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serum has been investigated in uninfected
controls and animals infected with Dipio-
coccus pnewmoniae. No significant change of
enzymatic activity was found in kidney, lung,
sternum, femur, and spleen. As the infection
progressed a decrease in activity was ob-
served in the liver enzyme, while a marked
increase occurred in small intestine. The en-
zymatic activity of the serum also increased
during infection, but less strikingly. In organ-
specific inhibition experiments it was shown
that serum and intestinal enzyme behaved
identically. The data support the concept
that a major portion of serum AP may ori-
ginate in the small intestine. Neither the
infection-related increase in intestinal AP nor
the fall in hepatic AP was dependent upon
an intact adrenal gland in the presence of
circulating glucocorticoid hormones.
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The Effect of Hypovolemia on Drinking in Rats With Lateral
Hypothalamic Damage.* (31860)

Epwarp M. Stricker aND GeorGe WorF (Introduced by J. R. Brobeck)
Institute of Neurological Sciences, University of Pennsylvania, Philadelphia and
The Rockefeller University, New York, N. Y.

Bilateral lesions of the lateral hypothalamic
area of rats result in adipsia and aphagia.
However, with appropriate post-operative
care a partial recovery from these deficits
may occur so that a rat with these lesions
eventually begins to ingest sufficient water
and food to maintain life(1,2). Such rats
have been termed ‘“recovered laterals.” The

* This work was supported in part by Grants MH
00647 and AM 08196 from Nat. Inst. of Mental
Health, and done during tenure of the first author as
Postdoctoral Research Fellow of Nat. Inst. of Mental
Health and of the second author as an Advanced
Research Fellow of the American Heart Assn.

physiological stimuli which induce drinking
in recovered laterals are not known. Intra-
cellular dehydration, the best known stimulus
for normal thirst, is ineffective, as are simple
water deprivation and hyperthermia(3). It
appears that recovered laterals may drink
water only while they eat dry food(3).

Rats normally show a close relationship
between food and water intakes. Gregersen
(4) has emphasized the pronounced reduc-
tion in blood volume (hypovolemia) during
feeding which is caused by the rapid secre-
tion of digestive juices. Since a decreased
plasma volume can be an important stimulus
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for thirst(5), it is conceivable that this is
the basis for the drinking after recovery
from lateral hypothalamic damage. The pres-
ent study evaluates this possibility.

Method. Twenty-four male Holtzman
Sprague-Dawley albino rats, approximately
90 days old and weighing 350 g at the be-
ginning of experiment, were used. Bilateral
lesions of the lateral hypothalamic area were
produced in 12 rats by passing 1 ma anodal
DC for 10 seconds through stereotaxically
guided stainless steel electrodes which were
insulated except for 0.5 mm at the tip. The
remaining 12 rats served as controls, 6 with-
out operation and 6 with sham operations
that were done by bilaterally inserting the
electrodes to just above the lateral area with-
out passage of current (4 rats) or by uni-
laterally inserting an electrode into the lateral
area with passage of current (2 rats). All
control animals responded similarly to the
experimental treatments and will be described
as a single group.

Rats with bilateral lesions were tube fed
and maintained on palatable liquid foods
(e.g., Metrecal, wet mash) for 2-6 weeks
until they began to ingest Purina chow and
distilled water ad b. Four died during the
recovery period, but all others survived and
were able to maintain body weight on a
Purina chow and distilled water regimen
(Stage IV of recovery;(3)).

The experimental treatments were begun
about one week after Stage IV of recovery
bad been reached. At 9 a.m. of the first
test day, all rats were injected subcutane-
ously in the middle of the back with 5.0 ml
of 1.0 M NaCl to induce hyperosmolarity,
or with 5.0 ml of 10% polyethylene glycol
(Carbowax, Compound 20-M; Union Carbide
& Chemicals Co.) dissolved in 0.15 M NaCl
to induce hypovolemia(5), or were given a
sham treatment in which the needle was
merely inserted and withdrawn. They were
then deprived of food and water for 7 hours,
after which a drinking tube containing dis-
tilled water was presented for one hour and
the intake recorded. Each rat received each
treatment only once, in a partially counter-
balanced order, with 2 days intervening be-
tween successive treatments during which
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' Fig. 1. Lesions representative of the size and place-
ment of the lesions in the present study. They have
"been outlined in black ink.

time Purina chow and water were available
ad lib.

