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ABSTRACT 

 

Black Raspberry (Rubus occidentalis) Extract Ameliorates  

Excessive Choline-Induced Inflammation  

in High-Fat Diet-Fed Female Sprague-Dawley Rats 

 

 

Juhee Ryu 

Department of Food and Nutrition 

The Graduate School 

Seoul National University 

 

Choline is converted to trimethylamine by gut microbiota and further oxidized to 

trimethylamine-N-oxide (TMAO) by hepatic flavin monooxygenases. The positive 

correlation between TMAO and chronic diseases has been repeatedly confirmed. 

Polyphenols in black raspberry (BR), especially anthocyanins, possess various 

biological activities. The objectives of this study were to determine the effects of 

excessive choline with high-fat intake on serum lipid profile and inflammation in 

liver and adipose tissue of female Sprague-Dawley (SD) rats and the effects of BR 

extract on dyslipidemia and inflammation induced by excessive choline with high-

fat diet fed to the rats. Thirty-two female SD rats were randomly divided into four 

groups and fed for 8 weeks as follows: CON, fed AIN-93G diet; HF, fed high-fat 

diet; HFC, fed high-fat diet with 1.5% choline water; and BRE, fed high-fat diet 
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with 0.6% BR extract and 1.5% choline water. The HFC group showed significant 

hypercholesterolemia and hepatic inflammation. BR extract decreased serum total 

cholesterol (TC) and LDL-cholesterol (LDL-C) levels, hepatic mRNA expressions 

of pro-inflammatory genes including NF-κB, IL-1β, IL-6, and COX-2, and hepatic 

protein expressions of NF-κB and COX-2. These results suggest that excessive 

choline intake accompanied by high-fat diet might cause hypercholesterolemia and 

induce hepatic inflammation in female SD rats. Intake of BR extract might lower 

these elevated serum TC and LDL-C levels and alleviate hepatic inflammation 

through down-regulating mRNA and protein expressions of the genes related to 

inflammation in the rats. 
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INTRODUCTION 

 

Choline, one of the components of phospholipids in cell membrane and 

neurotransmitter, is regarded as an essential nutrient.1 However, choline is also a 

precursor of trimethylamine-N-oxide (TMAO), which has been reported to be as a 

putative promoter of chronic diseases in human.2-6 A part of excessive dietary 

choline is metabolized by gut microbiota to produce trimethylamine (TMA). Once 

TMA is absorbed from intestine, it is transported to liver via portal circulation and 

further oxidized to TMAO by hepatic flavin monooxygenases.2  

Since various epidemiological studies revealed connection between TMAO and 

cardiovascular diseases (CVD),5,7,8 studies on TMAO and its precursors, such as 

choline, lecithin, and L-carnitine, have focused on vascular inflammation, 

endothelial dysfunction, and cholesterol homeostasis.3-5,9-12 In addition, the effects 

of TMAO and its precursors on glucose intolerance6 and hepatotoxicity9,12 have 

been investigated. Taken together, it would be likely that TMAO possibly can act in 

various organs throughout the body. More recently, TMAO has been demonstrated 

to induce expressions of cytokines and adhesion molecules in primary human 

aortic endothelial cells and vascular smooth muscle cells. These inflammatory 

responses were also reported to be mediated via, in part, activation of nuclear 

factor-κB (NF-κB) signaling pathway, which is pivotal in inflammation, immunity, 

and cell death of various cell types.3 

Both epidemiological and experimental studies have reported positive 

correlation between TMAO and chronic diseases, such as CVD, renal disease, and 

diabetes.5-8,14-17 Besides, evidences that TMAO might be able to cause 
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hepatotoxicity or inflammation in adipose tissue have been provided.6,9,12 However, 

consumption of fruits and vegetables has been widely known to be able to prevent 

incidence of chronic diseases. Especially, phytochemicals, bioactive compounds in 

plants, contribute to reduce risks of those diseases mostly by their anti-oxidant 

activity.18  

Black raspberry (Rubus occidentalis; BR) is relatively high in anthocyanin 

among Rubus fruits.19 It has been found that the major bioactive compounds in BR 

were anthocyanins, mainly cyanidin-3-rutinoside (C3R), cyanidin-3-glucoside 

(C3G), and cyanidin-3-xylosylrutinoside (C3XR), followed by relatively small 

amounts of ellagitannins and phenolic acids. BR has been known to possess anti-

oxidative, anti-inflammatory, and anti-cancer activities.20 Especially, C3R and C3G 

were demonstrated to have anti-inflammatory activity through down-regulating 

NF-kB expression and inhibiting I-kB degradation in LPS-treated murine 

macrophages.21 However, to the best of our knowledge, protective effects of 

polyphenols in BR on inflammation induced by excessive choline intake have not 

been reported.  

