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ABSTRACT

Lipid metabolism in mature male mice may be different from immature male mice, but the relationship of lipid metabolism, 
especially n-6 fatty acid metabolism, and sexual maturation is not clearly established. This study was carried out to elucidate 
whether sexual maturation may affect the metabolism of functional n-6 fatty acids of lipid components by investigating the 
composition of fatty acids in the longissimus muscle tissues of mature and immature male mice with GC and analyzing the 
expression of genes and proteins for synthesis of n-6 fatty acids with real-time PCR and western blotting, respectively. Mature 
male mice showed significantly higher testosterone level in the sera. Similarly, n-6 fatty acids, levels of linoleic acid (LA 18:2n-6) 
and total n-6 PUFA (Polyunsaturated fatty acids) were increased, but the levels of γ-linolenic acid (GLA; 18:3n-6), dihomo-γ
-linolenic acid (DGLA; 20:3n-6) and arachidonic acid (AA; 20:4 n-6) were decreased in the mature male mice. mRNA levels of Δ
5-desaturase (FASD1) and elongase (ELOVL5) genes related to n-6 fatty acid metabolism increased. However, the level of FADS1 
protein only increased in mature male mice. In conclusion, this study suggested that sexual maturation of male mice affected n-6 
fatty acid metabolism by stimulating the expression of enzyme FADS1 of n-6 PUFA metabolism. 
(Key words : ELOVL5, FADS2, FADS1, Gender, n-6 fatty acids) 

INTRODUCTION

Mature livestock has supplied animal food, of which 
quality is an important factor for maintenance of the body 
condition in healthy and wellbeing state (Weaver et al., 2009; 
Barton et al., 2011). The animal food quality is partly 
depended on levels of the functional fatty acid, as γ- 
linolenic acid (Bu et al., 2007; Senapati et al., 2008). 

Drastic increase of body weight occurs during male sexual 
maturation, when lipid tissue is known to be accumulated 
(Salma et al., 2007). The higher lipid in body tissues may 
be related to the initiation of sexual puberty (Childs et al., 
2012). Also, the expression of puberty in male is closely 
related to increase of blood testosterone level (Childs et al., 
2008). The higher testosterone is known to initiate the sexual 
maturation in male.

Therefore, sexual maturation in male is induced by higher 
testosterone and affected by higher lipid content (Ogura et 
al., 2010). This deduction suggests that the increase of 

testosterone may affect the increase of lipid metabolism (de 
Alaniz and Marra, 2003).

This study is carried out to elucidate the relationship 
between sexual maturation and n-6 fatty acid metabolism by 
investigating the composition of fatty acids and examining 
the expression of genes and proteins for n-6 fatty acid 
metabolism in longissimus muscle tissue of male mice.

MATERIALS AND METHODS

1. Animals 

Institute for Cancer Research (ICR) mice of 3, 5 and 
7-wk-old were randomly divided into groups of 5 mice each. 
The mice were allowed to acclimate at least for 7 d with 
chow (AIN 93 G; Feedlab Co., Gyeonggi-Do, Korea) and 
water ad libitum. All mice were reared in the facility that 
was maintained at a temperature of 23 ± 2℃, relative 
humidity of 50 ± 5% and light/dark cycle of 12 h. All 
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experiments were conducted in accordance with the policies 
and recommendations of Animal Care and Use Committee of 
the Kyungpook National University. 

2. Reagents

Solvents were purchased from several chemical companies. 
SupelcoTM 37 and BHT (2,6 Di-tert-butyl-4-methyl phenol) 
were purchased from Sigma Chemical Co. Takara's Premix 
Ex Taq from Takara Bio Inc (Shiga, Japan), 2 × SYBR Ex 
Taq from Takara Bio Inc (Shiga, Japan), RIPA buffer from 
Cell Signaling Technology Inc (MA, USA), antibodies 
(FADS2, ELOVL5 and FADS1) and secondary antibodies 
conjugated to goat or rabbit radish peroxidase from Santa 
Cruz (CA, USA), and chemiluminescence from Amersham 
ECL Plus (IL, USA).

