
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Food &
Function

www.rsc.org/foodfunction

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Page 1 of 26 

 

Polyphenolic Extracts from Cowpea (Vigna unguiculata) Protect Colonic Myofibroblasts 1 

(CCD18Co Cells) from Lipopolysaccharide (LPS)-Induced Inflammation - Modulation of 2 

microRNA 126 3 

 4 

Leonnard O. Ojwang
1,2

, Nivedita Banerjee
2-3

,Giuliana D. Noratto
2,3

, , Gabriela Angel-Morales
2,3

, 5 

Twambo Hachibamba
4
, , Joseph M. Awika

1,2,
* Susanne U. Mertens-Talcott

2,3,5*
 6 

 7 

 8 

1
Cereal Quality Laboratory, Soil & Crop Science Department; 

2
Department of Nutrition and 9 

Food Science; 
3
Institute for Obesity Research and Program Evaluation, Texas A&M AgriLife 10 

Research; 
4
University of Zambia, Lusaka, Zambia, Department of Food Science and 11 

Technology; 
5
Department of Veterinary Physiology and Pharmacology, Texas A&M University, 12 

College Station, Texas 77843, United States. 13 

 14 

*Corresponding authors:  15 

Joseph Awika,  jawika@ag.tamu.edu 16 

Susanne U. Mertens-Talcott, smtalcott@tamu.edu 17 

 18 

Page 1 of 26 Food & Function

Fo
od

&
Fu

nc
tio

n
A

cc
ep

te
d

M
an

us
cr

ip
t



Page 2 of 26 

 

Abstract 19 

Cowpea (Vigna unguiculata) is a drought tolerant crop with several agronomic advantages over 20 

other legumes. This study evaluated varieties from four major cowpea phenotypes (black, red, 21 

light brown and white) containing different phenolic profiles for their anti-inflammatory property 22 

on non-malignant colonic myofibroblasts (CCD18Co) cells challenged with an endotoxin 23 

(lipopolysaccharide, LPS). Intracellular reactive oxygen species (ROS) assay on the LPS-24 

stimulated cells revealed antioxidative potential of black and red cowpea varieties. Real-time 25 

qRT-PCR analysis in LPS-stimulated cells revealed down-regulation of proinflammatory 26 

cytokines (IL-8, TNF-α, VCAM-1), transcription factor NF-κB and modulation of microRNA-27 

126 (specific post-transcriptional regulator of VCAM-1) by cowpea polyphenolics. The ability of 28 

cowpea polyphenols to modulate miR-126 signaling and its target gene VCAM-1 were studied in 29 

LPS-stimulated endothelial cells transfected with a specific inhibitor of miR-126, and treated 30 

with 10 mg GAE/L black cowpea extract where the extract in part reversed the effect of the miR-31 

126 inhibitor. This suggests that cowpea may exert their anti-inflammatory activities at least in 32 

part through induction of miR-126 that then down-regulate VCAM-1 mRNA and protein 33 

expressions. Overall, Cowpea therefore is promising as an anti-inflammatory dietary component.  34 

 35 

Keywords:  Cowpea, intestinal, inflammation, cytokines, ROS, CCD18Co, miR-126, 36 
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Introduction 37 

Chronic inflammation is a major risk factor in cardiovascular disease (CVD) and cancers. 38 

Chronic inflammation is characterized by the presence of macrophages, lymphocytes and 39 

proliferation of vascular tissues. CVDs and cancers are the leading causes of mortality and 40 

morbidity in both industrialized and developing countries, especially in low- and middle-income 41 

countries (1). It seems that dietary factors significantly influence the incidence of chronic 42 

inflammation and associated diseases. Epidemiological evidence shows that consumption of 43 

pulses (more than 4 times per week compared with less than once a week) reduced the risk of 44 

coronary heart disease (CHD) and cardiovascular diseases (CVD) by 22 and 11%, respectively 45 

(2). Strong epidemiological evidence also suggests that regular consumption of pulses can reduce 46 

cancer risk. A comparative study of lifestyles in Jiangsu Province, China, found that people 47 

living in a low-risk area for gastric cancer consumed kidney beans more frequently than those in 48 

a high-risk area (3). Other studies (4) have also shown that consumption of grain pulses such as 49 

dried beans, split peas, or lentils reduced risk of colorectal adenoma.  50 

Among the grain legumes, cowpea (Vigna unguiculata) is one of the most important food 51 

legumes of semi-arid tropics covering Asia, Africa, southern Europe, and Central and South 52 

America. It provides significant amounts of essential nutrients and energy to these populations 53 

