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BACKGROUNG/OBJECTIVES: The study was performed to investigate the effects and mechanisms of action of high maysin corn 
silk extract on body weight and fat deposition in experimental animals. 
MATERIALS/METHODS: A total of 30 male C57BL/6J mice, 4-weeks-old, were purchased and divided into three groups by weight 
using a randomized block design. The normal-fat (NF) group received 7% fat (diet weight basis), the high-fat (HF) group received 
25% fat and 0.5% cholesterol, and the high-fat corn silk (HFCS) group received high-fat diet and high maysin corn silk extract 
at 100 mg/kg body weight through daily oral administration. Body weight and body fat were measured, and mRNA expression 
levels of proteins involved in adipocyte differentiation, fat accumulation, fat synthesis, lipolysis, and fat oxidation in adipose 
tissue and the liver were measured. 
RESULTS: After experimental diet intake for 8 weeks, body weight was significantly lower in the HFCS group compared to 
the HF group (P < 0.05), and kidney fat and epididymal fat pad weights were significantly lower in the HFCS group compared 
to the HF group (P < 0.05). In the HFCS group, CCAAT/enhancer binding protein-β, peroxisome proliferator-activated receptor- 
γ1 (PPAR-γ1), and PPAR-γ2 mRNA expression levels were significantly reduced (P < 0.05) in the epididymal fat pad, whereas 
cluster of differentiation 36, lipoprotein lipase, acetyl-CoA carboxylase-1, sterol regulatory element binding protein-1c, pyruvate 
dehydrogenase kinase, isozyme-4, glucose-6-phosphate dehydrogenase, and stearoyl-CoA desaturase-1 mRNA expression levels 
were significantly decreased in liver and adipose tissues (P < 0.05). In the HFCS group, mRNA expression levels of AMP-activated 
protein kinase, hormone-sensitive lipase, and carnitine palmitoyltransferase-1 were elevated (P < 0.05).
CONCLUSIONS: It can be concluded that high maysin corn silk extract inhibits expression of genes involved in adipocyte differentiation, 
fat accumulation, and fat synthesis as well as promotes expression of genes involved in lipolysis and fat oxidation, further 
inhibiting body fat accumulation and body weight elevation in experimental animals. 

Nutrition Research and Practice 2016;10(6):575-582; doi:10.4162/nrp.2016.10.6.575; pISSN 1976-1457 eISSN 2005-6168

Keywords: Corn silk, maysin, body weight, adipocyte differentiation, fat synthesis

INTRODUCTION2)

Corn silk, which is the stigma of maize, is a soft, silk thread-like 
waste material that is either green or yellow in color and 
abundantly distributed worldwide [1,2]. Corn silk has long been 
used for treatment of cystitis, edema, gout, kidney stones 
nephritis, prostatitis, and urinary infection in several countries 
[3-5]. In recent studies, corn silk aqueous extract was shown 
to reduce blood pressure [6], whereas corn silk polysaccharide 
was shown to elevate gastrointestinal movement by increasing 
the level of plasma cholecystokinin [7] and anti-tumor activity 
by increasing immune capability [8]. Corn silk extract has also 
been shown to have an anti-oxidative effect on lipid peroxi-
dation [9], anti-fungal activity against Aspergillus flavus [10], and 

anti-inflammatory activity [11,12]. 
Corn silk contains various components, including protein, 

vitamins, carbohydrates, Ca, K, Mg, sitosterol, stigmasterol, alkaloids, 
saponins, tannins, and flavonoids (maysin, methoxymaysin, 
apimaysin, and luteolin derivatives) [13-15]. Among them, maysin 
contains luteolin attached to disaccharides and is known as a 
growth inhibitor of corn earworm [16]. Recently, maysin in corn 
silk has been reported to have physiological activities such as 
cytotoxicity and radical scavenging activity in tumor cell lines 
[15,17]. It has also been reported that maysin isolated from corn 
silk has a neuroprotective effect through anti-oxidative and 
anti-apoptotic activities [18] and acts as an immunomodulator 
in murine macrophage RAW 264.7 cells [19].

