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ABSTRACT

Pure theobroming was adnsinistered by oral gavage to hyperlipidemic Wistar rats weighing 100-250g
for a fourday pevicd. Seum fipid profiles, body weight changes and extent of platelet aggregation were
assessed in these anbnals against approprigte controls. Theobromine administration in moderate
{600mygfkg body weight) to high (700mg/kg body weight) doses, produced a significant (P < 0.05, and P <
0.001) dose and time depnndent decrease in tniglyceride, LDi-cholesterol and VDL -cholesterol
concentration and a siguificant (P < 0.001) increase in HDL-cholesterol level relative to. controls. The
results also indicate a significant (P < 0.001) increase in platelet count ratio in the theobromine treatment
groups with values of (.89 1 0.08 and 0.99 + 0.05 for the 600mg/kg and 700mg/kg theobromine dose
regimens respedlivaly, relative to the control value of 0.84 £ 0.11. The increase in the ratio indicates
absence of aggregation; thus theobromine inhibits platelet aggregation and elevales plasma HDL-
cholesteral fevels in hypedipidemic Wistar rats. "The implications of these findings are discussed in
relation to the therapeutic potentials of theobromine in the treatment of hyperdipidemia, and iis ability to
impede athercgenoesis.
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INTRODUCTION

Theobiormine is essennally 3 methyiated
xanthine, comunoily known as 3, 7- dimethyl
xanthine, prepared fiom the dricd npe seed of
Theobyvoma  cacac or  wade  synthetically.
Theobromine is kniown 16 be responsitde in pant for
the stimulant action of cocoa and other beverages.
(Southon and Buckingham, 1989, Eteng et al, 1997).

The members of the methyl xanthine family,
viz. caffeine, theobromine and theophyliine, are
known to elicit pharmacological responses due to
their alkylated acidic amine residues. (Kuribara and
Tadokoro. 1992). In this wise, theobvomine finds
application in humasn rhedicine as a diuwetic. At the
therapeutic dose of 500mg, it is used in the treatment
of cardiac sedema and angina pectoris. Theobromine
is also used as a stabilizer in vitamin preparations.
Although its use as a diwretic s rather limited

nowadays due to the agpearance of wmoe efficacious
drugs, yet theobromine analogues like perndoxyfyliine.
{Chang et al, 1993), lisoiylline (Clark, 1346), suramin-
theobromine complex (Gil et al, 1993), and even
caffeine (BBC, report 1997} inhibit the growth of
cancer cells, thus opening an exciting new horizon in
cancer chemotherapy. There is thus a growing use of
methyl xanthine alkailoids in chemotherapy. In a
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preliminary siudy with crude extracls of theobromine
from cocoa bean seeds conducted in our laboratory,
we observed that the administration of this exdract
elevated HDL-cholesterol levels but lowered other
lipd components, while platelet aggregation was also
inhibited in Wistar rats. in line with the current focus
of researchers, we investigated the efled of
theobromine on platelet aggregation and lipid leveis
in hyperipidemic rats 10 futher explore its
pharmacological potentials.

MATERIALS AND METHODS

Animais

Forty albino rats of the Wistar strain
consisting of both males and females were
purchased from the disease-free stock of the Animal
House, Biochemistty Department, Universily of
Calabar, and reared on a popular commercial stock
diet (Pfizer Livestock Feeds, Nigeria), until they were
120 days old and weighed 100-200g. These rats
were then weighed and aliocated on the basis of
weight and litter origin to four groups (A, B, C, D) of
ten animals each.

The rats were housed individually in specially
designed perspex cages with a plastic bottom grid
and a steel top (North Kent Plastic Cages Wtd.,,
England) and kept undey adequate ventilation at
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temperature and relative: humidity of 26 + 2°C and,
46% respeciively.

Induction of hyperiipidermia in rats
Rats in Groups B, C and D were placed on
atherogenic diets compounded by blending boiled

egg yolks with grower mash in the ratio of 2:3 by |

weight, and fed for 28 days, while control Group A
was on the nommal, non-atherogenic basal diet
(grower mash) for the same pericd of time. The
nutritional composition of the growers mash was-
protein (15% min), fats (3.5% min), fibre, (7.5% max),
~calcium  (1.0% wmin), phosphorus (0.4% min),
metaholisable energy (2400 Kcal/kg/ min). Food and
water were supplied to all the rats ad libiturn.

