg, 1.0 pg
corresponding to about 4,000 counts per min.
(cpm) as determined by our counting technic
(4,5). The radiochemical purity had been
found to be higher than 949 (6). The
adrenalectomies were done 8 days before in-
jection by means of a single mid-abdominal

* The authors are indebted to the Endocrinology
Study Section, Dept. of Health, Education and Wel-
fare, N.LH., Bethesda, Md., for supplying this ma-
terial through Tracerlab Inc., Boston, Mass.

incision without aseptic technic. and the ani-
mals were maintained on Purina Lab Chow,
saline and water. The right external jugular
vein was exposed with a 34 inch incision. A
total of 8.5 to 15 ug of cortisol-4-C'* in 0.7
to 1.0 ml of 109% propylene glycol in saline
was injected over 20 to 25 sec. into the tail
or external jugular vein under light ether an-
esthesia using a one ml tuberculin syringe and
#27 needle. In the second group of adrenalec-
tomized animals the injected solution con-
tained 194 pg of corticosterone-C'*! in addi-
tion to the cortisol-4-C'. Five or 60 min.
after injection the animals were sacrificed by
exsanguination from the heart. The muscle,
liver, skin, kidneys, and head were handled
separately; excreta and bladder were com-
bined with the GI tract; all remaining organs
and fat were combined and processed as a
group. All tissues were dried and dissolved in
formamide; the samples were plated on alu-
minum planchets with lens paper. counted in
a Tracerlab Model SC-50 windowless gas flow
counter and the activities corrected as previ-
ously described(4,5). The plasma was plated
directly. All plasma values refer to a total
plasma volume calculated from the weight of
the animal (7).

Results. In the 5 min. groups (Table I-
ITT) 10% of radioactivity was in the GI tract
and excreta. In the intracardiac group the
head (after removal of the brain) was proc-
essed with the muscles. In the intravenous
groups, however, the intact head with the

t The authors are indebted to The Upjohn Co.,
Kalamazoo, Mich. for supplying this material.
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TABLE 1I. Distribution of Radioactivity, in % of Total Counts Injected, after Tail Vein In-
jeetion of Cortisol-4-C* into Normal Rats.

Time after inj. 5 min. N 60 min. ~
Wt, g 325 299 255 258 273 314 298 323
Dose, ug 13.0 13.0 12.4 12.4 12.9 13.0 13.0 13.0

", epm 51,800 51,800 49,600 49,600 51,800 51,800 51,800 51,800
GI tract & exereta 6.8 9.4 49.6 49.4 43.1 45.2 56.4 53.3
Muscle 42,7 36.5 18.9 17.6 18.6 22.0 18.1 13.2
Liver 20.2 18.0 6.5 6.0 6.3 10.3 5.4 7.2
Skin 16.7 13.5 12,2 14.0 13.3 9.9 9.4 9.3
Plasma 4.0 4.3 1.5 1.3 1.6 1.4 1.3 1.7
Kidneys 3.4 4.3 1.4 1.4 1.2 1.8 1.0 1.1
Head 3.5 4.3 1.9 2.0 2.2 1.8 14 1.2
All other organs* 5.0 6.0 3.0 2.0 3.0

Total 102.3 96.3 92.0 91.7 86.3 95.4 95.0 90.0

* See Table I.

TABLE III. Average Distribution of Radioactivity in 9% of Total Counts of Cortisol-4-C* In-
jected into Normal Rats by Various Routes.

Time afterinj. 5 min. ~ ’ 60 min. ~
Intra-  Ext. jugu- Intra-  Ext. jugu-

Route cardiac* larvein  Tail vein cardiac®* larvein Tail vein
No. of animals 5 3 2 3 3 6
Wt, g 323 265 312 329 327 287
Dose, ug 14.5 12.2 13.0 14.8 13.9 12.7

. cpm 58,000 48,700 51,800 59,300 55,700 50,700

GT traet & exereta 11.8 10.8 8.1 98.0 58.3 49.5
Musele 47.2 41.8 39.6 1.9 19.3 18.1
Liver 25.3 22.6 19.1 43 11.9 7.0
Skin 4.4 15.7 15.1 9.9 11.3
Plasma 6.7 6.5 4.2 T 1.4 1.5
Kidneys 3.7 3.6 3.9 .8 1.1 1.2
Head 5.6 3.9 2.2 1.8
All other organst 3.7 5.5 2.9 2.7

Total 102.8 106.6 99.3 105.7 107.0 93.1

* Data taken from reference (4).

brain was handled separately. Since the head
consisted mainly of attached muscles, it can
be seen that total muscle radioactivity content
in the 3 groups is about the same. The only
striking difference occurred in the skin, (Ta-
ble IIT). where radioactivity was higher after
both intravenous routes (15.7%, 15.1%) com-
pared to intracardiac injection (4.4%).

Sixty min. after intracardiac injection 98%
of the radioactivity? had localized in the GI
tract and excreta, compared with 58.3% (jug-
ular vein) and 49.5% (tail vein). The por-
tion not excreted 60 min. after intravenous
injection was found mainly in the muscle
(193% and 18.1%) and skin (9.9% and
11.3%).

{ The cemparatively wide range of experimental
errer(3) should be considered in interpretation of
this and all other readioactivity values.

t See Table 1.