To provide some information on the effects
of bilateral lesions of the lateral hypothala-
mus on the renal aspects of the osmo- and
volume regulatory processes, 6 recovered
laterals and 6 control rats were kept in me-
tabolism cages during the 7 hour food and
water deprivation period following the above
treatments. Urine was collected and its vol-
ume measured in a graduated tube attached
to the base of each cage.

At the end of the study the recovered
laterals were killed under anesthesia. They
were perfused with 10% formalin and the
placement of the lesions was determined by
microscopic examination of stained brain
sections.

Results. The lesions generally destroyed
most of the tissue between the fornix and
the internal capsule at the level of the an-
terior half of the ventromedial nucleus (Fig.
1). The lesions were about 1.0 mm in diame-
ter dorsoventrally and mediolaterally and
about 1.3 mm in diameter rostrocaudally. In
most cases they were somewhat asymmetri-
cally placed in the lateral dimension so
that one of them encroached upon the fornix
or the medial hypothalamic zone.

The physiological effects -of the experimen-
tal treatments used have been discussed at
length elsewhere(5,6). Briefly, subcutaneous
injection of hypertonic saline solution leads
to a hyperosmolarity of all body fluids with
an intracellular dehydration, whereas injec-
tion of polyethylene glycol (PG) solution
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TABLE I. Water Intake (ml) in Control Rats and in Rats with Lateral Hypothalamic Damage
After Treatment with 1 M NaCl and 10% PG. ’

Recovered  Lreatment————

————— Treatment ———————

lateral sham 1M NaCl 10% PG Control rat  sham 1MNaCl 10% PG
1 .0 2.5 4.5 1 2.2 10.6 6.0
2 .0 3.0 5 2 1.8 13.3 7.7
3 .0 1.0 .0 3 1.2 9.5 5.5
4 1.0 3.5 1.0 4 5 10.0 6.2
5 .0 2.5 .0 5 2.0 8.2 6.2
6 .0 5 5.0 6 3 59 6.5
7 .0 .0 .0 7 .0 3.5 4.0
8 .0 .0 .0 8 1.0 5.5 4.0
9 5 7.0 5.5
10 2.0 9.0 5.0
11 .0 7.5 4.0
12 1.0 10.5 6.5
Mean 1 1.6 1.4 Mean 1.0 8.4 5.6

TABLE II. Urine Volume (ml) in Normal Rats and in Rats with Lateral Hypothalamie Damage
After Treatment with 1 M NaCl and 10% PG.

Treatment —————

Recovered ———— Treatment——— —
lateral sham 1M NaCl 10% PG Controlrat sham 1M NaCl 10% PG
1 1.0 7.0 1.3 1 3.2 13.5 2.8
2 1.0 6.5 1.5 2 3.8 13.3 14
3 1.5 8.0 1.0 3 3.8 11.6 1.2
4 1.2 7.5 2.0 4 3.2 13.0 1.8
5 14 9.0 2.0 5 4.0 11.8 1.1
6 9 10.5 1.0 6 3.8 12.6 2.0
Mean 1.2 8.1 1.5 Mean 3.6 12.6 1.7

causes a subcutaneous sequestration of an
isosmotic plasma filtrate and consequently
hypovolemia. Both these treatments elicit
thirst in normal animals(6), as is illustrated
by the data for the control rats presented
in Table I (both p’s <.001 by 2-tailed t test
in comparison with sham treatment condi-
tions).