Thus, the present study was conducted to investigate effects of excessive choline 

with high-fat intake on serum lipid profile and inflammation in liver and adipose 

tissue of female Sprague-Dawley (SD) rats and to determine whether BR ethanol 

extract could alleviate the rats’ dyslipidemia and inflammation induced by intake of 

excessive choline with high-fat.  
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MATERIALS AND METHODS 

 

1. Materials and chemicals 

BR (Rubus occidentalis) fruits harvested in 2017 were purchased from Gochang, 

Korea. C3G and C3R standards and Folin-Ciocalteu reagent were the products of 

Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Choline chloride was 

obtained from Jinan Pengbo Biotechnology Co., Ltd. (Jinan, China). Trizol reagent 

was purchased from Invitrogen (Carlsbad, CA, USA). Radioimmune precipitation 

assay (RIPA) buffer and protease inhibitor cocktail (PIC) #6 were purchased from 

Biosesang Inc. (Seongnam, Korea). Anti-I-κB, anti-NF-κB, and horseradish 

peroxidase (HRP)-linked anti-rabbit immunoglobulin G were purchased from Cell 

Signaling Technology (Danvers, MA, USA); anti-COX-2 from Novus Biologicals 

(Littleton, CO, USA); and anti-β-actin from Abcam (Cambridge, England). 

Enhanced chemiluminescence (ECL) solution was obtained from GenDEPOT 

(Katy, TX, USA). 

 

2. Extraction of BR fruits 

BR fruits (60 g) were crushed by hand and stirred with 80% (v/v) ethanol 

solution (300 mL) for 1 h by an overhead stirrer. The extract was filtered with 

Whatman No. 2 filter paper (Whatman International Ltd., Maidstone, England). 

The filtrate was concentrated using a vacuum rotary evaporator (A-10005, Eyela 

Co., Tokyo, Japan). The concentrated extract was freeze-dried using a freeze dryer 

(FDI06-85, Soritech, Hwaseong, Korea) and stored at -20 °C for further studies. 
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3. Determination of total phenolic content (TPC) 

TPC in the BR extract was determined according to the method of Singleton et 

al. with a slight modification.22 The BR extract (10 mg) was dissolved in distilled 

water (1 mL) followed by addition of Folin-Ciocalteu reagent (100 μL). After 3 

min, 20% (w/v) sodium bicarbonate solution (300 μL) was added to the mixture. 

The mixture was incubated at 40 °C for 30 min and then absorbance was measured 

at 765 nm by a spectrophotometer (Spectramax190, Molecular Devices, San Jose, 

CA, USA). TPC was presented as gallic acid equivalent (GAE).  

 

4. HPLC-UV analysis of anthocyanin fraction from BR extract 

The BR extract (100 mg) was dissolved in methanol (10 mL) containing 0.01% 

(v/v) hydrochloric acid. To separate anthocyanin fraction, 3 mL of the dissolved 

BR extract was injected into a Sep-Pak Plus C-18 cartridge (Waters Co., Milford, 

MA, USA), and the eluate was filtered using a 0.22 μm syringe filter (Pall Co., Port 

Washington, NY, USA). Composition and content of the anthocyanin fraction were 

analyzed using a reversed-phase HPLC (Waters 2996 Separation Module, Waters 

Co.) equipped with an XBridge C18 column (4.6 ⅹ 250 mm, 5 μm, Waters Co.). 

Mobile phase was 5% (v/v) formic acid in water (A) and 100% acetonitrile (B) 

with a gradient as follows: 0-1 min, 2% B; 1-2 min, 2-10% B; 2-15.5 min, 10-

12.5% B; 15.5-21 min, 12.5-60% B; 21-26 min, 60-2% B; and 26-30 min, 2% B. 

Injection volume was 20 μL. Flow rate was 1 mL min-1. Column temperature was 

30 °C. Detection wavelength was 520 nm. Anthocyanins were identified and 

quantified matching retention times of C3R and C3G standards.  
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5. Animals and experimental designs 

Thirty-two female SD rats (5 weeks old) were purchased from Koatech 

(Pyeongtaek, Korea). The rats were acclimatized to laboratory environment for 1 

week under maintained temperature (23 ± 3 °C), humidity (50 ± 10%), and 12/12 h 

light-dark cycle. All the rats had free access to tap water and normal chow diet 

during acclimation period. After acclimated, they were randomly divided into 4 

groups with 8 rats each. Compositions of control AIN-93G diet and high-fat diet 

were shown in Table 1. High-fat diet supplemented with 0.6% BR extract was 

customized by Raonbio (Yongin, Korea). Treated groups were as follows: CON, 

fed AIN-93G diet; HF, fed high-fat diet; HFC, fed high-fat diet with 1.5% (w/w) 

choline water; and BRE, fed high-fat diet with 0.6% BR extract and 1.5% (w/w) 

choline water. The CON and HF groups were given tap water during the 

experimental period. Choline water was newly supplied every two days. All the 

animals were allowed free access to diet and water for 8 weeks. The experimental 

protocol used in this study was approved by the Institutional Animal Care and Use 

Committee of Seoul National University (Approval No.: SNU-171103-1-5). 
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 Table 1. Composition of diets for the experimental Sprague-Dawley rats 

 Control diet High-fat diet 

 Weight (%) Energy (%) Weight (%) Energy (%) 

