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hyodeoxycholic acids, which bring about
striking changes in hepatic cholesterol levels
and synthesis rates in the mouse, but have lit-
tle or no effect on small intestine or kidney.
It would appear that in the mouse or rat,
homeostatic control of cholesterol metabolism
in kidney and intestine is more or less inde-
pendent of hepatic control and of the bile acids
influencing cholesterol synthesis in the liver.
Summary. Teeding various bile acids to
mice for 3 weeks had the following effects:
1. Cholic acid increased hepatic and intes-
tinal cholesterol levels, but had no effect on
kidney cholesterol. It decreased hepatic cho-
lesterol synthesis rates, but had no effect on
intestinal synthesis rates. 2. Hyodeoxycholic
and lithocholic acids decreased liver choles-
terol levels. Hyodeoxycholic acid had no ef-
fect on intestine and kidney cholesterol, or on
intestinal cholesterol-x-C**. Both acids ef-
fected large increases in hepatic cholesterol
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synthesis. 3. Deoxycholic acid significantly
decreased liver, small intestine and kidney
cholesterol levels. Tt also decreased hepatic
cholesterol synthesis. 4. Results of this study
suggest that homeostatic control of choles-
terol metabolism in tissues other than liver is
independent of hepatic control.
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In our previous experiments using rats with
median eminence lesions to assay adrenocorti-
cotrophin (ACTH)-releasing activity, the
ACTH-releasing potency of posterior pitui-
tary preparations was accounted for by their
vasopressin content(1,2). Saffran and Schally
(3) and later Guillemin and co-workers(4)
reported, on the other hand, that extracts of
posterior lobe of the pituitary gland contain a
corticotrophin-releasing factor (CRF), dis-
tinct from vasopressin, which releases ACTH
from pituitaries, in vitro. Attempts to demon-
strate activity of this CRF of Guillemin in
vive were unsuccessful(1) using rats with hy-
pothalamic lesions. Recently, Royce and
Sayers(5) reported the presence of a CRF
distinct from vasopressin in extracts of calf
stalk-median eminence tissue, assaying the ac-
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Grants to S. M. McCann and Dr. Lewis Flexner.

tivity in rats with median eminence lesions.
This observation prompted a reinvestigation
of the ACTH-releasing activity of various
brain extracts from hypothalamus and other
regions, utilizing rats with lesions to assess
ACTH-releasing activity.

Methods. Preparation of animals. Hypo-
thalamic lesions were made in the median emi-
nence of the tuber cinereum using methods
previously reported(1) except that the rats
were injected intramuscularly with 60,000 U
crystalline procaine penicillin G at operation.
Rats drinking at least 100 ml of water dur-
ing the first 24 hours post-operatively were
selected for the assay procedure. This assay
of ACTH-releasing activity was performed 48
hours after placing the lesions, since at that
time such rats have been shown to be unre-
sponsive to a variety of non-specific stimuli
(1-2). Proper selection of coordinates can
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give nearly 100% successful operations using
the above criteria. These animals are called
rats with “acute” lesions. Preparation of
brain extracts. Beef cortex and stalk-median
eminence tissue were obtained at the slaughter
house and placed in a beaker on dry ice. On
arrival in the laboratory, the tissue from 20
brains was weighed, 40 ml of 0.2 M acetic acid
were added, and the mixture was homogenized
in a Waring blendor for 120 seconds. The
mixture was refluxed for 10 minutes in a
100°C water bath and then centrifuged at
16,000 rpm for one hour in a Spinco ultracen-
trifuge(5). The supernatant was injected
into assay animals. Rat stalk-median emi-
nence tissue or brain stem was obtained from
hypophysectomized rats, 24-48 hours after
hypophysectomy, and ground in 0.5 ml 0.1 N
HCIL.  One-tenth N HC1 was added to pools of
6-12 stalk-median eminences to bring the vol-
ume to 0.5 ml per stalk-median eminence.
After thorough mixing, the mixture was cen-
trifuged at 3,000 rpm for 15 minutes, and the
supernatant was injected into assay rats. Bio-
assay for ACTH, ACTH-releasing, and pres-
sor activity. 1) Assay for ACTH concentra-
tion of the extracts was performed in hypo-
physectomized rats,! 18-24 hours post-hypo-
physectomy, by the method of Sayers et al.
(6) using USP reference standard corticotro-
phin as the standard. ii) ACTH-releasing ac-
tivity was assessed in rats with “acute” lesions
using adrenal ascorbic acid depletion as the
index of ACTH activity(1). The left adrenal
was removed under ether anesthesia to obtain
a control value for adrenal ascorbic acid. One
hour after intravenous injection of a test drug,
the second gland was removed for analysis.
iii.) Pressor activity of the extracts was meas-
ured in the  urethane-anesthetized, dibena-
mine-treated rat as described by Dekanski
(7). Statistical analysis was performed by
standard methods for bioassays(8).