3. Preparation of samples 

Muscle sample was collected from male mice of 3, 5 and 
7 weeks old. The mice were anesthetized by injecting 
intra-peritoneally 2.5% tribromoethanol (Sigma-Aldrich, St. 
Louis, MO, USA) of 0.015-0.017 ml per gram of body 
weight. Muscle tissues were recovered from M. longissimus 
of mice and completely minced with scissors, then stored at 
－80℃ until further analysis.

Blood was collected in an EDTA coated tube (BD 
Vacutainer, Franklin Lakes NJ USA) by punching retro- 
orbital venous plexus after light etherization. It was 
centrifuged at 3,000 rpm for 15 min at room temperature the 
upper layer of serum was immediately isolated and stored at 
－80℃.

4. Analysis of steroid hormones by electro-che- 
miluminescence immunoassay

Serum collected from 1 ml of blood samples at 9 AM 
was used for analysis of testosterone (T) and 17β-estradiol 
(E2). 

Steroid hormones were analyzed with an electro- 
chemiluminescence immunoassay (ECLIA; Roche, Mannheim, 
Germany) based on competition principle for either 
testosterone or 17β-estradiol. Results were determined by the 
calibration curve which was instrument-specifically generated 
by 2-point calibration and a master curve provided by the 
reagent barcode (Roche, Mannheim, Germany). 

5. Analysis of n-6 fatty acids by gas chromatography

Five ml of chloroform/methanol (2:1)solution and 10 μl of 
7.2% BHT (2, 6 Di-tert-butyl-4-methyl phenol) solution were 
added to the minced M. longissimus tissue. The tissue was 
homogenized at 2,500 rpm for 10 min by a Polytron 
Homogenizer PT 1200 CL (Kinemarica AG, Littau, 
Switzerland). After incubating for 6 h to extract crude lipid, 
the sample was mixed with 25% NaCl solution. The lower 
lipid layer was collected and dried by ventilation with N2 
gas. Then, 2 ml of 6% methanol/sulfuric acid (94:6) solution 
were added to the dried sample for the methylation of fatty 
acids. The methylated samples were transferred to a vial and 
stored at 4℃ until analyzed by gas chromatography (GC). 

The methylated samples, fatty acid methyl esters (FAME), 
were analyzed onto the Agilent 7890A gas chromatographic 
system with the MPS2 auto sampler and their concentrations 
were calculated on the Agilent programs. In brief, one micro 
liter of sample was injected onto the SPTM-2560 column 
(100 m × 0.25 mm I.D, 0.2 μm). Helium gas (ultra-pure) was 
used as the carrier gas at a constant flow rate of 1.5 
ml/min. The oven temperature was maintained at 121℃ for 
1 min, and then increased to 140℃ by 20℃/min. It was 
then slowly increased to 190℃ at a rate of 4℃/min and 
finally by 3℃ / min up to 260℃ where it was maintained 
for 5 min. Separation of fatty acids was achieved by GC 
installed with a flame-ionization detector. The FAME 
samples were quantified against an external standard, 
SupelcoTM 37. Each fatty acid recovered was calculated as a 
percentage of the cumulative of all fatty acids in the muscle. 

6. Analysis of gene expression for FADS2, ELOVL5, 
and FADS1 by real-time PCR

The RNA was isolated from mouse muscle tissues in 
RNase-free environment using Trizol reagents (Invitrogen, CA, 
USA) according to the manufacturer’s instruction. The RNA 
was quantified by UV absorbance (Nano Drop 2000, Thermo 
Scientific, NC, USA) and its amount was calculated by the 
A260 and A280/A260 ratios. 

