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Abstract: Cocoa contains numerous polyphenols with laudable antioxidant activity. Glycation has been
implicated in the pathogenesis of complications of diabetes mellitus. We investigate the effect of coca on
hemoglobin glycation in rats experimentally induced with diabetes. 21 female Sprague-Dawley rats aged 21
weeks were randomly divided into control “C” and diabetic - diabetics fed cocoa “DC” and diabetics not fed
cocoa “D” - groups of 6, 8 and 7 rats respectively. All rats were fed rat chow; C and D groups were fed tap water
while the DC group were fed 2% w/v natural cocoa powder in tap water ad libitum. Diabetes was induced by
a single intravenous shot of streptozotocin (53 mg/kg body weight). Ten weeks post-diabetes, 1ml of blood
aspirated from the left ventricle and stored in a plastic tube containing ethylene diamine tetraacetic acid and
used to determine the glycated haemoglobin (HbA ) concentration of each rat using a DCA 2000 plasma1c

analyzer. Data was analyzed using ANOVA and posthoc Bonferroni’s Multiple Comparison Test of GraphPad
Prism (3.0). Percentage hemoglobin glycation significantly reduced (p < 0.0001) reduced from 12.8±0.50 to
7.8±0.27 in D and DC groups respectively but did not attain levels observed in the controls (3.90±0.10). Cocoa
powder and other cocoa products can be administered alongside current diabetes management protocols to
improve patients’ outcome.
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INTRODUCTION glycation is proportional to glucose concentration and it

Diabetes mellitus (DM) is a metabolic  disorder  with interaction with receptors on tissues [2].
a  high  prevalence  and  an  increasing global incidence. DM-related glycation has been implicated in cataract
It is characterized hyperglycemia (plasma glucose  11 and retinopathy, nephropathy, neuropathy and hepatitis
mmol/L), hyperlipidemia, polydipsea, polyurea amongst [2, 4]. Previous studies have noted that reducing
others [1]. Hyperglycemia is still considered the principal glycation (and associated oxidative stress) in the long
cause of complications in DM [2]. These complications term management of DM can be achieved by
have been attributed to the markedly accelerated administering antioxidants [5].
formation of sugar-derived substances known as Cocoa is a polyphenol whose antioxidant action has
advanced glycation end products (AGEs) [3]. been intensely investigated [6, 7, 8]. It has been found to

The initial nonenzymatic reaction of glucose  with have nearly twice the antioxidant content of red wine and
free amino groups of proteins, nucleic acids and lipid of up to three times that of green tea [9]. Flavonoids from
tissues (glycation) cause reversible Schiff base formation cocoa are most  beneficial  in  reducing  cardiovascular
which are spontaneously rearranged into Amadori risk (including DM) compared to those from other
products including Hemohlobin A1c (HbA1c). polyphenols [10]. Other studies have confirmed that
Persistently high glucose levels (as seen in DM) lead to Cocoa has anti-inflamatory, anti-hypertensive,
irreversible glycation and AGE formation. The extent of anticarcinogenic  effects  [10,  11,  12]  in   addition   to  its

is associated with oxidative stress induced by AGE
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ability to boost insulin production and sensitivity, [13] RESULTS
and reversing vascular dysfunction in diabetes by
improving  vasodilation of the brachial artery [14] Significant differences existed in the percentage
amongst others. Since AGE has been implicated as being hemoglobin  glycation  within  the  three  groups  of rats
pro-inflammatory and highly oxidative, we seek to (p < 0.0001). Bonferroni Multiple Comparison Test for
investigate the effect of antioxidant-rich cocoa on percentage glycation showed differences in the C vs DC
hemoglobin glycation of experimentally-induced diabetes (p < 0.0001), C vs D (p < 0.001) and DC vs D (p < 0.001)
in rats. groups  of rats (Fig. 1 and 2 below). There were 2 - fold,

3.3 - fold and 1.67 - fold increase in the C to DC, C to D
MATERIALS AND METHODS and DC to D groups of rats respectively. The glycation in

The University of Ghana Medical School (UGMS) 0.39%.
ethical committee approved this work. Twenty-one female
rats aged 21 weeks with average weight of 200g, were kept DISCUSSION
under 12 hour alternating periods of light and darkness at
25°C in the UGMS animal house. The rats were randomly The purpose of this study was to investigate the
divided into 3 groups: control (C), diabetic rats fed with effect of prolonged cocoa powder ingestion on the
cocoa (DC) and diabetic rats not fed cocoa (D) containing percentage hemoglobin glycation in diabetic rats.
6, 8 and 7 rats respectively. All rats were fed with rat The percentage hemoglobin glycation indicates the
chow. The C and D groups were given tap water whilst extent of tissue and cellular oxidation by the reactive
the DC group had 2% w/v natural cocoa powder oxygen species (ROS). It increases in DM [16]. The
(Goodfood brand) in tap water (prepared according to interpretation of HbA1c values in the management of
manufacturer’s instruction). Weights of the rats and fluid diabetes  are:  values  below 7% is good, 7%-9% is
consumed were measured over the experimental period. average and above 9% poor control [17]. It represents