In contrast, recovered laterals drank only
a small fraction of the amount consumed by
control rats after 1 M NaCl treatment
(p<.001), after 10% PG treatment (p<
.001), or after sham treatment (p<<.01). It
should be noted from the data presented in
Table I that thirst was not completely absent
in all 8 recovered laterals, since 6 drank some
water in response to hyperosmolarity and 4
also drank in response to hypovolemia. On
the other hand, only one rat (Rat No. 4)
drank in response to the 7 hour deprivation
period in the sham treatment condition and
2 (Rats No. 7 and No. 8) did not drink in
response to any treatment. The lesions in
the latter 2 rats were more symmetrically

placed than were those in the other animals.
However, the lesions in the 2 recovered laterals
(Rats No. 1 and No. 6) that showed the
least attenuation of drinking to PG treatment
were indistinguishable from others of the
series. In general, all lesions were somewhat
smaller and less symmetrical than those de-
scribed by Epstein and Teitelbaum(3) in
rats which did not drink at all following
treatment with hypertonic saline.

The effects of the various treatments on
urine volume in recovered laterals and in con-
trol rats are illustrated in Table II. Like
unlesioned rats, recovered laterals excreted
a large volume of urine following 1 M NaCl
treatment (p<.001, in comparison with sham
treatment) and a small volume of urine fol-
lowing PG treatment. These effects were not
as pronounced as in control rats (p<<.001
for 1 M NaCl treatment). In addition, re-
covered laterals excreted a considerably lower
volume of urine following sham treatment
than did control rats (p<<.001).

Discussion. In the present study, 4 recov-
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ered laterals did not respond at all to the
thirst-inducing effect of hypovolemia, and 4
others showed some impairment in drinking.
These data argue against the hypothesis that
decreased intravascular fluid volume provides
the stimulus for spontaneous drinking in such
rats. Since it is now clear that recovered
laterals do not drink a normal amount in
response to any of the usual stimuli which
elicit thirst as part of a general homeostatic
process (i.e., hyperosmolarity, hypovolemia,
and hyperthermia), it seems possible that
certain peripheral cues are responsible for
mediating drinking in these animals. A num-
ber of authors(7,8) have noted that the pran-
dial drinking of recovered laterals is similar
to that observed in salivarectomized rats.
Since recent work indicates that recovered
laterals have an impaired saliva production
(9), it is possible that impaired salivary flow
in combination with other oral stimuli aris-
ing from the ingestion of dry food are re-
sponsible for drinking in the recovered lateral.
This hypothesis, first suggested by Epstein
and Teitelbaum(3), seems the most likely
explanation of the factors responsible for the
drinking after recovery from lateral hypo-
thalamic damage. The gradual onset of pran-
dial drinking, also seen in salivarectomized
rats, might then be attributed to the rats
learning that water can effectively be used
as exogenous saliva in facilitating the swal-
lowing of dry food. However, it should be
recognized that recovered laterals are not
functionally equivalent with non-lesioned de-
salivate rats, since salivarectomized rats have
been shown to respond normally to hyper-
osmolarity (8).

Tt is not clear whether aspects of the osmo-
and volume regulatory processes other than
drinking are impaired by lateral hypothalamic
lesions. Andersson and McCann(10) have
noted that low volumes of maximally con-
centrated urine are excreted by adipsic dogs
(apparently in Stage IIT of recovery) follow-
ing lateral hypothalamic lesions. This sug-
gests that these lesions may not affect the
regulation of ADH secretion. It is thus pos-
sible that the recovered lateral can maintain
normal bodily hydration by enhanced renal
water conservation in spite of a permanent
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hypodipsia. Of course, renal concentration
mechanisms alone could not insure adequate
hydration if water intake were sufficiently
low, and the water intake of recovered laterals
under ad lib feeding conditions is in fact
often considerably lower than normals. In
the present experiment, for example, the mean
daily water intake of recovered laterals dur-
ing the days intervening between treatments
was only 17.9 ml, whereas the comparable
intake of control rats was 28.0 ml. This low
intake, and their unusually low volumes of
urine excreted following sham or NaCl treat-
ments, suggest that the recovered laterals
may have been in negative water balance.
In this regard, high serum sodium concen-
trations have been observed in rats that were
hypodipsic following hypothalamic lesions
(11). On the other hand, it remains possible
that the recovered laterals in the present ex-
periment were not dehydrated and that the
reduced urine volumes actually reflect an ade-
quate compensation for the hypodipsia. A
more thorough investigation of water balance,
body fluid composition, and renal function is
required to determine whether renal mecha-
nisms can maintain body fluid balance after
lateral hypothalamic lesions.

