
 

 

DIETARY THEOBROMA COCAO PREVENTS HEPATOTOXICITY SECONDARY 1 

TOMYOCARDIAL INJURY  2 
 3 

 4 

ABSTRACT 5 

There is a correlation between myocardial injury and liver insufficiency. Dietary products like 6 

cocoa with high flavonoids may play a role to boost the integrity of the liver against insults 7 

resulting from myocardial injury. Male Wistar rats (200-250g, n = 24) divided into four groups of 8 

6 rats were used for the study. Group 1 was the normal control (placed on a placebo of 0.9% 9 

normal saline via oral gavage), Group 2 was the acute myocardial injury group, and received a 10 

subcutaneous injection of isoproterenol (100mg/kg body weight) twice at an interval of 24 hours 11 

to the end of the experiment. Group 3 was administered TC (100mg/kg body weight orally) only 12 

for 2 weeks. Group 4 was pretreated with TC (100mg/kg orally) for 2 weeks and then followed by 13 

a subcutaneous injection of isoproterenol (100mg/kg body weight) twice at an interval of 24 hours 14 

to the end of the experiment. All animals had free access to rat chow and water. At the end of the 15 

experimental period, the rats were sacrificed over ketamine anaesthesia, ans serum collected for 16 

laboratory investigations of lactate dehydrogenase, troponin, alanine aminotransferase, aspartate 17 

transaminase, and alkaline phosphatase. From the study, administration of ISO resulted in a 18 

significant (p<0.001) elevation in the serum concentrations of the cardiac biomarkers, troponins 19 

and LDH when compared with the normal control rats, depicting myocardial injury. Pretreatment 20 

with cocoa before MI induction preserved the myocardial cells to withstand the insult, with a 21 

consequent reduction in the concentrations of LDH and troponins, with values similar to the 22 

control group. The serum liver enzymes AST, ALT, and ALP concentration was also significantly 23 

elevated above the normal control, indicating hepatotoxicity in the ISO group. The increased 24 

serum liver enzymes were reversed in the cocoa treatment groups, indicating the hepatoprotective 25 

potentials of T. cacao. Result of this study has further strengthened the link between myocardial 26 

injury and the liver. It has also provided a support for the prophylactic use of dietary Theobroma 27 

cacao against hepatotoxicity. 28 

 29 

 30 



 

 

INTRODUCTION 31 

 Acute myocardial infarction (AMI) is one of the leadingcardiovascular diseases with a 32 

high mortality rate
1
. It is diagnosedin every 1 out of 10 patients admitted in the EmergencyUnit 33 

with a heart attack
2
. In developing countries, achange in lifestyle is considered a predisposing 34 

factor for theincreased mortality rate due to AMI
3
. AMI causes distortionin the structural, 35 

mechanical, electrical, and biochemical properties of the heart
4
. It can be due to 36 

ischaemicheartdisease and/or in conjunction with coronary artery diseasewith a resultant 37 

deterioration of ventricular functionand myocardial necrosis
5,6

. Serum enzymes such as 38 

lactatedehydrogenase (LDH), cardiac kinase (CK), Aspartateaminotransferase (AST), 39 

malondialdehyde (MDA), and troponinsare biomarkers used for the diagnosis of AMI
7,8

.This is 40 

because when there a decreased coronary blood flowand a consequent deterioration of ventricular 41 

function due tomyocardial necrosis, the serum concentrations of LDH, CK,AST, MDA, and 42 

troponins will significantly increase, indicatingtissue damage
9
. 43 

 There is a correlation between myocardial injury and hepatic insufficiency
10

. The liver 44 

plays a vital role in metabolism, detoxification and excretion. It metabolizes substance via 45 

hydration, condensation, oxidation, reduction, hydrolysis or conjugation. An alteration in any of 46 

these processes may result in liver cell injury
11

. 47 

 Blockage of blood flow and congestion can manifest in liver damage
12

, and the damaging 48 

effect of the myocardial infarction on the liver are multifactorial including decrease in blood flow 49 

to the liver, reduced arterial saturation and increased hepatic vein pressure
13

. Liver disease 50 

possibly may be inflammatory, non-inflammatory and degenerative.  51 

 Nutraceuticals in the form of antioxidants, dietary fibres, omega-3 polyunsaturated fatty 52 

acids, vitamins and minerals also play a preventive and curative role in cardiovascular diseases
14