The WHO defines obesity as the over-accumulation of body 
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Ingredients NF HF

Corn starch 529.486 344.486

Sucrose 100.0 100.0

Casein 200.0 200.0

L-Cysteine 3.0 3.0

Cellulose 50.0 50.0

Soybean oil 70.0 70.0

Lard - 180.0

Cholesterol - 5.0

Mineral mix2) 35.0 35.0

Vitamin mix3) 10.0 10.0

Choline bitartrate 2.5 2.5

tert-Butylhydroquinone 0.014 0.014

Total (g) 1,000 1,000

Fat Kcal % 16.0 46.6

1) NF, normal control group; HF, high-fat diet group 
2) Mineral mixture (per kg): calcium carbonate anhydrous, 357 g; potassium 

phosphate monobasic, 196 g; potassium citrate tripotassium monohydrate, 70.78 
g; sodium chloride, 74 g: magnesium oxide, 24 g; ferric citrate, 6.06 g; zinc 
carbonate, 1.65 g; sodium meta-silicate, 1.45 g; manganous carbonate, 0.63 g; 
cupric carbonate, 0.30 g; chromium potassium sulfate, 0.275 g; boric acid, 81.5 
mg; sodium fluoride, 63.5 mg; nickel carbonate, 31.8 mg; lithium chloride, 17.4 
mg; sodium selenate anhydrous, 10.25 mg; potassium iodate, 10.0 mg; ammonium 
paramolybdate, 6.66 mg; powdered sucrose, 221.026 g. 

3) Vitamin mixture (per kg): nicotinic acid, 3.0 g; calcium pantothenate, 1.6 g; 
pyridoxine HCl 0.7 g; thiamine HCl, 0.6 g; riboflavin 0.6 g; folic acid, 0.2 g; biotin, 
0.02 g; vitamin B12, 2.5 g; vitamin 15.0 g; vitamin A, 0.8 g; vitamin D3, 0.25 g; 
vitamin K-1, 0.075 g; powdered sucrose, 974.655 g.

Table 1. Composition of the experimental dietsfat and has reported that 39% of adults over 18 years are 
overweight worldwide with a 13% obesity rate in 2014 [20]. 
In Korea, according to KNHANES, the obesity rate in adults over 
19 years was 26.0% in 1998 but increased to 31-32% and has 
maintained these rates for the past 7 years [21]. Obesity has 
become an important public health problem and is associated 
with health conditions such as diabetes, cardiovascular disease, 
hypertension, cancer, reduced life expectancy, and poor 
cognition and motor control [22-24]. It is now a very important 
goal in nutritional management to maintain a normal body 
weight and inhibit excessive fat accumulation. 

To reduce accumulation of body fat, adipocyte differentiation 
in adipose tissue should be suppressed. Inhibition of lipogenesis 
and elevation of lipolysis in tissues other than adipose tissue 
are also necessary in order to reduce fat accumulation. Trans-
cription factors related to adipocyte differentiation include 
CCAAT/enhancer binding protein-α, β (C/EBP-α, β) and peroxi-
some proliferator-activated receptor- γs(PPAR-γs) [25]. Cluster 
of differentiation-36 (CD-36) and activating protein-2 (AP-2) are 
key proteins involved in regulating uptake of fatty acid into 
adipose tissue [26], and acetyl-CoA carboxylase1 (ACC) and fatty 
acid synthase (FAS) are key enzymes in fatty acid synthesis [27]. 
Sterol regulatory element binding protein-1c (SREBP-1c) regulates 
the expression of enzymes such as FAS, ACC, ATP-citrate lyase 
(ACL), and malic enzyme (ME), which are involved with triglyceride 
synthesis [28]. AMP activated protein kinase (AMPK) is thought 
to inhibit triglyceride synthesis by inhibiting activities of lipoge-
nesis enzymes like FAS as well as transcriptional regulation via 
SREBP-1c. It is also likely that AMPK promotes fat oxidation by 
activating enzymes like ACC and carnitine palmitoyltransferase 
1(CPT1) [29]. 

Studies on the anti-obesity effects of corn silk extract have 
been carried out [30]. However, the effects of corn silk extract 
on mRNA expression levels of genes related with lipolysis, 
lipogenesis and triglyceride synthesis are not well known. Thus, 
this study was performed to investigate the anti-obesity effect 
and mechanism of high maysin corn silk extract in experimental 
animals fed high-fat diet. 