Summary. Lesions in the lateral hypo-
thalamus of rats led to impaired drinking re-
sponses to acute hyperosmolarity produced
by 1 M NaCl injected subcutaneously and
to acute hypovolemia produced by subcutane-
ous injection of 10% polyethylene glycol
solution. Since recovered laterals drink while
eating dry food, it was suggested that the
lesions may disrupt structures mediating
thirst arising from such stimula as hyper-
osmolariy and hypovolemia, but leave intact
structures mediating drinking in response to
peripheral stimuli such as dry mouth. Other
evidence was presented which suggests that
the renal aspects of osmo- and volume regu-
lation are not impaired by the lesions.
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Anesthesia LXXI. Pharmacologic and Physicochemical Comparison of
Flurothyl and Its Isomer.* (31861)

Joun C. KraNTz, JR., FrIEDA G. RUDO, AND CLAIRE K. LOECHER
Huntingdon Research Center and Department of Pharmacology, School of Medicine,
University of Maryland, Baltimore, Md.

In our studies with fluorinated ethers the
anesthetic, fluroxene(1) (CF;-CH,-O-CH:
CH,) and the convulsive flurothyl (CF;-
CH,-O-CHy*CF3) (2) were developed and
later used clinically. Recently we obtained
the isomer of flurothyl, hexafluoroisopropyl

methyl ether (ISO) ‘g?) CH-O-CH; and
3

observed it to possess anethetic activity
comparable to ether in several species of ani-
mals.

We considered the two compounds ideally
suited for detection of a physicochemical clue
that might shed light on their respective ac-
tivities. Pharmacologically, the responses
evoked by these isomers are at the opposite
ends of the spectrum of normal central sys-
tem activity, namely, anesthesia and convul-
sions.

Materials and methods. The flurothyl was
supplied by the Ohio Chemical and Surgical
Equipment Co., Madison, Wisc. The isomer
was supplied by Dr. Louise Speers, Air Re-
duction Co., Murray Hill, N. J. ISO is a
clear, colorless liquid with an ethereal odor;
B.P. 50° and Sp.G. 1.36.

The antagonism of the two isomers was
studied in mice by the inhalation method of
Cascorbi and Rudo(3).

The physicochemical methods were the well
known standard procedures.

* Supported by a Grant from Life Sciences Divi-
sion, Army Research Office.

TABLE 1. Effect of ISO on Convulsive Properties
of Flurothyl in Mice.*

Time of on-

Vol % Vol % No. con- set of convul- No.
ISOt Flurothyl vulsions sions (sec) dead
0 .25 8 30 1

.63 25 1 300 0
1.25 .25 0 — 0
0 50 10 5 9

.63 .50 9 40 0
1.25 .50 2 45 0
2.50 .50 0 — 0

* 10 mice in each group exposed for 10 min.

t Anesthetic coneentration is 5.0 vol %.

Results. Table I shows that the addition
of ISO in subanesthetic doses protects mice
from flurothyl convulsions at 0.25 vol %
and enables them to survive the lethal dose
of 0.50 vol %. Further, it was observed
that mice exposed to a mixture of 1.25 vol
% ISO and 0.25 vol % flurothyl for 10
minutes did not exhibit any behavior charac-
teristics that could be differentiated from nor-
mal mice (balanced state). The antagonism
of the two isomers as shown in mice pre-
vailed in rabbits, rats, and monkeys also.

An examination of the physical measure-
ments in Table II reveals a difference in the
dipole moments of ISO and flurothyl which
are considered to have relevance in the po-
tency of anesthetics. These do not appear
to be capable of significant interpretation in
view of the following data taken from the
literature(4). For example, the dipole mo-
ments of other compounds are: CHCl; (anes-