, 53 

so do plants with antioxidant properties
15,16

. One such plant with high antioxidant properties is 54 



 

 

Theobroma cacao
17

.Theobroma cacao is reported to suppress the development of atherosclerotic 55 

lesions
18

, decrease platelet hyperactivity
19

, increase dermal blood flow
20

, decrease oxidation of 56 

LDL cholesterol
21

, and promote normal lipid profile
22

. It also inhibits the proliferation of human 57 

breast cancer cells and reduces circulating blood sugar levels
23

. There is however paucity of 58 

reports on the hepatoprotective potentials of Theobroma cacao secondary to myocardial injury.  59 

MATERIALS AND METHODS 60 

Plant Material and Extraction 61 

 Dry Trinitario variety of Theobroma cacao seeds were obtained from Cross River State, 62 

Nigeria. The variety was identified at the Herbarium unit of the Department of Botany, University 63 

of Calabar, Nigeria, and assigned a voucher number TCB/990123. 3kg de-coated dry cocoa seeds 64 

were ground into coarse powder yielding 1.65 Kg of the powder. This was suspended in two litres 65 

of ethanol (BDH Ltd Poole, England) and left to percolate for 24 hours at room temperature. The 66 

suspension was thereafter filtered with Whattman No. I filter paper. The filtrate was evaporated 67 

by hot air oven treatment at 40-45 ᵒC to a thick dark gummy crude extract giving a yield of 66g 68 

(4.8%). The extract was refrigerated at -4oC until required for use. 69 

Experimental Animals/Design 70 

 Approval was sought and the consent granted by the Faculty of Basic Medical sciences 71 

Animal Research Ethics Committee, the University of Calabar with Approval No: 019PY20401. 72 

Male Wistar rats (200-250g, n = 24) divided into four groups of 6 rats were used for the study. 73 

The animals were kept in plastic cages and controlled environment (12h light/dark cycles at 27 ± 74 

2°C) one week for acclimatization before the commencement of the study. Group 1 was the 75 

normal control (placed on a placebo of 0.9% normal saline via oral gavage), Group 2 was the 76 

AMI group, and received a subcutaneous injection of isoproterenol (100mg/kg body weight) 77 



 

 

twice at an interval of 24 hours to the end of the experiment. Group 3 was administered TC 78 

(100mg/kg body weight orally) only for 2 weeks. Group 4 was pretreated with TC (100mg/kg 79 

orally) for 2 weeks and then followedby a subcutaneous injection of isoproterenol(100mg/kg 80 

body weight) twice at an interval of 24 hours tothe end of the experiment. All animals had free 81 

access to ratchow and water. 82 

Induction of Acute Myocardial Injury 83 

 Myocardialinfarction was induced by subcutaneous injection of100mg/kg isoproterenol 84 

once for two days with a 24hours intervalin between
24,25

. Isoproterenol acts by decreasing 85 

theblood flow to the myocardium with consequent hypoxia.The hypoxic state causes a fall in 86 

mitochondrial ATP, hencedepleting cellular ATP. There is a generation of reactive 87 

oxygenspecies, calcium overload, and phospholipid depletionwith attendant lipid peroxidation, 88 

tissue inflammation, andstructural membrane damage. These result in an irreversibledamage to 89 

the myocardium
26

. Myocardial infarction inducedby isoproterenol is reported to show many 90 

metabolicand morphologic aberrations in the heart tissue of the experimentalanimals similar to 91 

those observed in human myocardialinfarction
27

. 92 

 Liver function tests (LFTs) are commonly used in clinicalpractice to screen for liver 93 

disease, monitor the progression ofknown disease, and monitor the effects of 94 

potentiallyhepatotoxic drugs. The most common LFTs include the serumaminotransferases, 95 

alkaline phosphatase, bilirubin, albumin,and prothrombin time20. Aminotransferases, such as 96 

alanineaminotransferase (ALT) and aspartate aminotransferase(AST), measure the concentration 97 

of intracellular hepaticenzymes that have leaked into the circulation and serve as amarker of 98 

hepatocyte injury.  Alkaline phosphatase (AP), γ-glutamyl transpeptidase (GGT), and bilirubin act 99 

as markers ofbiliary function and cholestasis. Albumin and prothrombinreflect liver synthetic 100 

Comment [U1]: measure how? 



