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Abstract  26 

In this study, we evaluated the short-term effect of a cocoa polyphenol 27 

extract (CPE), in spontaneously hypertensive rats (SHR). Male 17-22-week-old 28 

SHR were administered by intragastric gavage water, 50 mg/kg Captopril or 29 

CPE at different doses (13, 26, 80 and 160 mg/kg). The systolic blood pressure 30 

(SBP) and diastolic blood pressure (DBP) were recorded by the tail cuff method 31 

before the administration and also 2, 4, 6, 8, 24, 48 and 72 hours post-32 

administration. Highly significant decreases in the SBP and in the DBP were 33 

observed when captopril or CPE was administered to SHR. The cocoa extract 34 

produced a dose dependent effect in the SBP of the SHR up to the dose of 80 35 

mg/kg. Nevertheless this dose of CPE did not decrease the arterial blood 36 

pressure in the normotensive Wistar Kyoto rats. The decrease in the SBP 37 

caused by 80 mg/kg of CPE in the SHR (-39.1 ± 3.7 mm Hg) was maximum 6 38 

hours post-administration, and the initial values of SBP were recovered 72 39 

hours post-administration of this extract. Paradoxically, 160 mg/kg of the cocoa 40 

extract caused less antihypertensive effect than lower doses of CPE. In 41 

addition, the decrease in DBP was always more accentuated when the dose of 42 

CPE administered was lower. Our results suggest that CPE may be used as a 43 

functional food ingredient with beneficial effects for controlling arterial blood 44 

pressure. 45 

Key word: Cocoa, Hypertension, Polyphenols, Spontaneously hypertensive 46 

rats.  47 

 48 

49 
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Introduction 50 

Cardiovascular disease is the most important cause of death in the 51 

industrial societies.1-3 The intake of polyphenols has been inversely related with 52 

the reduced risk of this disease.4-6 In fact, many epidemiological studies 53 

associate an increased consumption of foods and beverages rich in flavonoids, 54 

with a reduced risk of cardiovascular death.7-9 Moreover, the use of products 55 

with a natural origin that may cause scarce side-effects, is an attractive 56 

possibility to be considered in treating several pathologies.10,11 57 

Cocoa is one of the foods that possess major content in flavanols,12,13 58 

and the cardiovascular benefits of cocoa and cocoa derivatives has been 59 

extensively studied.14-16 It was reported that cocoa consumption reduced 60 

cardiovascular mortality in the indigenous populations of Kuna islands,17 and 61 

more recently cocoa consumption has also been associated with lower 62 

cardiovascular mortality.18-20 Cocoa is rich in flavan-3-ols and procyanidins, 63 

being (-)-epicatechin the main component.21 Other examples of sources rich in 64 

this kind of flavanoids are wine and tea. However, cocoa has been shown to 65 

have the highest content of flavanols. 22,23  66 

The presence of these polyphenols is important for the healthy cocoa 67 

effects associated to its consumption. Moreover, it has recently been published 68 

that this kind of flavanoids are able of inducing a progressive, and sustained 69 

reduction in blood pressure when administered chronically to humans or to 70 

different rat models of hypertension, including spontaneously hypertensive rats 71 

(SHR) and L-NAME-treated rats.24-26 Nevertheless, it should be have in mind 72 

that the cocoa flavanol ingestion will depend on the initial flavanol content of the 73 

cocoa beans and the manufacturing process.27  74 
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 In previous works we have demonstrated the antihypertensive properties 75 

of a polyphenol rich cocoa powder, named CocoanOXTM, after short28 and long-76 

term treatment,29 and we have also studied the possible mechanisms implicated 77 

in their antihypertensive effect.30 However, extracts are easier to handle in the 78 

food industry than other traditional functional ingredients, due to some of their 79 

physicochemical properties, such as their high solubility. Moreover, the 80 

organoleptic profile of the final application is usually not modified when extracts 81 