MATERIALS AND METHODS

Animals and study design
For experimental animals, 30 male C57BL/6J mice, 4-weeks- 

old, were purchased and divided into three groups by weight 
using a randomized block design: normal-fat group (NF group, 
n = 10), high-fat group (HF group, n = 10), and high-fat corn 
silk group (HFCS, n = 10). Experimental diet was prepared based 
on AIN-93G [31]; normal-fat diet contained 7% fat (diet weight 
basis) as soybean oil while high-fat diet contained 7% fat as 
soybean oil and 18% as lard, resulting in a total of 25% fat 
(diet weight basis) and 0.5% cholesterol (Table 1). The NF group 
received normal-fat diet, the HF group received high-fat diet, 
and the HFCS group received high-fat diet along with daily oral 
administration of high maysin corn silk extract at 100 mg/kg 
body weight. High maysin corn silk extract was provided by 
the Rural Development Administration, National Institute of 
Crop Science. In a previous study, consumption of ethanol 
extract of corn stigmas (4,000 mg/kg) improved diabetic conditions 

without toxicity [13]. In addition, rats fed 500 mg/kg of high 
maysin corn silk extract for 4 weeks showed no toxicity (data 
not shown). Thus, 100 mg/kg of corn silk extract was used in 
this study and can be considered as safe. 

The extraction procedure of high maysin corn silk was previously 
described [32]. In brief, unpollinated corn silk (Kwangpyeongok) 
were collected and extracted with prethanol A (C2H5OH, Duksan, 
Korea). The extracted samples were filtered and concentrated 
under reduced pressure. Chlorophyll, lipids, and saccharides of 
extracted samples were removed using methylene chloride 
(CH2Cl2), after which the active material from the extracts was 
eluted by addition of absolute ethanol. Extracts were completely 
dried in a vacuum concentrator. In order to separate high 
maysin containing corn silk extract, dried extracts were dissolved 
in ethanol and then injected into a preparative C18 chroma-
tograph column (Büchi, Newcastle, DE).

In general, the maysin content of corn silk is 5.2-230.5 mg/100 
g, depending on the species [33]. However, high maysin corn 
silk used in this study  was 2.78 g/100 g. The NF and HF groups 
received the same amount of distilled water orally as the HFCS 
group. The experimental period was 8 weeks. Dietary intake 
was measured twice a week, and body weight was measured 
once a day. Four mice were housed in a plastic cage in 
conditioned rooms (24 ± 1°C, 12-h light/12-h dark cycle). All 
experimental procedures met the guidelines of the animal 
testing ethics committee of Dankook University (Approval Code: 
15-025). 

Sample preparations
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Adipocyte differentiation

