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Animal Models of Human Diseases
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[ABSTRACT] Drug addiction, also referred to as drug dependence or substance use disorder, is a chronic
and recurrent brain disease. Its main characteristics are compulsive drug-seeking behavior, continued use
of drugs, and a loss of control over intake. Prolonged use of addictive substances can result in both
physiological and psychological dependence. When usage is ceased, individuals may experience intense
discomfort, including anxiety, insomnia, nausea, vomiting, and a strong craving for the substances. Drug
dependence is classified into two types: physical dependence and psychological dependence. Physical
dependence describes a pathological state of adaptation that results from the repeated use of addictive
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substances, leading to severe withdrawal syndrome upon cessation. Psychological dependence involves a
mental craving for addictive substances, which is needed to experience the specific euphoria that follows
consumption. Regular or continuous use is required to sustain these euphoric effects. The mechanisms of
addiction are complex and influenced by genetic, environmental, and various other factors. They involve
higher-level neurological activities, such as memory, reward, and decision-making. Currently, effective
treatment methods for drug addiction are insufficient. Due to the complexity of drug addiction, laboratory
animal research is essential. Using animal behavioral models to simulate human drug addiction can
enhance our understanding of the mechanisms of addiction. This research offers a comprehensive
overview of various animal experimental models that explore both physical and psychological dependence.
It includes detailed descriptions of the methods and procedures used to assess physical dependence,
behavioral sensitization, conditioned place preference, drug discrimination, and self-administration
experiments. Additionally, the characteristics of each experimental model are compared, and the relevance
of these models is discussed, aiming to provide support for the research on addiction mechanisms and the
development of therapeutic methods.
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VTA 1) 2% B A TTHREE I, IX 28 X A 25 B R
e B, it — BT S 25 - B A IS A SRR
AN, RASEOREMERZTT R BIRRE .

A SR B BB R AN AR S R B R BLAS It
e HRIT N E R 2 e . XSRS T
N [F g X R e st A E e it A e O BRI MR o BT,
Fefili = 554 (thalamic paraventricular nucleus) B %
BN rh e (central nucleus of amygdala, CeA)
FINAc, PMRER Fr 22 PE S IZ M SRBUR4ER: 2
RBEZAZ L (NAc core) S HEMIME TS CA1 X (ventral
hippocampal CA1 region, vCAl) [EFRAER] R EH CPP
HORIEEREIER . I RAIE TR 2 CAI- RIS 08
B2, A REREBEAE vCAT 5 NAc L IZIRIE
MR AR, SRR S A MR i R
TN A BT T — 2R R ) CA1- (R
ORI IR, HR CAL Gatd AR H SR AHOCHY
21z, TRz O WA AT R R B AR R BDIC T2
CA1 EDZR 40 o 5 (R B A% A% 0 2R0K % BB 1 Y 2 1
(D1) BJEMZFRZA T AR E Bz RE , XSl f5
EERERT NG TR R R 2,

AN, 5-F % (5-hydroxytryptamine, S5—-HT)
xof Al R A ORI B AR, S-HTfE 5@
HIE &7 M- 52 5 (orbitofrontal cortex, OFC) — S AR &
(corpus striatum) BB {5 A R IR A ', FEX T
Firh R 1 — MR R EFE RN TR B E R, X
PRI R IEE T, B T 5 R FTE 23 AR =1
MEZ EREYh, 51K 5-HT RN, $H5L k.
5-HT X} 25 B 5 [ B 25 2R S O B % A 5 A FE Y
HIE1ER .