are used as food ingredients, and they could be added to many applications. 82 

Therefore, the aim of this study is to evaluate the possible short-term 83 

antihypertensive effect of a cocoa polyphenol extract (CPE) derived from a 84 

polyphenol rich cocoa powder, after single oral administration, in SHR.  85 

 86 

Material and Methods 87 

 88 

Cocoa polyphenol extract  89 

The extract CPE used for this study was obtained from CocoanOXTM 90 

(Natraceutical SLU, Valencia, Spain), a polyphenol-rich cocoa powder produced 91 

from unfermented, blanch-treated, non-roasted cocoa beans which preserves 92 

polyphenol degradation.31 The theobromine content of the extract, determined 93 

by High-Performance Liquid Chromatography (HPLC), was 90.6 mg/g. Total 94 

polyphenols, measured by Folin-Ciocalteu´s method and flavan-3-ols content 95 

(monomers and procyanidins B1 and B2), measured by HPLC-DAD according 96 

to Cienfuegos-Jovellanos et al.,28 of CPE were 509.8 and 232.1 mg/g 97 

respectively. Table 1 shows these data and also the antioxidant capacity of this 98 

extract, expressed as μmol of Trolox equivalents (TE) per gram of CPE, that 99 
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was determined by the hydrophilic ORAC (H-ORAC) assay according to Ramos 100 

et al.32 All the analysis has been performed in triplicate and the results are 101 

reported on wet basis. 102 

 103 

Experimental Procedure in Rats.  104 

In this study we have used twenty 17-20-week-old male SHR, weighing 105 

314±3 g, and ten 17-20-week-old male normotensive Wistar-Kyoto (WKY) rats, 106 

weighing 337±6 g. All these animals were obtained from Charles River 107 

Laboratories Spain. The animals were maintained at a temperature of 23º C 108 

with 12 hour light/dark cycles, and consumed tap water and a standard diet 109 

(A04 Panlab, Barcelona, Spain) ad libitum during the experiments. CPE was 110 

dissolved in water and orally administered by gastric intubation, between 9 and 111 

10 a.m. Distilled water was used as negative control, and Captopril (Sigma, 112 

USA) (50 mg/kg), a known antihypertensive drug, was given as positive control. 113 

Different doses of CPE (13, 26, 80 and 160 mg/kg) were administered. The 114 

volume orally administered to the rats was always 1 mL/rat either of water, or of 115 

the appropriate solution of CPE or Captopril. Systolic blood pressure (SBP) an 116 

diastolic blood pressure (DBP) were recorded in the rats by the tail cuff 117 

method,33 before administration and 2, 4, 6, 8, 24, 48 and 72 hours post-118 

administration. Before the measurement, the rats were kept at 38ºC for 10 119 

minutes in order to detect the pulsations of the tail artery. To establish the value 120 

of SBP and DBP, five measurements were taken, and the average of all of them 121 

was obtained. To minimize stress-induced variations in blood pressure all 122 

measurements were taken by the same person in the same peaceful 123 

environment. Moreover, to guarantee the reliability of the measurements we 124 
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established a training period of two weeks before the actual trial time, and 125 

during this period the rats were accustomed to the procedure.  126 

All the above-mentioned experiments were performed as authorized for 127 

scientific research (European Directive 86/609/CEE and Royal Decree 128 

223/1988 of the Spanish Ministry of Agriculture, Fisheries and Food). 129 

 130 

Statistical analysis 131 

The results are expressed as mean values  standard error of the mean 132 

(SEM) for a minimum of 8 rats, and were analyzed by a two-way analysis of 133 

variance (ANOVA), using the GraphPad Prism software. In addition, in order to 134 

compare the different treatments and to assess the effect of time within each 135 

treatment, some data were also analyzed by a one-way ANOVA, and 136 

differences between the groups were assessed by the Bonferroni test. 137 

Differences between the means was considered to be significant when P< 0.05. 138 

 139 

Results 140 

Figure 1 shows the changes in SBP and DBP obtained in SHR after the 141 

administration of the different assayed compounds. Before administration of the 142 

different products, the SHR showed SBP values of 216.9 ± 3.3 mm Hg (n=20) 143 

and DBP values of 158.8 ± 3.8 mm Hg (n=20). The values of SBP and DBP 144 

obtained after oral administration of bidistilled water were very similar to those 145 

obtained before its administration. Captopril caused a clear decrease in SBP 146 

and DBP in SHR. The maximum decrease in SBP and DBP caused by 50 147 

mg/Kg of this drug were observed 4 hours post-administration. These variables 148 

returned to baseline 48 hours after the administration of Captopril. The oral 149 
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administration of CPE also result in a significant decrease of the SBP and the 150 