Protein 20 20 24 20 

Carbohydrate 64 64 41 35 

Fat 7 16 24 45 

Ingredient Weight (g) 
Energy 

(kcal) 
Weight (g) 

Energy 

(kcal) 

Casein 200 800 233 932 

L-Cystine 3 12 3.5 14 

Corn starch 397 1590 84.8 339.2 

Maltodextrin 132 528 116.5 466 

Sucrose 100 400 201.4 805.6 

Cellulose 50 0 58.3 0 

Soybean oil 70 630 29.1 261.9 

Lard - - 206.9 1862.1 

TBHQ 0.014 0 - - 

Mineral mixture 35 0 11.7 0 

Dicalcium 

phosphate 
- - 15.2 0 

Calcium carbonate - - 6.4 0 

Potassium citrate - - 19.2 0 

Vitamin mixture 10 40 11.7 46.8 

Choline bitartrate 2.5 0 2.3 0 

Total 1000 4000 1000 4727.6 
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6. Tissue collection 

At the end of the experiment, all the rats were made to fast but allowed free 

access to water or 1.5% choline water for 6 h. All the animals were euthanized by 

asphyxiation with CO2. Blood was collected by cardiac puncture and separated for 

serum aliquot by centrifugation (Combi-514R, Hanil Scientific, Inc., Gimpo, 

Korea) at 3,000 ⅹ g at 4 °C for 20 min after coagulation at room temperature. Liver, 

adipose tissue, kidney, and spleen were isolated and washed with saline. All the 

tissues were immediately stored at –80 °C until analysis. 

 

7. Serum lipid profile 

Serum triglyceride (TG), total cholesterol (TC), and HDL-cholesterol (HDL-C) 

concentrations were determined with commercially available kits (Asan 

Pharmaceutical Co., Ltd., Seoul, Korea) according to the manufacturer’s 

instructions which were described based on enzymatic colorimetric methods. 

For serum TG concentration, serum or standard (2 μL) was added into each well 

of 96-well plate, followed by addition of enzyme solution (300 μL). After 

incubating at 37 °C for 10 min, absorbance was measured at 550 nm using a 

spectrophotometer (Spectramax190, Molecular Devices).  

For serum TC concentration, serum or standard (2 μL) was added into each well 

of 96-well plate, followed by addition of enzyme solution (300 μL). After 

incubating at 37 °C for 5 min, absorbance was measured at 500 nm using a 

spectrophotometer (Spectramax190, Molecular Devices).  

For serum HDL-C concentration, serum or standard (20 μL) was incubated with 

separation reagent (20 μL) containing sodium tungstophosphate and magnesium 
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chloride at room temperature for 10 min to precipitate low density lipoprotein. 

After centrifuging at 3,000 rpm for 10 min (Smart R17, Hanil Scientific, Inc.), 

supernatant (10 μL) was added to each well of 96-well plate, followed by addition 

of enzyme solution (300 μL). The sample was incubated at 37 °C for 5 min, and 

then absorbance was measured using a spectrophotometer (Spectramax190, 

Molecular Devices). 

Serum LDL-cholesterol (LDL-C) level was calculated from Friedewald 

formula.23  

 

8. Total RNA extraction, cDNA synthesis, and real-time quantitative 

polymerase chain reaction (qPCR) 

Total RNA were extracted from liver and adipose tissue using Trizol reagent. 

Liver or adipose tissue (100 mg) was homogenized with Trizol reagent (1 mL) 

using a Tissuelyser (DE/85220, Qiazen, Hilden, Germany) at room temperature for 

5 min. The homogenized sample was incubated at room temperature for 5 min, 

followed by addition of chloroform (200 μL). After shaking the sample-chloroform 

mixture for 30 sec, the mixture was incubated at room temperature for 3 min and 

then centrifuged at 12,000 ⅹ g at 4 °C for 15 min (Smart R17, Hanil Scientific, 

Inc.). The colorless aqueous phase was transferred to a fresh tube, followed by 

addition of isopropanol (500 μL). After 10 min of incubation, the sample was 

centrifuged at 12,000 ⅹ g at 4 °C for 10 min (Smart R17, Hanil Scientific, Inc.). 

After removed the supernatant, the RNA pellet was washed with 75% (v/v) ethanol 

solution (1 mL) and then centrifuged at 7,500 ⅹ g at 4 °C for 5 min (Smart R17, 

Hanil Scientific, Inc.). Liquid phase was removed, followed by drying the RNA 
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pellet. The RNA pellet was dissolved in RNAse free water (50 μL) (WELGENE 

Inc., Gyeongsan, Korea) and incubated using drybath at 60 °C for 15 min. Purity 

and quantity of RNA were evaluated by a NanoDrop spectrophotometer (NANO-

200, Allsheng, Hangzhou, China). The RNA samples were reverse transcribed 

using a GoScript Reverse Transcription kit (Promega, Madison, WI, USA) with 

random primers. qPCR was carried out using Applied Biosystems StepOne Real-

Time PCR system (Applied Biosystems, Foster City, CA, USA) with SYBR Green 

PCR Master mix (Applied Biosystems) under following conditions: 2 min at 95 °C 

for initiation, 15 sec at 95 °C for denaturation, and 60 sec at 60 °C for annealing up 

to 40 cycles. All qPCR primer sequences used in this study are listed in Table 2. All 

the relative expressions of genes were normalized to house-keeping gene 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression and quantified 

using 2-ΔΔCt method.  
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Table 2. Primer sequences used in real-time quantitative PCR 

