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ABSTRACT

Introduction and aim. There has been a surge in the consumption of Ghanaian alcoholic bitters. Ghanaian alcoholic bitters are
formulated from a maceration of not less than three plant parts making the organic composition very complex. There appear
to be no studies on the effect of Ghanaian alcoholic bitters on the hepatorenal biochemistry indices. The study aimed to assess
the effects of alcoholic bitters and cocoa powder on the liver and kidney serum biochemistry.

Material and methods. Twenty-four healthy male Sprague Dawley rats, age 11-12 weeks, weighing 150-250 g were used. The
rats were randomly assigned to four groups (n=6). At the end of the experimentation, a blood sample was taken by cardiac
puncture and centrifuged to obtain the serum for biochemical assays and analysis.

Results. The liver enzymes showed no significant difference between the treatment and control groups. There were higher
mean values for total bilirubin and direct bilirubin for alcoholic bitters and natural cocoa powder groups respectively than the
control group and the co-administration of alcoholic bitters and natural cocoa powder group.

Conclusion. The study concludes that alcoholic bitters consumption might cause injury to the liver and kidney resulting in
anomaly of the hepatorenal indices from rat blood serum biochemistry.
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Introduction

Ghanaian alcoholic bitters are alcohol-based prepara-
tions obtained by macerating fresh or dried plant parts
such as the bark, root, leaves and/or seeds in alcohol of
18% to 45% concentration.'” The Ghanaian alcohol-
ic bitters are formulated from a combination of not less
than three plant parts making the organic composition
of these drinks very complex. Most of the alcoholic bit-

ters used plant parts from Xylopia aethiopica, Antho-
cleista nobilis and Khaya senegalensis for the concoction
preparation.

Alcoholic bitters are widely consumed all over Gha-
na and neibouring countries including, Céte d’Ivoire,
Togo and Nigeria.* This high consumption is linked to
the claimed health benefits consumers intend to derive
from its intake. Excess use of alcoholic bitters negatively
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affects human health, and is a serious worldwide prob-
lem.> The reasons for drinking alcoholic beverages vary,
and they include being part of a standard diet, medical
objectives, relaxing effects, euphoric effects, recreational
purposes, artistic inspiration, alleged aphrodisiac bene-
fits, and happiness.® Alcoholic bitters, however, play a
direct role in the production of reactive oxygen and ni-
trogen species, creating an environment prone to oxi-
dative stress.” Among the most severe health problems
caused by alcohol, is its adverse effect on the liver and
kidney. The damage to the liver and kidney is mostly
detected when there are anomalies of hepatorenal indi-
ces from liver and kidney function tests. These hepato-
renal indices include aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase
(ALP) and gamma-glutamyl transpeptidase (GGT), to-
tal protein, albumin, creatinine, urea and bilirubin.” For
instance, alcoholic herbal bitters was found to cause a
combined elevation in urea and creatinine and biliru-
bin suggesting a moderate to severe form of kidney and
liver damage in rats.” There have been no studies con-
ducted on the effect of Ghanaian alcoholic bitters on the
hepatorenal indices. This study’s findings would serve as
the baseline for diagnosing hepatorenal disorders using
these biochemical indices. This would be easier, more
affordable and less riskier than performing biopsies for
liver and kidney tissues which is invasive.

Furthermore, there is no intervention that could
counteract the oxidative stress on the liver and kidney
tissues preceding Ghanaian alcoholic bitters consump-
tion. Therefore, utilizing natural cocoa powder known
to be a rich source of flavonoid, theobromine,® and sev-
eral important natural antioxidants could provide pro-
tection for the body against free radicals.’

Aim

The aim of this study is to determine if simultaneous
consumption of Ghanaian alcoholic bitters with natu-
ral cocoa powder has a protective effect on the liver and
kidneys. The aim was accomplished by assessing liver
and kidney damage through changes in the hepatorenal
biochemical indices using Sprague Dawley rats.