DBP in the SHR. The decrease in SBP caused by the extract was dose-151 

dependent only up to the dose of 80 mg/kg. The change in the SBP caused by 152 

this dose of CPE was -39.1 ± 3.7 mm Hg. This decrease in SBP was the 153 

maximum decrease in this variable obtained with this extract, and it was 154 

observed 6 hours post-administration. Nevertheless, 72 hours post-155 

administration of 80 mg/kg CPE, the values of SBP were very similar to those 156 

observed before the administration of this extract. The maximum decrease of 157 

SBP caused by 13 mg/kg CPE (-25.9 ±1.9 mm Hg) and the maximum decrease 158 

of SBP caused by 26 mg/kg of CPE (-28.6 ±4.5 mm Hg) were reached 4 hours 159 

post-administration. Paradoxically, the dose of 160 mg/kg of CPE had the 160 

lowest antihypertensive effect (-9.3 ± 2.7 mm Hg).  In addition, the decrease in 161 

DBP was always more accentuated when the dose of CPE administered was 162 

lower. Therefore, 13 mg/kg CPE caused the maximum decrease in the DBP in 163 

the rats (-30.6 ±7.7 mm Hg), and this decrease in this variable was observed 4-164 

6 hours post-administration of this dose of CPE. 165 

The administration of CPE did not modify the arterial blood pressure in 166 

the normotensive WKY rats (Figure 2). This variable was similar in the WKY 167 

rats treated with this product and in the WKY rats administered water. 168 

 169 

Discussion 170 

 The health benefits of cocoa reported in recent studies have increased 171 

the interest to obtain products with high cocoa polyphenol content.34,35 A human 172 

study demonstrated that only 30 mg/day of flavan-3-ols (up to 5-mers) reduced 173 

blood pressure in humans.24  According to previous results of our group an 174 
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important content of polyphenols was exhibit in CPE, in particular of low 175 

molecular weight procyanidins.31 In fact, the concentration of total polyphenols 176 

and flavan-3-ols of CPE was very high when compared to other cocoa 177 

derivatives such as different cocoa powders or chocolates.36-38 Moreover, the 178 

total flavan-3-ols content (monomers and procyanidins B1 and B2) and the (-)-179 

epicatechin content of CPE were 2 and 7 times higher than the respective 180 

values previously reported for the original polyphenol rich cocoa powder.28 The 181 

high content of flavan-3-ols, and in particular the high content in (-)-epicatechin, 182 

measured in CPE, point out that it should be possible to use a small amount of 183 

this extract to decrease arterial blood pressure. It should be noted that the 184 

doses of CPE selected for this study had the same (-)-epicatechin content as 185 

the doses of a polyphenol rich cocoa powder that had exhibited an 186 

antihypertensive effect.28 Low molecular weight procyanidins are probably 187 

important component of CPE, because Cooper et al., in 2008, postulated that 188 

the healthy properties attributed to cocoa would be related to the high amount of 189 

monomeric and dimeric compounds.39 In fact, the bioavailability of cocoa 190 

polyphenols is strongly related with their molecular size, and, in general, the 191 

smaller polyphenols (monomers and dimers) are found in higher concentration 192 

in the blood than other polyphenols. Polyphenol monomers and dimers have 193 

therefore more possibilities to reach their target organs in the body. A high 194 

amount of these compounds of low molecular weight in cocoa derivatives, 195 

specially for the monomer (-)-epicatechin, could also be accompanied by a 196 

dose-dependent increment in plasma antioxidant capacity40,41 and by a dose-197 

dependent decrease in plasma lipid oxidation.40 This monomer is also 198 

considered responsible, at least in part, of many of the vascular beneficial 199 
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effects associated to cocoa consumption,18, 20,29,42-44 and their antihypertensive 200 