GAPDH 
Forward (5’-3’) ACCACAGTCCATGCCATCAC 

Reverse (5’-3’) TCCACCACCCTGTTGCTGTA 

NF-κB 
Forward (5’-3’) TGGACGATCTGTTTCCCCTC 

Reverse (5’-3’) CCCTCGCACTTGTAACGGAA 

TNF-α 
Forward (5’-3’) GTAGCCCACGTCGTAGCAAAC  

Reverse (5’-3’) ACCACCAGTTGGTTGTCTTTGA 

IL-6 
Forward (5’-3’) TCCTACCCCAACTTCCAATGCTC 

Reverse (5’-3’) TTGGATGGTCTTGGTCCTTAGCC 

IL-1β 
Forward (5’-3’) GACTTCACCATGGAACCCGT 

Reverse (5’-3’) CAGGGAGGGAAACACACGTT 

IL-10 
Forward (5’-3’) GCTAACGGGAGCAACTCCTT 

Reverse (5’-3’) ATGTCCCCTATGGAAACAGCTT 

COX-2 
Forward (5’-3’) TGTATGCTACCATCTGGCTTCGG 

Reverse (5’-3’) GTTTGGAACAGTCGCTCGTCATC 

iNOS 
Forward (5’-3’) GCCATCCCGCTGCTCTAATA 

Reverse (5’-3’) GTTGGGAGTGGACGAAGGTA 
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9. Western blotting of total protein extraction from liver 

Liver tissue (100 mg) was homogenized with the mixture of RIPA buffer and 

PIC #6 at a ratio of 100:1 (1 mL) using a Tissuelyser (DE/85220, Qiazen). The 

homogenized sample was agitated at 4 °C for 1 h and centrifuged at 12,000 ⅹ g at 

4 °C for 30 min (Smart R17, Hanil Scientific, Inc.). The supernatant was used for 

determining protein concentration using a modified Lowry protein assay kit 

(Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the 

manufacturer’s instruction. The protein samples were loaded at 10 μL per well into 

10% sodium dodecyl sulfate polyacrylamide gel and separated out at 60 V for 20 

min and then at 120 V for 80 min. After the electrophoresis, proteins were 

transferred to nitrocellulose membrane (Bio-Rad Laboratories, Inc., Hercules, CA, 

USA) at 370 mA for 100 min. Membranes were washed with Tris-buffered saline 

containing 0.1% (v/v) Tween 20 (TBST) and then blocked in blocking buffer 

(TBST containing 5% skim milk) at room temperature for 1 h.  

Each of primary antibodies, anti-NF-κB, anti-COX-2, and anti-β-actin, was 

diluted to 1:500 in blocking buffer. Anti-I-κB was diluted to 1:250 in blocking 

buffer. Secondary antibody, HRP-linked anti-rabbit IgG, was diluted to 1:1000 in 

blocking buffer. After blocking, the membranes were incubated with primary 

antibodies on a shaker at room temperature for 2 h. In turn, the membranes were 

washed 4 times for 5 min each using TBST and incubated with secondary antibody 

at room temperature for 1 h. The membranes were then washed 4 times for 5 min 

each with TBST. Protein bands were visualized by ECL followed by densitometric 

analysis using Chemidoc XRS+ (Bio-Rad Laboratories, Inc.). 
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10. Statistical analysis 

Results were expressed as means ± standard deviations. All statistical analyses 

were performed using SPSS program (version 23.0, SPSS, Chicago, IL, USA). 

Data were evaluated for normal distribution by means of Shapiro-Wilk test. Then, 

either one-way analysis of variance (ANOVA) with Duncan’s multiple range test or 

Kruskal-Wallis test with Mann-Whitney U test was performed where applicable for 

analysis of differences among mean values at p<0.05.  
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RESULTS AND DISCUSSION 

 

1. Chemical properties of BR extract 

A previous study reported that the major component of the BR extract using 

ethanol solution was carbohydrates (approximately 70% of the BR extract, wet 

basis) along with small amounts of soluble proteins, ash, and anthocyanins.24 Since 

biological properties of BR and its extract have been largely related to their 

phenolic-type phytochemicals,25,26 bioactive compounds of the BR extract used in 

this study would most likely be polyphenols. 

