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Influence of environmental enrichment on laboratory animal welfare and related
countermeasures
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Abstract  Environmental enrichment is a key approach to improving laboratory animal welfare and upholding research ethics.
It involves the multidimensional regulation of the physical, social, sensory, and cognitive environment to meet the
species-specific needs of different animals. Appropriate environmental enrichment can improve physiological and behavioral
status, whereas inappropriate design may induce stress and social conflicts. By modulating the stress—neuroendocrine—immune
axis, environmental enrichment can directly influence the quality of animal experiments and the stability of experimental data.
Current challenges in implementing environmental enrichment for laboratory animals in China include incomplete standards, a
lack of species-specific protocols, difficulties in implementation and management, and insufficient interdisciplinary
collaboration. Future efforts should be directed toward precision, standardization, and intelligent management by strengthening
mechanistic research, improving the standard system, promoting interdisciplinary integration, and establishing a full-chain
implementation system. These measures will not only safeguard the welfare of laboratory animals, but also enhance the
reliability and reproducibility of research data and promote the standardized, refined, and internationally aligned development
of biomedical research in China.
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Table 1 Core contents, optimal animal selection and minimum implementation standards for different types of environmental enrichment
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Audito Control environmental noise, Rodents: Avoid continuous high-frequency Control the noise level within the range specified by
enrichmglt provide an appropriate acoustic ~ noise. Non-human primates: Play natural national standards (e.g., <60 dB for rodents), avoid
environment, and avoid sudden  environmental sounds (e.g., bird songs, sudden sound stimulation, and maintain a stable
intense sound stimulation running water) acoustic environment
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Ylsual Regulate the light cycle, Diurnal animals (e.g., non-human primates): with the national standard requirements
enrichment provide visual shelter space, 12 h light / 12 h dark cycle; Nocturnal corresponding to the animal species. At least one
and optimize the visual animals (e.g., rats): dim light visual shelter area should be set in the cage to avoid
complexity of the environment ~ environment-+sheltered space the animals being exposed to strong light for a long
time
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Toy and Provide chewi lori Rodents: Running wheels. tunnels. and The toys shall be non-toxic and free of sharp edges.
manipulative rovice chewing, exploring, S e iy . They should be replaced regularly to avoid animals
ich and educational toys to meet nesting materials; Non-human primates: . y .
enrichment . s A becoming habituated. Ensure the size of the toys
the animals’ needs for puzzle feeders and climbing frames \ 1 X .
. . . matches the animal’s body size to prevent the risk of
manipulation and exploration ingestion or suffocation
[N N e PRSI TEAR R R E AR AR EESR,
MR, B B Gnbi e SRR BB RRRIR, T
SR B, RSP R S 5k MSBEEAT ) WESY GnERD - TR ﬁﬁ%%ﬁkm s S b
! y— T =
Shelter and éﬁjj . il d ;J‘iHTj‘?:“ﬂ. | ice): Provid The area and height of the rearing space shall meet
spatial onstruct a multi-layere octa’ antiia s (e.g, mice): Provide . the minimum requirements of national standards. At
enrichment rearing space and hidden areas sufficient hidden space to reduce aggressive least one hiding area shall be set in the cage to ensure

to satisfy the animals' territorial
needs and avoidance behaviors

behavior; Solitary animals (e.g., hamsters):
Allocate exclusive territorial space

that the animals can freely choose to be exposed or
hidden

2 INGF AN LN EF AN ET A

2.1 IEFREFRT RN

211 &IBENKE

RS 2 2 I A P S I sh W B G B, BRARAE R EOK T, BRI HURE BERAS . BTRR R, W
RIS PR AR T B A E Sh W R ) S b, 38 B AR A KT . bR AR BEA B AR, LR
T E A ORI R IR BT IR R R R R, AL LA T T R O e S R, T A AR T
Hozz 4 K6,
212 LESITREMNMRK

IS F 5T H O LR A ZIRAT NS RFEAT N, R AR ARIE, EEEOHIRES. KEW
FAESE, &M ER D BET N ZIRAT AR EAT R AR, (i RIT NRIE,
O OB PN S N A S R A B AR A . B, BB TR B AT N SRR K EERE, T
LT 27 i B MU IR G 1 0T e P AR I ITUBUR LA B SCR T RS E AR N — R R R AT ITF B, W]
LN VR SR RN N RRORE R B R AR R IA B K R R 0 5 R AT N SR SN i -
A - Rl S dm AL
2.2 BEEAXE
2.2.1 SEFEENGEN