The isolated RNA was subjected to cDNA synthesis. One 
μg of RNA was added as a template in 10 μl of reaction 
solution containing 1 μl of dNTP Mix (final concentration 0.5 
mM), 1 μl of oligo (dT) primer, and nuclease free water. 
Generally, the volume of template RNA was as much as 8 
μl. The reaction was allowed to occur at 70℃ for 5 min 
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Table 1. Primers used in this study

Genes
Primers

forward reverse

FADS2 (NM_019699.1) CCTCAGCCAACTGGTGGAA CTTTATGTCCGGGTCCTTGTG

ELOVL5 (NM_134255.3) AGGAAGCAGCGAAAGGATTGA CTATGAGCGTCAGGGCACAA

FADS1 (NM_146094.2) CGACATGGAATCACCTGCTACA GGTCCTTGCGGAAGCAGTTA

β-actin (NM_007393.3) GATGGTGGGAATGGGTCAGA TCCATGTCGTCCCAGTTGGT

and then stopped in ice for 5 min. For the reverse 
transcription reaction, subsequently, 10 μl of aliquots (3 μl of 
5 × Improve-IITM reaction buffer, 3 μl of 25 mM MgCl2, 1 μl 
of Im-Prom Reverse Transcriptase, 0.5 μl of recombinant 
RNasin® Ribonuclease inhibitor and 2.5 μl of nuclease free 
water) were added to each reaction tube in ice. Finally, total 
20 μl of reaction solution was incubated at 42℃ for 60 min. 
Then, it was heated at 70℃ for 15 min to stop the reverse 
transcription and stored at －20°C until use for real-time 
PCR. 

Primers were designed using Primer Express 2.0 (Applied 
Biosystems, CA, USA) and checked with BLAST searches 
against GenBank. Primers for FADS2, ELOVL5 and FADS1 
genes targeted in this study are shown in Table 1.

For real-time PCR, 1 μg of cDNA was diluted to 0.1 μg 
with water and the diluted cDNA was used as a template in 
the amplification reaction that was performed in 20 μl of the 
solution mixed with 1 μl of diluted cDNA, 10 μl of 2 × 
SYBR Ex Taq (Takara Bio Inc., Shiga, Japan), 0.4 μl of Rox 
Dye I (Takara Bio Inc., Shiga, Japan), 2 μl of each primer 
and 4.6 μl of water. The reaction was amplified by a Step- 
one Real-Time PCR Detection System (Applied Biosystems, 
CA. USA). Thermal cycling parameters were as follows: an 
initial denaturation step (95℃ for 30 s), followed by 40 
cycles of denaturation (95℃ for 5 s) and annealing/extension 
(60℃ for 30 s) in a 96-well optical plate.

The expression of mRNA was standardized by β-actin and 
the expression level was calculated as the difference between 
the threshold values of the two genes (2－ΔCt). Data were 
analyzed with the comparative cycle threshold (Ct) method: 
the expression of target genes in muscle tissues of the 
7-wk-old mice was normalized with the expression of β-actin 
gene and compared to the expression of corresponding genes 
in muscle of the 3-wk-old mice to generate ΔCt values. The 
relative quantities (RQ) were calculated with the equation: 
RQ = 2－ΔΔCt. Melting curve analysis was always performed 
during real-time PCR to analyze and verify the specificity of 

the reaction.

7. Analysis of proteins for n-6 PUFA metabolism by 
Western blotting

Muscle tissues were homogenized in RIPA buffer (20 mM 
Tris-HCl, 150 mM NaCl, 1 mM Na2 EDTA, 1 mM EGTA, 
1% NP-40, 1% sodium deoxycholate, 2.5 mM sodium 
pyrophosphate, 1 mM β-glycerophosphate, 1 mM Na3VO4, 1 
g/ml leupeptin, 1 mM PMSF Cell Signaling Technology Inc, 
MA, USA). The lysates were clarified by centrifugation at 
13,000 rpm for 40 min. All procedures were carried out at 
4℃ and stored at －80℃. Protein concentrations of the 
muscle homogenates were determined using a Bradford assay. 
SDS-PAGE was performed using 12% agarose gels. Proteins 
were transferred onto nitrocellulose membranes, blocked for 2 
h with skim milk, and exposed to the respective primary 
antibody for overnight at 4℃. FADS2 (sc-109272), ELOVL5 
(sc-135062) and FADS1 (sc-101953) proteins bound to their 
specific antibodies (Santa Cruz, CA, USA) were detected by 
incubating with secondary antibodies conjugated to goat 
(sc-2922)- or rabbit (sc-2004) radish peroxidase (Santa Cruz, 
CA, USA) for 2 h at room temperature. Enhanced chemi- 
luminescence (Amersham, Arlington Hts, IL, USA) with a 
Davinch-chemiTM Camera system was used to detect immune 
positive areas. The positive areas for FADS2, ELOVL5 and 
FADS1 proteins were normalized by the positive area for α- 
tubulin. 