Experimental Procedure: Diabetes was induced by giving [18].
the  rats  a single tail vein injection of streptozotocin Reduction in HbA1c in experimentally-induced DM
(STZ; 53 mg/kg, I.V., n=15) in 0.1 M citrate buffer. Rats was observed in this work. We attribute this to regular
serving as controls were given an equivalent volume of a ingestion of dietary cocoa. Cocoa can attenuate the
single injection of 0.1 M citrate buffer. Diabetes was devastation of oxidative stress by its antioxidant action
confirmed by blood glucose estimation (Glucometer [3].
Ascencia Contour, Biomol Corporation ®, USA) 2 days Ingestion of cocoa powder improved the glycation in
post-STZ  injection.  Plasma  glucose level  11 mmol/l diabetic rats from and extremely poor value (12.8%) to a
(200 mg/dl) [15] confirmed diabetes mellitus. Insulin promising average value (7.8%). It is also noteworthy that
supplementation was not given and a seven-day period diabetic rats regularly fed cocoa had the extent of their
was allowed for the rats to adjust to the diabetic glycation lowered by as much as 0.39% relative to their
condition. The duration of the experiment after the counterparts not fed cocoa. Other studies have also
induction of diabetes was ten weeks. observed a reduction in HbA1c with cocoa [19], green tea

1ml of blood aspirated from the left ventricle was [20], vitamin C and E [21], miglitol [22] and cinnamon [23].
stored in a plastic tube containing ethylene diamine Our observation was similar to HbA1c among diabetic
tetraacetic acid (EDTA) and used to determine the patients who serially monitored their blood glucose [21].
glycated haemoglobin (HbA ) concentration of each rat Hence both can be harnessed to improve glycation1c

using a DCA 2000 plasma analyzer (Bayer diagnostics, control.
Germany). Since glycated hemoglobin is a predictor of diabetes

Statistical Analysis: The results were analyzed using this study - can reduce the risk of micro and
analysis of variance (ANOVA) and followed with posthoc macrovascular diseases whose impact are on the increase
Bonferroni’s Multiple Comparison Test of GraphPad Prism in DM. Advocating cocoa supplementation alongside
3.0) to reveal actual differences. The results are presented present management protocols for DM may help improve
as tables and charts. patient outcomes.

DC vs D group showed a reduction in the former by

average glycemia control over a period of six - eight weeks

complications, a reduction in HbA1c - like we observed in
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Fig. 1: Percentage glycated hemoglobin 10 weeks post-diabetes
C DC D

HbA  (%) 3.90±0.10 7.8±0.27* 12.8±0.50*1C

* P value < 0.05 was considered to be statistically significant

Fig. 2: Plasma HbA1c within the 3 rat groups HbA1c
levels in the 3 groups of rats differ significantly
from one other

REFERENCES

1. WHO, 2002. Guidelines for the prevention,
management and care of diabetes mellitus. EMRO
Technical Publication series, 2006. Accessed March
4, 2002, at http:// whqlibdoc.who.int/ emro/ 2006/
9789290214045_eng.pdf.

2. Peppa, M., J. Uribarri and H. Vlassara, 2003. Glucose,
Advanced Glycation End Products and Diabetes
complications: What is New and What Works.
Clinical Diabetes, 21(4): 186-187. Doi: 10.2337/
diaclin.21.4.186.

3. Peppa, M. and S. Raptis, 2008. Advanced glycation
end products and cardiovascular disease. Curr.
Diabetes Rev., 4: 92-100.

4. Jeffery,  J.  and  H.  Jornvall,  1988.  Adv. Enzymol.,
61: 47-106.

5. Chandalia, H.B. and P.R. Krishnaswamy, 2002.
Glycatedhemoglobin. Current Sci., 83(12): 1522-1532.

6. Adamson,   G.E.,    S.A.    Lazarus,   A.E.  Mitchell,
R.L.  Prior,  G.  Cao,  P.H.  Halliwell,  B.G.  Kremers,
J.F.  Hammerstone,  R.B.  Rucker,  K.A. Ritter and
H.H. Schmitz, 1999. HPLC method for the
quantification of procyanidins in cocoa and
chocolate samples and correlation to total antioxidant
capacity. J. Agric. Food Chem., 47: 4184-4188.