HEERLERE IS, RS RHMARR M. — AR AR, HRAE S,
gy, Do, B 58400 i8S 8 B MRS 55 A AR IR Bed AT o83 n . R e I
A, AR R ) 22 B TR AT RE S BSOS IR S H BSOS R, R R R 8 i DL B PR 8
L, SHBLEACT . AR EN KRR, MG AR EY R, B ERE REREET



4 o B R AR S

Be IR LU AN, 3 E IS sh A O KR ZIBRAT NI R A, B sl 55 al 5 80K R )
WHRIRE 15245, FLMLH T B8 5 15 55 B 01K I R 38 i 4 ) . PRl AR EF I B o PR 45 A B 1 Bl R A 7K1 PRI
A S /NI R [ PH A ph 2 e s kP
222 YMERUERAZXKE

ANEDFEB ST AT REREE, “— IR ER AN LA EER, BE
R E. B, BER TR ICENHT &R, WiSEe R N EER.
223 REZENE

WIEEFEFH M (k. Bra. e HEHESA RN, SRONMAERARRR, Hnse
B Eh WA SRR RS B, KR EH AR S E R, SEUNR IR R, JEEIR
BRI AT REAL R, S R BRI BRI O . R S E . WS ER AR R (s
MR AN o RIS AR Fa bR, BERRE A BE B R B A i 120,

3 INRFBXMHREIERENFI

3.1 XWITAFLIWAIF M

AT N 5 S BG H b () B A 5 R e M v B O SE SR S AT RRES s PR A B I AR sh ) O 2
517 kR, o szt g B AR B R

FEIE [ 20 5 ), M ERREADMEAT N ES, IRAFERNEE . Flun, 78Rk SR
i, EEMEEFRNDRAT AR ER S, BT RAME NS E R FBUN LR R Z . E5A R T
M, WESRAYMERETREFENAT AR, W EREIT NS TIERATSPAT, dEmszmas )
Al SR PR,
3.2 SAEEFIEIREIS I

AR A AR bR A R I B W) FEOIRAS B AR AR, MR ERN g m R BRI . (D
AR EEMNAEEFETRESWARE . R PRPRR, Jhb NS S0 A B S
(2) WEAK: FERTPRMTE LR B ERRERBOSRRE, RAENRERER. A KBRS S
AR B R K (3) Riltdeds: FEHHEHENWEZE, SEREIEAE, BRI, BEER
HEHT AR U 5 o R T34
3.3 WREBEFIERNEN

B Rl N IEOKE 51T RS, N RIERG A ZHEERI .. (1) 415
B EEFEATRASE MR B RS AR, BRI e Sl B g% T RE
(2) MK TP RYEGHMUR T (0 TNF-a. IL-6) W, #EIHFAMEMmE T (i IL-
100 7K, 4EFFRIERRAS:  (3) PURMNZ: F= 20T HE 9% v e Fh BT 5 RS MU BE, 1 e Ak
T G P B 25 g F S8,
3.4 XHFHRIEBIIERR N

BRI R IR PR I SRR e A BB EH. (O MEsEs. &
ELN B A o A RS S, R B SR AT 25 B R RO, L) S B o G 2
M BRRN KT 2 (2) MG, MR RGBT G, FERASENNDIRE. W
b B-IEMFEE AV EMACER A S, AT N I—RARRIT N, HEHSREmE S
PE AP SOER TG (3) AR50 M B AR . R85 =F 25 75 B e A B oh B 5 kS 0 748 41 ] 5 5L
BRI IR A MENTH R SORE Uk 55« R W7 AR PR/ . M IRAR O s AE R AL %Pl
T N8 M SE 8 A5 B R FEBTEACAE A, D i s oK R AR s BRI i A4 SOD-3 #&
15, PRI TS E KT, o N R Dhae 5 A OSivE, SRR R AUR . FLAE AL S R T ALK
TEBIKT R 15 R 1 B T 45 A 5 DA SR T2,



HRAEREE  JRRIPAIE = 25008 S 06 3l W48 R ) 52 10 5 0 SR I 5

SRR SE AR 2 MR AT ARSI IR« LA PRAT Ok SEIG IRl SE SR AL
7w RPN KR SCIRHTE REFIA ST LB, ORI S0 Bodls HE A R 5

4 INSFENAMFEE. BhoA M ITEIY

4.1 BERFXKE

IR ECE R T R, AR 7 S8 (1 s A R XU -

(L ARSI FEFRBE, PRGN EY . Drllas R Bl R AL 55 BT 7 Bo AN 1Y
i, WS WA R R AL SR, SRTHR AR 55 3R 1 St sz 4T 0 Al Ak B A BT
s ERWEFRERE, RS RE T R MR