Administration of theobromine
Pure syrnthetic theobromine (3.7-dimethyl
" xanthine; melting point 351°C, UV absorplion
maximurn 274nm and minimum 25tnm; pH 10.6)
was supplied by the Brtish Drug House (BDH)
Chemicals, Poole, England. it has identical physical
charactenistics to those of nalurally occuring
compounds in cocoa bean seeds. 22.5g of anhydrous
thecbroimine were dissolved in 100mi of 1m sodium
acetate solution to yield a unimolar theobrominie stock
solution of concentration 22.5¢/100ml of sodiumn
acetate. From this stock, both high (700mg/kg body
weight) and low (600mg/kg body weight) doses were
obtained by appropriate dilution and used for the
study. At the end of the experimental feeding period,
rats in control groups A and B were gavaged with
0.5mi of sodium acetate, respectively, while those of
Groups C and D received low dose (600mg/kg body
weight) and high dese (700mg/kd body weight) of
theobroimine, respectively. The ol administeation
was done daily for four days. The experimental
design provide for two controls viz. contral Group A
and contral Group B. This allowed for comparison of.
control group A with B to assess the extent to which
lipid levels were elevated by the feeding of the
atherogenic diet. The control Group B was compared
with Groups C and D to assess the effect of

theobromine on platelet aggregation ratio and lipid
parameters. Twenty four hours after the last
administration, the animals were suffccated in
chloroform vapour, dissected and blood from each
animal coliected into two tubes, viz. tube A containing
anticoagulant (0.72m EDTA) and tube B with no
anticoagulant. Serum was separated from the bicod
sarnple in tube B by centrifugation at 800 revohlstions
per minutes for 15 min, after the. sampie had been
allowed to stand for one hour for clotting to take
place. The serum samples were stored at 4°C in a
refrigerator and analyzed on the second day. The
blood sample in tube A was immediately used for the
determination of platelet aggregation ratio using the
method of Wu and Hoak (1974).

Lipid profile analysis

Component lipids were estimated using
enzymatic calorimetric diagnostic kits oblained from
Randox Laboratories, Antrim, UK, in which the GPO-
PAP . method of Trnder (1969) was used for
deterﬁ)\mahon of sesurn triglycerides. The CHOP-PAP
melm}d of Richmond (1973) and Flegg (1973) was -

Statlsm:s

used for estlmanon of total cholesterol in semm and
the phosphotungstate precipitation method  of
Richmond (1973) was used for determinabon of HDL-
cholesterol in serum.

The VLDL-cholesteral content of serum was
determined according to- Burnstein: and Samaille's
(1960) method. The serum triglyceride concesfration
was divided by the factor 5. This factor is based on |
the understanding that in fasting human subjects with
triglyceride concentration of 400mg/dl the VLDL to
lotalplasmamtycenderam;sﬁxedmlahvelyat 15
The LDL-cholesterol concentration was ' estimated as
the difference between total cholesterpl and the sum
of HDL - cholesterol and VLDL - cholestemt
(Fnedwald etal, 1972).

Determination of plahlet count and platelet
aggregation ratio

“ The method of Wu and Hoak (1974) was
used. Briefty, 0.2ml of blood samiple was pipetied into
a first sample tube corntaining 3.8mi of buffered EDTA
anly with 1:2 dilution of blood obtained. Another 0.2mt
of blood from the same animal was pipetted into a
second tube containing 3.8mi° buffered EDTA/
Formalin ~Solution. Both sample tubes were
centrifuged at 200g for 8 minutes. Formalin fixes any
platelet aggregates and causes it to precipitate during
centrifugation. The platelets in the platelet samples
obtained from both sample tubes after centrifigation
were each counted 'using a Hhght microscope
(Olympus, UK) and a -haemocytometer. ' After
obtaining platelet counts, the ratio of platelet count in
buffered EDTA/Fonmalin solution to the platelet count
mbuﬂedeDTAsokmonwasemmatedtogwea

quantitative detection of the extent of aggneganon
There is no aggregation when the ratio approaches
mﬂyb\naggtegauontakesplaoevmenmemiols
drashcallymduced

The Student's t 1est was enpioyed for
statistical analysis and values of P < 005 were
regarded as significant.

RESULTS

Table 1 presents the effect of atherogenic
diets (egg yolk meal) fed for 28 days on lipid profile of
Wistar rats and also the changes in lipid profile
induced in Wistar rats with hyperipidemia uport oval

. exposure to low and high doses of theobromine. By

comparing the lipid profile data of animals in Group A
(control 1) with those of the experimental Group B
(control 2), the extent to which lipid levels were
elevated by the atherogenic diet fed for 28 days, were
assessed. The mean + SD values of serum TG
(mmol/L), VLDL-cholesterol (mmoid), totai serum
cholesterol (mmoliL), cholesterol (mmoVL) and LDL

cholesterol (mmoliL) for Group A animals placed on
the nommal, non-atherogenic diet were 0.64 + 0.09,
040 + 0.04, 247 £ 029, 1.01 £ 0.11, and 105
0.18, respeciively. Thaose for Group B animals piaced
on atherogenic diet were 090 + 0.11, 0.44 + 0.05,
2.55 +0.30, 0.87 £+ 0.08, and 117 + 0.19, for, TG,
VLDL -cholesterol, total serum cholesterol, HDL-
cholesterol, and LDL. cholesterol, respectively. The !
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Table 1: Effect of theobromine o scrma lipid yroide of experimatal anmals fed atherogenic (Groups B, C and D) and non-atherogenic

dicts {(Group A) for 28 days.