A comparison of our data with that of Ul-
rich and Long(2) corroborates these findings
(Fig. 2). After intracardiac injection we
found 6.7%, 4.3% and 0.7% of injected ra-
dioactivity in plasma 5, 15 and 60 min. after
injection of 14.5 ug of cortisol-4-C!*(4).
Analysis of these results shows a half-time of
disappearance from plasma of 17 min. and a
residual after 60 min. of 8.6% of the theoreti-
cal zero time activity. After injections of 50
pg of cortisol-4-C1* into the jugular vein Ul-
rich and Long found a longer half-time of dis-
appearance from plasma of 26 min. Extra-
polation from their half-life curve gives a
residual radioactivity of 20% at 60 min. Al-
though in our jugular vein injection studies
we have plasma values only for 5 and 60 min.,
analysis shows a half-time of 25 min. and a
residual radioactivity of 19% at 60 min.
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16, 1. N-ray during slow (20 to 235 see.) intrav, inj. of Neo-Topax.

The high C'* content of the skin 5 min.
after intravenous injection could have been
caused by retrograde flow. XN-rays taken
while one ml of sodium iodomethanate (509
Neo-Topax?) was rapidly injected (over 4 to
5 sec) through a #27 needle into the tail vein
showed retrograde flow into an abdominal
wall vein. However. when the injection was
made slowly over 20 to 25 sec (as was done
in these studies). all the material went di-
rectly into the inferior vena cava (Fig. 1).
A similar x-ray studyv during slow injection
of Neo-lopax into the right external jugular
vein showed that the opaque material flowed
only into the heart.

Wyngaarden, Peterson and Wolff(1) found
35% and 51% of radioactivity in the bile of
2 cannulated rats one hour after injection of
50 ug of cortisol-4-C™: however. in their
studies the steroid was given subcutaneously.
Hyde and Williams(3) reported 87% excre-
tion into bile 4 hours after an intravenous dose
of 50 ug of cortisol-4-C'*.  Although both
groups have demonstrated an active entero-
hepatic circulation. this would not appear to
be an important factor within 60 min. after
injection, in view of the low rate of reabsorp-
tion of biliary radiometabolites after intra-
gastric readministration(3).

Corticosterone has been shown to be the

§ Schering Corp., Bloomfield, N. J.

predominant corticoid in the rat. Fluctuation
of endogenous adrenal output of corticoster-
one did not seem to be a major influence
(Table IV). The amounts excreted during
60 min. in the adrenalectomized animals ei-
ther with or without added corticosterone
were in the same range as in the intact ani-
mals.
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"1G. 2. A — Plasma radioactivity after inj. of 50

ug of cortisol-4-C* into external jugular vein, after

Ulrich & Long(2). B —= Plasma radioactivity after
inj. of 14.5 ug of cortisol-4-C* into heart(4).
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TABLE IV, Distribution of Radioactivity, in ¢% of Total Counts Injeeted, 60 Min. after Ex-
ternal Jugular Vein Injection of Cortisol-4-C* (Alone or with Corticosterone) into Adrenalecto-
mized Rats.

Rat No. 1 2 3 Avg 1 2

Wt, g 286 297 297 203 308 280
Cortisol-4-C*, ng 12.0 12.0 12.0 12.0 8.5 8.5

” ,epm 47,700 47,700 47,700 47,700 34,000 34,000

Corticosterone, ug 194 194
GI tract & exereta 39.9 37.8 531.0 42.9 47.4 47.4
Liver 117 11.9 8.7 10.8 8.1 10.6
Kidneys 3.2 2.3 2.4 2.6 1.6 1.9
Plasma 3.3 3.1 2.7 3.0 1.6 1.5

The liver is the main site of metabolism of
cortisol in mammals, and in the rat it is also
the main excretory organ. Englert and co-
workers(8) have clearly shown that rate of
disappearance of infused cortisol from the
plasma of dogs is proportional to hepatic
blood flow. In our experiments more rapid
excretion of radioactivity after intracardiac
injection was probably due to an acceleration
of hepatic blood flow during the 1 hr after
the puncture. A simultaneous decrease in
blood flow through the skin could explain the
low initial content in that organ. Such circu-
latory changes could well be produced by neu-
ral or endocrine reactions to the injection
puncture. Cardiac puncture is a traumatic
procedure undoubtedly causing prompt vaso-
motor changes and leaving injury to an ex-
tremely sensitive tissue well beyond the ex-
perimental period with unknown changes in
the rates and patterns of arterial blood dis-
tribution. Manipulation of the jugular vein
as it is dissected free as well as the venipunc-
ture have frequently caused marked local
venospasm. The tail vein injection, on the
other hand. would appear to be the most in-
nocuous route and should cause the least
changes in circulatory dynamics. Patterns
of distribution and slower rates of excretion
after the intravenous injection would, there-
fore, more closely approximate the fate of en-
dogenous hormone.

In view of these findings, previous studies
on clearance of injected steroids should be
interpreted in the light of possible hemody-
namic changes caused by experimental con-

ditions or manipulations and in such studies
these changes should be controlled or meas-
ured, especially when using small animals.

Summary. Rate of excretion of radioac-
tivity by rats was more rapid after intracar-
diac injection of cortisol-4-C!* than after in-
travenous injection. In addition, after the
latter route significantly larger quantities of
radioactive material entered the skin immedi-
ately following injection. The most likely
explanation for this difference is considered to
be hemodynamic changes caused by heart
puncture. The tail vein is the most suitable
site of intravascular injection for studies of
the fate of adrenal steroids in normal animals
under basal conditions.
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