Adipose 
tissue

C/EBP-α F 5-TGG/ACA/AGA/ACA/GCA/ACG/AGT/AC-3

R 5-GCA/GTT/GCC/CAT/GGC/CTT/GAC-3

C/EBP-β F 5-GTT/TCG/GGA/CTT/GAT/GCA/AT-3

R 5-CCC/GCA/GGA/ACA/TCT/TTA/AGT-3

PPAR-γ1 F 5-GGA/CTG/TGT/GAC/AGA/CAA/GAT/TTG-3

R 5-CTG/AAT/ATC/AGT/GGT/TCA/CCG/C-3

PPAR-γ2 F 5-ATG/GGT/GAA/ACT/CTG/GGA/GAT/TCT-3

R 5-CTT/GGA/GCT/TCA/GGT/CAT/ATT/TGT-3

Fat accumulation 

Liver CD36 F 5-GAT/GAC/GTG/GCA/AAG/AAC/AG-3

R 5-TCC/TCG/GGG/TCC/TGA/GTT/AT-3

LPL F 5-ATC/GGA/GAA/CTG/CTC/ATG/ATG/A-3

R 5-CGG/ATC/CTC/TCG/ATG/ACG/AA-3

Adipose 
tissue

AP2 F 5-GGA/TTT/GGT/CAC/CAT/CCG/GT-3

R 5-TTC/ACC/TTC/CTG/TCG/TCT/GC-3

CD36 F 5-GAT/GAC/GTG/GCA/AAG/AAC/AG-3

R 5-TCC/TCG/GGG/TCC/TGA/GTT/AT-3

LPL F 5-CCA/ATG/GAG/GCA/CTT/TCC/A-3

R 5-CAC/GTC/TCC/GAG/TCC/TCT/CTC/T-3

Fat synthesis

Liver ACC1 F 5-GGA/GAT/GTA/CGC/TGA/CCG/AGA/A-3

R 5-ACC/CGA/CGC/ATG/GTT/TTC/A-3

ACC2 F 5-ACG/AGC/ACA/CAC/AGT/CCA/TG-3

R 5-GAT/GAC/CTC/TGG/ATG/TTC/TTG-3

G6PDH F 5-GTTTGGCAGCGGCAACTAA-3

R 5-GGCATCACCCTGGTACAACTC-3

FAS F 5-GCA/CAG/CTC/TGC/ACT/GTC/TAC/TAC-3

R 5-ATC/CCA/GAG/GAA/GTC/AGA/TGA/TAG-3

SCD1 F 5-CCT/ACG/ACA/AGA/ACA/TTC/AAT/C-3

R 5-TTC/TCT/TAA/TCC/TGG/CTA/AGA/C-3

SREBP-1c F 5-GGA/GCC/ATG/GAT/TGC/ACA/TT-3

R 5-GGC/CCG/GGA/AGT/CAC/TGT-3

PDK4 F 5-AGG/GAG/GTC/GAG/CTG/TTC/TC-3

R 5-GGA/GTG/TTC/ACT/AAG/CGG/TCA-3

Adipose 
tissue

ACC1 F 5-GGA/GAT/GTA/CGC/TGA/CCG/AGA/A-3

R 5-ACC/CGA/CGC/ATG/GTT/TTC/A-3

G6PDH F 5-TCA/AGA/GAC/CTG/CAT/GAG/TCA/GA-3

R 5-TGG/CAA/ACC/TCA/GCA/CCA/T-3

GPAT1 F 5-CAA/CTG/ATT/CAA/AAT/AAC/TCC/AGA/TAT/CA-3

R 5-TTG/CCA/GGC/TCT/GTA/TCC/TTG-3

FAS F 5-GCT/TTG/CTG/CCG/TGT/CCT/TCT-3

R 5-TCT/AGC/CCT/CCC/GTA/CAC/TCA-3

SCD1 F 5-CCT/ACG/ACA/AGA/ACA/TTC/AAT/C-3

R 5-TTC/TCT/TAA/TCC/TGG/CTA/AGA/C-3

SREBP-1c F 5-GGA/GCC/ATG/GAT/TGC/ACA/TT-3

R 5-GGC/CCG/GGA/AGT/CAC/TGT-3

PDK4 F 5-CAA/AGA/CGG/GAA/ACC/CAA/GCC-3

R 5-CGC/AGA/GCA/TCT/TTG/CAC/AC-3

lipid lipolysis and Fat oxidation

Liver ACO F 5-CTC/TCT/ATG/GGA/TCA/GCC/AGA/A-3

R 5-CAG/GGG/CTT/CAA/GTG/CTT/GT-3

AMPK F 5-GGA/TGT/AGT/TGC/AGA/ACT/TCC/TGC-3

R 5-ACG/CAG/GGT/GCA/ACC/GAT/GCG/GCC-3

Table 2. Primer sequences used for real-time polymerase chain reaction

CPT-1 F 5-AGG/AGT/AGT/TGC/AGG/AAT/TCC/TGT-3

R 5-GCG/TAG/GGA/GCT/ACT/GAT/GCG/GAT-3

MCAD F 5-GAT/CGC/AAT/GGG/TGC/TTT/TGA/TAG/AA-3

R 5-AGC/TGA/TTG/GCA/ATG/TCT/CCA/GCA/AA-3

PPAR-α F 5-AAT/AGG/TGC/AGC/TGT/CCA/GAG-3

R 5-GCA/CCT/GTA/TTA/CGG/GGT/CAC-3

Adipose 
tissue

AMPK F 5-CAC/TTG/TCT/GCA/TCT/CTC/CA-3

R 5-CTT/GAG/GAA/CTT/GAG/GAT/CC-3

CPT-1 F 5-GTGC/TGGA/GGTG/GCTT/TGGT-3

R 5-TGCT/TGAC/GGAT/GTGG/TTCC-3

HSL F 5-CTC/CTC/ATG/GCT/CAA/CTC/CTT/CC-3

R 5-AGG/GTT/CTT/GAC/TAT/GGG/TG-3

PPAR-α F 5-GCT/GTG/GAG/ATC/GGC/CTG-3

R 5-GCA/ACT/TCT/CAA/TGT/AGC/CTA/TGT/TT-3

GAPDH F 5-ATT/CCA/TGG/CAC/CGT/CAA/GGC-3

R 5-TCA/GGT/CCA/CCA/CTG/ACA/CGT-3

ACC1; acetyl-CoA carboxylase1, ACC2; acetyl-CoA carboxylase2, ACO; acyl CoA 
oxidase, AMPK; AMP-activated protein kinase, AP-2; activating protein -2, C/EBP-α; 
CCAAT/enhancer binding protein-α, C/EBP-β; CCAAT/enhancer binding protein-β, 
CD36; cluster of differentiation 36, CPT-1; Carnitine palmitoyltransferase-1, FAS; fatty 
