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Summary. Nine sand rats maintained on a high fat diet
gained weight, developed endogenous hyperinsulinaemia
and resistance to exogenous insulin without further de-
terioration in glucose tolerance. A. four hour post glucose
hyperinsulinaemia, noted in some animals on both diets,
may represent a chronic stress to the islets in these inter-
mittent feeders. Five animals survived post lesion. Re-
sults were consistent with previous findings that lesions
in the posterior median eminence portion of the periven-
tricular arcuate system were associated with an improved
glucose tolerance, and also in the present study, an in-
creased sensitivity to exogenous insulin. A possible ex-
planation for the mechanism of these effects on carbo-
hydrate metabolism is suggested.

Effets des léstons hypothalamiques chez le rat des sables
maintenu & un régime riche en graisses

Résumé. Neuf rats des sables soumis & un régime trés
riche en graisses ont pris du poids, montré une hyper-
insulinémie endogéne et une résistance 41’ insuline exogéne
sans autre modification de la tolérance au glucose —
Quelques animaux soumis aux deux régimes ont montré
une hyperinsulinémie quatre heures aprés ’absorption de
glucose, dont la signification pourrait étre un stress des
ilots dfi & l'intermittence des prises alimentaires — Cingq
animaux ont survécu aprés lésion — Les résultats con-
firment les précédents: les Iésions de la partie postérieure
de I’éminence médiane du périventricularis sont lides &
une amélioration de la tolérance au glucose, ainsi, comame

Introduction

Previous studies have suggested an ameliorative ef-
fect of lesions in that part of the periventricular ar-
cuate system situated in the median eminence on the
diabetic glucose tolerance of the sand rat [12, 11, 10].
In this study, 9 animals were stressed with a high-fat
diet and several parameters related to carbohydrate
metabolism were evaluated pre and post lesion, with
histologic correlation in the 5 surviving animals.

Materials and Methods

Details on care of animals and oral glucose toler-
ance procedures are described in a previous paper [10].
Each glucose tolerance test pooled results from 2 se-
parate days (0, 30, 120", on one day and 15’, 60, and
240’ on another day) with the exception of the baseline
glucose tolerance, which was done on 4 separate days.
Serum was collected for endogenous insulin deter-
mination at the time each blood sample was drawn
for glucose analysis, except on the final glucose toler-

le montre cette étude, qu’ & une augmentation de la sen-
sibilité & 1’ insuline exogéne. Une hypothése sur les mé-
canismes de ces effets sur le métablisme des carbohydrates
est proposée.

Die Auswirkung hypothalamischer Lasionen bei Sand-
ratten unter einer fettreichen Dids

Zusammenfassung. Neun Sandratten nahmen unter
einer sehr fettreichen Didt an Gewicht zu, entwickelten
eine endogene Hyperinsulindmie und eine Resistenz ge-
geniiber exogen zugefithrtem Insulin, ohne daB es zu
einer weiteren Verschlechterung der Glucosetoleranz kam.
Die Hyperinsulindmie, wie sie 4 Std nach Glucosegaben
bei einem Teil der Tiere unter beiden Didten festgestellt
wurde, kénnte Ausdruck einer chronischen Belastung der
Inseln bei diesen Tieren mit verteilter Nahrungsaufnahme
sein. Fiinf Tiere tiberlebten das Setzen der Lisionen. Die
Ergebnisse stimmten mit frither erhobenen Befunden
iiberein, daf3 Lisionen im Bereich der eminentia mediana
posterior des periventrikuldren Systems die Glucosetole-
ranz verbessern, wobei sie in der vorliegenden Untersu-
chung die Empfindlichkeit gegeniiber exogen zugefiithrtem
Insulin verstérkten. Fiir den Mechanismus dieser Effekte
auf den KH'Stoffwechsel wird eine Erklarungsméglich-
keit vorgeschlagen.