effects after short-term treatment in SHR treated with this compound has been 201 

recently proved (unpublished dates). 202 

 203 

MAR SEGÚN EL REFEREE HAY ALGUN TRABAJO QUE DESCRIBE EL 204 

EFECTO ANTIHIPERTENSIVO DE LA EPICATEQUINA ANTES QUE 205 

NOSOTROS  ¿¿¿¿¿???  POR LO VISTO EN LA REF18 UN REVIEW DE 206 

CESAR FRAGA, MIRALO PLEASE, SI ES ASI PON ESA CITA AQUI, 207 

HABRÍA QUE CAMBIAR LA FRASE PERO ESO YA LO HAGO YO, ME 208 

MANDAS EL ABSTRACT PLEASE, Y DESPUÉS PONEMOS LA NUESTRA 209 

DE CÓMO QUE TAMBIEN LO HEMOS COMPROBADO CON UNPUBLHISED 210 

RESULTS. 211 

Marta, es una revisión con algunos datos experimentales y lo publican en 212 

Enero del 201120.Es parecido al ensayo nuestro del L-NAME, pero utilizan 213 

ratas SD que tratan durante 6 semanas con L-NAME. A continuación 214 

hacen un tratamiento de 8 semanas con L-NAME y L-NAME+ EPI (0,4g 215 

/100g diet). Te mando el paper.  216 

 217 

  It is well known that theobromine was commonly used to treat 218 

hypertension because of its ability to relax smooth muscle tissue and dilate 219 

blood vessels. In fact, this methylxanthine could be responsible for the decrease 220 

in blood pressure reported after the short-administration of dark chocolate.45 In 221 

the present study, an antihypertensive effect of CPE was demonstrated, but 222 

theobromine is present in this extract only in a low concentration (90.6 mg/g) 223 

and could therefore hardly justify its antihypertensive properties. A recent study 224 

shows that a theobromine-enriched flavanol-rich cocoa with 979 mg of 225 
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theobromine could decrease central systolic blood pressure in healthy 226 

individuals. Nevertheless, the flavanol-rich cocoa with a natural dose of 227 

theobromine consisting in 106 mg of this methylxanthine did not significantly 228 

change it.46 As in the study carried out with the original polyphenol rich cocoa 229 

powder,28 in the present study, a dose dependent antihypertensive effect of 230 

CPE could not be demonstrated. On the contrary, we could observe that the 231 

highest dose of this polyphenolic compound (160 mg/kg) was not the most 232 

effective one to decrease arterial blood pressure. In this context, different 233 

studies have demonstrated that a high quantity of polyphenols could exhibit pro-234 

oxidant properties instead of antioxidant properties.47-49   235 

 The lowering blood pressure effect exhibited by CPE would be mainly 236 

due to the presence of flavan-3-ols. As mentioned before, the doses of both 237 

products, the original polyphenol rich cocoa powder and the extract used in the 238 

present work, are equivalent in (-)-epicatechin content, but the potential 239 

contribution for the antihypertensive effect of other polyphenolic compounds, 240 

and the synergy between them, cannot be ruled out. It has been also published 241 

that polyphenols are able of inducing a progressive, and sustained reduction in 242 

blood pressure when administered chronically to humans or to different rat 243 

models of hypertension, including SHR and L-NAME-treated rats.24-26 It is 244 

important to note that hypertension is a chronic pathology that requires chronic 245 

treatment, and the use of strategies with long lasting antihypertensive effects is 246 

always desirable. In this context, it is important to highlight that the decrease in 247 

arterial blood pressure caused by CPE lasted for a longer period of time than 248 

the antihypertensive effect previously reported for the original polyphenol rich 249 

cocoa powder. According with this idea, the antihypertensive properties of CPE 250 
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may be more favourable than the original cocoa powder for controlling high 251 

blood pressure levels. 252 

 The administration of 80 mg/kg of CPE to normotensive WKY rats did not 253 

change the arterial blood pressure of these animals. This indicates that the 254 

effect of CPE is specific for the hypertensive condition.  255 

 CPE presents an extraordinary antioxidant capacity (12134 μmol TE/g), 256 

which can be considered as a very high one when compared with the 257 

antioxidant capacity of other cocoa derivates such as milk chocolate, dark 258 

chocolate or unsweetened chocolate (74, 219 and 490 μmol TE/g respectively), 259 

or when compared with the antioxidant capacity of a natural cocoa powder (820 260 