acid synthase, GAPDH; glyceraldehyde 3-phosphate dehydrogenase, GPAT1; 
glycerol-3-phosphate acyltransferase-1, G6PDH; glucose-6-phosphate dehydro-
genase, HSL; Hormone-sensitive lipase, LPL; lipoprotein lipase, MCAD; medium 
chain acyl-CoA dehydrogenase, PDK4; pyruvate dehydrogenase kinase, isozyme 4, 
PPAR-α; peroxisome proliferator-activated receptor, PPAR-γ1; peroxisome proliferator- 
activated receptor-γ1, PPAR-γ2; peroxisome proliferator-activated receptor-γ2, 
SCD1; stearoyl-CoA desaturase-1, SREBP-1c; sterol regulatory element binding 
protein-1c

Table 2. continued

After fasting for 12 hours, animals were anesthetized and the 
blood was drawn from the heart using a syringe. Liver, 
subcutaneous fat, intestinal fat, kidney fat, and epididymal fat 
pads were dissected and rinsed in 0.9% NaCl solution and 
weighed. The liver and epididymal fat pads were stored at -70°C 
in a freezer before gene expression analysis. 

Total RNA isolation, reverse transcription, and real-time PCR
The detailed methods for total RNA isolation, reverse 

transcription, and real-time PCR for measuring mRNA expression 
of genes related to adipocyte differentiation, triglyceride 
synthesis, and fat oxidation in liver or epididymal fat pad were 
performed as previously described [34]. Total liver or adipose 
tissue RNA was isolated using TRI-reagent (Sigma Aldrich, MO, 
USA) according to the manufacturer’s protocol. Real-time PCR 
was performed using the modified method recently described 
[35]. Genes measured in the experiment were as follows: ACC-1, 
ACC-2 , acyl CoA oxidase (ACO), AMPK, AP-2, C/EBP-α, C/EBP-β, 
CD-36, CPT-1, FAS, glyceraldehyde 3-phosphate dehydrpgenase 
(GAPDH), glycerol-3-phosphate acyltransferase-1(GPAT-1), glucose- 
6-phosphate dehydrogenase (G6PDH), hormone-sensitive lipase 
(HSL), lipoprotein lipase (LPL), medium chain acyl-CoA dehy-
drogenase (MCAD), pyruvate dehydrogenase kinase, isozyme 4 
(PDK4), PPAR-α , PPAR-γ1 , PPAR-γ2, stearoyl-CoA desaturase-1 
(SCD-1), and SREBP-1c. Each forward/reverse primer used is 
shown in Table 2. Expression of mRNA was analyzed with an 
Applied Biosystems StepOne Plus RT-PCR system (Applied 
biosystems, CA, USA). Fold differences in gene expression were 
calculated using the 2−ΔΔCT method with the endogenous 
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Group Liver
Adipose tissue

Subcutaneous fat Intestinal fat Kidney fat Epididymal fat

NF1) 0.87 ± 0.112)b3) 0.35 ± 0.09b 0.38 ± 0.19NS4) 0.20 ± 0.09b 0.55 ± 0.15c

HF 1.11 ± 0.30a 0.62 ± 0.18a 0.48 ± 0.16 0.43 ± 0.15a 1.04 ± 0.31a

HFCS 1.09 ± 0.08ab 0.49 ± 0.11ab 0.35 ± 0.11 0.27 ± 0.13b 0.76 ± 0.24b

1) LF: Normal fat diet, HF: High-fat diet, HFCS; High-fat diet + Corn silk extract (100 mg/kg body weight)
2) Mean ± SD
3) Different letters indicate significant differences among groups at α = o.o5 as determined by Duncan's multiple range test
4) NS: Not significant

Table 3. Liver and adipose tissue weights (g)

Fig. 1. Effect of corn silk extract on body weight.