Key-words: Sand rat, hypothalamic lesion, high fat
diet, glucose tolerance.

ance of the lesioned animals, when insulin was not
measured. Insulin tolerance tests (ITT) were per-
formed using 0.25 U of purified pork insulin per kg
body weight (0.0059, glucagon) except for the “‘base-
line” test in one animal (SR 164 C), where 0.125 Ufkg
were injected because of fasting hypoglycaemia. ‘Base-
line” studies were performed on the vegetable-fed ani-
mals, repeated on the high-fat diet and post lesion.

On 2/6/68 all animals were weaned to chow by a
supplementation of Purina lab chow ad libitum with
their regular vegetable diet. One month later, the chow
was replaced with high-fat Old Guilford Breeder Pellets
ad libitum, and this regimen was maintained through-
out the remaining experimental period!. Animals were
weighed periodically at about 9 AM in the fed state.

1 Composition of the Old Guilford Breeder Pellets
(Guilford, Conn.):

Protein 199, Gross Energy 4.4 keal/g

Fat 119 Utilizable energy 3.86 keal/g
Fibre 2.7%,

NFE 529,
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Average daily caloric intake (ADCI) was calculated
using a water-loss correction for the vegetables (409,
carrots, 509, spinach).

4 weeks after the initiation of high-fat feeding the
animals were lesioned using a Stoelting DC lesionmaker
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ed in 109, formalin, and histological material pre-
pared by frozen section (50 p thick) and subsequent
staining with cresyl violet. Lesions were localized by
metal deposition and histological examination. His-
tology was read blind (J.H.). Plasma insulin levels

Table 1. Blood glucose values during glucose tolerance tests of sand rats maintained on two diets. Blood glucose values are

expressed in myg Y% and time in minutes. Figures in parentheses are standard deviations. The figures shown had to be pooled

Sfrom 2 QT'T carried out on two separate days (samples 0, 30, 120 taken on one day, 15, 60, 240 on the other). Individual
data are shown for 4 animals but 9 were fully tested in each group

GTT (Vegetable diet)
15’

S.R.# Sex Weight Age 0’ 307 60" 1207 2407
(grams) (mos.)

28 M 187 22 70 1s5 216 144 107 54

70 F 193 26 63 122 165 182 135 57

174 B M 132 11 59 119 178 229 147 48

219 F 107 11 62 99 67 157 24 58

Mean

9 animals 168(34) 62(4) 120(22) 155(42) 159(50) 120(50) 58(8)

GTT (High fat diet)

S.R.# Weight Agea 0 15’ 307 60’ 1207 2407
(grams)

28 202 71 150 144 148 89 63

70 226 57 113 142 100 80 53

174 B 199 61 96 144 162 144 68

219 174 65 127 161 110 81 60

Mean

9 animals 204(25) 64(5) 125(17) 156(43) 137(33) 105(39) 66(9)

2 1 month later.

Table 2. Plasma insulin of 9 sand rats during GTT"s car-
ried out while on a vegetable diet. Insulin values are ex-
pressed in relative units (wU[ml) and time in minutes.
Figures in parentheses are standard deviations. Insulin

Table 3. As Table 2, but GTT’s carried out on animals on
high-fat diet

Endogenous Insulin (High fat diet)

determinations were performed on the samples for which  S.R.# o 15 30’ 607 120 2407
glucose values are reported (Table 1, and Fqig. 4, 6, 8 and
10). As for Table 1, the figures had to be pooled from results 28 6 120 230 78 136 6
on two separate days 70 6 132 110 80 60 8
174 B 8 10 98 72 216 18
Endogenous Insulin (Vegetable diet) 219 82 >300 >300 >300 >300 40
S.R.# 0’ 15 30’ 60’ 120’ 2407 164 C 62 >300 >300 >300 62 98
85 10 150 > 300 28 300 16
28 4 10 136 >300 122 4 91 58 >300 300 240 >300 >300
70 4 11 24 30 110 10 100 8 132 18 118 300 88
174 B 1 2 6 2 6 2 179 8 78 48 54 98 36
219 3 2 1 3 1 1
164 C 3 22 52 72 6 4 Mean: 28(31) > 170
85 10 20 122 78 96 32
91 10 52 >300 >300 >300 64
100 4 13 82 2 180 128 were measured by a sensitive radioimmunoassay [62]
179 6 60 78 88 88 44 . A X . .
using a rat insulin standard, a pork insulin tracer and
Mean: 5.0 (2.9) 32(42) guinea pig antisera to pork insulin. Owing to the nature

and a standard stereotaxic apparatus. A stainless steel
electrode was used for placing the lesions. The stereo-
taxic coérdinates were F = Bregma — 1.6, Vertical =
Skull — 8.7 placed in the midline. A current of 1 milli-
ampere was passed for 15 sec. Animals were anaest-
hetized with Avertin (25 mg/100 g rat LP.).