(5). Cowpea is a heat and drought tolerant legume. Cowpea’s unique traits and low agronomic 54 

input requirement are favorable to the poor and low income farmers who are increasingly 55 

vulnerable to malnutrition. Malnutrition in developing countries, especially during childhood, 56 

has been linked to various chronic diseases in adulthood (6), placing additional burdens on 57 

already overtaxed national health budgets and the poor (7). Cowpea may also be a “climate-58 

change crop” that can help alleviate malnutrition among the poor due to its good agronomic 59 
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properties, versatility and nutritional profile than cereals and tubers, thus should be exploited for 60 

its potential in prevention of chronic diseases.  61 

We recently reported that cowpea contains relatively high amounts of flavonols 62 

(especially glycoside of quercetin and anthocyanins; as well as procyanidins) and that the seed 63 

coat color is a major determinant of flavonoid composition (8, 9). Significant anti-inflammatory 64 

effects of these flavonoid classes have been demonstrated by some authors (10-12). Quercetin 65 

has been shown to potentially control intestinal inflammation in celiac disease by preventing the 66 

activation of transcription factor NF-κB and mitogen activated protein kinases (MAPK) 67 

pathways (10); consequently counteracting the expression of cytokines and inducible nitric oxide 68 

synthase (iNOS) (13). Anthocyanins are also reported to exert anti-inflammatory property by 69 

inhibiting TNF-α-induced endothelial leukocyte adhesion molecule-1 (ELAM-1) and 70 

intercellular adhesion molecule-1 (ICAM-1) expression in cultured HUVEC (11). Cell adhesion 71 

molecules play a key role in monocyte recruitment that also plays a role in tumor development. 72 

Procyanidins (i.e. condensed tannins), which primarily occur in the form of catechin and 73 

epicatechin monomers, their polymers and glycosides (9), have also been shown as effective in 74 

inhibiting the AngII-induced MAPK pathways, leading to reduced adhesion molecule expression 75 

in HUVEC (12).  76 

MicroRNAs (miRs) are small non-coding RNA that post-transcriptionally regulate target 77 

genes. They can modulate inflammatory mechanisms associated with transcription factor NF-κB 78 

activation by inducing mRNA degradation or blocking translation, as well as regulating vascular 79 

inflammation (14). Endogenous miR-126 is known to regulate leukocyte adherence to 80 

endothelial cells associated with tumor development (14). Thus, miR-126 is a useful target for 81 

investigating cowpea polyphenolics in the regulation of its target gene VCAM-1.  82 
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The objective of this study was to investigate the anti-inflammatory properties of cowpea 83 

polyphenolics in LPS-stimulated nonmalignant colon (CCD18Co) cells. 84 

Materials and methods 85 

Chemicals and reagents 86 

TaqMan
®

 MicroRNA Assay kit for miR-126 was obtained from Applied Biosystems 87 

(Carlsbad, CA). The pairs of forward and reverse primers (VCAM-1, NF-κB, TNF-α and IL-8) 88 

were obtained from Integrated DNA Technologies, Inc. (San Diego, CA). Bradford reagent was 89 

obtained from Bio-Rad (Hercules, CA) and VCAM-1 (Human sVCAM-1 Immunoassay Kit) was 90 

obtained from Invitrogen Corp., Camarillo, CA. The Folin-Ciocalteu reagent, gallic acid, 91 

dichlorofluorescein diacetate (DCF-DA), and lipopolysaccharide (LPS) were purchased from 92 

Fisher Scientific (Pittsburgh, PA). Dimethyl sulfoxide (DMSO) was obtained from Sigma (St. 93 

Louis, MO). All other chemicals were analytical grade from VWR International (Bristol, CT). 94 

  95 

Plant materials and extraction 96 

Dry cowpea seeds from four cowpea varieties were used in this study, namely, IT95K-97 

1105-5 (black), IT97K-1042-3 (red),  09FCV-CC-27M (light brown) and Early Acre (white), and 98 

were collected at maturity in late July 2011 at university experimental station in College Station, 99 

Texas (Table 1). These varieties, representing four major cowpea phenotypes, were chosen based 100 

on their distinct differences in phenolic profiles (Tables 2) (9, 15). Broken and damaged seeds, as 101 

well as foreign materials were removed prior to use. 102 

 103 

 104 

 105 
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Sample Treatment  106 

 The cowpea samples were separately soaked in water (1:4.5 w/v) in triplicates for 12 107 

hours, and boiled for 15 minutes. After boiling, the seeds (including the soup) were chilled and 108 

frozen to –80°C, freeze-dried and ground to pass through 60-mesh screen. The powders were 109 

then extracted with aqueous 70% acetone, roto-evaporated and the extracts freeze-dried. The 110 

freeze-dried extracts were stored at –20°C until used. 111 

 112 

Total soluble phenolics 113 

Total soluble phenolic (TSP) levels (measure of total metal ion reducing capacity) of the 114 

freeze-dried boiled cowpea extracts was determined by a slightly modified Folin-Ciocalteu assay 115 

using gallic acid (GA) as the standard (16). 116 

 117 

Cell culture  118 

Non-malignant colon CCD18Co cell line was purchased from the American Type Culture 119 

