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Temperature-dependence of stress-induced hepatic autophagy?

M. Salas?3, B. Tuchweber4, P. Kourounakis’ and H. Selye$

Institut de Médecine et de Chivurgie Expérimentales, Université de Montréal, Montréal (Québec, Canada H3C 3]7),

29 Novewmber 1976

Summu?/y. In_rat_s, res‘graint for 48 h elicits hepatic glycogen depletion, autophagy and other ultrastructural changes
(e.g. n‘ntochondrla@ enlargement and rough endoplasmic reticulum disorganization) associated with marked hypo-
thermia. By restoring the body temperature of these animals, all the hepatocytic alterations are abolished.

It is well-known that several stressor agents affect the
liver ultrastructure causing such alterations as a decrease
in the number of glycogen granules, an increase in the
population of lysosomes and autophagic vacuoles, a
moderate augmentation of lipid droplets, disorganization
of rough endoplasmic reticulum and mitochondrial
swelling7-12. However, these studies have neglected to
consider the role of stress-induced hypothermia in the
hepatic response. The effects of several acute stressors
on the liver were compared in recent experimentsl?,
which revealed that enhanced autophagic vacuole for-
mation and other major ultrastructural changes appear
to be directly proportionate to the degree of hypothermia
elicited by the stressing agents. In this communication,
we examine the relationship between liver autophagy and
hypothermia produced by restraint.

Material and methods. Female Charles River CD ® rats,
weighing 95-105 g, were divided into 6 groups, each
consisting of at least 5 animals. 3 of these groups were
housed at room temperature (24 4+ 2°C) while the other
3 were kept at 32 + 2°C (table). Groups 1 and 4 (absolute
controls) were maintained ad libitum on Purina laboratory
chow and tap water. Groups 2 and 5 (fasted controls)
received neither food nor water for 48 h. Groups 3 and 6
were deprived of food and water for 48 h and simultane-
ously immobilized by taping their limbs to a metal board.
Rectal temperature was monitored with a YS-1 Tele-
thermometer ® before autopsy, which was performed
between 9.00 and 10.00 h, 48 h after the experiment was
started. The organs were weighed fresh, and the stomachs
were dissected along the greater curvature, rinsed and
examined for ulcer formation. Blood was collected from
the common trunk, and plasma corticosterone levels were
measured by the technique of Guillemin et al., as modi-
fied by Mattingly!%. For histology, fresh liver tissue was
taken from the left lateral lobe and fixed inalcohol-formol.
Sections (4—8 um thick) were cut and stained by the
periodic acid Schiff (PAS) technique for evaluation of
glycogen content. For electron microscopy, immediately
after sacrifice, a small portion of tissue was excised from
the left lateral lobe of the liver and processed according
to a routine technique described elsewhere?s.

The statistical significance of the biochemical results and
of the incidence of gastric ulcers was evaluated by Stu-
dent’s t-test and the Fisher-Yates’ exact probability
test1® respectively. Body: organ weights and rectal
temperature were computed using the variance test.
Results. There were no significant differences in the body,
thymus and liver weights of stressed rats at normal and
at increased room temperatures; hence, these data are not
reported in the table. At 24°C, the body temperature of
fasted and of restrained animals was significantly de-
creased when compared to the corresponding non-
stressed controls. In contrast, rats kept at a temperature
of 32°C were virtually normothermic (table). Adrenal
hypertrophy was observed in all stressed animals; how-
ever, this change was more pronounced in restrained
rats at 32°C than at 24°C. The incidence of gastric ulcers

was increased only after restraint at 24°C, and these
lesions were completely inhibited at 32°C.

As expected, fasted and restrained rats exhibited higher
levels of corticosterone than absolute controls, with the
restrained group showing slightly lower values. Light
histology revealed that, at normal room temperature
(24°C), there was a significant diminution of liver glycogen
after fasting as well as restraint. However, at 32°C, the
magnitude of this decrease was less significant.

At normal ambient temperature, no ultrastructural
alterations were noted in nonstressed controls. Fasted
animals showed a slight increase in autophagic vacuole
formation with significant glycogen depletion. There were
striking changes in restrained rats, the most conspicuous
being a marked proliferation of these vacuoles (figure 1).
Glycogen was virtually absent from the hepatocytic cyto-
plasm. The mitochondria appeared to be enlarged and
were occasionally surrounded by rough endoplasmic
reticulum membranes. At an increased ambient tempera- .
ture, nonstressed animals displayed abundant glycogen
stores and occasional autophagic vacuoles. The fasted
controls showed a moderate decrease of glycogen and a
few autophagic vacuoles. Ratsrestrained at 32°C exhibited
a virtually normal ultrastructure (figure 2) in contrast to
those restrained at 24°C.
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Effects of maintaining normal body temperature on. adrenal weight, iricidence of ‘gastric ulcers and plasma corticosterone in stressed rats

Group Treatment Body temperature 4+ SEM (°C) Adrenal weight 4+ SEM Corticosterone - SEM Gastric ulcers
(mg/100 g b.wt) (.g/100 ml) (positive/total)
at 24 4- 2°C
1 None 37.0 4 0.1 14.5 + 0.3 15.00 £ 2.70 0/6P
2 Fasting 35.9 4 0.3** 24.6 A 0.5%** 73.91 4 3.26%** 0/5 NS
3 Restraint2 24.8 4 0.1%%* 19.3 + 0.6* 55.61 4 4.15%%* 8[gHak
[***]C [*:Ic [**Jc [***]c
at 32 4- 2°C
4 None 371 4+ 0.1 NS 14.6 4 0.4 NS~ 10.62 4 2.97 NS 0/5 NS
5 Fasting 36.2 4 0.1%* 22.0 4 2.4** 64.92 + 8.93%** 0/5 NS
6 Restraint? 36.4 + 0.2% 24,0 4 1,3%%* 44.37 |- 3.36%%* 0/8 NS
‘ [NS]e INS]e INSe [NS]e
(***)d (**)d (NS)d (***)d

aGroups 2, 3, 5 and 6 had no access to food or water for 48 h. PTotal number of animals per group is shown in the denominator. ¢Significance
with respect to group 2 or 5. 8Significance with respect to group 3. NS = p > 0.05; * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