 

 

function.Increased activities of liver enzymes such as (AST), alanineaminotransferase (ALT) 101 

alkaline transferase (ALP) areindicators of hepatocellular injury. Increased activity of 102 

thesemarkers is associated to type 2 diabetes mellitus with a higherincidence of liver function test 103 

abnormalities than individualswho do not have diabetes21. Mild chronic elevations 104 

oftransaminases often reflect underlying insulin resistance.Anti-diabetic agents have generally 105 

been shown to decreasealanine aminotransferase levels as tighter blood glucose levelsare 106 

achieved. The aminotransferases AST and ALT arenormally < 30-40 units/l. Elevations of 107 

aminotransferasesgreater than eight times the upper limit of normal reflecteither acute viral 108 

hepatitis, ischemic hepatitis, or drug- ortoxin-induced liver injury. 109 

Determination of serum alanine aminotransferase (ALT) 110 

 Serum Alanine aminotransferase (ALT), is measured bymonitoring the concentration of 111 

pyruvate hydrozone formedwith 2,4-dinitrophenyhydrozine24. The method is based on 112 

theprinciple that pyruvate (pyruvic acid) formed from the alanineaminotransferase catalysed 113 

reaction between –ketoglutarate(oxoglutarate) and L-alanine is coupled with chromogensolution 114 

(2,4-dinitrophenyl hydrazine) in an alkaline mediumto form coloured hydrazone, the 115 

concentration of which isproportional to the alanine aminotransferase activity asmeasured with a 116 

colorimeter. To 0.05 ml of each serumsample in a test tube was added 0.25 ml of 117 

buffer/substratesolution. This was incubated at 37°C for 30 min in a waterbath followed by the 118 

addition of 0.25 ml of chromogensolution. The content was mixed and allowed to stand for20min 119 

at room temperature. Then 2.5 ml of sodium hydroxide(0.4 N) was added and mixed. The 120 

absorbance was read after 5min against the blank at 540 nm. The blanks were treated asthe 121 

samples but without the addition of chromogen solutionused to stop all the enzymatic reactions. 122 

ALT activity (IU/L)was read off from the standard curve25. 123 



 

 

Determination of serum aspartate aminotransferase(AST) 124 

 The determination of the blood serum of Aspartateaminotransferase (AST), is measured 125 

by monitoring theconcentration of oxaloacetate hydrozone formed with 2,4-126 

dinitrophenylhydrazine. The method is based on theprinciple that oxaloacetate (oxaloacetic acid) 127 

that is formedfrom the aspartate aminotransferase catalyzed reactionbetween alpha ketoglutarate 128 

and aspartate is coupled withchromogen (2,4-dinitrophenyl hydrazine) in alkaline mediumto form 129 

colored hydrazone. The concentration of the colouredhydrazone is proportional to the aspartate 130 

aminotransferaseactivity and is measured with a colorimeter. To 0.05 ml of each serum sample in 131 

a test tube was added 0.25 ml ofbuffer/substrate solution. The content was incubated at 37°Cfor 132 

60 min in a water bath followed by the addition of 0.25 mlof chromogen solution. The content 133 

was mixed and allowed tostand for 20 min at room temperature after which 2.5 ml ofsodium 134 

hydroxide (0.4 N) was added and mixed. Theabsorbance was read after 5 min against blank at 540 135 

nm. Theblanks were treated as the samples but without the addition ofchromogenic solution used 136 

to stop all enzymatic reactions.AST activity (IU/L) was read off from the standard curve. 137 

Determination of serum alkaline phosphatase (ALP) 138 

 This measurement of alkaline phosphatase (ALP) followedstandard 139 

procedure26.Principle: Phenol released by enzymatic hydrolysis fromphenylphosphate under 140 

defined conditions of time,temperature and pH – is estimated colorimetrically.TechniqueTest:- 141 

1ml of buffer was mixed with 1ml of phenylphosphatesubstrate in a test tube placed in water bath 142 

at 37°C for 3minutes. 0.1ml of serum was added mixed gently andincubated for exactly 15 143 

minutes, the reaction was stopped byaddition of 0.8ml of 0.5N sodium hydroxide (NaOH). 144 

Control:-In a test tube 1ml substrate was mixed with 0.8ml of 0.5Nsodium hydroxide, followed 145 

by 0.1ml of serum. Standard:-1.1ml of buffer was mixed with 0.1ml of phenol 146 



 