Collection (Manassas, VA, USA) and cultured according to the manufacturer’s 120 

recommendations. The cells were maintained at 37°C in a humidified 5% CO2 atmosphere.  121 

 122 

Cell proliferation assay 123 

Cells were seeded (1.5 × 10
4
 onto a 24-well plate) and incubated for 24 hrs (at 124 

37°C/humidified 5% CO2 atmosphere) to allow cells to stabilize and attach onto the bottom of 125 

the wells. The freeze-dried cowpea extracts were re-dissolved in DMSO, and then diluted with 126 

media to known concentrations of total soluble polyphenolics ranging from 0 – 80 mg 127 

GAE/L(16, 17). The cells were then exposed to the various concentrations of each cowpea 128 
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phenolic extract for 48 hrs and then quantified with an electronic cell counter (Z2™ Series, 129 

Beckman Coulter, Inc). Overall, the maximum concentration of cowpea extracts that supported 130 

CCD18Co cell growth after 48 hrs of incubation was 20 mg GAE/L (> 85% cells surviving). 131 

Therefore, extract concentrations within a dose range of 0 – 20 mg GAE/L were used in the 132 

subsequent assays to assess the anti-inflammatory properties of cowpea.  133 

 134 

Generation of reactive oxygen species (ROS) assay 135 

Intracellular ROS was assessed using 2′,7′-dichlorofluorescin diacetate (DCF-DA) 136 

(Molecular Probes, Eugene, OR) as a probe as described by Meng et al. (18) but with slight 137 

modifications. Cells were seeded in a black 96-well plate (3,000 cells/well) for 24 hrs to allow 138 

for cell attachment, followed by incubation with cowpea phenolic extracts (2 – 20 mg GAE/L) 139 

for 24 hrs. The cells were then stimulated with 2 µg/mL LPS (in 100 µL media) to generate ROS 140 

for 2 hrs, followed by washing out the spent media using PBS buffer. The cells were then stained 141 

in situ with 100 µL of 10 µM DCFH, incubated at 37°C and the fluorescence signal was 142 

monitored after 15 min at 520 nm emission and 480 nm excitation with a FLUOstar Omega plate 143 

reader (BMG Labtech Inc, Durhan, NC). Relative fluorescence units (RFU) were analyzed using 144 

Omega Microplate Data Analyse Software and normalized to control cells not treated with LPS 145 

and cowpea extracts. 146 

 147 

LPS-induced inflammation assay 148 

Cells were seeded in a 12-well plate (80,000 cells/well) for 24 hrs (37°C/5% CO2) to 149 

allow cell attachment. Cowpea extracts pre-dissolved in DMSO were then diluted to known 150 

concentrations of total polyphenolics (2, 5, 10 and 20 mg GAE/L) and normalized to < 0.2% 151 
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DMSO in the culture medium. The cells were then pre-treated with the extracts for 3 hrs, and 152 

then stimulated with 2 µg/mL LPS for 6 hrs, after which messenger RNA (mRNA) and micro-153 

RNA (miRs) were extracted from the lysated cells and analyzed. 154 

 155 

RNA extraction and real-time PCR analysis of mRNAs and miRNAs 156 

Total RNA extraction 157 

Total RNA was extracted according to the manufacturer’s protocol using the Qiagen 158 

extraction kit (Qiagen Inc. Valencia, CA) for mRNA analysis; and using mirVana
TM

 miRNA 159 

isolation kit (Applied Biosystems, Foster City, CA) for micro–RNA analysis. The quality and 160 

quantity of the isolated RNA were assessed using the NanoDrop
®

 ND–1000 spectrophotometer 161 

(NanoDrop Technologies, Wilmington, DE).  162 

 163 

mRNA analysis 164 

Complementary DNA (cDNA) was synthesized from the isolated RNA using a Reverse 165 

Transcription Kit (Invitrogen Corp., Grand Island, NY) according to the manufacturer’s protocol. 166 

Real Time PCR (qRT-PCR) was carried out with the SYBR Green PCR Master Mix (Applied 167 

Biosystems Inc, Foster City, CA) on an ABI Prism 7900 Sequence Detection System (Applied 168 

Biosystems Inc, Foster City, CA).  169 

 170 

Primer sequences used for mRNA analysis 171 

The sequences of the primers used were:  172 

IL-8:   F: 5′–CACCGGAAGGAACCATCTCA–3′  173 

IL-8:   R: 5′–AGAGCCACGGCCAGCTT–3′ 174 
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TNF-α:  F: 5′–TGTGTGGCTGCAGGAAGAAC–3′ 175 