8. Statistical analysis

All results were expressed as mean ± standard deviation 
(SD). Comparisons between the treatments were performed 
by one way ANOVA, if necessary, followed by multiple 
range tests. Especially, SPSS v19.0 (SPSS Inc., Chicago, IL, 
USA) was used for the comparison of fatty acid levels 
among mice muscle tissues. 
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Table 2. Effect of age on levels of n-6 fatty acids in 
M. longissimus of male mice

n-6 Fatty 
acids

Ages
3 wk 5 wk 7 wk

LA 18.27 ± 1.15b 21.11 ± 0.88a 22.53 ± 1.52a

GLA   0.30 ± 0.01a   0.27 ± 0.01b   0.26 ± 0.01b

DGLA   0.80 ± 0.12a   0.56 ± 0.05b   0.39 ± 0.07b

AA   3.74 ± 0.63a   2.85 ± 0.40b   2.16 ± 0.45b

Total 23.62 ± 1.34b  25.30 ± 0.84ab 25.61 ± 0.78a

Values are expressed as means ± SD, n=5. 
a,b Values with unlike different letters in each row are significantly 

different (P < 0.05). 

Fig. 1. Effect of age on T and E2 levels in male mice. 
The serum levels of the steroid hormones 
were measured by ECLIA in 3- and 7-wk-old 
male mice and were expressed as mean ± SD
(Error bars). Asterisk (*) means significant 
difference between means at P < 0.05.

RESULTS

1. Effect of sexual maturity on level of testosterone 
and 17β-estradiol in male mice

The sexual maturity is known to be closely related to 
reproductive steroid hormones in male mice. To confirm the 
relationship between sexual maturity and steroid hormone 
levels in male mice, blood levels of testosterone (T) and 17β- 
estradiol (E2) in mature and immature mice were investigated 
by ECLIA as shown in Fig. 1.

Testosterone level in male mice was significantly higher (P 
< 0.05) in 7-wk-old group (7.94 ± 4.95 ng/ml) than in 3-wk- 
old group (0.06 ± 0.02 ng/ml). However, E2 level of 7-wk-old 
male mice (13.16 ± 2.59 pg/ml) was not significantly (P > 0.05) 
different from 3-wk-old male mice (14.38 ± 3.70 pg/ml). The 
results suggested that sexual maturity in male mice is closely 
related to the increase of steroid hormone, T. 

2. Effect of sexual maturity on levels of n-6 fatty 
acids in muscle tissues of male mice

Generally, 3-, 5- and 7-week-old mice are classified as to 
be in the stages of pre-puberty, puberty and sexual maturity, 
respectively. In order to analyze sexual maturity effects in 
metabolism of n-6 PUFA, the n-6 fatty acid composition in 
the M. longissimus collected from pre-pubertal-, pubertal-, or 
sexually matured- male mouse were analyzed by GC (Table 
2).

The levels of total n-6 fatty acids in 3-, 5- and 7-wk-old 

mice were 23.62 ± 1.34%, 25.30 ± 0.84%, and 25.61 ± 0.78%, 
respectively. The result showed that the level of total n-6 
fatty acids in muscle tissues significantly increased as male 
mice sexually mature (P < 0.05).

However, levels of LA in 5-wk-old mice (21.11 ± 0.88%) 
and 7-wk-old mice (22.53 ± 1.52%), were significantly higher 
(P < 0.05) than that in 3-wk-old mice (18.27 ± 1.15%). LA 
level significantly increased as male mice sexually mature (P 
< 0.05). 