 

standard(1mg/100ml) and 0.8ml of 0.5N sodium hydroxide. Blank:-1.1ml of buffer, 1.0ml of 147 

water and 0.8ml of 0.5N sodiumhydroxide was mixed. To all tubes 1.2ml of 0.5N 148 

sodiumbicarbonate (NaHCO3) was added with 1ml of PotassiumFerricyanide solution -149 

K3(Fe(CN)6), mixing each tube wellafter each addition. The successive additions adjusted the 150 

pHto develop the color. The 0.0 of reddish –brown colors of 510nanometer (nM), was read 151 

avoiding exposure to strongsunlight. 152 

Calculation:Serum alkaline phosphatase (King-Armstrong Units/100ml) = 153 

Reading of an Unknown − Reading of Control

𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 − 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐵𝑙𝑎𝑛𝑘
 𝑋 100 

Data Analysis 154 

 Results are expressed as mean ± SEM. Data was analyzed using the GraphPad Prism 155 

software (version 6.0). Analysis of variance (ANOVA) followed by Turkey comparison test 156 

where F value was significant. Probability level of p<0.05 was accepted as significant. 157 

 158 

RESULTS 159 

Troponin and lactate dehydrogenase concentrations in isoproterenol-induced myocardial 160 

injury treated with cocoa 161 
 162 

 Serum concentrations of troponin and lactate dehydrogenase were measured to evaluate 163 

myocardial damage. The serum concentration of troponin in the control, MI, cocoa only, and 164 

cocoa + MI groups was 0.038 ± 0.00027ng/ml, 0.055 ± 0.0012ng/ml, 0.036 ± 0.00036ng/ml, and 165 

0.036 ± 0.00035ng/ml respectively. The result showed a significant (p<0.01) increase in the 166 

serum concentration of troponin in the MI group compared to the control group. Administration 167 

of cocoa before MI induction significantly(p<0.01) decreased troponin concentration when 168 

compared with the MI group.Similarly, the mean serum concentration of LDH in control, 169 



 

 

MI,cocoa only, and cocoa + MI groups was 1465 ± 3.97IU/l,1653 ± 3.53IU/l, 1430 ± 8.33IU/l, 170 

and 1422 ± 18.0IU/l, respectively.This shows a significant (p<0.01) increase in theserum 171 

concentration of LDH in the MI group when comparedto the control. This increase was attenuated 172 

(p<0.01)by pretreatment with cocoa before MI induction. This is presented in Table 1. 173 

Serum aspartate aminotransferase (AST) concentrations in isoproterenol-induced 174 

myocardial injury treated with cocoa 175 
 176 

 The liver enzymes activity was measured to evaluate the integrity of the hepatocytes 177 

following isoproterenol-induced myocardial injury. Serum aspartate aminotransferase (AST) 178 

concentrations in the control, MI, cocoa only, and cocoa + MI groups was 50.96 ± 0.13IU/L, 179 

82.65 ± 0.22IU/L, 46.72 ± 0.20IU/L, and 57.98 ± 0.34 respectively. The result showed a 180 

significant (p<0.001) increase AST concentration in the MI group when compared with the 181 

control, indicating an injury to the hepatocytes following isoproterenol administration. However, 182 

pretreatment with cocoa before MI induction resulted in a decrease serum concentration of AST, 183 

with values similar to the control group. This is presented in Fig. 1. 184 

Serum alanine aminotransferase concentrations in isoproterenol-induced myocardial injury 185 

treated with cocoa 186 
  187 

 Serum alanine aminotransferase (ALT) was also measured to evaluate the integrity of the 188 

hepatocytes. The serum ALT concentrations in the control, MI, cocoa only, and cocoa + MI 189 

groups was 21.55 ± 0.23IU/L, 38.13 ± 0.32IU/L, 20.37 ± 0.27IU/L, and 29.83 ± 0.25IU/L 190 

respectively. The MI group had an increased (p<0.001) ALT concentrations compared with the 191 

control, depicting injured hepatocytes following isoproterenol administration. Pretreatment with 192 

cocoa prevented increased surge in serum ALT, depicting less damage to the hepatocytes, Fig. 2. 193 

Serum alkaline phosphatase concentrations in isoproterenol-induced myocardial injury 194 

treated with cocoa 195 
 196 



 

 