Fig. 2. Effect of corn silk extract on mRNA expression of transcription factors related to adipocyte differentiation in adipose tissue of mice fed high-fat diet. Total 
RNA was isolated using TRI-reagent, and cDNA was synthesized using 3 μg of total RNA with SuperScriptⅡ reverse transcriptase. Real-time PCR was performed using SYBR green 
and standard procedures to assess mRNA expression of primer in adipose tissue (epididymal fat pad) samples obtained from each group. Applied Biosystem StepOne software v2.1 
was used. Each bar represents the mean ± SD, and different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's multiple range 
test. C/EBP-α; CCAAT/enhancer binding protein-α, C/EBP-β; CCAAT/enhancer binding protein-β, PPAR-γ1; peroxisome proliferator-activated receptor-γ1, PPAR-γ2; peroxisome 
proliferator-activated receptor-γ2

control gene.

Statistical analysis
Statistical analysis was performed using Statistical Analysis 

System software (SAS Institute, Cary, NC, USA). Data were 
expressed as means with standard deviation, and statistically 
significant differences among groups were evaluated using one 
way-ANOVA (analysis of variance). Statistically significant diffe-
rences among means of groups were tested at α = 0.05 using 
Duncan's multiple range tests. 

RESULTS

Effect of high maysin corn silk extract on body weight and fat 

accumulation
Changes in body weight during the experimental period are 

shown in Fig. 1. There were no significant differences in body 
weight among the groups until the 3rd week of experimental 
diets, whereas body weights of the HF and HFCS groups, both 
fed high-fat diet, significantly increased from the 4th week 
compared to the NF group fed low-fat diet. After 7 weeks, body 
weight was significantly reduced in the high-fat group compared 
to the high-fat only group (P < 0.05). 

The liver and body adipose tissue weights were measured 
after completion of the experimental period. Liver weight was 
significantly higher in the HF group compared to the LF group 
(P < 0.05), whereas no difference in intake of high maysin corn 
silk extract was observed (Table 3). For body adipose tissue 
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(A) Liver

(B) Adipose tissue

Fig. 3. Effect of corn silk extract on mRNA expression of transcription factors and enzymes related to fat deposition in the liver and adipose tissue of mice fed high-fat 
diet. Total RNA was isolated using TRI-reagent, and cDNA was synthesized using 3 μg of total RNA with SuperScriptⅡ reverse transcriptase. Real-time PCR was performed using SYBR 
green and standard procedures to assess mRNA expression of primer in liver (A) and adipose tissue (B) (epididymal fat pad) samples obtained from each group. Applied Biosystem StepOne 
software v2.1 was used. Each bar represents the mean ± SD, and different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's 
multiple range test. CD-36; cluster of differentiation 36, LPL; lipoprotein lipase, AP-2; activating protein-2 

(A) Liver

(B) Adipose tissue

Fig. 4. Effect of corn silk extract on mRNA expression of enzymes related to fat synthesis in the liver and adipose tissue of mice fed high-fat diet. Total RNA was 
isolated using TRI-reagent, and cDNA was synthesized using 3 μg of total RNA with SuperScriptⅡ reverse transcriptase. Real-time PCR was performed using SYBR green and standard 
procedures to assess mRNA expression of primer in liver (A) and adipose tissue (B) (epididymal fat pad) samples obtained from each group. Applied Biosystem StepOne software v2.1 
was used. Each bar represents the mean ± SD, and different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's multiple range 
test. ACC1; acetyl-CoA carboxylase1, ACC2; acetyl-CoA carboxylase2, G6PDH; glucose-6-phosphate dehydrogenase FAS; fatty acid synthase, SCD1; stearoyl-CoA desaturase-1, SREBP-1c; 
sterol regulatory element binding protein1c, PDK-4; pyruvate dehydrogenase kinase, isozyme 4, GPAT-1; glycerol-3-phosphate acyltransferase-1.

weight, subcutaneous fat and intestinal fat weights tended to 
be lower in the group with high maysin corn silk extract 
compared to the HF group, although no significant difference 
was observed. However, kidney fat and epididymal fat pad 
weights were significantly higher in the HF group compared 

to the other groups (P < 0.05) but significantly lower in the high- 
fat diet group with high maysin corn silk extract (Table 3).