Material and methods

Study design

This experimental study used Sprague Dawley rats as a
model for evaluation of Ghanaian alcoholic bitters con-
sumption and its effect on the hepatorenal biochemical
indices. This experimental research design using animals
was used to increase human knowledge and significantly
offer solutions to questions in biological and biomedical
sciences.'” The authors followed the criteria for the alco-
hol model because the Ghanaian herbal alcoholic bitters
are a mixture of at least three plant parts (concoction) in
alcohol with a bitter, sour or bittersweet flavor.!!

Alcoholic bitters

A popularly used alcoholic bitters in Ghana made with
Xylopia aethiopica, Anthocleista nobilis and Khaya sene-
galensis in 42% (v/v) alcohol was selected for this study.

Natural cocoa powder

Natural cocoa powder (NCP) was purchased from the
manufacturer. The content of the natural cocoa pow-
der as stated in the manusfacturer’s information sheet
is shown in Table 1.

Table 1. Composition of Natural coacoa powder according
to manufacturer’s specification

Component Amount (g/100 g)
Total dietary fiber 343
Total carbohydrate 155
Protein 240
Moisture 6.0
Free fatty acid 12
Theobromine 1.2
Total ash 5.7
Acid insoluble ash 0.1

A solution of the NCP (20% (w/v)) was freshly pre-
pared daily with warm water. The procedure for the
preparation of the natural cocoa solution (NCS) was as
follows:

- 1 g of the NCP was measured using a chemical we-
ighing scale,

- 5 mL of warm water was added to the 1 g NCP to
make a natural cocoa solution (NCS),

- The 20% (w/v) NCS solution was given to the rats
through oral administration.

Animals

Twenty-four healthy Sprague Dawley rats of 11-12
weeks of age and weighing 150-250 g were acquired
from the Center for Scientific Research into Plant Med-
icine, Mampong, Ghana. They were housed in the lab-
oratory animal house of the Department of Anatomy,
University of Health and Allied Sciences, Ho Teaching
Hospital, for two weeks to achieve acclimatization be-
fore the commencement of the experiment. They were
kept in cages at a laboratory temperature condition of
24-27°C and a 12-hour light-dark cycle. The animals
were fed on grower mash and had free access to water ad
libitum throughout the study. All the animals were treat-
ed according to the National Institute of Health Guide-
lines for the care and use of laboratory animals (NIH,
Department of Health, and Human Services Publication
no. 85-23, revised 1985). The study was approved by the
Committee on Human Research, Publication, and Eth-
ics of the School of Medicine and Dentistry, Kwame
Nkrumah University of Science and Technology, with
reference number: CHRPE/RC/205/17. Only male rats
were used for the study because female rats are more
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susceptible to alcoholic hepatotoxicity and are more
likely to die early.?

Experimental design

The 24 mature male albino rats were randomly assigned

to four groups (n=6) as follows:

1. Group A: This was the control group given 1.5 mL
of physiological saline through oral administration
every day for 63 days

2. Group B or the alcoholic bitters (ALC_B) group
received a daily dose of 1000 mg/kg of 42% (v/v)
alcoholic bitters

3. Group C or the NCP group - the third experimen-
tal rats were given 1000 mg/kg body weight of a
20% (w/v) NCS

4. Group D: Alcoholic Bitters + NCP (ALC_B + NCP)
- the group D rats were given Alcoholic Bitters +
NCS at a dosage of 1000 mg/kg of 42% (v/v) of al-
coholic bitters and 1000 mg/kg of 20% (w/v) of
NCS daily.

All treatments were administered between
9:00-11:00 am by oral administration daily for 63 days
following a recommendation by Srikanth et al. and Sier-
vo et al.*** The body weight of each rat was determined
using an animal weighing balance on the first day to
serve as a baseline and repeated weekly throughout the
entire period of the treatment.