o e s entem

EXPERIMENTAL
GROUP

A (CONTROL. 1)

LOAY DENSITY
LIPOPROTEIN

VERY LOW
DENSITY
LIPOPROTEIN
CHOLESTEROL.

TRIGLVCERIDE

0.64 0.0 0.40 + 004 1.05+0.18

HIGH DENSITY
LIPOPROTEIN

CHOLESTEROL CHOLESTEROL

1.01 £ 0.11

TOTAL SERUM
CHOLESTEROL

2471x029

Rat chow + Sodium
Acolste

B (CONTROL 2)

Rat chow + Egg Yok
meal + Sadium
acetate

Ly 0.46 £ 0.07
Rat chowy ¢ Eggy yolk

meal + 600rmg/ky

(body weight)

theobromine

D 0.29 = 0.07"
Reat chow + Egy yolk

meal + 700mg/ky

{body weight)

theobiomine

0.80 1011

0.44 £ 0.05

0.22+ 005

047 2 0.02°

b

1172019 1.8710.08 2551030

048 £0.08" 1104005 1.79 2 0.21

(8041 1.30 £ 0.07 2071026

Resulls are presented as mean & SD

* = Significantly different frone Group B (p<0.001).

** = Significantly different from Group B (p<0.05).

vesults indicate that only HDL-cholesterol levels were
decreased whie all other fipid parameters were
raised in the Wistar rals of Group B, aithough the
increase was only statisticaliy significant (P < 0.05)
for VLDL cholesterol. Thus, except for HL-
cholesterol levels which were lowered, feeding of
atherugenic diet induced hypedipidemia in Wistar
rats.

As also obseived in Table 1, the oval
administration of theobromine at 600mg/kg (Group
C) and 700mg/kg (Group D) to Wistar rats with
elevated serum lipids (hyperipidemia) produced a
dose dependant decrease in all other lipit
parameters bat significardly (P < 0.001) incmaszd
HOL-cholestero! levels. However, the decrease was

Statistically significant (P < 0.05) for TG, LDL and P <
0.001 for Vi.DL): The values of TG, VILDL-cholesterol,
total cholesterol, HDL-cholesterol, and DL~
cholesterol for the control group B were 0.90 3 0.1,
0.44 £ 0.05, 2.55 + 0.30, 0.87 + 0.08, and 1.17 + 0.19
respoctively, whereas those for the low dose
theohromine treatment Group C were 0. 75 + 0.07,
£ 0.05 179 + 0.21, 1.10 + 005, ar 1 048 +
‘Those for the high dose theobromine reatment
49 1 0.07, 017 £ 0.02, 207 + 0.26, 1.30 &
5d 0.60 £ 0.11, all in ramollL, respectively.

5 the mean + SD values of platelet count in

solition only and computed platelet aggregation ratio
in control Group B and experimental animal group C
treated with 600mg/kg theobromine and Group D
which received 700mg/kg theobrornine. The values of
platelet count ratio for cortrol Group B, Group C and
Group D were 0.84 + 0.11, 0.88 + 0.08, and 0.8
0.05, respectively. The results indicate a highly
sigrificant ( P < 0.001) increase in the platefet count
ratio in both test groups administered with
theobromine as reflected in the value-of 0.88 + 0.08,
for Group C, and 0.98 1 0.05 for Group D compared
to control Group B with a ratio of 0.85 +0.16.
DISCUSSION

The causal role of elevated serum cholesterol
(hypercholesterolemia)  in - the genesis  of
atheiosclerosis and its clinical sequelae particularly
ischemic heart disease, is now well established in
masty population groups all over the world, (Aronow
and Ahn, 1994). Atherogenesis leading to myocardial
infasction and its associated consequences like heart
failure, remains the leading cause of death in the
wesien world (Onunu, 1996). Considerable effort has -
been made in recent times, through the development
of diugs that lower serum cholesterol levels in
patients with hypercholesterolemia and  through
dietary control, at the reduction of saturated fats in the
diet. The chemotherapeutic potentials  of the
methyixanthines and their analogues are currently
beitig expioited in the treatment of diseases such as
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cardiac oedema, angina pectoris and cancer (Rall,
1980: BBC Report, 1997 unpublished).