 Serum alkaline phosphatase (ALP) was also measured to evaluate the integrity of the 197 

hepatocytes. The serum ALP concentrations in the control, MI, cocoa only, and cocoa + MI 198 

groups was 57.29 ± 0.22IU/L, 125.19 ± 0.55IU/L, 53.51 ±0.30IU/L, and 71.37 ± 0.44IU/L 199 

respectively. The result followed a similar trend with other liver enzymes with a significantly 200 

higher (p<0.001) ALP concentration in the MI group when compared with the control. The Cocoa 201 

pretreatment group showed a lower concentration of ALP concentration when compared with the 202 

MI group. ALP values in the pretreated groups are similar with the control group. This is 203 

presented in Fig. 3. 204 

  205 



 

 

Table 1: Serum troponin and lactate dehydrogenase concentration in isoproterenol induced 206 

     myocardial injury treated with cocoa. 207 

Cardiac 

Markers 

Control Group MI Group Cocoa Only Cocoa + MI 

Troponin 

(ng/ml) 

0.038 

± 0.00027 

 

0.055 

± 0.0012** 

0.036 

± 0.00036 

0.036 

± 0.00042
c
 

Lactate 

dehydrogenase 

(IU/I) 

1465 

± 3.97 

1653 

± 3.53** 

1430 

± 8.33 

1422 

± 18.0
c
 

   ** = p<0.01 compared with control; c = p<0.01 compared with MI group 208 

 209 
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Figure 1: Comparison of aspartate aminotransferase 
concentrations in the different experimental groups. 

Values are expressed as mean + SEM, n = 6.
*** = p<0.001 vs control;

c = p<0.001 vs MI;
z = p<0.001 vs cocoa only
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Figure 2: Comparison of alanine aminotransferase 
concentrations in the different experimental groups. 

Values are expressed as mean + SEM, n = 6.
** = p<0.01, *** = p<0.001 vs control;

c = p<0.001 vs MI;
z = p<0.001 vs cocoa  only
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Figure 3: Comparison of alkaline phosphatase 
concentrations in the different experimental groups. 

Values are expressed as mean + SEM, n = 6.
*** = p<0.001 vs control;
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DISCUSSION 213 

 Reports have shown a significant link between myocardial infarction, liver dysfunction, 214 

and risk of ischemic hepatitis; a condition that occurs as a result of decrease total hepatic blood 215 

flow secondary to low cardiac output, shock or cardiac arrest
28,29

. Blockage of blood flow and 216 

congestion can manifest to liver damage
12

. The damaging effect of the myocardial infarction on 217 

the liver includes decrease in blood flow to the liver, reduced arterial saturation and increased 218 

hepatic vein pressure
13

. The present study therefore evaluated the hepato-protective potentials of 219 

Theobroma cacao secondary to isoproterenol-induced myocardial injury in rats. 220 

 Dietary cocoa ameliorates non-alcoholic fatty liver diseases
30

.  It also attenuates artemeter-221 

lumefantrine induced hepatotoxicity in non-malarious Guinea pigs
31

. Due to its abundant presence 222 

of flavonoids epicatechin and procyanidin, cocoa is reported to cause increased flow-mediated 223 

vasodilation
32

. It has antioxidant and platelet anti-aggregation properties
33,34

. The flavonoids 224 

block the “suicide” enzyme cyclooxygenase which breaks down prostaglandins to prevent platelet 225 

aggregation
35

.  226 

 From the study, administration of ISO resulted in a drastic and significant elevation in the 227 

serum concentrations of the cardiac biomarkers, troponins and LDH when compared with the 228 

normal control rats, depicting myocardial injury
36

. Pretreatment with cocoa before MI induction 229 

preserved the myocardial cells to withstand the insult, with a consequent reduction in the 230 

concentrations of LDH and troponins, with values similar to the control group.  231 

 Following the myocardial injury caused by ISO administration, the serum liver enzymes 232 

AST, ALT, and ALP concentration was significantly elevated above the normal control, 233 

indicating hepatotoxicity in the ISO group. The increased serum liver enzymes were reversed in 234 

the cocoa treatment groups, indicating the hepatoprotective potentials of T. cacao. 235 

 Result of this study has further strengthened the link between myocardial injury and the 236 

liver. It has also provided a support for the prophylactic use of dietary Theobroma cacaoagainst 237 

hepatotoxicity. 238 

 239 

 240 
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