μmol TE/g), all of them analyzed by the H-ORAC method.37  Moreover, the 261 

antioxidant capacity of CPE was much higher than those reported for other 262 

foods different from cocoa, such as cereals, legumes, vegetables, or fruits.50 263 

This suggests that an antioxidant mechanism could be implicated in the 264 

antihypertensive effect observed when CPE is administered. However, we 265 

cannot discard that other mechanisms of action are involved in this effect, and 266 

more studies are necessary in order to dilucidate the blood pressure lowering 267 

mechanisms of CPE.  268 

In this paper, the antihypertensive effect of CPE in SHR has been 269 

demonstrated. Our results suggest that this extract could be used as a 270 

functional food ingredient with potential therapeutic benefit in the prevention and 271 

treatment of hypertension. In particular, CPE could be useful for 272 

prehypertensive patients who do not need the prescription of blood pressure-273 

lowering medications so far, and we want also to point out that our results 274 

clearly support that it can be consumed by normotensive subjects without 275 
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promoting any change in arterial blood pressure. Undoubtedly clear advantages 276 

are applicable to CPE, and this extract could be used preferentially to the 277 

original polyphenol rich cocoa powder as a food antihypertensive ingredient.  278 

However, further studies after long-term treatment are necessary in animals and 279 

humans before to use CPE as antihypertensive functional ingredient. In 280 

addition, studies to elucidate the mechanisms implicated in the antihypertensive 281 

effect of CPE should also be carried out. In fact, we are currently conducting 282 

some studies using young SHR, in order to investigate if CPE is useful to 283 

prevent the development of hypertension and to clarify the mechanisms 284 

implicated in their antihypertensive effect.  285 

 286 

287 
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Figure legends 464 

 465 

Figure 1. Decrease in systolic blood pressure (SBP) (A) and diastolic blood 466 

pressure (DBP) (B) caused in spontaneously hypertensive rats after the 467 

administration of different products. Water (○), Captopril (50 mg/kg) (□) or 468 

different doses of CPE: 13 mg/kg (♦), 26 mg/kg (▲), 80 mg/kg (●) and 160 469 

mg/kg (■). Data are expressed as mean  SEM. The experimental groups 470 

always have a minimum of 8 animals. Same letters indicate no statistical 471 

differences (p>0.05). P estimated by two-way ANOVA. 472 

 473 

Figure 2. Decrease in systolic blood pressure (SBP) (A) and diastolic blood 474 

pressure (DBP) (B) caused in Wistar-Kyoto rats after the administration of water 475 

(○), or 80 mg/kg CPE (●). Data are expressed as mean  SEM. The 476 

experimental groups always have a minimum of 8 animals. No statistical 477 

differences were observed.  478 

479 
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Table 1. Theobromine, total polyphenol content, Flavan-3-ols and antioxidant 480 

capacity of the cocoa polyphenol extract studied.  481 

            Compounds                      mg/g wet matter*  

            Theobromine 90.6 ± 0.2 

            Total polyphenol content 1 509.8 ± 4.0 

            Epicatechin 133.5± 1.1 

            Catechin 10.8 ± 1.0 

            Procyanidin B1 9.1 ± 0.2 

           Procyanidin B2                   78.7 ± 1.2 

          Antioxidant capacity 2                            12134 ± 379 

 482 

* The values are expressed as the mean ± SD (n=3)  483 

1 Measured by Folin-Ciocalteu´s method 484 

2 Hydrophilic ORAC (H-ORAC) assay, expressed as μmol of Trolox equivalents 485 

(TE) per gram of CPE 486 

 487 

488 
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Figure 1 489 
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Figure 2 539 
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Figure 2 564 
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