In the present study, TPC in the BR extract was 42.7 ± 6.9 mg GAE g-1. Since 

C3XR standard was not commercially available, it was identified by comparison 

with the result from Jung et al.21 and presented as C3R equivalent (C3RE). The 

contents of C3XR, C3G, and C3R in the anthocyanin fraction were 0.83 ± 0.02 mg 

C3RE g-1, 0.50 ± 0.01 mg g-1, and 2.08 ± 0.08 mg g-1 (dry basis), respectively 

(Figure 1). C3R was the major anthocyanin accounting for 60% of total 

anthocyanin, which agrees with a previous study.21 
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Figure 1. HPLC chromatogram of anthocyanin fraction from black raspberry extract (λ=520 nm).  

Peaks: 1. cyanidin-3-xylosylrutinoside, 2. cyanidin-3-glucoside, 3. cyanidin-3-rutinoside.
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2. Body weights, food and water intakes, and organ weights of the rats 

At the end of the experimental period, body weight and daily diet intake were 

significantly higher in the CON and HF groups than in the HFC and BRE (Table 

3). There was no significant difference in daily water intake among the high-fat 

diet groups, but that of the CON was lower than the others (p<0.05). No significant 

differences were found in the liver, kidney, and spleen weights. 

Although the experimental groups were fed high-fat diet (45% of energy from 

fat), notable difference was not observed between the body weights of the CON 

and HF groups. However, no matter which became obese or not, hyperlipidemia, 

oxidative stress, and inflammation could be induced in high-fat diet-fed SD 

rats.27,28  

In the present study, body weights of the choline-fed groups were lower than 

those of the tap water-fed groups. Ren et al.12 reported that body weight of 3% 

choline water-fed Kunming mice significantly increased after the seventh week 

compared to tap water-fed mice. On the other hand, intake of high-fat diet 

containing 0.2% TMAO, metabolite of choline, for 12 weeks did not affect body 

weight gain of mice.6 The effect of excessive choline intake on body weight gain is 

controversial; however, it might reduce the body weight gain of the high-fat diet-

fed female SD rats in this study. 
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Table 3. Body weights, food and water intakes, and organ weights of the 

Sprague-Dawley rats 

 
Group 

CON HF HFC BRE 

Initial body weight (g) 140.9 ± 5.2 132.5 ± 11.1 136.0 ± 8.3 133.7 ± 10.4 

Final body weight (g) 251.2 ± 13.5a 256.5 ± 19.3a 215.9 ± 22.9b 208.9 ± 22.6b 

Body weight gain (g d-1) 2.0 ± 0.2a 2.2 ± 0.3a 1.4 ± 0.4b 1.3 ± 0.4b 

Diet intake (g d-1)* 27.6 ± 0.9a 25.2 ± 0.9a 18.6 ± 2.5b 18.1 ± 2.9b 

FER (%)* 14.2 ± 0.8b 17.1 ± 1.3a 15.2 ± 1.2a,b 14.0 ± 1.9b 

Water intake (mL d-1)* 30.6 ± 3.8b 41.6 ± 4.6a 42.7 ± 1.6a 39.3 ± 7.4a 

Liver (% body weight) 8.1 ± 0.7 7.6 ± 0.6 6.5 ± 0.7 6.2 ± 0.6 

Kidney (% body weight) 2.1 ± 0.1 2.1 ± 0.2 1.7 ± 0.3 1.8 ± 0.2 

Spleen (% body weight) 0.6 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.5 ± 0.1 

Values represent means and standard deviations (n=8). *n=4. Different small letters 

indicate significant differences among the groups (p<0.05; one-way ANOVA and 

Duncan’s multiple range test). CON, control diet group; HF, high-fat diet group; 

HFC, group fed high-fat diet with 1.5% choline water; and BRE, group fed high-fat 

diet with 0.6% black raspberry extract and 1.5% choline water. 

FER (food efficiency ratio, %) = (weight gain (g)/food intake (g)) ⅹ 100  
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3. Serum lipid profile 

Serum TG level of the HFC group was 27.9% and 16.1% higher than those of 

the CON and HF, respectively, with no significant difference (Figure 2). Serum TG 

level of the BRE group was 21.6% and 34.3% lower than those of the HF and 

HFC, respectively, with no significant difference. It has been reported that intake of 

3% choline water could elevate serum TG level in male Kunming mice.9,12 

However, in female LDLR-/- C57BL/6J mice, intake of 1.3% choline water did not 

change plasma TG level compared to control group.3 Effect of excessive choline or 

TMAO intake on blood TG level remains unclear. 

Serum TC level of the HFC group was higher than those of the CON, HF, and 

BRE (p<0.05), while these three groups had no significant difference. There was no 

significant difference in serum HDL-C level among the groups. Serum LDL-C 

level calculated by Friedewald formula was significantly higher in the HFC group 

than in the others. The elevated serum TC level of the HFC group is in agreement 

with the results of Chen et al.4 and Ren et al.,12 who reported that diet containing 

1% choline and water containing 3% choline could raise serum TC in ApoE-/- mice 

and healthy mice, respectively. Chen et al.4 also suggested that increased serum TC 

induced by excessive choline intake might be because TMAO converted from 

choline down-regulates expression of hepatic CYP7A1, which is a key enzyme in 

bile acid synthesis from cholesterol. 