5 BESRE

2 RIS R R RIS, &
iR OE SRR, EARLEIRISY Y TR R
HRERE o B, AFOTE BA S IR R E
ASER IR, BN TR IR B B R BEEA TS
P T~ B — A o AR R X B S sl i AR O S R E
B EREVIFIE, Rl EZG ) e o AL 2 A R it 1 T A
HIGUE, AREATH. RZEHIERET A SRS

. ARk, SEER G AR B I R BT S AR
AR PR T2 SR 2 A A iE BV 5T, B
W REEN RS MR (RISRAZS) DU
R R BRI M 2GR, 1X 2 BRI WA R i
Ao OB AE . MERZEST T, RSB EAN, AR
R NBRfigt Ao B R A B AR B R AR WA
BESh, i FEE NARYE BAASEIR IS USRI 24, DA
B PHSG 29 ) B ot o 205 RLRY T TR
PRI AR BOR T iR T BRI R AR

LRk, MR AR R RAE LSNP
RN IEOI, EEERESHTR RN AT RE. X—K &
EFNEAR, AL, 737 =R AR E R AR
FZ 5 R AR E MK XA A SO PT RE o R R A
Sk Btaha, ol AR R IR LU 22
B AT 2 W e AR v K A5 AT B e B AR
b1 X BRSNS BE RSz —. Bl
SR BEORE TR B R EEE
4 (single photon emission computed tomography ). 1F H,
TRIWIEZH (positron emission tomography) FIZIfE
Mk IR A5 (functional magnetic resonance imaging)
S ¢ R st 92 e w21 (=i ot i N
S UK IR 2 AR R R I, A
FARRLIR X SRS (i S R AT ) o
WG M G EORI R R T R iR &, Al
HI RSB ST R AE BRI Ty T3 1R 29I R B AL
i gErh A O E AR o

[¥E& =ik Author Contribution]
FEERRAENR. EHER. SEDRE;

EXRG BEY FER LENRRATAR JEHERE;
NERAERUNHE . FREERES;
IHERRFENARE FFNRB R . BRSENR.

[#U25 7 B8 Declaration of Interest]
FrBEEYNEBEAXN A EEN TR,

[&Z& 3 ik References]

[ WISE R A, ROBBLE M A. Dopamine and addiction[J]. Annu
Rev Psychol, 2020, 71: 79-106. DOI: 10.1146/annurev-psych-
010418-103337.

[2]  American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, fifth edition, text revision (DSM-
5-TR™) [M]. Washington DC: American
Association Publishing.2022.

(3] EEFLE. WMERZM IR AFACERRZEZ LR, 20009.
HAN J S. Neuroscience[M]. 3rd ed. Beijing: Peking University

Psychiatric



Apr. 2025, 45(2)

I SELIRES Laboratory Animal and Comparative Medicine 165

[4]

5]

(6]

(7]

8]

19]

(1al

(m

[12]

[13]

14

[15]

(6]

(17]

Medical Press, 2009.

KIRK-PROVENCHER K T, HAKIMI R H, ANDEREAS K, et al.
Neural response to threat and reward among young adults at
risk for alcohol use disorder[J]. Addict Biol, 2024, 29(2):
€13378. DOI:10.1111/adb.13378.

NADAL-GRATACOS N, PAZOS M D, PUBILL D, et al.
Structure-activity relationship of synthetic cathinones: an
updated review[J]. ACS Pharmacol Transl Sci, 2024, 7(9): 2588-
2603. DOI:10.1021/acsptsci.4c00299.

WANG S C, CHEN Y C, LEE C H, et al. Opioid addiction,
genetic susceptibility, and medical treatments: a review[J].
Int J Mol Sci, 2019, 20(17):4294. DOI:10.3390/ijms20174294.
SUNTH, WANG CC, LIUTY, et al. Utility of polygenic scores
across diverse diseases in a hospital cohort for predictive
modeling[J]. Nat Commun, 2024, 15(1): 3168. DOI: 10.1038/
s41467-024-47472-5.

POHORALA V, ENKEL T, BARTSCH D, et al. Sign- and goal-
tracking score does not correlate with addiction-like
behavior following prolonged cocaine self-administration[J].
Psychopharmacology, 2021, 238(8): 2335-2346. DOI: 10.1007/
s00213-021-05858-z.

