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The neural pathway from glutamatergic neurons in the lateral
hypothalamus to the rostromedial tegmental nucleus mediates
defensive behaviors in mice

CHANG Liu-yan, ZHANG Yang, YANG Su-rong’

(School of Basic Medical Sciences, Fudan University, Shanghai 200032, China)

Abstract: This article primarily investigates the role of the neural circuit from lateral hypothalamic (LH)
glutamatergic neurons to the rostromedial tegmental nucleus (RMTg) in defensive behaviors in mice. Adult male
vesicular glutamate transporter 2 (Vglut2)-Cre mice (8 - 10 weeks old) were randomly divided into a mCherry
control group and a channelrhodopsin-2 (ChR2) experimental group, who received injections of AAV2/9-
EFla-DIO-mCherry and AAV2/9-EF1a-DIO-ChR2-mCherry virus into the LH, respectively. Optical fibers were
implanted in the RMTg of both groups. After three weeks of recovery from surgery and sufficient viral expression,
behavioral experiments were conducted, including the open field test, real-time place preference (RTPP) test, and
hiding box test. After the experiment, ascertain the extent of viral infection and optical fiber positions in the mice.
Immunohistochemistry was carried out to detect c-Fos expression in the RMTg to validate the activation of the
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pathway from LH glutamatergic neurons to the RMTg upon 473 nm blue laser stimulation. The results showed that

c-Fos expression in the RMTg was elevated in ChR2-expressing mice following blue laser illumination, confirming

successful pathway activation. During a 473 nm blue laser stimulation, compared to the mCherry group, mice in

the ChR2 group exhibited a notable increase in velocity in the open field test, indicating an escape behavior. In the

RTPP test, the time spent on the preferred side reduced, indicating avoidance behavior. Additionally, the latency to

enter the hiding box significantly shortened, reflecting hiding behavior in the hiding box test. This research

indicates that the activation of the projections from LH glutamatergic neurons to the RMTg promotes defensive

behaviors in mice. All experimental procedures were approved by the Committee on the Ethics of Animal
Experiments of the School of Basic Medical Sciences, Fudan University (identification number: 20250427-001).
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Figure 1 Schematic showing virus expression and optical fiber positions as well as images of c-Fos expression in the RMTg. A:
Expression profiles of ChR2 in LH glutamatergic neurons (up) and the ends of optical fibers in the RMTg (down). n = 8, indicated with
different colors; B: Representative images of c-Fos expression in the RMTg from brain slices of mice receiving sham laser (up) and 473 nm
laser (down) stimulation. ChR2: Channelrhodopsin-2; LH: Lateral hypothalamus; RMTg: Rostromedial tegmental nucleus; xscp:

Decussation of the superior cerebellar peduncle; DAPI: 4',6-Diamidino-2-phenylindole
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Figure 2 Optogenetic activation of glutamatergic LH-RMTg pathway induces fleeing behavior. A: Schematic showing the open field test;

B: Typical tracks of mCherry mice (left) and ChR2 mice (right) in the open field during a 473 nm laser on; C: The effect of optogenetic

stimulation on the velocity, total distance, center area entries, and time in the center in mCherry mice (n = 6, one-way ANOVA followed by

Tukey's multiple comparisons test); D: The effect of optogenetic stimulation on the velocity, total distance, center area entries, and time in

the center in ChR2 mice (n = 8, one-way ANOVA followed by Tukey's multiple comparisons test). "P < 0.05, P < 0.01,

Not significant
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Real-time place preference test
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Figure 3 Optogenetic activation of glutamatergic LH-RMTg pathway evokes avoidance behavior. A: Experimental schematic of RTPP
test; B: Representative tracks of mCherry mice (left). Total time spent in stimulation and safe chambers before and during light stimulation
(right) (n = 6, paired ¢ test, data are represented as mean); C: Representative tracks of ChR2 mice (left). Total time spent in stimulation and
safe chambers before and during light stimulation (right) (n = 8, paired ¢ test, data are represented as mean); D: The latency of entering safe
chamber for the first time (n = 6 for mCherry mice and n = 8 for ChR2 mice, unpaired ¢ test, data are represented as mean + SEM). "P <

0.05;

wkk

P <0.000 1. RTPP: Real-time place preference test
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Figure 4 Optogenetic activation of glutamatergic LH-RMTg pathway promotes hiding. A: Schematic of hiding box test; B: Kaplan-Meier
curves of % back to hiding box when optogenetically activated glutamatergic LH-RMTg pathway (n = 6 for control group mice expressing
P <0.000 1 vs ChR2-Sham, Bonferroni's multiple

kA

mCherry, n = 8 for experimental group mice expressing ChR2. "P < 0.05, P < 0.001,
comparison analysis; C: Time spent in the hiding box following laser stimulation (n = 3 for mCherry 20 Hz mice and » = 8 for ChR2 20 Hz

mice, mean + SEM, unpaired ¢ test). P < 0.05
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37 S S B O I S50 A E B sE 3R Ya R,
T LHO 45558 22 PVIN [ i 58 R A #0 m A2 20 /0 BRU B 1 47
4, B LHY-PVN 3 26 /v 5 2 Fif 58 F B 384T
M. BT LA, LH AT s i A F i S A RS R T
RAEWIAS R R R B 447 A, TE B AT A A v 1 42
R IEEEER .
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Jhou U i Glu 52 4R B3 751 305 RMTg 5 8% R 47
B, T RMTg 1 585451 5 80nT R PR 51 ke 1) [l 47 A
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AT REAN G P 175 45 HiX " LHb tH 41 2¢, RMTg 452 LHb
(R EER N, JYEIR A 0T LHb-RM T ¥ % 51 62 /) BRI 2%
A DR, % [R1BEAT R TE S8 A5 U 128 7 RATIAR
F77EP. RMTg 78 [A] AT Jy o 1 /B A0 22 5 X
VTA 35 JJF 56, VTA /& RMTg [ %5 5 35 T 72,
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IR A
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