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Name in Full : LONG, Yu

Title : Regulatory role of GABAergic neurons in the lateral hypothalamic area and

zona incerta in glucose metabolism

Glucose and energy homeostasis are vital for the maintenance of biological
functions in animals. The lateral hypothalamic area (LHA) in the brain emerges as a key
component involved in the regulation of food intake and peripheral metabolism.
Previous investigations demonstrated that the lesion in the LHA resulted in reduced
body weight and food intake. In the LHA, approximately 55% LHA neurons are
GABAergic neurons encoding vesicular GABA transporter (Vgat), while approximately
45% LHA neurons are glutamatergic neurons encoding vesicular glutamate transporter
2 (Vglut2). Stimulation of LHA GABAergic neurons induced rapid binge-like eating,
whereas the ablation of the neurons attenuated food consumption. In contrast,
stimulation of LHA glutamatergic neurons suppressed food consumption.

The zona incerta (ZI), a brain region located in close proximity to the LHA, was
described as a “zone of uncertainty”. Recent investigations have shed light on certain
shared characteristics between the LHA and ZI, including involvement in attentional
processes, narcolepsy, and energy homeostasis. ZI neurons are predominantly
GABAergic (~85%). Stimulation of LHA and ZI (LHA/ZI) GABAergic neurons induced
rapid binge-like eating regardless of caloric content. These studies underscore the
potential significance of LHA/ZI GABAergic neurons, along with LHA glutamatergic
neurons, in the regulation of energy homeostasis. However, their involvement in glucose
metabolism remains elusive.

In the present study, I investigated the regulatory role of LHA/ZI GABAergic

neurons, as well as LHA glutamatergic neurons in glucose metabolism in mice. I used



the chemogenetic method called designer receptors exclusively activated by designer
drug (DREADD) to activate the neurons. Adeno-associated virus (AAV) expressing the
excitatory DREADD hM3Dq was administered into the LHA/ZI region of vesicular
GABA transporter (Vgat)-Cre or vesicular glutamate transporter 2 (Vglut2)-Cre knock-
in mice (referred to as VgatLHA/ZI-hM3Dq or Vglut2LHA-hM3Dq mice). DREADD
ligand clozapine-N-oxide (CNO) or saline was intraperitoneally injected in
VgatLHA/ZI-hM3Dq and Vglut2LHA-hM3Dq mice. Chemogenetic CNO administration
into VgatLHA/ZI-hM3Dq and Vglut2LHA-hM3Dq mice increased c-Fos expression in
LHA/ZI GABAergic neurons and LHA glutamatergic neurons, respectively. I performed
glucose tolerance test (GTT), insulin tolerance test (ITT) and pyruvate tolerance test
(PTT) in these mice.

Activation of LHA/ZI GABAergic neurons reduced the blood glucose elevation
during GTT, while activation of LHA glutamatergic neurons did not. Activation of
LHA/ZI GABAergic neurons did not change plasma insulin concentration before and
after glucose administration. Furthermore, activation of the neurons did not alter the
decrease of blood glucose concentration during ITT. These results suggest that
activation of LHA/ZI GABAergic neurons, but not LHA glutamatergic neurons,
increases glucose tolerance during GTT, independently of changes in plasma insulin
concentration and insulin action on peripheral tissues. I next performed pyruvate
tolerance test (PTT). Activation of LHA/ZI GABAergic neurons decreased pyruvate-
derived glucose production. These results suggest that activation of LHA/ZI GABAergic
neurons suppress glucose production from pyruvate.

The results of PTT suggest that glucose production in the liver could be affected
by activation of LHA/ZI GABAergic neurons. To test the possibility, I examined
whether activation of LHA/ZI GABAergic neurons changes glycogen and glucose 6-
phosphate (G6P) contents in the liver. Activation of LHA/ZI GABAergic neurons

decreased glycogen and G6P contents in the liver at 30 min after CNO administration,



while mRNA amount of glucose 6-phosphatase (G6Pase, g6pc) and
phosphoenolpyruvate carboxykinase (PEPCK, pckl), or the enzymatic activity of
fructose 1,6-bisphosphatase (F1,6BPase) did not change. These results suggest that
activation of LHA/ZI GABAergic neurons quickly suppresses glucose production in the
liver without change in the gene expressions. The decrease of glycogen content in the
liver is probably due to the enhancement of glycogen breakdown in the liver to maintain
the basal blood glucose concentration. Consistent with this, activation of LHA/ZI
GABAergic neurons temporally decreased basal blood glucose concentration at 30 min
after CNO administration.

Finally, I examined 2DG uptake in the liver and other peripheral tissues during
GTT. Activation of LHA/ZI GABAergic neurons tended to increase 2DG uptake in the
liver at 120 min after glucose administration. 2DG uptake in the liver at 30 and 120 min
or that of other peripheral tissues at 120 min did not change after glucose administration.
These results suggest that glucose uptake in the liver as well as other peripheral tissues
is not affected by activation of LHA/ZI GABAergic neurons.

In summary, I demonstrate that activation of LHA/ZI GABAergic neurons acutely
suppresses glucose production in the liver, thereby increasing glucose tolerance after
glucose administration. These findings highlight the significant role of LHA/ZI

GABAergic neurons in the homeostatic regulation of glucose metabolism.
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