Results. Comparison of scunsitivity to
ACTH of hypophvsectomized rats and those
with “acute” lesions. Since ACTH content of
the extracts of hypothalamic tissue was as-
sessed in -hypophysectomized rats, whereas
ACTH-releasing activity was evaluated in rats

t Obtained from Hormone Assay Laboratories,

Chicago, Iil.
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with lesions, it was important to compare the
sensitivity of these two types of rats to ACTH.
The results of a multidose assay (Fig. 1) in-
dicate that rats with lesions are 3 times less
sensitive to ACTH than the hypophysecto-
mized animals. Rats with lesions were of the
Wistar strain while the hypophysectomized
rats were Sprague-Dawleys. Consequently,
the experiment was repeated using Sprague-
Dawley rats with lesions to determine if a
strain difference in sensitivity to ACTH was
responsible for the results. Eight Sprague-
Dawley rats with lesions also showed a dimin-
ished sensitivity to ACTH when tested at 2
dose levels. The difference in sensitivity to
ACTH between hypophysectomized rats and
those with lesions must be taken into consid-
eration in evaluating the contribution made
by ACTH to response to hypothalamic ex-
tracts in rats with lesions.

Activity of vasopressin in rats with “acute”
lesions. To determine the contribution of
vasopressin to activity of hypothalamic ex-
tracts, it was necessary to measure the
ascorbic acid depletion resulting from injec-
tion of vasopressin in rats with “acute” le-
sions. The results obtained previously(2)
with Pitressin and synthetic lysine-vasopres-
sin are shown in Fig. 2. Responses to the 2
substances were similar when dose was ex-
pressed in pressor units. The ascorbic acid
depletion resulting from administration of
0.1 U or 0.5 U of Pitressin (4 rats at each
dose) in the present experiments did not differ
significantly from that obtained previously.
Consequently, these earlier results with lysine-
vasopressin have been used to evaluate the
contribution of vasopressin to the activity of
the hypothalamic extracts. Royce and Sayers
(9) reported that part of the activity of
Pitressin in rats with “‘acute” lesions was due
to an extra-pituitary action of vasopressin.
This conclusion was based on their finding
that Pitressin evoked ascorbic acid depletion
in rats with “acute”-lesions, which had been
decapitated just prior to injection of the drug.
Since our animals with lesions appear to be
considerably less sensitive to vasopressin than
theirs, it appeared of interest to test the effect
of Pitressin in decapitated rats with “acute”
lesions, as they had done, to determine if the
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ascorbic acid depletion induced by Pitressin
could be accounted for by its effect in the de-
capitated rat having no pituitary gland. A
dose of 0.5 U Pitressin, which induced an
adrenal ascorbic acid depletion of 86 =+ 13
mg % in 10 rats with “acute” lesions, pro-
duced a fall of only 30 = 14 mg % in the
ascorbic acid of 9 decapitated rats. The re-
sponse of the decapitated rats was not signifi-
cantly different from zero (P<C0.1) and is sig-
nificantly less than that found in rats with
lesions (P<0.01). (The difference in re-
sponse of the 2 types of rat is about the same
as that reported by Royce and Sayers.) Fail-
ure to induce a significant depletion with Pit-
ressin in the decapitated rat may have been
related to the relatively low dose of Pitressin
employed.