(2) RRE R e A R SN e R A 2 R R, 2ol s W A RS N A, BRI
KA . UK ROA B, IV BR 8 T w2 A RO R T, AR BUR A PR, AR K2
BHL, RIS I3 e o B R R EOKC R B SEERR T P R AT A SRR 55 S S K, SERR B R
BRSO RR E I B A A Y R ) BT s e T

XA SEEHEIREE, UMM Rlcs R SRR E, EsiAT O H I
s AR ENE GB 14925—2023, EfiMEE . OGMSERIE, WEsMEREE; MEMR L RERTT
FHUEE, SCHERTIT R SLL, WAEFA T EIERCE: M5 THBMM B, LB ETE K,
SE S M E M T b, DR B 25 T 2% 136 A2 B o 2 B AR G b e
42 pASEBESZRMEIZIN AR

BT (0 S 5 BN BRSO, LA 58 B R A O ) 20 FLAE B2 s ) S B = AT
PSS

(1) BAREK: ZATWED BB, KB+ a M RATW AR REZIR, Aol dolkid, 17l
WERR M ATEE. (ALY i, EAM MRS BRI, Ao, R, 4
PRI LA R PR AR A SR R T, i P HER T AR .

(2) EHREER: Sheb e FIT MGG R KEERE, ANJIWIHEEEOR, SRR
P R AR, IR SRA R, 3E T 20 2 78 F S AT Mk B0 & KT S 4 R AT o

XA ISRATI IR, HESH RIS b A AR, PR PEOY L. AT B R A A S
SNYPAGE A M Ay TS P S RIS, PRACRIG A €S — &2 SOP, R % Wil F
B, JPREBENREBEA; omm A B E AL, ST IR R RE, NG MR, 8
FIE .

43 MEFBFRRFZMZXHMERE

FTIAIR BV A RS XA AR . 1785 B G S S USRI T N J
S, BRZEE AR RGBT, HME DL AT 4R R A BT A S VAR A AR AL, OROR RN 5E 2 SR
15, HESIMBERW TR NIR A E

MR EW: FREFRBIT G, WL LHUH, PG SOFERILS] . PR e ez O &
LRI FORCR IS M i, SRR AT ST SRR AL AL AN IR S, TR AR, %
Eprseit s, RIEFURIE

5 i

MET, FRE LI A IR B T A B T SR AT T A OB AR HEA TR AR R AR AL )
b 5 35 DR TR AR S5 1 7 SRT FUAR N I~ =R 7 il A B A R P o) 2 AR AL 4 S DA B 2 R AR X
HREAE . Ll GB 14925—2023. GB/T 35892—2018 JNILflt, 5% R LA E, 45 YR di
EMNENTT R B, TN, REZHEREIME AR MR EEE, v SRESRE
ML, HESIARHE S E bRz s .



6 o B R AR S

AR FE GeRaEL . dRAEfL . BREMRIET IR, BaR 28R SR eSS, RN B3
BEE AN SR s R B S AT M o> TR IR PR SE 3 AT AR AL PR A AR R, S 2 E R
G, BDMEEAG I EAP . BIRRIE T R SRR TS SRR R . %R R AL RE
DISEARBESCIG S MIAR AL L s BHAC BUR LR, 38 W] 3 T 3 B A= W B2 22 B 5t s (0 ) SE 4 5 [ Bl T
BE, HEShSRI s VIRl R AR SRR, DR A R S U RN B R it I S S 4

SEH
[11 iy, SREPH, 5%, . HEFEAY SD KERATNME LRERBMEWNEWEHERL 1], TEEBREEKE, 2020, 30
(12> :+ 92-97.
Liu S, Song J Y, lyu S, et al. Effect of environmental enrichment on behavior and cortin levels in SD rats [J]. Chin J Comp Med, 2020, 30(12):
92-97.
[2] GB 149252023 sZiesh¥yy 3HEg K& [S].
GB 14925—2023 Laboratory animal environment and facilities [S].
[3] GB/T 35892—2018 s:IGahY) +aFMCEE S & 45/ [S].
GB/T 35892—2018 Laboratory animal—Guideline for ethical review of animal welfare [S].