In line with this current focus of research, the
present study assessed the induction of
hyperiipidemia upon feeding atherogenic, egg yolk-
based meals for 28 days to Wistar rats. An elevation
of lipids was observed which agrees with the reports
of Woosley et al (1973), White, et al (1978) and Gaw
and Shepherd (1997). It is also established that
dietary factors produce changes in body compoasition,
physiology and biochemical functions (Erdman and
Fordyce. 1989; Carroll, 1991). The effects of
theobromine adminisiration on the iipid profiile and
platelet aggregation status of hypedipidemic rats
were also assessed. The results indicate a significant
decrease in triglycerides, LDL- and VLDL-cholesterol
concentrations, but a highly significant increase in
HDL-cholesterol, in hyperlipidemic rats at both high
and low theobromine dose regimens. Platelet
aggregation was also inhibited. The probable
explanation for the observed results on lipid profile,

may centre on the perturbation in lipid metabolism

caused by the methyixanthine through the inhibition
of phosphodiesterase breakdown of cAMP. The
accumulating cAMP  activates lipase and
phosphorylase enzymes which act on parameters of
lipolysis and glycolysis (Granner, 1990).

The significant increase in HDL-cholesterot
levels with the significant reduction in other lipid
parameters unequivocally suggest that theobromine
plays a protective role of against atherogenesis.
Many tactors may explain the observed inhibition of
platelet aggregation by methyixanthine. According to
Onunu (1996), HDL inhibits platelet aggregation and
stimulates arterial prostacyclin production. Since
theobromine induces a statistically significant
increase in HDL-cholesterol, it explains why it acts
indirectly tc inhibit platelet aggregation. Linder and

Good (1982) have explained that the elevation of
CAMP caused by high levels of arachidonic acid
inhibits  platelet aggregation. Theobromine, by
inhibiting  phospho-diesterase, similarly causes
accumulation of CAMP. which in tum inhibits platefet
aggregation. This provides a second mechanism by
which the purine alkaloid may inhibit platelet
aggregation.

The inhibition of platelet aggregation by
theobromine is consistent with eadier repoits by
Adlie et al (1967) for the xanthine. In general,
platelets participate in phagocytosis, inflammation,

~ nourishment of the vessel lining and formation of

prostaglandins. Immunologically, they contribute to
organ rejection, metastasis, complement activation
and thrombosis (Suohiro et al, 1982). Aggregation of
platelets at sites of vascular injury is one of the
physiological steps in the pathway leading to
atherosclerosis according to the modified Virchow's
insudative theory of atherogenesis (Faggiato and
Rose, 1984). The ability of theobromine in both low
and high doses to significantly reduce all other lipidh
parameters but elevate HDL-cholesterol - in
hyperlipidemic rats, coupled with the inhibition of
platelet aggregation, affirms that theobromine
impedes the atherogenic process, and can be applied
in the treatment of hyperlipidemia and associated

- clinical sequelae leading to cardiac failure.

CONCLUSION

Taking together the findings of this study,
that theobromine administration in both moderate to
high doses inhibiis platelet aggregation, elevates
HDL-cholesterol levels but lowers total serum
cholesterol, LDL-cholesterol, VLDL-cholesterol and
triglyceride levels in serum of hyperfipidemic rats, we
VLDL- conclude that since platelet aggregation is

Table 2; Platelet count in EDTA/Formalin, EDTA solution only and computed platelet count ratio in the control and experimental groups

treated with theobromine.

EXPERIMENTAL GROUP  PLATELET COUNT IN

EDTA/FORMALIN

SOLUTION x 10%/mm®

B (CONTROL 2) 267.01 + 49.00
Rat chow + Egg Yolk meal

“+ Sudium acetate

Cc ' 184.09 + 33.11

Rat chow + Egg yolk meal

+ 600mg/kg (body weight)

theobromine

D 23931 £ 32.00
- Rat chow + Egg yolk meal

+ 700mg/kg (body weight)

theasbromine

PARAMETERS
PLATELET COUNT IN PLATELET
EDTA/SOLUTION ONLY x AGGREGATION RATIO
10%mm’
31503 £ 17.14 0.84 £ 0.11
212.07 + 4020 0.87 +0.08
24122 +31.34 0.99 +0.05

Results are presented as mean + SD .
e = Significantly different from control (p<0.001)-.»
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inhibited by theobromine, coupled with the elevation
of serum HDL-cholesterol, which plays a protective
‘role  against atherogenesis, theobromine thus
impedes the atherogenic process. By aiso
significantly reducing total serum cholesterol, ‘LDL-
cholesterol, VLDL chalesterol and triglyceride levels
in hyperlipidemic rats, theobromine holds promising

therapeutic  potentials in  the = treatment of

hyperiipidemia.
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