Level of GLA in 3-wk-old mice (0.30 ± 0.01%) was 
significantly higher (P < 0.05) than those in 5-wk-old mice 
(0.27 ± 0.01%) and 7-wk-old mice (0.26 ± 0.01%). GLA levels 
significantly reduced as male mice sexually mature (P < 0.05).  

Level of DGLA in 3-, 5-, and 7-wk-old mice were 0.80 ± 
0.12%, 0.56 ± 0.05% and 0.39 ± 0.07%, respectively. DGLA 
level significantly decreased as male mice sexually mature (P 
< 0.05). 

Level of AA in 3-wk-old mice (3.74 ± 0.63%) was 
significantly higher (P < 0.05) than those in 5-wk-old mice 
(2.85 ± 0.40%) and 7-wk-old mice (2.16 ± 0.45%). That is, 
AA level significantly decreased as male mice sexually 
mature (P < 0.05). 

Thus, these results suggested that sexual maturation 
affected the level of n-6 PUFA in muscle tissue of male 
mice. Especially, the levels of LA and total n-6 PUFA was 
increased, but the levels of GLA, DGLA and AA were 
decreased in mature male mice. 

3. Effect of sexual maturity on expression of genes 
for n-6 PUFA metabolism in male mice

The previous results showed that sexual maturity affected 
levels of n-6 PUFA as well as testosterone in muscle tissue 



Park et al. ; Gender and n-6 PUFA

－   －151

                      (A)                                                        (B) 

Fig. 3. Effect of age on the levels of FADS2, ELOVL5 and FADS1 enzymes in male mice. (A) Expression of 
FADS2, ELOVL5 and FADS1 protein at 3 and 7-wk-old mice by western blot. (B) Expression of 
enzymes was normalized with α-tubulin. Relative enzymes expression levels in muscle tissues were 
measured using Image J software. The levels of enzymes, FADS2 and ELOVL5, were not significantly 
different between 3 and 7-wk-old mice (P > 0.05), but FASD1 level of 7-wk-old mice was significantly 
higher than 3-wk-old mice (P < 0.05). Asterisk (*) means significant difference between means at P < 0.05.

Fig. 2. Effect of age on mRNA levels of FADS2, 
ELOVL5, and FADS1 in male mice. Expression 
of genes, FADS2, ELOVL5 and FADS1, were 
measured by real-time PCR at 3- and 7-wk-old 
male mice and normalized with β-actin. The 
relative mRNA expression (RmE) levels of 7- 
wk-old male mice were expressed as compared 
to 3-wk-old male mice as mean ± SD (Error 
bars). Asterisk (*) means significant difference 
between means at P < 0.05.

of male mice. The levels of n-6 PUFA was known to be 
controlled by 3 types of enzymes, Δ6-desaturase (FASD2), 
elongase (ELOVL5), and Δ5-desaturase (FASD1). Thus, previous 
result suggested an increase of LA and the decreases of 
GLA, DGLA and AA in mature mice may indicate the 
decreased gene expression of FASD2 enzyme and/or the 
increased gene expression of ELOVL5 and FASD1 enzymes. 
Thus, to elucidate how the sexual maturity affects expression 
of genes for these enzymes related to n-6 PUFA metabolism, 
mRNA levels of these enzymes in M. longissimus of male 
mice were checked by real-time PCR Fig. 2. 

For FADS2, relative mRNA expression (RmE) of 7-wk-old 
male mice was 1.18 ± 0.12, that was not different from RmE 
(1.00 ± 0.15) of 3-wk-old male mice (P > 0.05). 

For ELOVL5, RmE of 7-wk-old male mice was 1.76 ± 
0.29, significantly higher than that (1.00 ± 0.25) of 3-wk-old 
male mice (P < 0.05). 

For FADS1, RmE of 7-wk-old male mice was 1.31 ± 0.07, 
significantly higher than that (1.00 ± 0.14) of 3-wk-old male 
mice (P < 0.05). 