Fig. 1. Hepatocytes of fasted, re-
strained rat with a body tempera-
ture of 25°C, The rough endoplas-
mic. (RER) is fragmented. Single
stacks of this organelle surround
the mitochondria (M?), which ap-
pear to be enlarged (M1, M2) and
sometimes exhibit an abnormally
pale matrix (M2). A marked in-
crease in autophagic vacuoles (AV,
arrows), containing organelles in
different stages of degradation,
can be observed. x10,500. Inset
shows, in detail, an autophagic
vacuole (AV) limited by possible
endoplasmic reticulum membranes
(double arrows); it contains a
mitochondrion. X 13,600.

Fig. 2. Hepatocytes of fasted, re-
strained rat with a body tempera-
ture of 36.5°C. The rough endo-
plasmic reticulum (RER) appears
in parallel arrays, and the mito-
chondria (M) are normal. Abun-
dant glycogen rosettes (Gl) can be
seen. X 13,600.
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Discussion. Temperature regulation is affected during
acute stressl”. However, the occurrence of hypo- or
hyperthermia depends upon various factors, especially the
animal species used. For instance, unlike man® 19, the
rat reacts to most acute stressors by lowering its body
temperature?®. Under our conditions, the hypothermia
induced by stress was a decisive element in the production
of hepatic ultrastructural changes, notably autophagy.
It is not known exactly through which mechanism the
stress-induced hypothermia triggers autophagic vacuole
formation and the other electron microscopic alterations
in the liver. Perhaps the lowered body temperature
during restraint elicits changes in carbohydrate metab-
olism (e.g. glycogen depletion, hypoglycemia) which
in turn, enhance hepatic autophagy. Indeed, it has been
proposed that acute glycogenolysis may be a stimulus for
autophagic vacuole formation 2%, .

The present investigation validates the observation that
stress-induced hypothermia plays an important role
in experimental gastric ulcers?2. However, the subcellular
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mechanism of protection is not yet understood. The
question arizes as to why the other typical stress mani-
festations (adrenal hypertrophy, liver and thymus
involution), which may be adaptive in nature, are not
prevented by regulating the body temperature. It is well-
known that numerous stress parameters (e.g. nervous
arousal) can add to the total ‘nonspecific’ effect of a
stressor!” and this could partially explain why inhibition
of hypothermia does not abolish the other signs of
systemic stress.
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Demonstration by the Fink-Heimer impregnating method of a ventral mesencephalic-locus

coeruleus projection in the rat

H. Simon and M. Le Moal

Laboratoive de Psychophysiologie, Institut de Biologie Animale, Université de Bordeaux I, avenue des Faculiés,

F-33405 Talence Cédex (France), 12 October 1976

Summary. With the help of the Fink-Heimer technique, we have demonstrated a ventral mesencephalic-locus coeruleus
projection in the rat after lesions located in the region of the dopaminergic A10 and serotonergic B8 cells. This finding
could help our understanding of the functional role of these structures.

While the locus coeruleus (LC) ascending efferences have
been evidenced in many species including man, by using
new anatomical techniques such as silver impregnating
methods? 2, fluorescence histochemistry® 4, axonal retro-
grade transport techniques®® and autoradiography”,
surprisingly, the descending pathways to this important
structure involved in sleep regulation®, learning pro-
cesses? and self-stimulation1® 11, have not yet been ana-
tomically demonstrated. In the present study we have
demonstrated the existence of a mesencephalic-L.C path-
way. 2 factors led us to carry out this research. First, in
1970, using an electron microscope, "Mizuno and Naka-
mura?? noted, after a unilateral electrolytic lesion at the
supramammillary, area level, some electron dense degen-
erated synaptic profiles in the LC area. However, these
degenerated synapses were rather small in number and
they were absent when the lesions were more anterior in
the hypothalamus. Unfortunately no degenerations were
revealed by using silver impregnating methods; thus it
was possible that the lesion did not reach massively the
neurons projecting to the LC, and it was interesting to
test the hypothesis of a ventral mesencephalic-coeruleus
pathway whose origins could be located in a more poste-
rior structure. Secondly, self-stimulation of the ventral
mesencephalic tegmentum (VMT), lying just posteriorly
to the mammillary bodies, provoked a) an important
enhancement of the noradrenaline (NA) turnover at the
level of the terminals of the dorsal noradrenergic bundle
originating from the LC!3, and b) an alteration of the NA
content of the locus coeruleus®. These results could not
be explained by a direct stimulation of this NA bundle
which runs far from the tip of the electrode® 4. A possible
alternative was given by a transsynaptic activation of

these NA neurons by a ventral pathway reaching the I.C.
Material and methods. We examined, by the Fink-Heimer I
technique®, the degenerations produced after lesions in
the VMT and in the median raphe nucleus (MRN) where
high self-stimulation rates were obtained . Male 90-day-
old Sprague-Dawley rats were used. A bipolar iridium-
platinum 240 um wide electrode was chronically im
planted in the VMT, or in the MRN under pentothal
anesthesia. 9 VMT rats and 3 MRN rats which showed
a stabilized self-stimulation behaviour and lever-press
rates higher than 4000 per h were selected. Then they
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