TNF-α:  R: 5′–GCAATTGAAGCACTGGAAAAGG–3′ 176 

VCAM-1:  F: 5′–ACAGAAGAAGTGGCCCTCCAT–3′ 177 

VCAM-1:  R: 5′–TGGCATCCGTCAGGAAGTG–3′ 178 

NF-κB:  F: 5′–TGGGAATGGTGAGGTCACTCT–3′ 179 

NF-κB:  R: 5′–TCCTGAACTCCAGCACTCTCTTC–3′ 180 

 181 

miRNA analysis 182 

The RNA Reverse Transcription (RT) reactions and quantitative real time PCR (qRT-183 

PCR) amplification were performed following TaqMan
®

 MicroRNA Reverse Transcription Kit 184 

protocol (Applied Biosystems, Foster City, CA). Briefly, for RT analysis of miR-NU6B and 185 

miR-126, 8 µL of the master mix and 5 µL of isolated mRNA containing 7 ng/µL mRNA was 186 

used to make the cDNA. The primers for miR-126 and miR-NU6B were obtained from Life 187 

Technologies Corp., Applied Biosystems, Carlsbad, CA. For qRT-PCR analysis of miR-126, the 188 

RT product was diluted 1:15 and amplified using TapMan
®

 2 × Universal PCR Master Mix (No 189 

AmpErase
®

 UNG) (Applied Biosystems, Foster City, CA) on a 384-well plate following the 190 

manufacturer’s recommendations. The miR-NU6B small nuclear RNA was used as an 191 

endogenous control. 192 

 193 

Protein expression 194 

Enzyme-Linked Immunosorbent Assay (ELISA) 195 

Cells seeded in 10 cm plates (1 × 10
6
) were allowed to attach and stabilize for 24 hrs 196 

before subjecting them to treatment with cowpea extracts (0, 2, 5, 10 and 20 mg GAE/L) for 3 197 
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hrs followed by LPS stimulation (2 µg/mL) for 6 hrs. Cell culture supernatants were collected 198 

and analyzed by ELISA assay for VCAM-1 (Human sVCAM-1 Immunoassay Kit, Invitrogen 199 

Corp., Camarillo, CA) according to the manufacturer’s protocol. The protein concentration was 200 

quantified using Bradford reagent (Bio-Rad) from which the final VCAM-1 (µg/g protein) was 201 

calculated according to the manufacturer’s protocol and normalized to untreated control cells 202 

(without LPS). 203 

 204 

Transfection assay  205 

Cells seeded in 6-well (35 mm diameter) cluster plates (3 × 10
5
 cells/well) were allowed 206 

to attach for 24 hrs to 80% confluency and then transfected with 100 pmol/mL of anti-sense 207 

oligonucleotide (miR-126 inhibitor) (Dharmacon Inc., Lafayette, CO) using Neon
TM

 208 

Transfection System and Lipofectamine
®

 2000 Reagent kit (Invitrogen, Carlsbad, CA) following 209 

the recommendations provided by the manufacturer. For targeted knockdown of miR-126, cells 210 

were transfected with a mock siRNA (negative control, NC) in full media according to 211 

manufacturer’s recommendations. After transfection, the cells were treated with 10 mg GAE/L 212 

black IT95K-1105-5 cowpea extract for 24 hrs followed by LPS (2 µg/mL) stimulation for 24 213 

hrs. Total RNA was then extracted using mirVana
TM

 miRNA isolation kit (Applied Biosystems, 214 

Foster City, CA) following manufacturer’s protocol and analyzed for miR-126 and VCAM-1 215 

gene expression using qRT-PCR on the Applied Biosystems 7900HT. The cell culture 216 

supernatants were also analyzed for VCAM-1 protein expression using ELISA assay kit 217 

(Invitrogen, Camarillo, CA).  218 

 219 
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Statistical analysis 220 

Data are reported as means ± SD for ROS and protein quantification; and means ± SE for 221 

gene expression, of 3 replicates; and analyzed using 2005 SAS (Version 9.1, SAS Inst. Inc., 222 

Cary, N.C., U.S.A.) with one-way Analysis of Variance (ANOVA). Post Hoc test (Fisher’s LSD 223 

and Tukey-Kramer HSD) after ANOVA was used to compare treatments means. Significant 224 

levels were defined using p < 0.05 and 0.01. 225 

 226 

Results and discussion 227 

Cell protection against production of reactive oxygen species (ROS) 228 

The intracellular ROS assay was performed in order to screen for cowpea varieties with 229 

greater potency in protecting cells from LPS-induced generation of ROS. At the concentration (2 230 