MURLANOVA K, JOUROUKHIN Y, NOVOTOTSKAYA-
VLASOVA K, et al. Loss of astrocytic p opioid receptors
exacerbates aversion associated with morphine withdrawal
in mice: role of mitochondrial respiration[J]. Cells, 2023, 12(10):
1412. DOI:10.3390/cells12101412.

ERRERERELESR FEERIFENEEEZRS. X1
YD SN SL3e 8 B E 5k GB/T 35823—2018(S]. b 3: Fr E iR /E&
iR #t, 2018.

General Administration of Quality Supervision, Inspection
and Quarantine of China, Standardization Administration of
China. Laboratory animals—General requirements for
animal: GB/T 35823-2018[S]. Beijing: Standards press of
China, 2018.

DOWNS A M, MCELLIGOTT Z A. Noradrenergic circuits and
signaling in substance use disorders[J]. Neuropharmacology,
2022, 208:108997. DOI:10.1016/j.neuropharm.2022.108997.
MONROE S C, RADKE A K. Opioid withdrawal: role in
addiction and neural mechanisms[J]. Psychopharmacology,
2023, 240(7): 1417-1433. DOI:10.1007/s00213-023-06370-2.
ZHANG L, KIBALY C, WANG Y J, et al. Src-dependent
phosphorylation of . -opioid receptor at Tyr**® modulates
opiate withdrawal[J]. EMBO Mol Med, 2017, 9(11): 1521-1536.
DOI:10.15252/emmm.201607324.

SPRAGG S D S. Morphine addiction in chimpanzees[J]. Comp
Psychol Monogr, 1940, 15:1-132.

BALSTER R L, LUKAS S E. Review of self-administration[J].
Drug Alcohol Depend, 1985, 14(3-4):249-261. DOI:10.1016/0376-
8716(85)90060-2.

FATTORE L, FADDA P, ZANDA M T, et al. Analysis of opioid-
through  the
administration reinstatement model in rats[J]. Methods Mol
Biol, 2021, 2201:231-245. DOI:10.1007/978-1-0716-0884-5_21.
XIAO K B, GRENNELL E, NGOY A, et al. Cannabis self-

seeking  behavior intravenous  self-

(18]

(19

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

administration in the human laboratory: a scoping review of
ad libitum studies[J]. Psychopharmacology, 2023, 240(7):1393-
1415. DOI:10.1007/s00213-023-06360-4.

ELHADI K, DAIWILE A P, CADET J L.
methamphetamine use disorder and relapse in animals:

Modeling

short- and long-term epigenetic, transcriptional, and
biochemical consequences in the rat brain[J]. Neurosci
Biobehav Rev, 2023, 155: 105440. DOI: 10.1016/]. neubiorev.
2023.105440.

RIBE XER KEE F. EHUERELRNBEIHHTR
RELWRU. MREDESZHE, 2011, 11(S2):5140-5143. DOI: 10.
13241/j.cnki.pmb.2011.52.006.

HOU Y VY, LIU Z Q, ZHANG X X, et al. The introduction and
comparison of conditioned place preference and self-
administration[J]. Prog Mod Biomed, 2011, 11(S2): 5140-5143.
DOI: 10.13241/j.cnki.pmb.2011.52.006.

HUSTON J P, SILVA M A, TOPIC B, et al. What's conditioned
in conditioned place preference? [J]. Trends Pharmacol Sci,
2013, 34(3):162-166. DOI:10.1016/j.tips.2013.01.004.

AGOITIA A, CRUZ-SANCHEZ A, BALDERAS |, et al. The
anterior /nsula and its projection to amygdala nuclei

modulate the abstinence-exacerbated expression of
conditioned place preference[J]. Psychopharmacology, 2024,
241(3): 445-459. DOI:10.1007/s00213-023-06499-0.

SIMKEVICH M J, CAMPBELL R R, WHITE A O. Examining
cocaine conditioning place preference in mice[J]. Bio Protoc,
2020, 10(8): €3595. DOI:10.21769/BioProtoc.3595.