Determination of parameters for biochemical assays
Twenty-four hours after the last treatment, the rats
were put under light thiopental sodium anaesthesia
and blood samples were taken by cardiac puncture. The
blood samples were collected into plain tubes for liver
and renal biochemical assays. The blood samples in the
plain tubes were centrifuged at 4,000 rpm for 15 min-
utes and the supernatant (serum) was separated and
stored at a temperature of —4°C until it was used for as-
saying. The serum biochemistry was performed with the
VITROS 5600 Integrated System (Ortho Clinical Di-
agnostics, Raritan, New Jersey, USA). Parameters that
were determined for the liver function test were aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGT), total bilirubin (T-BIL), direct bil-
irubin (DBIL), indirect bilirubin (I-BIL), total-protein
(T-PROT), albumin and globulin. The renal function
test parameters were serum sodium (Na*), serum po-
tassium (K*), chloride (Cl’), blood urea nitrogen (BUN)
and serum creatinine.

Data analysis

Statistical analyses were carried out using the IBM Sta-
tistical Package for Social Sciences (SPSS) software
(SPSS 24.0 version, Inc., Chicago, IL, USA) and Graph-
Pad Prism 8.4.2 (GraphPad Software, Inc., San Diego,

CA, USA). The values were expressed in means+stan-
dard error of the mean (SEM). Normal distribution
was tested with the one-sample Kolmogorov-Smirnov
test and Shapiro-Wilk normality test. Mean differenc-
es among the control and treatment groups were tested
with the analysis of variance test (ANOVA), followed by
Tukey’s Multiple Comparison (TMC) Test. The level of
statistical significance was determined at p < 0.05 (95%
confidence interval).

Results

Descriptive statistics of the weight of organs of the
Sprague Dawley rats

Table 2 presents the descriptive statistics from a one-
way analysis of variance (ANOVA) of the weight of the
liver and the kidneys of the rats post-treatment. The
weight of the liver in the control group was 6.54+0.58
g. This was higher than observed for alcoholic bitters
and in the NCP groups (6.27+0.50 and 6.19+0.47 g) re-
spectively, but lower than in the ALC+NCP (6.55+0.32
g) group. However, the differences were not statistically
significant (p=0.9255). The mean weight of the right and
left kidneys in the control group were 0.60+0.05 g and
0.66+0.87g espectively. There was no statistically signif-
icant variations of means of the liver and kidney indices
among the groups (p>0.05).

Table 2. Weights of organs of Sprague Dawley rats treated
with alcoholic bitters and NCP*

Organs Control ALC_B NCP

ALCB+NCP  p

Liver (g) 6.54+0.58  6.27+050 6.19+047  6.55+032  0.926

Right kidney (g)  0.60+£0.05  0.63+0.03 0.76+0.09  0.67+0.03  0.476

Leftkidney (g) ~ 0.66+0.87  0.65+0.05 0.70+0.09 0.64+0.01  0.733

* Data recorded in meanztstandard error of the mean,
ALC_B - alcoholic bitters, NCP - natural cocoa powdetr,
ALC_B/NCP - alcoholic bitters + NCP, statistically significant
difference (p<0.05)

Descriptive statistics and ANOVA of liver serum bio-
chemical indices of Sprague Dawley rats

Table 3 shows the mean values and one-way analysis of
variance (ANOVA) of the liver function test results of
the Sprague Dawley rats fed with alcoholic bitters and
natural cocoa powder. The four liver enzymes; AST, ALT,
ALP and GGT, demonstrated no statistically significant
differences between the groups. There was, however, a
numerically higher mean value of GGT (53.80+27.74
U/L) of ALC_B than the other treatment groups as
well as the control group. Also, the mean values of ALT
(121.50+40.89 U/L) and ALP (339.00£64.31 U/L) of
the control group were numerically higher than in the
treatment groups. The AST/ALT ratio was not statisti-
cally different between the groups (p>0.05). Regarding
the bilirubin parameters, the total and direct bilirubin
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showed no significant difference between all the groups.
There were, however, higher mean values for total biliru-
bin (43.81+24.2 pmol/L) and direct bilirubin (21.84+0.2
pmol/L) for the ALC_B than the control group and the
ALC_B + NCP group. The indirect bilirubin mean val-
ues for the ALC_B and NCP were significantly higher
(p=0.0021) than the control group. On the protein in-
dices, total protein, albumin, and Alb/Glob ratio indi-
cated no significant variations between the groups. The
globulin level (38.33+1.71 g/L) of the ALC_B group was
significantly higher (p=0.0124) than the NCP, ALC_B +
NCP and the control groups.