ACTH-releasing activity of beef stalk-me-
dian eminence extract (S.M.E.) This extract
proved active in both the rat with lesions and
the hypophysectomized rat (Table I). The
minimal effective dose of 0.0032 of a single
stalk-median eminence was derived from 0.5
mg wet weight of tissue. Ascorbic acid de-
pletions obtained in the 2 types of assay ani-
mal were indistinguishable; however, since the
rats with lesions were much less sensitive to
ACTH than the hypophysectomized rats, sta-
tistical treatment of the data indicates that
the ACTH content of the extract was 290
(167-502)f mU of ACTH/SME as assayed in
the hypophysectomized rat, whereas the ap-
parent ACTH potency in rats with lesions
was 733 (440-1200)f mU ACTH/SME (Table
I1T). Thus, ACTH contamination of the ex-
tract accounted for only 40% of its activity in
rats with lesions and a significant, additional,
ACTH-releasing activity was demonstrated.

FIG, 1. Comparison of sensitivity to ACTH of
hypophysectomized rats and those with lesions.
Vertical lines indicate stand. errors. Each point is
the mean of 6 or 7 determinations.

FIG. 2. Comparison of activity of Pitressin and
synthetie lysine-vasopressin in rats with lesions.
Dosage is in pressor units. Reproduced from paper
of MeCann and Fruit(2).

FIG. 3. Adrenal ascorbic acid depletion induced
by purified CRF of Royee and Sayers. Hypox. re-
fers to hypophyseetomized rats. Hydrocortisone re-
fers to animals inj. with hydrocortisone. Dots
above the bars indicate stand. errors.

£ 95% confidence limits of the assay.
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TABLE I. ACTH-Releasing Activity of Extracts of Becf Brain.

Adrenal ascorbic acid depletion,
mean &= SEM (mg/100 g)

Wet wtof  Pressorae-  Median eminenee  Hypophysee-
Extract Dose, U¥ tissue,mg  tivity, mU lesions tomized

Stalk-median eminence 0125 2 168 =16 (5)F 157 =17 (6)
.0032 i 13 (11 16)1 78 + 27 (6) 66 =29 (5)

L0016 25 16 =19 (5)

Cortex 1.0 200 1M1 += 8 (H

a1 2 14 +10 (5)

0125 2 6214 (4)

# 17U is one stalk-median eminence or o(plimlm-nt \\uép‘r of cortex.

t 959 confidence limits,
} No. in parentheses is No. of rats in group.

The vasopressin content of 13(11-16)% mU at
the minimal effective dose of extract could
hardly have been responsible for this ACTH-
releasing activity for the following reasons.
Assuming that the pressor assay gives a valid
estimate of the vasopressin content of the ex-
tracts, comparison of the responses to syn-
thetic vasopressin and to beef extract in rats
with lesions leads to the conclusion that only
5(2-10)% 9% of total activity of the extract can
be due to vasopressin (Table II1). Adding
this 5% to the 40% accounted for by presence
of ACTH leaves 55% of the activity presum-
ably due to a CRF distinct from vasopressin.

An attempt was made to purify the active
principle by selectively adsorbing the ACTH
and vasopressin from this extract (and from a
similar one obtained from calf tissue) with
oxycellulose(5). Unfortunately, in our hands
the oxycellulose almost quantitatively ad-
sorbed all active material.

To determine the specificity of the re-
sponses to SME, an extract of cerebral cortex
was prepared similarly and assayed in rats
with lesions. The dose in units given in Table
I represents a similar weight of tissue to that
used to prepare SME. The dry weight of

the extract was also comparable. No re-
sponse was obtained until the dose was in-
creased approximately 200 fold over that re-
quired for SME (Table I).

