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[ Abstract ] Objective  To study animal models of chronic fatigue syndrome and to provide a reference for
improvements in related animal experimental method and models. Methods Using “chronic fatigue syndrome, animal
model” and “chronic fatigue syndrome, animal model” as search terms, we searched in the China Knowledge, Wanfang,
and PubMed databases from July 2000 to July 2023. We compiled the literature on animal models of chronic fatigue

syndrome and analyzed the experimental method and models. Content relating to experimental animals, modeling method,
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positive drugs, and detection indexes was sorted, and a database was set up for statistics and analysis. Results A total of
155 articles were included from the validated literature; most of the experimental animals were male SD rats of specific-
pathogen free grade and body weights of around 180~220 g. Most of the mice used were KM males of 18~22 g. The most
commonly used positive drug was ginsenoside tablets; and the typical modeling method was “forced cold water swimming +
chronic restraint”. Tesling indexes were mainly behavioral and included exhaustive swimming test, open field test, rat tail
suspension test, Morris water maze test, and animal’ behavioral cycle, and observations of the general state of the animals.
Modeling cycles mostly spanned 14 days. The most frequently tested indexes were serum MDA, SOD, TNF-a, IL-183,
CORT, IL-2, IFN-y, ACTH, GSH-Px, IgG, IgA, and IL-6. The remaining indicators were selected according to the
research purpose and included spleen, thymus, and other organ indexes; morphological indicators detected by hematoxylin
and eosin pathological staining; ultrastructural electron microscopy indicators; immunohistochemistry-related indicators,
and related mRNA and protein expression indicators detected by fluorescence quantitative PCR and Western blot method.
mRNA and protein expression indexes were determined via a variety of tests, but the frequency of their application was low.
At present, animal models are mainly used to study the effects of interventions and the etiology and mechanisms of the
disease. Conclusions The pathogenesis of chronic fatigue syndrome is still unclear, and animal models are mainly based
on stress modeling with “forced cold water swimming + chronic restraint” , which simulates the physical and mental fatigue
states of humans. No standard criteria for the formation of animal models are available, and the evaluation of models is
based on the application of a variety of behavioral experiments, individually or in combination. Objective evaluation
indexes are mostly used to validate the etiology of the disease and evaluate the effectiveness of interventions. The result of
various test indexes have shown that chronic fatigue syndrome may be related to inflammatory responses, neurological
dysfunction, and mitochondrial dysfunction, and there may be abnormalities in immune function, energy metabolism, cell
proliferation, and cell death. This summary is expected to provide a reference for researchers planning to employ these
models and ideas for model refinements.
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2.2 PHMEZRA

101 G A BB B 2G0T R, AT A, HiAy 54
T IO FH 2 BE A 25— 12 B, L3t 54 0k, I FAR R A
o T = 25 BEPE 28 BRI S AL WL 1,

F 1R R, EMEL R ANS B
R (24 IR, 44.44%) . R % 45 B PR (8 IR,
14.81%) (il B (4 IR, 7. 41%) , 31t 36 1K,
R P T BHPE 2 1Y 66. 7%, DLl , SCHER A 0 BF 95 38
K A AR B 2546 2 5 BT 3K (3 1R, 5. 56%) ()4
JRAL(3 K,5.56% ) L5t KIKHE (3 IK,5.56%) %k
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Table 1 Positive drugs and frequency in animal model of CFS

PR 24 252407 X R W/ n W/ %
Positive medicine Mode of administration and dose Frequency Frequency
NS BA IR 5 mg/ (kg + d) 70 mg/ (kg - d) o4 44. 44
Ginsenoside tablets Suspension was gavaged at 5 mg/ (kg - d), 70 mg/ (kg - d) ’

R i P Uk TRBWHEH 41.7 mg/ (kg - d) 10 mg/ (kg « d) g 14,81
Cistanche kidney particles ~ Suspension was gavaged at 41.7 mg/ (kg - d), 10 mg/(kg + d) ’
i B TR 182 mg/ (kg - d) 4 -
Nordecon capsule Suspension was gavaged at 182 mg/ (kg - d) ’
H T 82
Foply Ak ES] 18 33
Others Gavage
A
it 54 100.00

Summation
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Table 2 Methods and frequency of modeling in CFS animal models