YE J, GAO S Q, LIU Z C, et al. The HMGB1-RAGE axis in
nucleus accumbens facilitates cocaine-induced conditioned
place preference via modulating microglial activation[J].
Brain Behav, 2024, 14(3): e3457. DOI:10.1002/brb3.3457.
HEYNS | M, FAUNCE A F, MUMBA M N,

Nanotechnology-enhanced  naloxone  and

et al
alternative
treatments for opioid addiction[J]. ACS Pharmacol Transl| Sci,
2024, 7(8):2237-2250. DOI:10.1021/acsptsci.4c00158.

WEIY'Y, MAY, YAO S, et al. Novel selective k agonists SLL-
039 and SLL-1206 produce potent antinociception with fewer
sedation and aversion[J]. Acta Pharmacol Sin, 2022, 43(6):
1372-1382. DOI:10.1038/s41401-021-00761-x.

ZHOUY M, ZHU HW, LIU Z Y, et al. A ventral CAT to nucleus
accumbens core engram circuit mediates conditioned place
preference for cocainelJ]. Nat Neurosci, 2019, 22(12): 1986-
1999. DOI:10.1038/541593-019-0524-y.

VANN R E, WISE L E, VARVEL S A, et al. Route of administration
influences substitution patterns in rats trained to discriminate
methadone vs. vehicle[J]. Drug Alcohol Depend, 2009, 103(3):
124-130.DOI:10.1016/j.drugalcdep.2009.02.015.

GAUVIN D V, MCCOMB M, CODE R, et al. Abuse liability
assessment of hydrocodone under current draft regulatory
guidelines[J]. J Pharmacol Toxicol Methods, 2015, 75:118-129.
DOI:10.1016/j.vascn.2015.05.003.

CHEN Z G, WANG Y J, CHEN R S, et al. Ube2b-dependent
degradation of DNMT3a relieves a transcriptional brake on
opiate-induced synaptic and behavioral plasticity[J]. Mol



166 LIS R SELE E S Laboratory Animal and Comparative Medicine Apr. 2025, 45(2)
Psychiatry, 2021, 26(4): 1162-1177. DOI: 10.1038/s41380-019- ventral CA1, not prefrontal cortex, to nucleus accumbens
0533-y. core mediates recent memory retrieval of cocaine-

[30] MCGOVERN D J, POLTER A M, PREVOST E D, et al. Ventral conditioned place preference[J]. Front Behav Neurosci, 2020,
tegmental area glutamate neurons establish a mu-opioid 14: 558074. DOI:10.3389/fnbeh.2020.558074.
receptor gated circuit to mesolimbic dopamine neurons and [40] GREENWALD M K, WOODCOCK E A, MOSES T E H, et al.
regulate opioid-seeking behavior[J]. Neuropsycho- Basal cortisol level modulates stress-induced opioid-seeking
pharmacology, 2023, 48(13): 1889-1900. DOI: 10.1038/s41386- behavior[J]. Neurobiol Stress, 2024, 33:100684. DOI:10.1016/j.
023-01637-w. ynstr.2024.100684.

[31] CIESLIK-STARKIEWICZ A, NOWORYTA K, SOLICH J, et al. [411 HUHL, CUIYH, YANG Y. Circuits and functions of the lateral
Trait sensitivity to positive feedback is a predisposing factor habenula in health and in disease[J]. Nat Rev Neurosci, 2020,
for several aspects of compulsive alcohol drinking in male 21(5):277-295. DOI:10.1038/s41583-020-0292-4.
rats: behavioural, physiological, and molecular correlates[J]. [42] KEYES P C, ADAMSE L, CHEN Z J, et al. Orchestrating opiate-
Psychopharmacology, 2024, 241(1): 33-47. DOI:10.1007/s00213- associated memories in thalamic circuits[J]. Neuron, 2020,
023-06460-1. 107(6):1113-1123.e4. DOI:10.1016/j.neuron.2020.06.028.