ACTH-releasing activity of stalk-median
eminence extracts from hypophysectomized
rats. SME from hypophysectomized rats was
prepared and assayed in order to test extracts
from another species and to eliminate ACTH
contamination from the extracts. The results
(Table IT) indicate that one SME induced a
significant ascorbic acid depletion in rats with
lesions. Two SME’s gave a marked depletion
when no response was elicited in the hypophy-
sectomized rat. Thirty-four mU of vasopres-
sin were found per SME, indicating that
21(8-52)% % of the activity of this extract
could be due to vasopressin. The remaining
79% was presumably accounted for by CRF
(Table III). Extract prepared from an
amount of the brain stem of hypophysecto-
mized rats equivalent to the larger dose of
stalk-median eminence was inactive in rats
with lesions.

Corticotrophin-Releasing Factor of Royce
and Savers. An extract of calf stalk-median
eminence purified by Royce and Sayers and

TABLE T1. ACTH-Releasing Activity of Extracts of Rat Brain.

Adrenal ascorbie aeid depletion,
mean + SEM (mg/100 g)

Pressor activ- Median eminence Hypophysce-
Extract Dose, U* ity, mU lesions tomized
Stalk-median eminence 1 34 (264351 40 +13 (9)%
2 110 += 5 (6) 14 + 6 (6)
Brain stem 2 8 +11 (5)

* 17U is one stalk-median eminence.
1 959% confidence limits.
1 No. in parentheses is No, of rats in group.
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TABLE III. Summary of ACTH-Releasing Activity of Stalk-Median Eminence Extracts.

Vasopressin
content

Fstimate of 9% ACTH-like
activity due to:

~ACTH CRF Vasopressin

ACTH-like
ACTH content. activity
(hypox. rats) (lesion rats)
Extract —~ mlUU/SME
Beef 290 (167-502)* 733 (440-1200)*
Rat, hypox. =02 3
Purified CRF < 7
(Royce and
Sayers)

4150 (3500-5000)% 40 55 5 (2-10)*
34 (26—43)* 0 79 °21(8-52)%
37 (30-40)* 0 ~96 ~4

* 959, confidence limits.

kindly provided to us proved active in rats
with lesions at a dose of 0.3 SME (Fig. 3).
It was inactive in the hypophysectomized rat
and contained only 11(9-12)% mU of vaso-
pressin per 0.3 SME. Consequently, approxi-
mately 96% of the activity of this extract
was attributable to CRF (Table III). This
extract was inactive in the hydrocortisone-
inhibited rat(10), but this absence of effect
may have been due to the decreased sensitivity
to ACTH of the steroid blocked rat since these
rats gave a response of only 82 =+ 10 to 6 mU
of ACTH. This latter response is signifi-
cantly less than that given by rats with lesions
(133 + 14; P<0.02).

Stability of ACTH-releasing activity. The
activity of beef extract appeared to be quite
stable in acid solution since refluxing for 10
minutes did not abolish it (see Methods), and
since the extract was stable on storage at 4°C
for 4 months. A dose of 0.0125 SME which
initially gave an ascorbic acid depletion of
168 == 16 (Table I) gave a response of 147 =+
7 when retested 4 months later in 5 rats. Ex-
tracts from rat hypothalamus likewise ap-
peared to be stable at 4°C.

Location of lesions. In view of our wide ex-
perience with this particular lesion, study of
the brains of these animals was restricted to
gross examination, which indicated that the
lesions were located in the basal hypothala-
mus in the region between optic chiasm and
pituitary stalk. Serial sections of pituitaries
from 8 rats revealed tissue which appeared
normal and no infarcts were seen.

