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ω-3 PUFAs

Eicosapentaenoic acid (EPA, 20:5, n-3) 

Docosahexaenoic acid (DHA, 22:6, n-3)

Cardiovascular diseases 
(CVD) 

EPA/DHA       
1:1/1:2 

Inflammation   ↓

2:1 Oxidative stress    ↑ 

Protein carbonylation  
↓

1

Gut dysbiosis
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Polyphenols 

Antioxidants can be divided into three major groups: 

•Carotenoids( 类胡萝卜素), which are discussed in greater detail in my "Basic Vitamin A 

Primer" 

•Allyl sulfides ( 烯丙基硫醚), found in garlic and onions

•Polyphenols ( 多酚), (also known as phenolics)
Flavonoids          黄酮类

Stilbenes            芪类

Lignans              木脂素类

Phenolic acids     酚酸
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Proanthocyanidins 
Grape seed extract (GSE) 

ω-3 PUFAs        +        GSE

Oligomerization
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n = 7/group 

STD, the control group; 

ω-3, supplemented with EPA/DHA 1:1 (16.6 g/kg feed); 

GSE, supplemented with 0.84 g GSE/kg feed; 

ω-3 + GSE, supplemented with both EPA/DHA 1:1 and GSE.
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Sample collection 

After 0, 6, 12, 18 and 24 weeks 

Plasma and urine
NO, NO2−

Fecal microbial subgroups

Bacteroidetes and Firmicutes phyla,

the Lactobacillales and Bifidobacteriales orders,

the Lactobacillus plantarum, Lactobacillus acidophilus and Bifidobacterium longum species

qRT-PCR

QIAamp® DNA Stool Mini Kit 

All DNA samples were diluted to 20 ng/μL.

qRT-PCR cycling conditions：
   5 s at 95 ℃; 
45 cycles of: 
   5 s at 95 ℃, 
   30 s at the primer-specific annealing temperature (Table 2), 
   30 s at 72 ℃ (extension)
melting curve analysis：
    2 s at 95 ℃；
    for 15 s at 65 ℃, 
    followed by a temperature gradient up to 95 ℃ at a rate of 0.11 
℃ /s, with five fluorescence recordings per ℃



1

2017/07/23 8

Short-chain fatty acids in feces 

SCFAs (acetic acid, propionic acid, butyric acid and pentanoic acid)

HP-Innowax (30 m × 0.25 mm i.d. × 0.25 μm f.d.).

  Injector : 240℃

  FID : 240℃

  Injection volume : 1 μL

  Carrier gas : helium , 1 mL/min 

  The mode of injection : splitless

  The oven temperature program : 

      50 ℃ (3 min), then slope 8 ℃ /min to 180 ℃ (0 min) and slope 50 ℃ /min to 200 ℃ (5 min). 

  Other conditions were: gas helium flow, 30 mL/min; hydrogen flow, 40 mL/min; and airflow 400 mL/min.



1

2017/07/23 9

Results 
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IF  4.323
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Anti-inflammatory 

Induced obesity 

Identified the contribution of the gut microbiota

Grape seed proanthocyanindin extract (GSPE) 
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Male 8-week-old C57BL/6 
mice 

4 weeks of 
acclimatization

Three groups with four cages in each 
group

(2–3 mice per cage, n = 10–12 in 
each analysis) NCD+P

BS
HFD+P

BS
HFD+GS

PE

daily gavage with 300 
mg/kg

body weight GSPE 

Abx, 1.0 g/L ampicillin [Sigma, USA] and 0.5 g/l 
neomycin [Sigma, USA]

in drinking water three daysTreated with antibiotics

Oral 
gavage

GSPE 
(HFD+GSPE+Abx)

PBS 
(HFD+PBS+Abx)

7 weeks 

Materials and methods 
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Glucose tolerance test

2 g/kg body weight by intraperitoneal injection；

Glucose levels were measured with whole blood from the tail vein at 0, 15, 30, 60, and 

120 min using a glucose meter (LifeScan, USA). 

Insulin resistance test

After 6h of food deprivation；

Intraperitoneal injection

1 IU/kg body weight human insulin (Novolin R, Denmark)
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Morphological studies 

Epididymal white adipose tissue (eWAT) 

4% neutral buffered formalin

Anti-F4/80 primary antibody (Abcam, British)；Immunohistochemical staining 

Biochemical analyses

TNF-α , MCP-1 and IL-6 ELISA kit (Millipore, USA)
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Gut microbiota qPCR quantification

QIAamp Fast DNA stool Mini Kit (Qiagen, Germany)

QuantSutdio Real-time PCR Instrument (Applied Biosystems, USA)

SYBER Green Supermix (Takara, Japan)

10 μL reactions（2× SYBER Green Supermix, 10 μM of each primer and 40 ng of genomic DNA）

2−ΔΔCT method

RNA isolation and real-time PCR
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Protein preparation and western blot

Target proteins：Akt, p-Akt (Ser473), p-JNK, JNK, IkB-α.

Internal control：Heat shock protein 90 (HSP90).

16S rDNA gene sequencing and analysis

Illumina MiSeq platform

341F (5’-CCTACGGGRSGCAGCAG-3’) and 806R (5’-GGACTACVSGGGTATCTAAT-3’)
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Results

1. GSPE reduces inflammation in HFD-fed mice
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2. GSPE inhibits JNK and NF-kB signaling pathways and ameliorates inflammation
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3. GSPE improves HFD-induced metabolic disorders

inguinal WAT
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4. GSPE supplementation changes the composition of gut microbiota
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产丁酸盐
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5. Effect of GSPE on metabolic improvement partially depends on gut microbiota
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