-20mg GAE/L) the black and red cowpea varieties significantly inhibited the generation of ROS 231 

compared to the positive control (with LPS) (Figure 1). Results for the light brown and white 232 

cowpea variety were not significant (data not shown). Previously, polyphenolics including the 233 

flavonols quercetin and kaempferol, inhibited TNF-α-induced generation of ROS in non-cancer 234 

human embryonic kidney HEK-293 cells (19). Another study demonstrated differential 235 

protective effect of quercetin and kaempferol against oxidative stress induced by 236 

proinflammatory stimuli in human hepatocyte-derived cell line, possibly through the modulation 237 

of antioxidant enzymes (20). Thus, results from this study suggest that cowpea polyphenolics 238 

may protect cellular components (e.g. DNA) from oxidative damage due to their ROS 239 

scavenging properties, thus, may have a role in prevention of ROS and this may be relevant to 240 

the prevention of chronic diseases.   241 
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Effects of cowpea extracts on proinflammatory cytokines  242 

Pro-inflammatory cytokines such as interleukins (ILs) and tumor necrosis factor (TNF-α) 243 

are substances produced by resident or migrating cells (e.g. mast cells, macrophages and 244 

neutrophils) (21). Thus, their inhibition by cowpea polyphenols may help prevent transcription of 245 

other pro-inflammatory molecules such as TNF-α known to activate NF-κB in immune 246 

responses. In this study, the proinflammatory cytokine/chemokine IL-8 was included in the 247 

investigation since it is known to promote phagocytosis of neutrophils, an event that causes the 248 

secretion of ROS (22) and this is implicated in the etiology of several chronic disorders such as 249 

colon cancer and IBD (23). IL-8 and TNF-α, are inducible by LPS as well as transcription factors 250 

including NF-κB.  251 

Results show that all extracts concentration -dependently decreased the expression of IL-8 252 

expression in LPS-stimulated CCD18Co cells (Figure 2). This effect was significant across the 253 

concentration range of 2 – 20 mg GAE/L. At 2 mg GAE/L, the extract from black, red, brown 254 

and white cowpea varieties significantly (p < 0.05) inhibited IL-8 mRNA expression by 51, 45, 255 

58 and 68% compared to LPS-treated cells, respectively (Figure 2).   256 

All varieties used in this study also showed significant inhibition of LPS-induced TNF-α gene 257 

expression (Figure 2). At 2 mg GAE/L extracts concentration, the red variety showed the 258 

inhibition of LPS-induced TNF-α gene expression (30%), whereas both the light brown and 259 

black showed approximately 38 and 39 %. The white cowpea variety had the inhibition of LPS-260 

induced TNF-α gene expression (59%) at 2 mg GAE/L polyphenolic concentration (Figure 2). 261 

This suggests that cowpea polyphenols inhibit proinflammatory cytokines including TNF-α and 262 

this has been shown to help prevent interactions between both circulating and resident leukocytes 263 
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and the vascular endothelium by inhibiting TNF-related activation-induced cytokine (TRANCE) 264 

pathway, NF-κB activation, oxidative stress and increased expression of the CAMs (24). 265 

Effects of cowpea extracts on NF-κB gene expression 266 

At 2 mg GAE/L extract concentration, red and black cowpea varieties induced inhibition of LPS-267 

induced NF-κB gene expression (i.e.50-52 % inhibition compared to LPS-treated cells). The 268 

polyphenolic extracts from the light brown and white cowpea variety had no significant 269 

inhibitory effect on NF-κB mRNA (Figure 2).  In the cytoplasm, NF-κB is usually found in its 270 

inactive form bound to IκB-α, which prevents its translocation into the nucleus (25). However, 271 

proinflammatory cytokines such as IL-8 and TNF-α can activate a process where 272 

phosphorylation of IκBs, allows nuclear translocation of NF-κB (26). Activating NF-κB may 273 

induce the expression of CAMs, thus increases the transendothelial migration of leukocytes and 274 

other inflammatory cell to cell interactions(24).  At 2 mg GAE/L, the extract from black, red, 275 

brown and white cowpea varieties significantly (p < 0.05) inhibited NF-κB mRNA expression by 276 

50, 52, 72 and 58 % compared to LPS-treated cells, respectively (Figure 2). Overall, greater 277 

inhibition of NF-κB mRNA was achieved by the black and red and white cowpea varieties 278 

compared to the brown variety.  279 

Flavonols (quercetin and kaempferol) have been reported to inhibit the activation of NF-280 

κB induced by cytokines in parenchymal liver cells, probably via protecting cells against 281 

oxidative species, inhibition of anti-inflammatory enzymes and down-regulation of the NF-κB 282 

pathway (20, 27).  The ability of cowpea flavonoids to down-regulate LPS-induced expression of 283 

NF-κB and TNF-α suggest their significant role in modulating downstream signaling of NF-κB 284 

dependent pathways. 285 
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Effects of cowpea extracts on VCAM-1 gene expression 286 

Another significant factor during inflammation is the activation of endothelial cells and 287 

subsequent leukocyte transendothelial migration and expression of cell adhesion molecules 288 