[4] National Research Council US Committee for the Update of the Guide for the Care, Use of Laboratory Animals. Guide for the Care and Use
of Laboratory Animals [M]. 8th ed. Washington (DC): National Academies Press (US), 2011.

[5] k#eE®, CEMS, B¥K, S, DEESLRIWENTRERMERES S D] KBRIWEE, 2024, 41 (6) = 102-
105.

Geng X F, Wang P, Zhao H, et al. Trend of development analysis and the role of toys in the laboratory animals welfare [J]. Lab Anim Sci, 2024,
41(6): 102-105.

[6] skdds, ‘FUAR. FUEMBAESER. MRAZEERPHOMA 1. PESLBRIWER, 2012, 20 (2« 93-98.

Zhang M L, Niu Y D. Nesting materials in environmental enrichment for laboratory rats and mice [J]. Acta Lab Animalis Sci Sin, 2012, 20(2):
93-98.

[7] Krunt O, Zita L, Kraus A. A review of the effects of housing system on production and welfare in growing rabbits} [J]. Anim Sci Pap Rep,
2020, 38(4): 321-332.

[8] Fan Z, ChenJ, Li L, et al. Environmental enrichment modulates HPA axis reprogramming in adult male rats exposed to early adolescent stress
[J]. Neurosci Res, 2021, 172: 63-72.

[0] &Wil, #y, JkKwewe, 5. BIEFHRERRZMNME NI SEE S CA1 X L-LTP Mif] [J]. MEFH¥AE, 2023,
39 (2) :+ 172-178.

Jin S, Li HY, Zhang X X, et al. Exercise-induced chronic fatigue impairs spatial cognition of rats and causes L-LTP inhibition in hippocampal
CAT region [J]. Chin J Neuroanat, 2023, 39(2): 172-178.

[10] 5k Ak, FE4k#, XBAmE.  SEREIVIBERE R ER A S P S B S 0], P ERREESRE, 2023, 33 (7))« 117-122.
Zhang W, Wang M Z, Deng S C. Operational management and prevention of contamination in barrier environment facilities of laboratory
animals [J]. Chin J Comp Med, 2023, 33(7): 117-122.

[11] Kentner A C, Speno A V, Doucette J, et al. The contribution of environmental enrichment to phenotypic variation in mice and rats [J]. eNeuro,
2021, 8(2): ENEURO.0539-20.2021.

[12] Dominguez-Oliva A, Hernandez-Avalos I, Bueno-Nava A, et al. Environmental enrichment for laboratory rats and mice: endocrine,
physiological, and behavioral benefits of meeting rodents' biological needs [J]. Front Vet Sci, 2025, 12: 1622417.

[13] Villiger P, Calvet C, Pastor-Arroyo E M, et al. Thermoneutral environment improves mouse welfare and reduces stress in metabolic cages [J].
Lab Anim, 2025, 54(11): 303-312.

[14] Manzo R, Al E. Environmental enrichment prevents gut dysbiosis progression and enhances glucose metabolism in high-fat diet-induced obese
mice [J]. Int J Mol Sci, 2024, 25(13): 6904.

[15] Liu D, Jiang X Y, Zhou L S. Enriched environment on the intestinal mucosal barrier and brain-gut axis in rats with colorectal cancer [J]. Exp
Biol Med (Maywood), 2018, 243(15/16): 1185-1198.

[16] Gurfein B T, Davidenko O, Premenko-Lanier M, et al. Environmental enrichment alters splenic immune cell composition and enhances
secondary influenza vaccine responses in mice [J]. Mol Med, 2014, 20(1): 179-190.

[17] Diaz de Leon-Guerrero S, Salazar-Ledn J, Meza-Sosa K F, et al. An enriched environment re-establishes metabolic homeostasis by reducing
obesity-induced inflammation [J]. Dis Models Mech, 2022, 15(6): dmm048936.

[18] Chen H C, Cao J X, Zhang Y S, et al. Enriched environment alleviate AD pathological progression by reducing microglia complement signaling
in aged male APP/PS1 mice [J]. FASEB J, 2025, 39(17): €71026.

[19] Zhang W, Jiang G, Kang H, et al. Environmental enrichment exposure alleviates geriatric depressive-like symptoms through regulating
neurogenesis and neuroinflammation [J]. Environ Health (Wash), 2025, 3(3): 259-270.

[20] Sousa L E, Favero I F D, Bezerra F S, et al. Environmental enrichment promotes antioxidant effect in the ventrolateral medulla and kidney of
renovascular hypertensive rats [J]. Arq Bras Cardiol, 2019, 113(5): 905-912.