7. Katz, D.L., K. Doughty and A. Ali, 2011. Cocoa and
Chocolate in Human Health and Disease.
Antioxidants and Redox Signaling, 15(10): 2779-2811.
Doi:10.1089/ars.2010.3697.

8. Baba,  S.,  N.  Osakabe,  M.   Natsume,   A.  Yasuda,
T. Takizawa, T. Nakamura and J. Terao, 2000. Cocoa
powder enhances the level of antioxidative activity in
rat plasma. Br. J. Nutr., 84: 673-80.

9. Lee, K.W., Y.J. Kim, H.J. Lee and C.Y. Lee, 2003.
Cocoa has more phenolic phytochemicals and a
higher antioxidant capacity than teas and red wine J.
Agric. Food Chem., 51(25): 7292-7295.

10. Vauzour,  D.,  A.  Rodriguez-Mateos,  G.  Corona,
M.J. Oruna-Concha and J.P.E. Spencer, 2010.
Polyphenols and Human Health: Prevention of
Disease  and   Mechanisms   of   Action.  Nutrients,
2: 1106-1131. doi:10.3390/nu2111106.

11. Heiss,  C.,  A.  Dejam,  P.  Kleinbongard, T. Schewe,
H. Sies and M. Kelm, 2003. Vascular effects of cocoa
rich in flavan-3-ols. JAMA, 290: 1030-1.

12. Murphy, K.J., A.K. Chronopoulos, I. Singh, et al.,
2003. Dietary flavanols and procyanidin oligomers
from cocoa (Theobroma cacao) inhibit platelet
function. Am. J. Clin Nutr., 77: 1466-73.

13. Grassi, D., S. Necozione, C. Lippi, et al., 2005. Cocoa
Reduces Blood Pressure and Insulin Resistance and
Improves Endothelium-Dependent Vasodilation in
Hypertensives. Hypertension, 46(2): 398-405.

14. Balzer, J., T. Rassaf, C. Heiss, et al., 2008. Sustained
benefits in vascular function through flavanol-
containing cocoa in medicated diabetic patients. A
double-masked, randomized, controlled trial. J. Am.
Coll Cardiol., 51: 2141-9.

15. Chen, H., S. Brahmbhatt, A. Gupta and A. Sharma,
2004. Duration of streptozotocin-induced diabetes
differentially affects p38-mitogen-activated protein
kinase (MAPK) phosphorylation in renal and
vascular dysfunction. Cardiovascular Diabetolo, 4: 3.

16. Leslie,  R.D.G.,  H. Beyan, P. Sawtell, B.O. Boehm,
T.D. Spector and H. Snieder, 2003. Level of an
advanced glycated end product is genetically
determined.  A  Study  of  Normal Twins. Diabetes,
52: 2441-2444.

17. Nathan,   D.M.,    D.E.   Singer,   K.   Hurxthal  and
J.D. Goodson, 1984. The clinical information value of
the glycosylated  hemoglobin assay. N Engl. J. Med.,
310: 341-346.

18. Eric S. Kilpatrick, 2000. Glycated Haemoglobin in the
Year 2000. J. Clin Pathol., 53: 335-339. doi:10.1136/
jcp.53.5.335.

19. Hooper,  L.,  C.  Kay,  A. Abdelhamid, P.A. Kroon,
J.S. Cohn, E.B. Rimm and A. Cassidy, 2012. Effects of
chocolate, cocoa and flavan-3-ols on cardiovascular
health: a systemic review and meta-analysis of
randomized trials. Am. J. Clin Nutr., 95(3): 740.
Doi:10.3945/ajcn.111.023457.



World J. Med. Sci., 7 (3): 147-150, 2012

150

20. Fukino,   Y.,   A.   Ikeda,   K.   Maruyama,   N.  Aoki, 22. Website. Glyset miglitol tablets drug information.
T. Okubo and H. Iso, 2008. Randomized controlled Medicineonline.
trial for an effect of green tea-extract powder 23. Paul Crawford, 2009. Effectiveness of Cinnamon for
supplementation on glucose abnormalities. Eur. J. Lowering Hemoglobin A1C in Patients with Type 2
Clin Nutr., 62(8): 953-60. Diabetes: A Randomized, Controlled Trial. doi:

21. Saudek, S.D., R.L. Derr and R.R. Kalyani, 2006. 10.3122/jabfm.2009.05.080093 J. Am. Board. Fam.
Assessing Glycemia in Diabetes Using Self- Med., 22(5): 507-512.
monitoring Blood Glucose and Hemoglobin A1c.
JAMA, 295(14): 1688-1697. doi: 10.1001/
jama.295.14.1688.