(CAMs). CAMs cause adhesive interactions between the endothelial cells and other blood 289 

constituents or extracellular matrix (28). Increased expression of CAMs (e.g. VCAM-1, ICAM-1 290 

and Selectins) on the surface of endothelial cells is prominent when stimulated by 291 

proinflammatory molecules such as TNF-α, interleukins (e.g. IL-1), platelet-derived growth 292 

factor, and vascular endothelial growth factor (VEGF)
3
 (29, 30). Since vascular cell adhesion 293 

molecule VCAM-1 is a target gene for NF-κB, we also investigated whether cowpea 294 

polyphenolics influence the expression of VCAM-1mRNA. All cowpea extracts also had 295 

significant (p < 0.05) concentration -dependent reduction of LPS-induced VCAM-1 gene 296 

expression in the CCD18Co cells (Figure2), demonstrating that cowpea polyphenolics may have 297 

cardiovascular protective effects in endothelial cells. Similar results were also reported regarding 298 

açai and red Muscadine grape polyphenolics on NF-κB target genes VCAM-1, ICAM-1 and E-299 

Selectin (31). 300 

All cowpea extracts reversed LPS-induced up-regulation of VCAM-1 protein expression 301 

within the 2 – 20 mg GAE/L extract concentrations tested (Figure 3A).  302 

At the lowest polyphenolic concentration 2 mg GAE/L, the extract from black, red, 303 

brown and white cowpea varieties significantly (p < 0.05) inhibited VCAM-1 mRNA expression 304 

by 69, 74, 70 and 52 % compared to LPS-treated cells, respectively (Figure 2). Thus cowpea 305 

polyphenolics may prevent dysregulated expression of CAMs and this way prevent inflammation 306 

in non-cancer colon fibroblasts.  307 

 308 
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Effect of cowpea extracts on miR-126 309 

MicroRNAs (miRs) are small (about 22 nt), non-coding RNA that post-transcriptionally 310 

regulate targeted mRNA and this way suppress protein synthesis by inhibiting the translation of 311 

protein from mRNA or by promoting the degradation of mRNA, thus hindering gene expression. 312 

miRNA, miR-126 is expressed in endothelial cells and also in CCD18-Co non cancer colon 313 

fibroblasts and, and VCAM-1 has been shown to be a potential target of miR-126 (32). Inhibition 314 

of miR-126 reportedly increase leukocyte adherence to TNF-α-stimulated (14) and LPS-315 

stimulated cells (31). The effects of cowpea polyphenolics on regulation of cytokine signaling by 316 

miR-126 was investigated to provide further insight into its participation in modulating the anti-317 

inflammatory activities of cowpea extracts.  318 

The expression of miR-126 in LPS-stimulated CCD18Co cells was inversely correlated 319 

to VCAM-1expression at both gene and protein levels, indicating its participation in the control 320 

of vascular inflammation (Figure 2 and Figure 3A). Cowpea polyphenolic extracts (2 – 20 mg 321 

GAE/L) concentration- -dependently reversed LPS-induced induction of miR-126 (Figure 3B). 322 

Polyphenolics from açai and red Muscadine grape seeds (5 – 20 mg GAE/L) have previously 323 

been reported to increase miR-126 expression in LPS-challenged HUVEC cells, and this 324 

response was inversely correlated with the expression of adhesion molecules (VCAM-1, ICAM-325 

1, E-selectin and PECAM-1) at both gene and protein expression levels (31). This indicates miR-326 

126 is normally involved in inhibiting VCAM-1 expression, confirming VCAM-1 regulation is 327 

mediated through miR-126. 328 

Additionally, this study assessed the expression of VCAM-1 protein in the cell culture 329 

supernatants collected from control or miR-126-transfected CCD18Co cells using ELISA, but 330 

significant levels of VCAM-1 protein were not detected in these samples (data not shown). This 331 
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does not mean that the antibody was ineffective; since VCAM-1 protein was readily detectable in 332 

LPS-treated endothelial cells (Figure 3A); rather it showed that miRNA may also regulate 333 

stability or translation of target mRNAs as had been demonstrated by some authors (33). 334 

Previous studies  (14) showed that the 3′-UTR transcript for human VCAM-1 is perfectly 335 

complimentary to the nucleotides 604 – 625 of miR-126, which is responsible for decreasing cell 336 

adhesion and inflammation in endothelial cells. This further indicates involvement of miR-126 in 337 

modulating VCAM-1 expression during immune response. 338 

To confirm the involvement of miR-126 in cowpea-induced reduction of VCAM-1 mRNA 339 

expression of VCAM-1 was quantified in cells that were transfected with the antagomiR for 340 

miR-126 (Figure 4) in the presence or absence of black cowpea extract at 10 mg GAE/L – a level 341 

that had been shown to significantly inhibit LPS-induced cytokine expression and ROS 342 

production. The black cowpea sample was chosen since it contained the major polyphenolic 343 

compounds identified in cowpea (Table 2). The extract decreased LPS-induced expression of 344 