In the present study, when the rats were fed both excessive choline and BR 

extract, serum TC level was significantly lower than the ones fed excessive choline 

alone. It was demonstrated that C3G intake could lower serum TC via up-

regulating CYP7A1 mRNA and protein expression in the liver of ApoE-/- mice.29 
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Therefore, female SD rats’ intake of BR extract might lower serum TC possibly 

induced by intake of excessive choline with high-fat. 
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Figure 2. Serum triglyceride, total cholesterol, HDL-cholesterol, and LDL-cholesterol levels of the Sprague-Dawley rats. 

All data represent the means and standard deviations (n=7-8). Different small letters indicate significant differences among the groups (p<0.05; 

one-way ANOVA with Duncan’s multiple range test). CON, control diet group; HF, high-fat diet group; HFC, group fed high-fat diet with 1.5% 

choline water; and BRE, group fed high-fat diet with 0.6% black raspberry extract and 1.5% choline water. 
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4. Relative mRNA expressions involved in pro-and anti-inflammation in 

the liver and adipose tissue 

mRNA expressions of NF-κB, interleukin (IL)-1β, IL-6, IL-10, tumor necrosis 

factor (TNF)-α, cyclooxygenase (COX)-2, and inducible nitric oxide synthase 

(iNOS) in the liver and adipose tissue were determined by qPCR (Figure 3, 4). NF-

κB plays an important role in an inflammation response via regulating the 

expressions of pro-inflammatory genes of cytokines, chemokines, and adhesion 

molecules.30 In this study, the HFC group showed higher hepatic mRNA expression 

of NF-κB than the CON and HF (p>0.05). Although precise mechanism regarding 

effects of TMAO on NF-κB signaling pathway has not been identified, trace 

amine-associated receptor 5, which is activated by TMA, has been suggested to be 

a possible mediator of TMAO activation due to the structural similarity between 

TMA and TMAO.3 Also, another possible molecular mechanism has been 

suggested that uptake of TMAO into cells would mediate activation of NF-κB 

through collaborating with protein kinase C activator.11 Despite these hypotheses, 

the exact mechanism of TMAO activity is still unclear. However, it might be able 

to regulate NF-κB expression in some ways.  

In the present study, NF-κB mRNA expression of the BRE group was 

significantly lower than that of the HFC in agreement with Wu et al.,31 who 

reported that mulberry and sweet cherry anthocyanins (mainly C3G and C3R, 

respectively) down-regulate hepatic NF-κB mRNA expression in diet-induced 

obese mice. 

Once NF-κB is activated, it starts to induce inflammatory cytokines, such as IL-

1β, IL-6, and TNF-α, which can regulate immune response.30 In the present study, 
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hepatic mRNA expressions of IL-1β and IL-6 were higher in the HF group than in 

the CON (p>0.05). In similar manner with this result, it was reported that IL-1β 

and IL-6 mRNA expressions significantly increased in liver of high-fat diet-fed SD 

rats via up-regulating manner of NF-κB protein expression.27 The HFC group 

showed higher mRNA expressions of IL-1β and IL-6 than the HF (p>0.05). 

Similarly, Gao et al.6 reported that mice fed high-fat diet containing 0.2% TMAO 

had higher mRNA expressions of those genes in epididymal adipose tissue than 

mice fed high-fat diet alone. In the present study, mRNA expression of IL-1β in the 

BRE was lower than the HFC (p>0.05). Also, mRNA expression of IL-6 in the 

BRE group was significantly suppressed compared to the HFC. Likewise, intake of 

C3G-rich jaboticaba peel powder was able to suppress the expressions of IL-1β and 

IL-6 genes via decreasing phosphorylation of I-κB in liver of high-fat diet-fed 

mice.32  

IL-10 is known to be an anti-inflammatory cytokine inhibiting synthesis of pro-

inflammatory cytokines, such as IL-1, TNF-α, and interferon-γ, secreted from 

macrophages and monocytes.33 mRNA expression levels of IL-10 did not differ 

among all the groups in this study. In contrast with this result, intake of high-fat 

diet containing 0.2% TMAO decreased IL-10 mRNA expression in the epididymal 

adipose tissue of mice.6 

In the present study, there was no significant difference in TNF-α mRNA 

expression among all the groups. Seldin et al.3 and He et al.10 reported that water 

containing 1.3% choline and high-fat diet containing 0.2% TMAO intake could up-

regulate TNF-α mRNA expression in aorta of LDLR-/- mice and plasma of 

C57BL/6 mice, respectively. However, Gao et al.6 reported that high-fat diet 
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containing 0.2% TMAO did not affect TNF-α mRNA expression of epididymal 

adipose tissue in mice. These differences might be because the effects of excessive 

choline and TMAO would be likely to vary from organ to organ. 

