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Table 1 The development of the definition of “runner’s high”
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Table 2 Partial research on the changes in circulation levels of endogenous cannabinoid through exercise
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CB2R: IR ZEZK (cannabinoid receptor 2) . & H H
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JCAL % GABA B 4 Z B M 450 (medium
spiny neurons, MSNs) /0¥ 43I0 o AH B 5E H (7]
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W e
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4.2.2 PFC-NAc# 5t

PFC-NAc il % H NAc #% 52 PFC [ Glu RE 2% 47
PER (3, 4). B2 SR 2 T PFC
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Glu A& 1% 28 34 58 2 B E 25 W) &2 W iy oG A 7Y
Zlebnik 55 ) XTHEYE R BT 21 d B IR BAE Iz 35
HH AR, A XK B PFC Fil NAc il X 17
c-Fos Juft,, K INIz5hZH PFC FINAc il [X. c-Fos 4 (7,
LT X EAL, Uiz 3 ml LAVEH F PFC #1 NAc ™~
AABOIN, TR S TR R e, X
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SRE 2 e) - HEVHRL E BT
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PFC

HEF 2T

o
T
N

Fig.3 MLDS and PFC-NAc projection

B3 shiEinsgs BERZIMPFC-NACK ST
NAC/ETHE “HBE " MCEEINX, [FIHHEZ VTA DARERIGABARER T L M PFCA AR BEI ST, FEXTVTAMEGABAREFIIARRAERESY
PFC: Hi%irt fZ i (prefrontal cortex); NAc: fRF@#% (nucleus accumbens); VTA: il #¢551X (ventral tegmental area) ; DA: Z [
(dopamine) ; Glu: A% R (glutamate); GABA: y-ZZ: T2 (y-aminobutyric acid) ; DIR-MSN: ik Z U2 IR 110 vh 48 Z il s 2200

(medium spiny neuron expressing D1 dopamine receptor); CINs: JHERAEHH##£570 (cholinergic interneurons) .
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ARGUAR . JH o JUR 20 M T AT b4 52 86 TN B
WIRMEE, BN E R E s, AR arbs
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Fig. 4 The neural circuits that mediate “runner’s high”
E4 NS “BPESH” NHEIRE
PFC. NAc, VTA., RN, CO&NIXIHZ G “MbE ™, 74 “MLE T MR AT HAHCo>VTA (HAMRAE) . RN—
VTA (HF&ARRE) . vHP>NAc (AERAE) . VTA-NAc (ZfERE) . PFC-NAc (&), PFC: FI&iN K it (prefrontal cortex) ;
NAc: fRF@# (nucleus accumbens); VTA: A M4k 55 X (ventral tegmental area); RN: £[4% (red nucleus); Cb: /DM (cerebellum) ;
vHP: &M (ventral hippocampus); GABA: y&JLT R (y-aminobutyric acid). Kl F HFigdraw# il .
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Abstract “Runner’s high” refers to a momentary sense of pleasure that suddenly appears during running or
other exercise activities, characterized by anti-anxiety, pain relief, and other symptoms. The neurobiological
mechanism of “runner’s high” is unclear. This review summarizes human and animal models for studying
“runner’s high”, analyzes the neurotransmitters and neural circuits involved in runner’s high, and elucidates the
evidence and shortcomings of researches related to “runner’s high”. This review also provides prospects for
future research. Research has found that exercise lasting more than 30 min and with an intensity exceeding 70%
of the maximum heart rate can reach a “runner’s high”. Human experiments on “runner’s high” mostly use
treadmill exercise intervention, and evaluate it through questionnaire surveys, measurement of plasma AEA,
miRNA and other indicators. Animal experiments often use voluntary wheel running intervention, and evaluate it
through behavioral experiments such as conditional place preference, light dark box experiments (anxiety), hot
plate experiments (pain sensitivity), and measurement of plasma AEA and other indicators. Dopamine,

endogenous opioid peptides, endogenous cannabinoids, brain-derived neurotrophic factor, and other substances
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increase after exercise, which may be related to the “runner’s high”. However, attention should be paid to the
functional differences of these substances in the central and peripheral regions, as well as in different brain
regions. Moreover, current studies have not identified the targets of the neurotransmitters or neural factors
mentioned above, and further in-depth researches are needed. The mesolimbic dopamine system, prefrontal cortex-
nucleus accumbens projection, ventral hippocampus-nucleus accumbens projection, red nucleus-ventral tegmental
area projection, cerebellar-ventral tegmental area projection, and brain-gut axis may be involved in the regulation
of runner’s high, but there is a lack of direct evidence to prove their involvement. There are still many issues that
need to be addressed in the research on the neurobiological mechanisms of “runner’s high”. (1) Most studies on
“runner’s high” involve one-time exercise, and the characteristics of changes in “runner’s high” during long-
term exercise still need to be explored. (2) The using of scales to evaluate subjects lead to the lacking of objective
indicators. However, some potential biomarkers (such as endocannabinoids) have inconsistent characteristics of
changes after one-time and long-term exercise. (3) The neurotransmitters involved in the formation of the
“runner’s high” all increase in the peripheral and/or central nervous system after exercise. Attention should be
paid to whether peripheral substances can enter the blood-brain barrier and the binding effects of
neurotransmitters to different receptors are completely different in different brain regions. (4) Most of the current
evidence show that some brain regions are activated after exercise. Is there a functional circuit mediating
“runner’s high” between these brain regions? (5) Although training at a specific exercise intensity can lead to
“runner’s high”, most runners have not experienced “runner’s high”. Can more scientific training methods or
technological means be used to make it easier for people to experience the “runner’s high” and thus be more
willing to engage in exercise? (6) The “runner’s high” and “addiction” behaviors are extremely similar, and there
are evidences that exercise can reverse addictive behaviors. However, why is there still a considerable number of
people in the sports population and even athletes who smoke or use addictive drugs instead of pursuing the
“pleasure” brought by exercise? Solving the problems above is of great significance for enhancing the desire of
exercise, improving the clinical application of neurological and psychiatric diseases through exercise, and

enhancing the overall physical fitness of the population.
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