LIRS R/ /%
Molding method Frequency  Frequency
BN FE T A LA 5% A 3 TR KT P UK 2 0 98 (1 IR AR A
T S5k TSI VEI B2, BB ITTAIK R 10 s AR L), BRK 1K
Bodyweight Lead at the tail load of about 5% of the body weight in the water pool to 15 9.68
exhaustion swimming exhaustion ( exhaustion standard: swimming movement is obviously
unbalanced, the animal’s head can not float for 10 s), 1 time/d
B YR JEE S BB R LA R T R B2 e I g R
4 45 min, BEEF LRI L R R I B B B R LA TR
BASE iy Kb TR 2 L R 45 min, R 1K
Univariate Cy;lronicrbinding Neck, abdomen and hind limbs of the animals were bound to the mesh 5 3.23
mold making wire frame, binding each animal for 45 min. The neck, abdomen and
hind limbs of the acupuncture and model rats were bound to the grid
wire frame for 45 min, 1 time/d
}]}’ftlféje_rﬁtriﬂly Ii:njc(;clion of /DBUBLEERS poly 1. C (5 mg/kg) FEK 1 W
poly 1:C Mice were injected intraperitoneally with poly I. C (5 mg/kg), 1 1 0. 65
: time/d
AP SR KR K IR (10£1) °C FREE B 7 min, BK 1 K F
A HESRAE B BUBCA B IR A (KRB AR 29 6.5 em, K 23.
5 em; /PR NEEZ) 3 em, K 12 ¢m) ,ﬁé@%ﬂﬁﬁﬂmmﬁﬁ;ﬁ,ﬁ‘(k3~
A KRR HB MR 40 BRI
Forced cold-water swimming  Forced cold water swimming in the morning: water temperature ( 10+1) 53 34.19
+ chronic binding °C, 7 min/time, 1 time/d; afternoon chronic binding: put the mouse
into a self-made binding cylinder (rat: internal diameter about 6.5 cm,
23.5 cm long; mouse: inner diameter about 3 ¢cm, 12 cm long),
binding start time is uncertain, 3~4 h /time, 1 time/d
AN KSR IR R P A5 ROK RO B (N £2) 7K
(30 emx30 emx40 em) HC, ZEAKAH HPEK, KHRTH A 1
em; S IFURZS RO R BUE T/VE 6 L UH B vk i
SR EIR th, SUEUM, KRUTRL A ik Rk _
Fxhaust swimming+ Small platform water environment me.lhod sleep deprlvatlon.; the mineral 17 10.97
dleep deprivation water bottle base (small platform) in the center of plastic water tank
(30 emx30 ecmx40 cm), water tank, the water surface below the
platform 1 c¢m, after the end of the swimming, the rat in the small
platform, the next day when swimming out, single mouse single box,
rats can free diet, 1 time/d
e RIS s 1k il B s b A fu B SR IR 3 i e L R B O
PRI R E A RS BEYCRIL 15 min, 5K 3 3K, B R[] JSOA [ 2 |, 4 B 5
g TR+ I A BRti SLEAT 5 [ B i RS Dk 22 D3RR S, R 1K
Two factors of Exhaust swimming + Enrage: the tip of the clamp was wrapped with gauze, and the tail of 16 10. 33
compound tail rage the test animal was brought to an angry state, each stimulation 15 min,
modeling 3 times/d, daily stimulation time point is not fixed, according to the
actual situation; and forced to swim to exhaustion every day, 1 time/d
R 0 ek Exﬁﬁﬁ?ﬂﬂf’%ﬁélﬁ,x/? H {Eﬁ%ﬁﬁiﬁ(ﬂi ,4@](}?{ imL,ZE 2 K [
Eating disorders + Hﬁj({ﬁ 2 OCEFEWKT()?{]]( 30 min- ’% ! U\ . 5 3.23
forced swimming Feed Chinese cabbage and refine la.rd, 2 r.nL / time, 2 times/d; swim
in water temperature 21 °Cfor 30 min, 1 time/d
8 3 K + LT A T ﬂm%u@ H’WMO mg/‘k% b@éﬂfﬁj‘ 9;\52}5, (7] 5 4 2K A K 3k
n@*’l} (IOil)OCﬁ?{ﬂ(,@’?/j(Hﬂ'lEﬂﬁ(}\ 10 min, ,\351;%9 d
L Hydrocortisone was injected at 30 mg/kg, injected for 9 days, and 1 0. 65
Exhaust swimming

