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Effects of alternate-day modified fasting combined exercise on

fat reducing and the FNDCS5/Irisin-UCP1 pathway
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[ ABSTRACT] Objective: The effects of Alternate-day modified fasting combined exercise on fat mass, muscle mass, and serum Iri-
sin, FNDC5 and UCP1 proteins were investigated in rats with 4 weeks of aerobic exercise and modified alternate-day fasting interven-
tion. Methods: Thirty-two healthy 8-week-old SPF male SD rats were randomly divided into control group, exercise group, alternate-
day modified fasting and alternate-day modified fasting combined with exercise group, 8 rats in each group. The exercise group per-
formed treadmill exercise with moderate exercise intensity (60 min/d,5 d/w), the alternate-day modified fasting group alternated be-
tween fasting and free feeding every other day, and fed 25% basal energy feed on fasting days, and the alternate-day modified fasting
combined exercise group received two combined interventions. After 4 weeks of intervention, the body fat rate of rats was measured by
apical blood sampling and abdominal aortic blood sampling, and the serum was preserved and centrifuged, and the wet weights of bilat-
eral gastrocnemius, bilateral perirenal fat and brown fat at the scapula were weighed, and samples were collected for paraffin sectioning
and HE staining, and the cell areas were counted; serum Irisin levels were measured by ELISA, and FNDCS5 protein expression in gas-
trocnemius and UCP1 protein expression in adipose tissue were detected by Western blot. Results: After 4 weeks of intervention, com-
pared with the Con group, energy intake, body weight and body fat were decreased significantly in the Exer, ADMF and ADMF-Exer
groups (P<0.05), the wet weight/body weight and adipocyte area of white fat were reduced significantly (P<0.01) , and there was no
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significant difference in scapular fat wet weight/body weight (P>0.05). Compared with the Con group, the gastrocnemius wet weight/
body weight in the ADMF group was reduced significantly ( P<0.05), while that in the ADMF-Exer group was increased significantly
(P<0.05), the muscle cross-sectional areas in the Exer group and the ADMF-Exer group were increased ( P<0.05), and the content
of gastrocnemius FNDCS protein, serum Irisin level and expression of adipose UCP1 protein in the ADMF-Exer group were increased
significantly (P<0.05). After 4 weeks of intervention, energy intake was reduced significantly in both ADMF and ADMF-Exer groups
(P<0.01) and body weight of ADMF-Exer group was decreased ( P<0.05) compared with the Exer group. Compared with the Exer
group, there were no significant differences in body fat content, white fat wet weight/body weight and scapular fat wet weight/body
weight between ADMF group and ADMF-Exer group ( P>0.05) , and adipocyte area in ADMF-Exer group was reduced significantly ( P
<0.05). Compared with the Exer group, the gastrocnemius muscle wet weight/body weight was reduced significantly in the ADMF
group (P<0.05), and the expression of FNDC5 protein, serum Irisin and adipose UCP1 protein in the ADMF-Exer group were in-
creased significantly compared with the Exer group ( P<0.05). Conclusion; Alternate-day modified fasting combined with exercise in-

tervention can effectively control body weight and reduce body fat in rats, and the mechanism may be through the FNDC5/Irisin-UCP1

pathway to induce browning of white adipose tissue and increase thermogenesis of brown fat.
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Tab. 1 Changes in body weight of rats during the 4-week intervention period(g, x+s, n=8)

Time Con Exer ADMF ADMF-Exer
Acclimation 338.00+18.01 333.33+17.68 346.86+10. 81 328.25+19.50
Day 7 379.00+23. 38 346.22+21.29™ 372. 14+ 8.53" 354.25+19.98"
Day 14 413.00+30.78 380.56+18.62™ 390.57+12.19° 363.63+19.51™
Day 21 448.56+28.97 408.33+18.84™ 398.71+18.46™ 387.38+17.90™
Day 28 468.11+31.90 417.78+23.74™ 417.01+13.80™ 394.29+10. 19 *

Con: Control group; Exer;
fasting combined with exercise group

"P<0.05, "P<0.01 vs Con group at same time course ;
2.2.2 4Rkig SRR, SR T T AR BURRE
SERILEFEER(P>0.05), 4 FTH)G,S5 Con 4
FHEE , = AT 02 9 (AR B & 2 W 2 B4R ( P<0.05) ,
5 Exer #HH , ADMF 2041 ADMF-Exer HARNR &
T EFEZEF(P>0.05,81,%2),

ADMF-Exer

Fig. 1 The DEXA results of rats after 4 weeks
Aerobic exercise group;