Discussion. In the present study rats with
lesions in the median eminence were less sen-
sitive to ACTH when tested 48 hours post-op-
eratively than hypophysectomized rats tested
24 hours after operation. This is in contrast

to the findings of Royce and Sayers that rats
with lesions were at least as sensitive to ACTH
as the hypophysectomized animal when tested
under conditions apparently similar to those
employed here(5). The reason for this dif-
ference is not apparent. The hypophysecto-
mized rat is known to lose its sensitivity to
ACTH under the conditions of the Sayers’
assay with the passage of time, presumably be-
cause of absence of ACTH secretion(11).
Similarly, the decreased output of ACTH in
rats with lesions might have made these rats
less sensitive than the hypophysectomized rats
which were tested after a shorter post-opera-
tive interval. In a previous study from this
laboratory (1), rats tested 48 hours after
either lesions or hypophysectomy gave equiva-
lent responses to a rather high dose of 5 mU
of ACTH. This result is at least consistent
with the suggestion that the decrease in
ACTH sensitivity of rats with lesions in com-
parison with hypophysectomized rats tested
in the present experiments may have been due
to the greater time which had elapsed after
operation in the rats with lesions. Other un-
known causes may also have contributed to
the diminished sensitivity of animals with le-
sions.

Since the rat with lesions is less sensitive to
ACTH than the hypophysectomized rat, the
question arises as to the role of decreased
ACTH sensitivity in producing the block of
ascorbic acid depletion in response to stress
found in rats with lesions. Though decreased
sensitivity to ACTH may be a factor in pro-
ducing this failure of ascorbic acid depletion,
the ascorbic acid depletion induced in normal
rats by a stress such as unilateral adrenalec-
tomy is of such a magnitude(12) as to suggest
discharge of sufficient ACTH to deplete
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TABLE 1V, ACTH-Releasing Potency of Various
Neurohypophysial Extracts.

7% ACTH-releasing activity
due to

Extract Vasopressin CRF
Beef SME 9( 4- 18)* 91
Rat 21 ( 8- h2)* 79
Protopituitrint 141 (42-472)% ~ 0
Pitressint 121 (46-310)% ~ 0
Purified CRF of ~4 ~ 96

Royce & Sayers

* 959 confidence limits.

f Caleulated from data of MeCann(1,2).
ascorbic acid even in the less sensitive rat with
lesions.  Failure of ascorbic acid depletion
in rats with lesions would then be due both to
reduced secretion of ACTH by such rats(13,
14) and to reduced sensitivity of the adrenal
to the ACTH released.

The results presented here indicate that
crude extracts from the stalk-median emi-
nence region of beef and rat brain produce in
rats with hypothalamic lesions a significant re-
lease of ACTH which cannot be accounted for
by their content of vasopressin, thus. confirm-
ing the findings of Royce and Sayers(5).
That this is a specific response to stalk-median
eminence tissue is indicated by the lack of
activity of extracts from beef cortex and rat
brain stem when injected in comparable
amounts. (The effect of beef cortex at a dose
200 times greater than that required with
SME cannot be explained at this time. It
may be a non-specific effect; on the other
hand the lack of apparent toxicity of even this
large dose of extract argues against this inter-
pretation. A possible explanation is con-
tamination of the extract with ACTH or
CRF.)

The relative contribution of vasopressin
and CRF to the ACTH-releasing activity of
various neurohypophysial extracts is given in
Table IV. No correction has been made for
the relatively small proportion of the effect of
vasopressin which can be accounted for by its
action at extrahypophysial sites(9,15). It
would appear that vasopressin can account
for only 10-209% of the ACTH-releasing ac-
tivity of the stalk-median eminence area,
whereas it accounts for all of the activity
found in posterior lobe extracts within the
limits of error of the methods. The CRF

found in posterior lobe extracts by Saffran
and Schally(3) and by Guillemin and co-
workers(4) would seem to be present in rela-
tively small amounts. There appears then
to be a differential localization of CRF and
vasopressin in these 2 portions of the neuro-
hypophysis.