At termination of the experiments, the animals
were killed by rapid decapitation. Brains were fix-

of the assay system, values are expressed in relative
units, rather than in units of sand rat insulin.

Results

Prelesion. While on the regular chow supplemented
diet 7 of 9 animals gained weight, the average gain
being 17 g (S.D. 20) on an average daily calory intake
(ADCI) of 27 (S.D. 5) calories. On the high-fat diet,
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all 9 animals gained additional weight, an average of
23 (S.D. 8) g per animal on an ADCI of 31 (S.D. 4)
calories, until the time of lesioning. Insulin tolerance
tests (Fig. 1) showed significant difference in the de-
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Fig. 1. Insulin tolerance tests for all 9 animals and on two
diets. The data on the 5 surviving lesioned animals are

also shown in Figs. 3, 5, 7, 9 and 11. vege-
table diet; — — — — high fat diet
a P<0.02.

cline of blood sugar from fasting levels to 90 min be-
tween the vegetable and fat fed groups in that fasting
levels of the former were higher and those at 90 min
lower than those of the fat-fed animals

While, in spite of an average gain in weight of 36 g
per animal, glucose tolerance was not influenced by
the high fat diet (Table 1), plasma insulin concentra-
tions, both in the basal state and after glucose ad-
ministration, were considerably higher after fat feeding
{Tables 2 and 3). In addition, insulin secretion in
response to hyperglycaemia appeared to be biphasic
(diminution of insulin levels at 1 h (Table 3).

A sluggish early response of the islets to glucose
is seen in all of the vegetable fed sand rats. In addi-
tion, in spite of comparable blood sugars, plasma in-
sulin concentrations 4 h after glucose varied consider-
ably in that they stayed elevated in some animals and
had returned to basal levels in others.

Post lesion. Five of the nine animals survived for
study. The ADCI was diminished in 4 of these animals
from a prelesion average of 32 (8.D. 0.86) to 25 (S.D.
3.6) post lesion. In spite of this, 3 of them recovered their
prelesion weights while SR 85 continued to lose weight.
SR 179 gained weighed on the same ADCT of 29. Post
mortem examination showed remarkable fat accumu-
lation throughout the abdomen and subcutaneous tis-
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sues in all animals, including SR 85, which lost more
than 25%, of its body weight post lesion.

Two sand rats, 85 and 164 C, had lesions clearly
posterior to the arcuate nucleus in the mammillary

300
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Fig. 2. GTT of rat 85. The figures in parentheses are
weights.

A—————A Vegetable diet

O——————0 21, weeks on high fat diet — prelesion
——————1[1 High fat diet, 4 weeks post lesion

| M High fat diet, 7 weeks post lesion
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Fig. 3. ITT of rat 85. The figures in parentheses are
weights.
A—— A\ Vegetable diet
O———0O 21, weeks on high fat diet — prelesion
O——————/1 High fat diet, 5 weeks post lesion

l———W High fat diet, 7 weeks post lesion

bodies. Neither showed an improvement in insulin
tolerance and the glucose tolerances deteriorated post
lesion, (Figs. 2—5). SR 91 also had a posterior lesion
mostly in the mammillary area but extending into the
tail end of the arcuate nucleus. This animal behaved
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like animals 85 and 164 C with no response in glucose Discussion
and little in insulin tolerance (Figs. 6, 7). SR 100 had
a lesion extending from the premammillary area into Prelesion. In the sand rat, a high fat diet appeared