Table 3. Liver serum biochemical indices of Sprague
Dawley rats fed with alcoholic bitters and NCP*

Parameters Control ALC_B NCP ALC_B+NCP ]
AST (U/L) 147.40+£9.03  325.20+46.51 300.30+85.05 286.80+70.82 0.152
ALT (U/L) 121504089  96.40+19.31 103.67+4524 43.33+1538 0437
GGT (U/L) 10.25+0.25  53.80+27.74  11.00£030  11.67+1.67 0333
ALP (U/L) 339.00+£64.31 251.80+61.37 215.00+£95.28 215.00+£52.37 0.571
AST/ALTratio  3.14+1.69 2.80+0.65 2.73+0.82 255£0.19  0.996

UBlbin 1301637 43816242 8994250 5484332 0357

(umol/L)

DABRGbN 2 004539 2184202 7788051 3414223 0271

(umol/L)

I/Bilirubin )
0394039 5824069 423045 2254224  0.002

(umol/L)

g ;’S’te'" 66264394 77334546 78674481 76504394 0,095

Albumin (g/L)  35.00£1.91  58.80+21.68  40.67+4.06 3433260  0.592
Globulin(g/l)  31.28+22 3833171 37774118  37.23+231 0.012*¢
Alb/Globratio  1.1520.05 1.00£0.06 1.00£0.03 1.05+£0.02  0.199

*Data recorded in meanzstandard error of the mean,
ALC_B - slcoholic bitters, NCP - natural cocoa powder,
ALC_B+NCP - alcoholic bitters + NCP, a — control versus
ALC_B, b - control versus NCP, ¢ — control versus ALC_B

+ NCP, AST - aspartate aminotransferase, ALT - alanine
aminotransferase, GGT - gamma glutamyl transpeptidase,
ALP - alkaline phosphatase, Alb/Glob — albumin/globulin
ratio, statistically significant difference (p<0.05)

Descriptive statistics and ANOVA of kidney serum bio-
chemical parameters of Sprague Dawley rats

Table 4 shows the renal biochemical parameters of the
Sprague Dawley rats that received the alcoholic bit-
ters and the natural cocoa powder for the period of the
treatment. The one-way analysis of variance (ANOVA)
of the renal parameters showed no statistically signifi-
cant variations among the groups. There was no signif-
icant difference in the means of urea nitrogen between
the treatment groups and the control group. However,
the mean creatinine level (50.37+4.11 mmol/L) of the
co-administered group was found to be statistically sig-
nificantly higher than the rats that received alcoholic
bitters only ((ALC_B) and control group).

Table 4. Renal serum biochemical Indices of Sprague
Dawley rats fed with alcoholic bitters and NCP*

Parameters Control ALC_B NCP ALC_B+NCP  p
Sodium (mmol/L) 139.75+£0.85 137.6+242 136+0.1 137.67£1.2 0.58
Potassium (mmol/L) 7.50+£0.81 836+1.63 8.83+0.96 5.70+0.81 0.451
Chloride (mmol/L) 101.75+£0.75 101.40+2.8 105+0.04 100.67£1.2 0.7
Ureanitrogen (mmol/L)  7.40£138 570074 830066 533+0.18 0.18
33.36+2.89 37.06+£3.26 39.73+4.6 50.37+4.11 0.006“

Creatinine (mmol /L)

* Data recorded in meanzstandard error of the mean,
ALC_B - slcoholic bitters, NCP — natural cocoa powder,
ALC_B+NCP - alcoholic bitters + NCP, statistically
significant difference (p<0.05)