+ hydrocortisone

swimming at the water temperature ( 10+1) “Cevery day for 10 min each

time. A total of 9 days of mold creation
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TERLT ik W/ W %
Molding method Frequency  Frequency
WUP TR AL AT (AL 20 mg/kg, B R 1 K ZELLTTHNT 9 d 1524, IR
1525k + 5 KRk FFRIEAIR(2121) C B PEDK 30 min, 331 21 1
Stop drug method + cold  Hydrocortisone 20 mg / kg once a day for 9 d of continuous injections, 1 0. 65
water swimming method while swimming for 30 min daily in water temperature (21+1)°C for a
total of 21 d
A H AR (KR (1021) °C) ek T 2 7 3% ( 3 shbn e« e vk 3 1 I
N LR, ST 10 s RAE LIE) 5 UH H e M (5
é§§/m+&ﬁﬁé§+% W 30 min, HR 1K) ;5 H R4 30 min £ 2 h A%
L . One day cold water ( water temperature; (10£1)°C) swimming until 19 12.26
Exhaust swimming + chronic . X o .
binding + tail stimulation exhaustion ( exhaustion standard: swimming movement, the animal
head can not float for 10 s) ; double daily tail stimulation (30 min/
time, 1 time /d) ; daily binding for 30 min to 2 h
A H - Aamin i ( PRI 5% ) YFiK :BF K 2 WK, HTJE A2 10 min,
vk 2 7y o 1k s MV 4 HOREE 1 b BRIRSIRE 4 H R 13:
00 HE R FURCATK IR 1.5 em WEDRHG P (A Bk 22 W 3541, K BUA BE
=MHERR TS Bk + 1 P A R EL AT RL A e KoK ) | K RIS R B B L, H 9100
A + A2 I R R, BRI 25 3L 20 W17
Three  factors  Bodyweight exhaustion  Daily morning forced loading (5% of body mass) swimming; twice/d, 10 6.45
are compound  swimming + chronic binding  difference of 10 min, swimming until exhaustion; chronic restraint;
mold making + sleep deprivation daily restraint for 1 h; Sleep deprivation: put rats into a plastic box of
1.5 cm at 13:00 ( covered with barbed wire, rats cannot escape and
can eat and drink freely) , the limbs of the rats were removed at 9:00
the next day, sleep deprivation for a total of 20 h
FLHYRIK (4 °C) Wevk 30 min, B 1Y BUH TEHS R T B RG
FIE K+ 3 B MERAE  JE (R UG IR —HEME ) ; SRR N IR, 4R 3 h
Exhaust swimming + room  Swimming in daily cold water (4 °C) for 30 min, once/d; cage with 3 1.94
labor + chronic bondage heat females (replace a new female for each cage) ; bind in the plastic
tube for 3 h/time per day
TSR + 5 S I ORI
(ELf - 18 PR A | I IR+
o e B A e Atk
WEEF P B IR A
SR 2 éﬁﬁ\%%)ﬁ%ﬂﬁm%m %9’@4«%%&@% 12 h B8 6,12 h A0K 3R B (1 min) 538 7 1A
2 AR 2 PRI, BR 1 IR FEH (110 dB, 1 h) F1f5 : 10 m/min BT EE UK 5 min; B R4
- N Exhaust swimming + all {jL( 30 min, HRBEVLL T FEFPAFEHRE, HXK 11K
More than three . L . . LT .
. | kinds of stress stimuli  All kinds of stress stimuli include: 12 h fasting, 12 h water
kinds of multi- . . . e - . . . . . . 9 5.82
factor (' including: chronic  prohibition; tail clip (1 min); overnight lighting; noise stimulation
. binding, sleep interference, (110 dB, 1 h) running table: 10 m/min speed, 5 min/time; hanging
comp({sﬁe tail stimulation, fasting and  tail 30 min/time. Two different stimuli were given randomly each day,
modeling .
water ban, noise, crowded once/d
environment running
platform training, hanging
tail ), random 2 kinds of
stimuli every day, 1 time/d
& 13 155 100. 00
Summation 13 species

3 RN W T AW R B2 5 A AT
JEEA 3 M, 1k L5 (11 K, 34.38% ) W1
SEHY (11 ¥K,34.38%) B SEH (10 ¥K,31.25%) ,
=F LR Rl 5 A R B A LR B i — eI

WL (LGRS PR S BB oK & TESh a0l &
Bk HRg AR A) AR k& ; 59% 55
A RIAT R 248 B 22 19 02 D1 9 T UK S5 50 (61

X, 39.35%) , H AR RS2 W™ 37 55 5 (57 1R,
36.77%) RS (25,16.33%) Morris 7K 2K B 52
(12 K,7.74%) .
2.4.2  IiEAfFEbR

155 J SCHkILEE M 3] 58 Ff Ifi i A= b e b, Rt
274 W, Hrp &4 (=10 ) A MDA (19 K,
6.93%) . SOD (19 K, 6.93%) . TNF-a ( 18 X,
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6.53%) . IL-1B (15 ¥X, 5.47%) . CORT ( 14 X,
5.11%) . IL-2 (14 &, 5.11%) . IFN-y ( 13 &,
4.74%) ,ACTH ( 12 ¥, 4.38%) . GSH-Px (11 X,
4.01%) JeG (11 K ,4.01%) IgA (10 ¥X,3.65%) .
IL-6(10 1K ,3.65%) , 311 166 WK, i fr A 1ML ik A= 1k
FEPRIT 60. 58% ; HAhR MR 2 T 5 DT 10 Ik
H$8+5r4 BUN,CRH BLA 1gM 1L-10 T TGF-B, H
AN T 5 WA 5-HT €3 .C4 DA IL-4 .CRP
IFN-a, IFN-B . NE, TG, Trp . B-EP . 8-OHdG , ALD ,
BDNF ,CAT,CK,CR.,CXCL9 ,DHEA ,DHT DR .E2 .,
Fas  FFAs FSH.GC.GPx, GSSG.IFN IL-12 LDH,
LH .LPS NGF \NK .PG TNF-B . TSH, 43+ 108 ¥k
2.4.3  CFS Zh s AR 48 b