COX-2 and iNOS are highly inducible enzymes in specific circumstances 

associated with pro-oxidant and pro-inflammatory responses under regulation of 

NF-κB.34,35 COX-2 is responsible for formation of prostaglandin H2 (PGH2) from 

arachidonic acid. PGH2 is further converted to prostaglandin E2, the principal 

prostaglandin in acute inflammation.34 iNOS is regarded as a biomarker of 

inflammatory response because it can induce overexpression of NO, which can 

react with superoxide and further cause cytotoxicity.35 In the present study, hepatic 

COX-2 mRNA expression of the HF group was higher than that of the CON 

without significant difference. When comparing among the high-fat diet-fed 

groups, mRNA expression of COX-2 in the HFC group was significantly higher 

than that in the HF, and that in the BRE was significantly lower than in the HFC. 

According to Seldin et al.3, chronic intake of choline could up-regulate COX-2 

mRNA expression in aorta of atherosclerosis-prone LDLR-/- mice. In this study, 

there was no significant difference in mRNA expression of iNOS among all the 

groups. 

In the adipose tissue, mRNA expressions of IL-6 and COX-2 in the HFC group 

tended to be higher than in the CON and HF, and those of the BRE group tended to 

be lower than those of the HFC (p>0.05). mRNA expression levels of NF-κB, IL-

1β, IL-10, TNF-α, and iNOS did not significantly differ among the groups. 

Previous studies have reported that inflammatory responses of macrophages in 

adipose tissue only occurred in prolonged (≥ 8 weeks) high-fat intake.36-38 In 
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addition, when the mice were fed high-fat diet containing 0.2% TMAO for 12 

weeks, mRNA expressions of inflammatory cytokines, such as IL-6 and IL-1β, in 

epididymal adipose tissue were higher than control group.6 Accordingly, to 

evaluate the effect of excessive choline intake accompanied by high-fat diet with or 

without BR extract on adipose tissue of female SD rats, long-term (≥ 8 weeks) 

experiment might be needed. 

Collectively, excessive dietary choline might exacerbate inflammation in the 

liver of high-fat diet-fed female SD rats via up-regulating mRNA expressions of 

NF-κB, IL-6, IL-1β, and COX-2. Administration of BR extract could ameliorate 

inflammation in the liver, which was induced by excessive choline with high-fat 

intake, through down-regulating those genes in female SD rats. However, eight 

weeks might not be enough to change expressions of the genes related to 

inflammatory response in adipose tissue of the rats fed high-fat diet with or without 

BR extract and choline. 
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Figure 3. Relative mRNA levels involved in pro- and anti-inflammation in the liver of the Sprague-Dawley rats. 
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All data represent the means and standard deviations (n=7-8). Different small letters indicate significant differences among the groups (p<0.05; 

one-way ANOVA with Duncan’s multiple range test or Kruskal-Wallis test with Mann-Whitney U test). CON, control diet group; HF, high-fat 

diet group; HFC, group fed high-fat diet with 1.5% choline water; and BRE, group fed high-fat diet with 0.6% black raspberry extract and 1.5% 

choline water.
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Figure 4. Relative mRNA levels involved in pro- and anti-inflammation in the adipose tissue of the Sprague-Dawley rats. 
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All data represent the means and standard deviations (n=4-6). Different small letters indicate significant differences among the groups (p<0.05; 

one-way ANOVA with Duncan’s multiple range test or Kruskal-Wallis test with Mann-Whitney U test). CON, control diet group; HF, high-fat 

diet group; HFC, group fed high-fat diet with 1.5% choline water; and BRE, group fed high-fat diet with 0.6% black raspberry extract and 1.5% 

choline water.  
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5. Protein levels of NF-κB, I-κB, and COX-2 in the liver 

NF-κB dimer exists in the cytoplasm as an inactivated complex combined with 

I-κB. When cells are stimulated by specific stimuli, such as antigen receptors, 

cytokines, reactive oxygen, and LPS, phosphorylation of I-κB occurs and then 

phosphorylated I-κB is degraded by proteasome, releasing NF-κB dimer. NF-κB 

dimer then translocates into nucleus and binds to κB site of target genes.39 In the 

present study, protein expression levels of NF-κB and COX-2 were significantly 

higher in the HFC group than in the CON and HF (Figure 5). Protein expression 

levels of those genes in the BRE group were significantly lower than in the HFC. 

Similarly, it has been reported that intake of C3R-rich black currant extract could 

suppress hepatic NF-κB and COX-2 protein expressions in diethylnitrosamine-

initiated hepatocarcinogenesis of SD rats, as C3G-rich riceberry bran extract did in 

gentamicin-induced liver damage of SD rats.40,41  

Meanwhile, there was no effect of excessive choline or BR extract intake on 

protein expression of I-κB in high-fat diet-fed female SD rats. In contrast with Jung 

et al.,21 who reported anthocyanins of BR could protect I-κB from LPS-induced 

degradation in macrophages, neither excessive choline nor BR extract affects I-κB 

protein expression in this study. 
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Figure 5. NF-κB, I-κB and COX-2 protein expression in the liver of the Sprague-Dawley rats. 