VCAM-1 gene by 37% (Figure 4A) and increased miR-126 mRNA levels by 92% (Figure 4B) in 345 

cells transfected with the antagomiR and this suggests that the cowpea polyphenolic extracts 346 

regulated the expression of VCAM-1 mRNA, at least in part via induction of miR-126 (Figure 347 

4C). Since miR-126 regulate endothelial expression of VCAM-1 (14), induction of miR-126 by 348 

cowpea polyphenolics following LPS stimulation demonstrates cowpea may protect endothelial 349 

cells against atherosclerotic risk factors by decreasing VCAM-1 expression as one of the 350 

underlying mechanisms.  351 

Conclusions 352 

This study was designed as a basis for future in vivo studies relevant to intestinal 353 

inflammation. Result from this in vitro study provide evidence of the anti-inflammatory potency 354 
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of cowpea polyphenolics in modulating the level of inflammatory markers relevant to colon 355 

inflammation. Overall, cowpea polyphenolics extracts inhibited the generation of ROS and 356 

inflammation in non-cancer colon fibroblasts and the induction of miR-126 by cowpea’s 357 

polyphenolic extracts at least in part seems to be involved as underlying mechanism. The anti-358 

inflammatory effect of cowpea polyphenolic extracts on LPS-stimulated endothelial cells in vitro 359 

most likely involved the interactions of multiple polyphenolics present in cowpeas. Considering 360 

the importance of miR-126 in various physiological and pathological processes, further in vivo 361 

investigations on mechanistic and translational aspects of this mechanism would be essential in 362 

validating their relevance to human health.  363 
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Table 1. Description of cowpea cultivars selected for the study.  492 

Variety Seed coat property 
Seed weight 

a
 

(g/100 seeds)  

Amount of cowpea flour 

(mg)
b 

producing  2 mg/L 

extract concentration 

   Raw Boiled 

IT95K-1105-5 Black, smooth 23.4 ± 0.37 1.08 ± 0.02 2.58 ± 0.03 

IT97K-1042-3 Red, smooth 13.1 ± 0.20 2.59 ± 0.04 2.75 ± 0.02 

09FCV-CC-27M Light brown, smooth 14.9 ± 0.40 1.20 ± 0.02 1.62 ± 0.03 

EARLY ACRE White, rough, brown-eye 11.6 ± 0.16 4.46 ± 0.04 5.28 ± 0.05 

 493 

Samples were grown in Texas A&M University Test Plots in College Station, TX, in 201 494 
a 
Seed weight expressed as Mean ± SD of triplicate weights of 100 seeds.  495 

b
 Cowpea flour sample weight expressed as Mean ± SD of triplicate measurements (mg).  496 

 497 

 498 

 499 
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 503 

 504 

 505 

 506 
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 508 

 509 

 510 

 511 
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Table 2: Polyphenolics in cowpea: Structural identities of anthocyanins (λmax = 520 nm), 512 

flavonols (λmax = 360 nm), flavan-3-ols and other phenolic compounds (260 – 300 nm) reported 513 