the mid-portion of the arcuate nucleus, that is some- to induce weight gain, resistance to exogenous insulin,
what anterior to the lesion in animal 91. This rat and hyperinsulinaemia without a further deterioration
remained normoglycaemic and demonstrated an in- in the glucose tolerance during the period of this study.
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Fig. 4. GTT of rat 164 C. Data shown as in Fig. 2 Fig. 6. GTT of rat 91. Data shown as in Fig. 2
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Fig. 5. ITT of rat 164 C. Data shown as in Fig. 3 Lok
30~
creased. sensitivity to exogenous insulin (Figs. 8, 9). L } 1 :
SR 179 with a lesion in the mid-portion of the arcuate 5 30 60 30 120
nucleus extending into the ventromedial nucleus uni- Time {min)
laterally had an improvement in glucose and insulin
tolerance despite continued weight gain (Figs. 10, 11). Fig. 7. ITT of rat 91. Data shown as in Fig. 3

No distinctive pattern of endogenous insulin re-
sponse was seen post lesion, although all four hyper-
insulinaemic animals had lower values. With the ex- Although insensitivity to exogenous insulin has also
ception of animal 85 which had lost considerable weight, been reported in studies on the white rat maintained
the sand rats demonstrated a persistent post lesion . on either a 129, or 409, fat diet, hyperglycaemia, lower
hyperinsulinaemia 4 h after oral glucose. plasma insulin levels and a diminished secretory re-
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sponse of the beta cells to glucose have been noted in
these animals [44, 6]. In a similar study in the Welles-
ley hybrid mouse, however, hyperglycaemia and hyper-
insulinaemia have been reported [31]. The reasons for
these discrepancies are unknown but may be related
to differences in the composition of the diets used.
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Fig. 8. GTT of rat 160. Data shown as in Fig. 2
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Fig. 9. ITT of rat 100. Data shown as in Fig. 3

Fasting and 4 h blood sugar levels were comparable
on both diets, but relative hyperinsulinaemia was not-
ed 4 h after glucose administration in some animals on
either diet. The chow induced diabetic syndrome in
the sand rat is characterized by hyperinsulinaemia at
first, and then low plasma and pancreatic insulin con-
tent in its advanced stages [34, 45]. The conditions
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that lead to a 4h post-glucose hyperinsulinaemia in
these intermittent feeders may represent a chronic
metabolic stress to the islets.

Judging from our data on the glucose tolerance and
endogenous plasma insulin response in the sand rat,
and the lack of correlation between these parameters

GTT
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Fig. 10. GTT of rat 179. Data shown as in Fig. 2
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Fig. 11. ITT of rat 179. Data shown as in Fig. 3

(Tables 1—4), the plasma insulin concentration does
not appear to be the sole or possibly even the principal
determinant of normoglycaemia in this species.

Also of interest is the sluggish early response of the
islets to a glucose stimulus seen in all of the vegetable-
fed sand rats, a finding first reported in human dia-
betics in 1960 [62]. It is known that sympathetic type
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neurotransmitters are associated with the aldehyde
fuchsin granules of the islets in some species [23], and
that an adrenergic stimulation can impair glucose-me-
diated insulin release [18, 48, 25]. In addition, a So-

Table 4. As Tables 2 and 3, but carried out on lesioned
animals

Post lesion endogenous insulin (High fat diet)

S.R.# 0’ 15 60’ 120 240/
164 C 10 180 >300 40 52 180
85 8 140 58 6 128 14
o1 24 >300 150 80 30 174
100 4 180 10 10 12 80
179 8 120 160 30 16 64
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mogyi effect associated with a diminished early insulin
response has recently been reported in normal humans
4—6h after a glucose load [63], and appears to depend
on an intact anterior pituitary and to be related in
time to the secretion of growth hormone in response
to a fall in blood sugar. Whether or not mechanisms
of this type play a significant role in the responsiveness
of the sand rat islets to glucose is unknown at present.

That the islets of the sand rat can respond to a
metabolic stress, however, is evidenced by the elevated
insulin concentrations and their rapid rise after glucose
administration in fat-fed animals, in which an increased
intake of carbohydrate, fat and protein leads to the
development of obesity.