CFS Sl R A i F5 br 248 H A Sk 58 H
RN BEEFEAT VR RE i 288 B8 22 (A T0 A3 23  3l A¢
o FHAAG I A %5 5 50 I 24 A B 6 B L L
WA SCHRAR RSB0 5 AR T 44 L IR R 254
8, Bt 40 K ; CFS Sh R AIIE 28 2% A G HR A b S

B4k S CAL X ¥y CA3 X T i g =k
WL B HZUR) HE Y (o BEAE b 18 5 CAL X T
CA3 X B WU i B a5 M 4545 , 211 29 ¥k ; CFS
B R G RE A1 AL AR DG F8 AR U S B H R e i
COX-2 . FKBPs,GR . IL-2 NF-kB p65 % f P4 3k AL
AMPK . PGC-la, [T 4121 HO-1,Keapl .Nrf2, 25 i 40
Z Occludin , Z0-1 %33t 16 #h, Bt 18 ™, %
FHAZHF DG RE # PCR KA I CFS 3l 4 A R AH
X mRNA EEFHIRA 33 Ff, Bit 47 &k, R H
Western blot #6172 5 & K6 0 f14) 25 11 22 8 3 31 Fb )
F1 49 KB AR A AT 2R B AN w5, g FH A 38 34
PR = 19 43 9 & CREB (7 ¥X) .BDNF (4 IX) .
Smad4 (3 K) , Hartebtn 2 5058 H B B&AH X,
PLELPRBIFSE B T E , AR GE 08 AN
2.5 CFS shii&BI R AiE SR

H Al CFS sh¥A 7 215 H T X CFS 19I5 3L
PEMY s PR BIL 43 B LT 5, EL A4 7 R 1 10 D,
#4,

K3 CFS S — Ml b 547 R 48 b Bk

Table 3 General and behavioral indicators and frequency of CFS animal models

SO RMAT AR B/ n W/ %
Behavioral indicators related to fatigue Frequency Frequency
JUE UK S5 Exhaust swimming experiment 61 39. 35
3555 Abfield experiment 57 36.77
E RS Hanging tail experiment 25 16. 13
Morris 7K 2K B 2 Morris water maze experiment 12 7.74
411 Summation 155 100. 00
&4 CFS SR IS DL
Table 4 Application of animal models of CFS
3 FH 17 B B /n A/ % ELR S S 0 Bk /n WA/ %
Situation of application Frequency Frequency Specific application Frequency Frequency
Eipy iy
R 65 41.94
TR Efficacy evaluation
Evaluation of 155 100 T ——-
intervention effect S T s it 90 58. 06
Other interventions
B ) R
TEF T jJHbB. S 33 21.29
——— Dysneuria
2 y
Analysis of etiology and 51 32.9 . HAE il . 16 10. 32
. Inflammatory reaction
pathogenesis \ o
LA RE R 5 129
Abnormal mitochondrial function ’
FEThH AL B Ak
ﬁafi jJHk.JI I‘h ‘ 60 38.71
Abnormal immune function
| 2% PASN=N l i+
ﬂfﬁ”ﬂ?n 03 - ‘ AE A ' 19 12 %
Mechanism research Energy metabolism
2 M B RN AR M AE T A S
0 A R AR B BT T Y S 14 9.03

Abnormalities in cell proliferation and cell death
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R4 LR WK 155 R SCERIBESE T 4% T Fildis
JEXT CFS TR, Her 2580058 (65 1K ,41.94% ) |
HAI7RFFE (90 ¥R, 58. 06% ) ;95 R HLBF 5% 32 5
SEPEM A T RE B AT (33 UK, 21. 29% ) I 4 4 21
(16 1%, 10. 32% ) ;s HLHIBFFE = 20 T e 5 D) g 5+
(60 1K ,38.71% ) FeEEAH (19 1K ,12.26%)

3 itig

3.1 CFS =B ¥ K EEARERE

By ah R BT CFS @B sh ¥ K R LA SD
KEHF, K IE Wistar KB, /DR FZZ KM /h
S, A ) SCHR a8 FH 31 BALB/¢ /N BRURT ICR /MR,
SRR B by T B0 HL AR 3R ARG, 1 A K
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