ADMF': Alternate-day fasting group; ADMF-Exer: Alter-

Con: Control group; Exer:

nate-day modified fasting combined with exercise group

Tab. 2 Body fat percentage of rats( % , x+s, n=8)

Group Before intervention After intervention
Con 34.93+2.11 36.20+3.25
Exer 34.77+1.95 29.87+0.42"
ADMF 31.10+1.30 27.07+£2.09™
ADMF-Exer 33.37+3.00 29.10+3.88"
"P<0.05, "P<0.01 vs Con group at same time course
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#P<0.05, *P<0.01 vs Exer group at same time course

Tab. 3 Wet weight of fat/weight( x10? ) and lipid droplet area
of perirenal fat (pm’)in rats after 4 weeks(%+s, n=
8)
Wet weight Wet weight Lipid droplet
Group of Perirenal of Brown area of
fat/weight  adipose/weight perirenal fat
Con 10.51+3.41  0.49+0.11 4065.88+2227.94
Exer 5.55+1.64™ 0.59+0.21 2660.65+1324.41™
ADMF 4.99+1.33™ 0.50+0.13 2114. 14+1297.93 **
ADMF-Exer 5.84£2.26" 0.61+0.20 2444.44£1321.33 ™
*P<0.05, "P<0.01 vs Con group; *P<0.05, *P<0.01
vs Exer group
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Flg 2 Perirenal fat tissue under HE staining (uncoulored x
400)

Con: Control group; Exer: Aerobic exercise group;

ADMF: Alternate-day fasting group; ADMF-Exer: Alter-
nate-day modified fasting combined with exercise group
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Fi. 3 Brown fat tissues in scapula under H staining ( uncou-
lored x400)
Con: Control group; Exer: Aerobic exercise group;
ADMF': Alternate-day fasting group; ADMF-Exer; Alter-
nate-day modified fasting combined with exercise group
2.4.2 FRIMAAREAR 4 THUS, 5 Con A
Et, ADMF 214 R i F LAt 46 i ARG b 3 1 22 5 (P>
0.05,3% 4,151 4) , Exer 41l ADMF-Exer 28 Ji % LA
W B 35 T R (P<0.05)
Tab. 4 Wet weight of gastrocnemius muscle/weight and mus-
cle cross-sectional area( uwm®) of rats after 4-week in-

tervention(x+s, n=8)

Wet weight of gastrocnemius ~ Muscle cross-

Group

muscle/weight sectional area
Con 9.44+0.25 2676.49+1138. 63
Exer 9.71+0.77 2715.42+ 969.27"
ADMF 8.86+0.47 ** 2670.60+ 929.58
ADMF-Exer 10.08+0.60 2714.32+1011.80 "

*P<0.05 vs Con group; *P<0.05 vs Exer group

ADMEF ADMEF-Exer

Fig. 4 Cross-sectional area of gastrocnemius muscle in rats af-

ter 4-week intervention
Con; Control group; Exer:; Aerobic exercise group;
ADMF; Alternate-day fasting group; ADMF-Exer; Alter-

nate-day modified fasting combined with exercise group
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4 JAFTHUR , 5 Con AIMALL, =T FZHE L
H FNDCS 25 &8 B3 7+ (P<0.05) , H ADMF-
Exer ZH#H [t T Exer 20 B Z T+ 5 (P<0.05, %5 , A
5).
Tab. 5 Serumlrisin levels (ng/ml) in rats and the expressions

of FNDCS in gastrocnemius of rats after 4-week inter-

vention(xxs,n=8)

Group Irisin FNDCS5

Con 18.48+2.71 1

Exer 24.60+4.57 " 1.360.06°
ADMF 20.44+3.56 " 1.32+0.15*
ADMF-Exer 30.03+3.46 “* 1.56+0.16 "

*P<0.05, " P<0.01 vs Con group; *P<0.05,"P<0.01 vs

Exer group
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Fig. 5 The expressions of FNDCS in gastrocnemius of rats
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Tab. 6 The expressions of UCP1 in fat of rats after 4-week in-

tervention(x+s, n=8)

Group Perirenal fat Brown adipose
Con 1 1

Exer 1.27+0.10™ 1.2420.05™

ADMF 1.26+0.08" 1.30£0.09 ™

ADMF-Exer 1.54+0.18 " 1.42+0.08 "

*P<0.05, "P<0.01 vs Con group; *P<0.05,"P<0.01 vs

Exer group
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Fig. 6 The expressions of UCPI in Perirenal fat of rats
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Fig. 7 The expressions of UCP1 in brown fat of rats
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