Effect of high maysin corn silk extract on adipocyte differentiation
The mRNA expression levels of C/EBP-α, C/EBP-β, PPAR-γ1, 
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(A) Liver

(B) Adipose tissue

Fig. 5. Effect of corn silk extract on mRNA expression of transcription factors and enzymes related to fat oxidation in the liver and adipose tissue of mice fed high-fat 
diet. Total RNA was isolated using TRI-reagent, and cDNA was synthesized using 3 μg of total RNA with SuperScriptⅡ reverse transcriptase. Realtime PCR was performed using SYBR 
green and standard procedures to assess mRNA expression of primer in liver (A) and adipose tissue (B) (epididymal fat pad) samples obtained from each group. Applied Biosystem StepOne 
software v2.1 was used. Each bar represents the mean ± SD, and different letters above each bar indicate significant differences among groups at α = o.o5 as determined by Duncan's 
multiple range test. ACO; acyl CoA oxidase, AMPK; AMP-activated protein kinase, CPT-1; Carnitine palmitoyltransferase-1, MCAD: medium chain acyl-CoA dehydrogenase, PPAR-α; 
peroxisome proliferator-activated receptor, HSL; hormone-sensitive lipase.

and PPAR-γ2, which are related to adipocyte differentiation in 
epididymal fat tissue, were measured (Fig. 2). C/EBP-β, PPAR-γ1, 
and PPAR-γ2 mRNA expression levels were significantly 
elevated in the HF group compared to the NF group (P < 0.05) 
but were reduced to the same levels as in the NF group when 
high maysin corn silk extract was added.

Effect of high maysin corn silk extract on fat accumulation
The mRNA expression levels of genes related to fat accumula-

tion in the liver and adipose tissue were measured, as shown 
in Fig. 3. In the liver, mRNA expressions of CD-36 and LPL were 
significantly elevated in the HF group compared to the NF 
group (P < 0.05) but reduced in the group fed high-fat diet and 
high maysin corn silk extract. In adipose tissue, mRNA 
expressions of AP-2, CD-36, and LPL were also significantly 
elevated in the HF group compared to the NF group (P < 0.05) 
but reduced in the group fed high-fat diet and high maysin 
corn silk extract. 

Effect of high maysin corn silk extract on fat synthesis
The expression levels of genes related to fat synthesis in the 

liver and adipose tissue were measured, as shown in Fig. 4. 
In the liver, all genes were significantly up-regulated in the HF 
group compared to the NF group, and mRNA expression levels 
of ACC-1, G6PDH, and SCD-1 were reduced upon intake of high 
maysin corn silk extract while levels of SREBP-1C and PDK-4 
were significantly reduced (P < 0.05). In adipose tissue, expression 
levels of genes related to fat synthesis were significantly 
up-regulated in the HF group compared to the NF group, and 

intake of high maysin corn silk extract significantly reduced 
mRNA expression of all genes (P < 0.05).

Effect of high maysin corn silk extract on lipolysis and fat oxidation
The mRNA expression levels of genes related to lipolysis and 

fat oxidation in the liver and adipose tissue were measured, 
as shown in Fig. 5. In the liver, intake of high maysin corn silk 
extract significantly increased mRNA expression levels of AMPK 
and CPT-1 (P < 0.05). In adipose tissue, mRNA expression levels 
of AMPK, CPT-1, and HSL were significantly up-regulated (P <
0.05) while expression of PPAR-α was reduced upon intake of 

high maysin corn silk extract. 

DISCUSSION

Corn silk is a waste material produced in the corn cultivation 
process, and and the physiological activity of corn silk has been 
recently studied. However the anti-obesity effect and the 
related mechanism of corn silk extract has not been determined.