in major cowpea phenotypes used in the study 
a
. 514 

Phenotype Black  Red  Light brown White  

Variety IT95K-1105-

5 

IT97K-1042-

3 

09FCV-

CC27M 

Early Acre 

Anthocyanins 

Delphinidin glycosides 850 ± 10.5 ND 
b
 ND ND 

Cyanidin glycosides 709 ± 13.4  ND ND ND 

Petunidin glycosides 300 ± 4.7 ND ND ND 

Peonidin glycosides 41.1 ± 2.1 ND ND ND 

Malvidin glycosides 202 ± 4.8 ND ND ND 

Total anthocyanins 2094 ± 36 0 0 0 

Flavonols 

Quercetin monoglycosides 99.9 ± 0.7 165 ± 4.8 93.3 ± 7.5 5.0 ± 0.7 

Quercetin diglycosides 168 ± 5.7 405 ± 8.1 333 ± 27.9 191 ± 19.4 

Quercetin triglycosides 78.3 ± 1.8 127 ± 7.0 23.7 ± 2.9 43.7 ± 4.7 

Quercetin acyl glycosides 121 ± 3.9 120 ± 4.1 13.6 ± 0.7 14.5 ± 1.6 

Myricetin monoglycosides 23.2 ± 1.0 128 ± 5.6 ND ND 

Myricetin diglycosides 23.8 ± 1.4 75.4 ± 2.4 ND ND 

Kaempferol diglycosides 13.6 ± 2.4 38.7 ± 1.4 ND 15.8 ± 2.3 

Total flavonols 415 ± 14 1060 ± 30 461 ± 33 270 ± 29 

 Flavan-3-ols   

Catechin/epicatechin Y 
c
 Y Y ND 

Catechin-3-O-glucoside Y Y Y ND 

Catechin-kaempferol dimer 
d
 ND Y ND ND 

Procyanidin dimer  B–type Y Y Y ND 

Procyanidin trimer T2 ND Y Y ND 

Procyanidin trimer C1 ND ND Y ND 

Total flavan-3-ols     

 Free phenolic acids 
Protocatechuic acid ND Y ND ND 

trans-Feruloylaldaric acid ND Y ND ND 

trans-Methylferuloylaldaric 

acid 

ND ND Y Y 

 515 

Adapted from Ojwang et al. (8) and Ojwang (9). 
a
Data based on UPLC peak areas  and MS/MS-516 

MS analysis of all compounds detected in dried ground cowpea flour and expressed as Means ± 517 

SDs of triplicates on a dry weight basis. 
b
ND – not detected; 

c
Y – present. 

d 
λmax at 354 nm. Peaks 518 

that were not structurally identified are not included.  519 

 520 

 521 
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 522 

 523 
 524 

Figure 1. Effect of cowpea extracts on generation of ROS after LPS-induced oxidative stress in 525 

CCD-18Co cells. Values are normalized to control cells not treated with cowpea extracts and 526 

LPS presented as Means ± SD, n = 3; (*) indicate significance at p < 0.05. Cells were pretreated 527 

with extracts (2 – 20 mg GAE/L) from cowpea varieties for 24 hrs. Cowpea varieties used were 528 

black IT95K-1105-5 and red IT97K-1042-3. Data are expressed as mean ± SE (n = 3). Different 529 

letters within each assay indicate significant difference at p < 0.05. 530 

 531 

 532 

 533 
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 534 
Figure 2 Effect of cowpea polyphenolics on cytokines/chemokines expression in LPS-stimulated 535 

CCD18Co cells. Inhibition of inflammatory gene expression in endothelial cells (n = 3) pre-536 

treated for 3 hrs with extracts (2 – 20 mg GAE/L) from black IT95K-1105-5, red IT97K-1042-3, 537 

light brown 09FCV-CC27M and white Early Acre cowpea varieties, then stimulated with LPS 538 

for 6 hrs; and analyzed by real time qRT-PCR as ratio to GAPDH mRNA. Inhibition is 539 

expressed as percent (%) relative to LPS-treated cells. All paired comparisons between LPS-540 

stimulated cells (with versus without cowpea extracts) within each treatment (inflammatory gene 541 

biomarker and cowpea variety) were significant at p < 0.05; Data are expressed as mean ± SE (n 542 

= 3). Different letters within each assay indicate significant difference at p < 0.05. 543 

 544 
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(A) 559 

 560 
 561 

(B) 562 

 563 

 564 
Figure 3. (A). Relative amount of VCAM-1 protein excreted to culture media (supernatant) by 565 

CCD18Co cells stimulated with LPS (2 µg/mL) for 6 hrs and analyzed by ELISA. Values were 566 

normalized to protein concentrations relative to untreated control cells (without LPS). Values are 567 

means ± SD (n = 3); (B). Modulation of miR–126 by cowpea extracts on the LPS-challenged 568 

CCD18Co cells. Cells were pretreated for 3 hrs with solvent (DMSO) or different extract 569 

concentrations (2 – 20 mg GAE/L) from black IT95K-1105-5 (1), red IT97K-1042-3 (2), light 570 

brown 09FCV-CC27M (3) and white Early Acre (4) cowpea varieties, and then stimulated with 571 

LPS. Values are means ± SE (n = 3); (*) within each sample indicate significant difference at p < 572 

0.05 and 0.01, respectively, compared to the control (without LPS). Different letters within each 573 

assay indicate significant difference at p < 0.05. 574 
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 576 

 577 

 578 
 579 

Figure 4. Effect of polyphenolic extracts from black IT95K-1105-5 cowpea variety (10 mg 580 

GAE/L) on VCAM–1 mRNA levels on LPS-treated transfected cells (A); miR–126 levels on 581 

transfected cells (B); and miR–126 levels on LPS-treated transfected cells (C). Cells were 582 

pretreated with solvent (DMSO) or the extract for 24 hrs followed by stimulation with LPS (2 583 

µg/mL) for 24 hrs. Using qRT-PCR, relative VCAM–1 and miR–126 levels were analyzed as a 584 

ratio to the GAPDH and miR-NU6B endogenous controls, respectively. NC, negative control; 585 

LPS, lipopolysaccharide. Data are expressed as mean ± SE (n = 3). Different letters within each 586 

assay indicate significant difference at p < 0.05. 587 
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