All data represent the means and standard deviations (n=6-8). Different small letters indicate significant differences among the groups (p<0.05; 

one-way ANOVA with Duncan’s multiple range test). CON, control diet group; HF, high-fat diet group; HFC, group fed high-fat diet with 1.5% 

choline water; and BRE, group fed high-fat diet with 0.6% black raspberry extract and 1.5% choline water. 
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CONCLUSION 

 

In the present study, the excessive choline with high-fat intake raised serum TC 

and LDL-C levels, mRNA expressions of pro-inflammatory genes and protein 

levels of NF-κB and COX-2 in the liver of female SD rats. These results suggest 

that excessive choline intake accompanied by high-fat diet cause 

hypercholesterolemia and induce hepatic inflammation via, in part, NF-κB 

signaling pathway. Intake of BR extract might lower these elevated serum TC and 

LDL-C levels and alleviate hepatic inflammation through down-regulating mRNA 

and protein expressions of the genes related to inflammation in the rats.  
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국문초록 

 
과량의 콜린과 고지방식이를 급여한 암컷 쥐의 

염증반응에 블랙라즈베리(Rubus occidentalis) 추출물이 

미치는 영향 

 

류주희 

식품영양학과 

서울대학교 대학원 

 

콜린은 체내 세포막의 인지질과 신경전달물질의 구성성분으로 필수 

영양소 중 하나로 알려져 있다. 식이로 섭취한 콜린의 일부는 장내 미생

물총에 의해 trimethylamine으로 전환되고, 장에서 흡수되어 간의 효소

에 의해 trimethylamine-N-oxide(TMAO)로 산화된다. 최근 TMAO

와 심혈관계 질환 사이의 밀접한 연관성이 확인되었으며, 이후 TMAO

뿐만 아니라 그 전구 물질인 콜린, 레시틴, L-카르니틴 역시 동맥경화를 

비롯한 만성 질환을 유발할 수 있다는 연구 보고가 있다. 반면, 식물에

서 유래한 생리 활성 물질인 파이토캐미컬은 이러한 만성 질환의 예방과 

완화에 도움을 줄 수 있다고 알려져 있다. 블랙라즈베리(Rubus 

occidentalis)는 나무딸기류 과일 중에서 안토시아닌 함량이 높으며, 항



39 

 

산화, 항염증, 항암효과가 있다고 보고되었다. 이에 본 연구에서는 고지

방식이와 과량의 콜린을 급여함으로써 유도되는 염증 반응에 블랙라즈베

리 추출물이 미치는 영향을 동물모델을 통해 탐구하였다. 

Sprague-Dawley 쥐 32 마리를 군 당 8 마리씩 분배하여 8 주간 

사육하였다. 본 실험에서 사용한 고지방식이는 총 열량의 45%를 지방에

서 제공받는 식이였다. 실험군은 총 4 군으로 AIN-93G를 급여한 대조

군(CON), 고지방식이를 급여한 군(HF), 고지방식이와 콜린을 1.5% 희

석한 물을 급여한 군(HFC), 블랙라즈베리 추출물을 0.6% 첨가한 고지

방식이와 콜린을 1.5% 희석한 물을 급여한 군(BRE)이었다.  

본 실험에서 사용한 블랙라즈베리 추출물의 phenolic compounds의 

총 함량은 42.7 ± 6.9 mg gallic acid equivalent g-1였고, 안토시아닌 

분획물의 조성은 cyanidin-3-xylosylrutinoside (24%), cyanidin-3-

glucoside (15%), cyanidin-3-rutinoside (61%)였다. 쥐의 혈청 지질 

분석 결과, 고지방식이와 과량의 콜린을 급여했을 때 혈청 총 콜레스테

롤과 LDL 콜레스테롤이 높았고, 블랙라즈베리 추출물을 급여했을 때는 

총 콜레스테롤 및 LDL 콜레스테롤이 CON 수준으로 낮았다(p<0.05). 

조직에서의 염증성 유전자와 단백질 발현에 미치는 영향을 확인한 결과, 

HFC의 간에서의 NF-κB 신호체계와 관련된 유전자의 mRNA 및 단백

질 발현에 의한 염증반응이 유도되었다. 반면 BRE는 간에서의 NF-κB, 

IL-6, COX-2 mRNA 발현이 HFC에 비해 유의적으로 낮았으며

(p<0.05), IL-1β의 mRNA 발현 역시 HFC에 비해 낮았다(p>0.05). 
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HFC의 지방 조직에서의 IL-6와 COX-2의 mRNA 발현이 HF보다 높

았고, BRE의 경우가 HFC보다 낮았다(p>0.05). 간에서의 NF-κB와 

COX-2의 단백질 발현 역시 블랙라즈베리 추출물을 급여했을 때 CON 

수준으로 낮았다(p<0.05).  

본 연구를 통해 블랙라즈베리 추출물을 쥐에 섭취시키면 고지방식이 

및 과량의 콜린으로 유도된 고콜레스테롤 혈증을 완화하며, 간에서의 

NF-κB 신호체계와 관련된 유전자들의 mRNA 및 단백질 발현을 감소

시킴으로써 염증반응을 개선시킬 수 있음을 확인하였다. 

 

주요어: 블랙라즈베리, 콜린, TMAO, 염증. 콜레스테롤  

학번: 2017-27002 
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