In this study, experimental animals that received high-fat diet 
along with 100 mg/kg of high maysin corn silk extract for 8 
weeks showed significant reduction of body weight compared 
to the high-fat diet only group. Additionally, kidney fat and 
epididymal fat pad weights significant decreased, demon-
strating high maysin corn silk extract had a weight-reducing 
effect by decreasing fat accumulation in the body. Min et al. 
[30] reported that administration of 100 mg/kg BW and 400 
mg/kg BW of corn silk extract significantly lowered body weight 
after 2 weeks of intake in db/db mice, which is consistent with 
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the weight-reducing effect in our study. 
To elucidate the mechanism responsible for body weight and 

body fat reduction by high maysin corn silk extract, mRNA 
expression levels of proteins involved in adipocyte differentia-
tion, fat accumulation, fat synthesis, lipolysis, and fat oxidation 
in adipose tissue and the liver were measured. 

C/EBP-β and PPAR-γ are transcription factors that induce 
gene expression of glucose transporter 4 (GLUT4), FAS, SCD-1, 
and adiponectin to promote differentiation of fat cells [25]. In 
particular, PPAR-γ is a transcription factor mainly expressed in 
adipose tissue that increases fat accumulation by participating 
in the production of insulin-sensitive adipokines such as 
adiponectin [36-38]. As PPARγ induces transcription of AP-2 and 
LPL, decreased expression of PPAR-γ can reduce triglyceride 
synthesis in adipose tissue [39]. In a previous 3T3 L1 cell 
experiment, corn silk aqueous extract inhibited fat synthesis in 
fat cells and protein expression of PPAR-γ, a transcription factor 
playing an important role in adipocyte differentiation, in a 
concentration-dependent manner [30]. In our study, high intake 
of maysin corn silk extract reduced expression of PPAR-γ in 
adipose tissue, which is consistent with reduction of AP-2 in 
the liver and adipose tissue. Therefore, the results of this study 
suggest that corn silk extract suppresses lipogenesis in adipose 
tissue. 

CD-36 is a protein that mediates transport of fatty acids into 
cells by interacting with AP-2 and fatty acid transport protein 
(FATP) [26], and expression of CD-36 was shown to be increased 
in the liver and adipose tissue of an obese experimental animal 
model [26,40]. Thus, high maysin corn silk extract inhibited 
expression of CD-36, thereby abrogating transport of fatty acids 
into adipose tissue and further inhibiting fat accumulation.

In this study, high maysin corn silk extract reduced mRNA 
expression of SREBP-1c. SREBP-1c regulates fat synthesis in 
adipose tissue and the liver and is known to regulate gene 
expression of enzymes related to triglyceride synthesis, 
including FAS, ACC, ACL, and ME [28]. As inhibition of SREBP-1c 
expression reduced fatty acid synthesis and consequently 
triglyceride accumulation in adipose tissue, high intake of 
maysin corn silk extract inhibited SREBP-1c expression, further 
reducing FAS and ACC expression and consequently decreasing 
fat synthesis and body fat weight. 

AMPK reduces SREBP-1c expression to inhibit triglyceride 
synthesis and increase fatty acid oxidation in the liver, whereas 
CPT-1 is a protein that increases fatty acid oxidation by 
participating in the transport of fatty acids into mitochondria 
[41,42]. HSL is distributed in various organs, including muscles, 
testis, and the adrenal gland, but is mainly activated in adipose 
tissue and increases degradation of triglycerides stored in 
adipose tissue [43]. In this study, high maysin corn silk extract 
activated mRNA expression of AMPK and further suppressed 
triglyceride synthesis, possibly by inhibiting mRNA expression 
of transcription factors such as SREBP-1c and PPARγ. In addition, 
AMPK seemed to inhibit ACC and activate CPT1, resulting in 
increased beta- oxidation, decreased fat accumulation, and 
greater weight loss.

In conclusion, high maysin corn silk extract inhibits adipocyte 
differentiation through inhibition of C/EBP- β and PPAR-γ AMPK 
expression in adipose tissue, inhibits expression of CD-36, AP-2, 

and LPL related to fat accumulation in adipose tissue, inhibits 
expression of ACC-1, GPAT-1, G6PDH, FAS, SCD-1, SREBP-1c, and 
PDK-4 related to fat synthesis, and increases expression of 
AMPK, CPT-1, and HSL related to lipolysis and fatty acid 
oxidation to reduce body fat, consequently reducing body 
weight in experimental animals. 
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