The above results suggest that sexual maturity in male 
increase the gene expression for ELOVL5 and FADS1 
enzymes. It indicates that the increase of LA and the 
decreases of GLA, DGLA and AA in mature mice may not 
relate to the decreased activity of FASD2, but to the 
increased activity of ELOVL5 and FASD1 enzymes.

4. Effect of sexual maturity on levels of proteins for 
n-6 PUFA metabolism in the male mice

Our previous results showed that sexual maturity in male 
affects gene expression of ELOVL5 and FADS1 enzymes. 
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Thus, these results suggest that mature male has higher levels 
of enzymes, especially ELOVL5 and FADS1 proteins in their 
muscle tissue. To clarify how the sexual maturity may affect 
levels of n-6 PUFA enzymes, the protein expression of these 
enzymes was checked by western blot in M. longissimus of 
male mice (Fig. 3). 

For FADS2 protein, relative protein expression (RpE) level 
of 7-wk-old male mice was 9.35 ± 0.12, that was not 
different from RpE (9.11 ± 0.08) of 3-wk-old male mice (P > 
0.05). 

For ELOVL5 protein, the RpE level of 7-wk-old male 
mice was 4.79 ± 0.13, that was higher than that (4.76 ± 0.14) 
of 3-wk-old male mice (P > 0.05). But, there was no 
significant difference between mature and immature mice in 
ELOVL5 protein of muscle tissue. 

For FADS1 protein, RpE level of 7-wk-old male mice was 
6.89 ± 0.15, that was higher (6.08 ± 0.14) than 3-wk-old male 
mice (P < 0.05). But, there was no significant difference 
between mature and immature mice in FADS1 protein of 
muscle tissue. 

The results suggest that sexual maturity in male increases 
the level of only FADS1 protein. Thus, we can conclude 
that sexual maturation in male induces the increase of LA 
and decrease GLA, DGLA and AA by increasing the level 
of FASD1 in mouse muscle tissue.

DISCUSSION

A sexual maturity of animal is known to relate to steroid 
hormones, progesterone, testosterone, and 17-beta estradiol. 
Among these steroid hormones, testosterone is most 
important factor for sexual maturation of male. This study 
showed higher level of testosterone in mature male sera 
when compared with immature male mice. Our results are 
similar as previously reported by Salehzadeh et al. (2011).

Mature male mice with higher testosterone contained 
higher LA, but lower levels of GLA, DGLA and AA in 
their M. longissimus compared to immature male mice. This 
GC experiment suggested that sexual maturation in male 
mice may inhibit the expression and/or activity of FADS2 
and stimulate the RNA and protein expression of ELOVL5 
and/or FADS1. 

Genes of FADS2, ELOVL5 and FADS1 are involved in 
n-6 PUFA metabolism (Schmitz and Ecker, 2008; Kong et 
al., 2009; Guillou et al., 2010). Among these genes, mature 
male mice showed more expression of ELOVL5 and FADS1 

genes in M. longissimus in comparison to immature male 
mice. The real-time PCR experiment supports the previous 
GC result that sexual maturation in male mice may stimulate 
the expression of ELOVL5 and/or FADS1.

However, proteins of FADS2, ELOVL5 and FADS1 are 
directly involved in n-6 PUFA metabolism (Stoffel et al., 
2008; Zouboulis et al., 2011). Among these enzymic protein 
levels, mature male mice showed higher level of FADS1 
protein in M. longissimus compared with immature male 
mice. Our Western blotting analysis supports the previous 
results from GC and real-time PCR analysis that sexual 
maturation in male mice may stimulate activity of FADS1. 
However, this experiment showed that mRNA expression and 
protein level of ELOVL5 in mature male mice may not 
coincide. This result suggested that ELOVL5 is different 
from FADS1 in the expression pattern of gene and protein. 
Thus, further study is needed to understand the metabolism 
of ELOVL5 mRNA and protein. 

In conclusion, mature male mice showed the increased 
testosterone level that may affect the n-6 PUFA metabolism 
in situ environment induced with high testosterone may 
decrease GLA, DGLA and AA levels in muscle tissue of 
mature male mice by stimulating the expression of enzyme 
FADS1 for n-6 PUFA metabolism. 
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