Since lesions in the median eminence block
ACTH release, whereas ACTH release can be
induced in such animals by extracts from this
same region containing vasopressin and CRF,
it is concluded that vasopressin and CRF
share the role of ACTH-releasing neurochumor.
If storage in tissue is any criterion of secretion
rates, it would appear that CRF is the princi-
pal ACTH-releasing substance from stalk-
median eminence but that vasopressin is the
chief factor in neural lobe. Secretion into
hypophysial portal vessels is probably the
critical factor in providing a sufficient concen-
tration of neurchumor ‘to the pars distalis.
From this standpoint, CRF appears to be lo-
cated in a more strategic position at site of
origin of these vessels in the median eminence
and stalk. However, vasopressin might reach
the pars distalis in high concentration via the
short portal vessels which arise in the neural
lobe and drain blood to the pars distalis(16).
Only further studies of the ACTH-releasing
activity of portal vessel blood from these 2
sites and more information concerning the
proportion of hypophysial blood flow coming
from these 2 types of portal vessels can con-
clusively establish the relative importance of
CRF and vasopressin for control of ACTH se-
cretion.

Conclusions. Extracts of the stalk-median
eminence area of beef or rat brain produce a
specific release of ACTH in rats with hypo-
thalamic lesions. The major portion of this
effect is due to a corticotrophin-releasing fac-
tor. Ten to 209% of the activity of these ex-
tracts appears to be due to vasopressin.
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It was reported recently (1) that analogs of
nicotinamide cause toxic effects in mammals.
Degenerative changes in the central nervous
system appeared as prominent features of in-
toxication in mice and rats. Selective neuro-
pathological damage was seen in nuclei of the
brain stem and in gray matter of the anterior
horn. Kaplan and coworkers(2) showed that
analogs of nicotinamide participate in en-
zymatically catalysed exchange reactions with
diphosphopyridine nucleotide (DPN), and
they suggested that the toxicity of analogs is
due to such reactions. These findings were
confirmed and extended by Burton(3). Bur-
ton and others(4) could also demonstrate
that reserpine and promazine prolong eleva-
tion of DPN concentration of tissues caused
by injection of nicotinamide in mice. To ex-
amine DPN effects in a different manner, we
determined first the toxicity of injected DPN.
Then we investigated the effect of injected
DPN on mice, as animals were subjected to
stress of extreme environmental temperatures.
Glock and McLean(5) found that starvation
or administration of a variety of hormones al-
ter DPN content of tissues considerably. It
is well established that: under. stress of tem-
perature extremes, especially -cold, .activity of
the adrenal cortex increases significantly.
Scherr reported(6) that toxicity of cortisone
in mice varies according to environmental tem-

peratures. After repeating his experiments
we administered DPN and cortisone simul-
taneously, for evidence was offered by Munch
et al.(7), that there is a specific interaction
between steroid hormones and coenzymes like
DPN.

Method. DPN was injected intraperitone-
ally to 20 Swiss mice, each weighing 24 g.
The animals were observed behaviocrally and
histological studies of brain stem, muscles,
kidneys and liver were performed.

Result. 105 mg of DPN/animal killed all
mice in 4 hours. Before death, animals ex-
hibit dysmetria, paralysis of hind legs, and
marked general irritability. Neuropathologi-
cal findings were similar to those described
by Sternberg and Philips(1). Striped mus-
cles, kidneys or liver showed no histopatho-
logical changes. Fifty mg of DPN is well
tolerated intraperitoneally. Daily injection
of this dose for 15 days, or more, produced no
deleterious effects.

DPN injection and environmental tempera-
tures. Method. Swiss mice, each weighing
24 g, in groups of 10, were exposed to hot
environmental temperatures (37°C). Others,
also in groups of 10, were subjected to cold en-
vironmental temperatures (7°C). They re-
ceived 50 mg of DPN intraperitoneally. Con-
trol groups did not receive DPN.

Result. Mice exposed to environmental