[32] LI N, HE S, PARRISH C, et al. Differences in morphine and [43] ZHOU Y M, YAN E H, CHENG D Q, et al. The projection from
cocaine reinforcement under fixed and progressive ratio ventral CAT1, not prefrontal cortex, to nucleus accumbens
schedules; effects of extinction, reacquisition and schedule core mediates recent memory retrieval of cocaine-
design[J]. Behav Pharmacol, 2003, 14(8):619-630. DOI:10.1097/ conditioned place preference[J]. Front Behav Neurosci, 2020,
00008877-200312000-00006. 14: 558074. DOI:10.3389/fnbeh.2020.558074.

[33] JACOBS D S, HITCHCOCK L N, WILLIAMS R G, et al. Effects [44] LI Y, SIMMLER L D, VAN ZESSEN R, et al. Synaptic
of a cue associated with cocaine or food reinforcers on mechanism underlying serotonin modulation of transition to
extinction and postextinction return of behavior[J]. Behav cocaine addiction[J]. Science, 2021, 373(6560): 1252-1256. DOI:
Neurosci, 2022, 136(4): 307-317. DOI:10.1037/bne0000519. 10.1126/science.abi9086.

34 == S8R 27 F. AENTAZIVEEHAR]. R E [45] HOWELL L L, MURNANE K S. Nonhuman primate positron
74 R B A 22 3, 2021, 27(2):118-124. DOI: 10.15900/j. cnki. emission tomography neuroimaging in drug abuse research
zylf1995.2021.02.010. [JI. J Pharmacol Exp Ther, 2011, 337(2):324-334. DOI:10.1124/
LIPY, JING MY, WU N, et al. Behavioral animal models of jpet.108.136689.
addiction[J]. Chin J Drug Abuse Prev Treat, 2021, 27(2): 118- [46] DOUGLAS BREMNER J, GAZI A H, LAMBERT T P, et al.
124. DOI: 10.15900/j.cnki.zylf1995.2021.02.010. Noninvasive vagal nerve stimulation for opioid use disorder

[35] WISE R A, ROBBLE M A. Dopamine and addiction[J]. Annu [J]. Ann Depress Anxiety, 2023, 10(1):1117.

Rev Psychol, 2020, 71: 79-106. DOI: 10.1146/annurev-psych- [47] #BfE, X8, =58, REES: BIe5XEM] bR AREETLR
010418-103337. #t, 2016.

[36] WISE R A, JORDAN C J. Dopamine, behavior, and addiction HAO W, ZHAO M, LI J. Addiction Medicine: Theory and
[JI. J Biomed Sci, 2021, 28(1): 83. DOI: 10.1186/s12929-021- Practice[M]. Beijing: People's Medical Publishing House, 2016.
00779-7. (WzFs HHA:2024-06-03  {&[2] HHB:2025-02-06 )

[37] MAGNARD R, CHENG Y F, ZHOU J, et al. Sequence (A EERE:TES)
termination cues drive habits via dopamine-mediated credit
assignment[J]. bioRxiv, 2025: 2024.10.16.618735. DOI: 10.1101/ [BIBFAX]
2024.10.16.618735. ETEE EXG BER, & WAL EYAREENEE 5 IE

[38] BAUER M R, MCVEY M M, BOEHM S L II. Drinking history RA#REU RN SLLRES, 2025 45(2): 158-166. DOI:
dependent functionality of the dorsolateral striatum on 10.12300/j.issn.1674-5817.2024.080.
gating alcohol and quinine-adulterated alcohol front-loading WANG B Y, LU J S, ZAN GV, et al. Establishment methods and
and binge drinking[J]. Alcohol, 2022, 105: 43-51. DOI:10.1016/j. application progress of rodent models for drug addiction[J]. Lab
alcohol.2022.09.005. Anim Comp Med, 2025, 45(2): 158-166. DOI: 10.12300/j. issn. 1674-

[39] ZHOU Y M, YAN E H, CHENG D Q, et al. The projection from 5817.2024.080.