Post lesion. Amelioration of pancreatic diabetes
after hypothalamic injury in cats was noted in 1935
[19], but not in partially depancreatized rats in a sub-
sequent study [9]. From the present and past studies
on the sand rat [12, 11, 10], it would appear that le-
gions in the posterior median eminence extending into
the arcuate nucleus in the region of the ventromedial
nuclei (Figs. 12, 13) improve the glucose tolerance
independent of weight loss.

An improvement in insulin sensitivity has been
reported after hypothalamic lesioning in several spe-
cies [59, 40, 14, 41, 39], but not confirmed in cats [8].
Also of note in the present study is the increased sen-
sitivity to exogenous insulin seen in the two sand rats
with lesions in the arcuate system. That this increased
sensitivity occurred in the presence of marked obesity
suggests that insulin resistance in this species results
not only from adiposity, but that an additional in-
fluence emanating from the hypothalamus is equally
important.

The four hyperinsulinaemic animals had diminished
endogenous insulin levels post lesion. Whether this
was due to compensation after the prolonged stress
of the high fat diet or to central neurogenic effects
produced by the lesion is still unknown; the same holds
true for the mechanisms responsible for the mainten-
ance or increase of weight observed in 4 of the animals
despite reduced or isocaloric intakes, as physical
activity, water balance, heat production, body com-
position and intestinal absorption of foodstuffs were
not measured. Studies in other species suggest that
diminished thermogenesis is an important factor in
the altered energy metabolism of the lesioned animal
[13, 7, 35].

How these median eminence lesjons influence caz-
bohydrate metabolism also remains to be explained.
A role for the central nervous system in the control
of carbohydrate metabolism was first suggested by
Claude Bernard in 1858, and autonomic control mech-
anisms apparently have an influence on hepatic [26,
57, 56, 55, adipose tissue [60, 37, 53, 33], adrenal me-
dullary {22, 32] pituitary [5, 29] and islet cell [23, 18,
48, 25, 30, 28, 24, 64] function, although the influence
of the vagus on immunoreactive insulin release in dogs
[28] was not confirmed [47]. The median eminence
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may be involved in the elaboration of rat GHRF [42,
51], and this general area also appears to be involved
in the secretion of growth hormone occurring after in-
sulin hypoglycaemia in the monkey [1]. Several reports
have suggested a role for the ventromedial nucleus
(VMN) in the elaboration and/or secretion of growth
hormone [38, 36, 4, 27, 50]. The VMN, although bila-
teral, lies in close proximity to and extends alongside
the mid portion of the arcuate nucleus, which is con-
sidered by some to be the final common neuro-endo-
crine path [49]. In a recent study bilateral lesions of
the VMN were associated with a reversion toward nor-
mal of hyperglycaemic blood sugar values in another
diabetic species, the db mouse [16]. Although the cen-
tral neural connections of the sympathetic nervous
system have not been clearly defined, earlier studies
have suggested a component of this central pathway
in the ventral and median area of the hypothalamus
[43, 3], and arole for this area in gluconeogenesis and
glycogenolysis has been reported [26, 57]. Evidence for
insulin sensitivity of the satiety centre was first pre-
sented in 1964 [2]. Recent studies have confirmed this
observation and provided additional evidence that
the oligodendrocytes are the specific glucoreceptors
of the VMN and are responsive to insulin [21, 20].
It is possible that insulin resistance in these cells
may trigger diabetes in the whole animal by poten-
tiating central neural stimuli for glucose provision
during starvation, and preventing or inhibiting their
shut off during hyperglycaemia [58, 46, 29, 17, 61, 15,
54]. Lesions in the posterior median eminence may
influence carbohydrate metabolism by interrupting
these reflex pathways.

The results of this study, taken in conjunction with
our previous reports [12, 11, 10], suggest that posterior
median eminence lesions in the area of the arcuate sys-
tem have an ameliorative effect on the diabetic glu-
cose tolerance of the sand rat, and also improve insulin
sensitivity. Further studies are needed to clarify the
mechanism of this effect.
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