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Omega-3 polyunsaturated fatty acids inhibit skeletal muscle aging in rats by regula-
ting calcium/calmodulin-dependent protein kinase 2/adenosine monophosphate

activated protein kinase signal pathway

Wang Guangling'*, Xing Fan®, Zhou Xuenian', Xiong Yining'

('Department of Clinical Nutrition, Jiangxi Provincial People’s Hospital, Nanchang 330006, China; *Department of Healthcare,
Maternal and Child Health Hospital of Yuanzhou District of Yichun City, Yichun 336000, Jiangxi Province, China)

[ Abstract] Objective To investigate the delaying effect of omega-3 polyunsaturated fatty acids (n-3PUFAs) on D-galactose
(D-gal) induced skeletal muscle aging in rats and its possible mechanism. Methods Thirty elderly male Wistar rats were randomly
divided into blank group (0. 9% normal saline injection) , model group (rat model of skeletal muscle aging) and n-3PUFAs group ( ag-
ing model+n-3PUFAs feeding) , with 10 rats in each group. The growth, body mass, mass of soleus muscle and strength of limb mus-
cle were compared among the rats in each group to explore the effect of n-3PUFAs on muscle regeneration in aging muscle atrophy rats.
Western blot was used to detect the expression levels of calcium/ calmodulin-dependent protein kinase 2 (CAMKK2) and adenosine mono-
phosphate activated protein kinase (AMPK). SPSS statistics 21. 0 was adopted for statistical analysis. One-way analysis of variance was em-
ployed for multiple group comparison, and LSD-¢ test was performed for pairwise multiple comparisons. Results Compared with blank group
of rats [ (466.04+33.83) ¢], the body mass of model group [ (403.33+25.37)¢g] and n-3PUFAs group [ (435.72+27.32)g] reduced;
compared with model group ,the body mass of rats in the n-3PUFAs group increased, the differences were statistically significant (P<0.05).
Compared with blank group, the time began to climb of model group rats were longer after 1 month [ (2.40+0.50) vs (1.07+0.15) s]and
2 months[ (7.330.76) vs (1.33+0.32)s]; compared with model group, the time required for n-3PUFAs group rats were shorter after
1 month [ (1.76+0.32) vs (2.40+0.50)s] and 2 months [ (4.07+0.61) vs (7.33+0.76)s], the differences were statistically significant

(P<0.05). Compared with blank group, the gap between skeletal muscle cells in the model group increased, the diameter of muscle fibers
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decreased, and the expression of p21 and pl6 proteins was upregulated; the differences were statistically significant (P<0.05). Compared
with model group, the gap between skeletal muscle cells in the n-3PUFAs group decreased, the diameter of muscle fibers increased, and the
expression of p21 and pl6 proteins were downregulated; the differences were statistically significant(P<0.05). Compared with blank group,
the relative protein expression of CaMKK2 and p-AMPK in the model group decreased; compared with model group, the expression of
CaMKK2 and phosphorylated p-AMPK relative protein in n-3PUFAs group increased ; the differences were statistically significant (P<0.05).
The expression level of AMPK in the three groups had no significant difference (P>0.05). Conclusion n-3PUFAs can delay skeletal
muscle aging induced by D-gal in rats, and its mechanism may be related to the up-regulation of key proteins in CaMKK2/AMPK
signaling pathway.
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Table 1  Effect of n-3PUFAs on body mass of aging rats

induced by D-galactose (n=10, g, x+s)

Group Before experiment After experiment
Blank 241.53£12.76 466.04+33. 8344
Model 244.67+14. 41 403.33%25.37 " 44
n-3PUFAs 237.82£12.59 435.72+27.32 %44

n-3PUFAs: n-3 polyunsaturated fatty acids. Compared with blank group,
* P<0.05, " P<0.01; compared with model group, # P<0.05, ™ P<0.01;
compared with before experiment, *P<0.05, “* P<0.01.

2.3 n-3PUFAs Xt D-FZ#EFSHTE KR M
ALA R 220

25 P ZEL A ARG DU 1 288 I ) o 75 W ] 4 0
HNSHRBIEIR LR TT R E XS, S=H4A
B 1A R B ALR BT 4R 22 I A et ] B dg
FER[ (2.40+0.50) F1(1.07+0. 15)s], A 2 > H
JE B (7.33+0.76) F1(1.33+0.32)s] , %5
HEIT2FE L (P<0.05) , B4z /e T D 2 FUH ]
HFE KRR8I T, S5E8AH K,
n-3PUFAs 2H A 5UR] B 3 JF 0 22 1@ 1 Jor 75 1s) ] B g
G551 H:(1.76+0.32) F1(2.40+0.50)s; 2 4~
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Figure 1  Effect of n-3PUFAs on limb muscle strength of aging
rats induced by D-galactose
n-3 PUFAs: omega-3 polyunsaturated fatty acids. Compared with blank group,

* P<0.05, ** P<0.01; compared with model group, *P<0.05, *P<0.01.
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Figure 2 Effects of n-3PUFAs on skeletal muscle morphology and aging related markers in aging rats induced by D-galactose
A morphological changes of skeletal muscle of rats in each group( HE x200) ; B: Western blot detection of p21 and pl6 protein

expression level; C: relative expression levels of each protein. n-3PUFAs: omega-3 polyunsaturated fatty acids. Compared with
blank group, * P<0.05, ** P<0.01; compared with model group, *P<0.05, *P<0.01.

p-AMPK

Relative expression

B-actin

Blank Model  n-3PUFAs
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1.5

0.5

0.0

Il Blank group

I Model group
Il -3PUF As group

CaMKK2 p-AMPK

B

3 Western blot # ] CaMKK2,AMPK % p-AMPK % A Fi% 7k
Figure 3  Western blot detection of CaMKK2, AMPK and p-AMPK protein expression levels
A; Western blot detection of CaMKK2, AMPK and p-AMPK protein expression level; B: relative expression levels of each protein. CaMKK2: calcium/
calmodulin-dependent protein kinase 2; AMPK; adenosine monophosphate activated protein kinase; p-AMPK: p-adenosine monophosphate activated protein

kinase; n-3PUFAs: omega-3 polyunsaturated fatty acids. Compared with blank group, * P<0.05, ** P<0.01; compared with model group, *P<0.05, *P<0.01.
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