Discussion

The biochemical profile including the liver function test
and kidney function test were assessed in the current
study. The present study revealed no stastitically sig-
nificant difference in the values of the liver enzymes
(AST, ALT, GGT and ALP) of the rats fed with alcohol-
ic bitters, natural cocoa powder and the co-adminis-
tered groups. The findings of the present study disagree
with a previous study by Johnson et al. who observed
a significant increase in AST, ALT, GGT and ALP in
rats that received alcoholic bitters.”> Another study by
Adias et al. reported a dramatic rise of AST and GGT
among chronic alcohol drinking participants in Nigeria
compared with their nondrinking counterparts.'® Sim-
ilarly, a previous report in Ghana among 60 total ab-
stainers, 56 social drinkers and 100 alcoholics, indicated
that GGT and AST were sufficiently sensitive to detect
chronic alcoholics and that the serum GGT and AST
showed a progressive increase with increasing alcohol
intake.!” The enzymes AST and ALT were also found to
increase in a study by Shair et al."® The present study,
though not statistically significant, it showed the AST
and GGT values were numerically higher in the alcohol-
ic bitters group than the control, NCP only and co-ad-
ministered groups. Typically, elevated ALT and AST
levels reflect the extent of hepatocellular injury while el-
evated serum ALP and GGT levels indicate the extent of
impaired bile flow or cholestasis.” In particular, GGT
is well known as a marker of alcohol consumption and
correlates to alcohol consumption.? For instance, GGT
was reported to be the most significant associations and
ALT level the weakest relationship in alcohol consump-
tion.?! This could be the reason for the increased level
of GGT in the present study. And while AST and ALP
did not increase after alcoholic bitters treatment, these
enzymes may not be sufficiently sensitive to detect min-
imal acute hepatotoxicity.”* Gamma-glutamyl transpep-
tidase is present in the cell membranes of the tissues of
certain organs, including the liver, kidney, spleen, pan-
creas and heart. Chronic alcohol use causes those cells
to become inflamed and necrotic causing an increase in
the amount of GGT to leak out.” The finding of the high
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GGT of this study could therefore be a demonstration
of hepatocellular injury and/or other organs in the rats
that received the alcoholic bitters treatment. The differ-
ences in finding of the present study and the previous
studies could be due to the pattern of drinking and type
of drinks consumed. Aside from this, alcoholic liver dis-
ease has a multi-factorial aetiology, including environ-
mental factors and genetics and might not be exactly
same between animal and human studies.** Stranges et
al. reported the possibility of intermittent heavy use of
alcohol to have a greater influence on GGT blood lev-
els than a regular one.?! In this study, alcoholic bitters
were regularly administered to rats and of the same type
and this might be the reason for the lack of a significant
increase in GGT because according to Bellentani et al.,
drinking alcohol outside mealtimes and drinking mul-
tiple different alcoholic beverages increase the risk of
developing alcohol induced liver damage.”® The postu-
lation is that, heavy drinkers tend to have a raised mean
cell volume, high GGT, but only a slightly raised serum
alkaline phosphatase.?* The mean GGT for the rats in
the alcoholic bitters group in the present study was nu-
merically higher than the control group, natural cocoa
powder and co-administered natural cocoa powder and
alcoholic bitters groups as well as previous studies using
similar rats.””? This indicates that cocoa might offer a
protective effect on the liver of the rats which were fed
with the cocoa and alcohol bitters. It is also confirmed
in natural cocoa powder treated rats not having signifi-
cant increase of the liver enzymes and this corroborates
previous similar study, where consumption of cocoa ex-
tract alone showed no significant difference compared
to control group for the liver enzymes.

Furthermore, this study found that the total bili-
rubin (direct and indirect) was significantly higher in
the rats that received alcoholic bitters than the control
and the other treatment groups. This supports previ-
ous studies by O’Malley et al. and Tanaka et al. where
increased mean serum total bilirubin following alcohol
consumption were observed.?* The high total bilirubin
level might be due to alcohol being a competitive inhib-
itor of bilirubin conjugation. Consistent with this possi-
bility, both indirect (unconjugated) bilirubin and direct
(conjugated) bilirubin of rats fed with the alcoholic
bitters are significantly higher than those in the natu-
ral cocoa powder and co-administered natural cocoa
powder and alcoholic bitters groups. Thus, while hepat-
ic clearance of ethanol is primarily catalyzed by alcohol
dehydrogenase, the microsomal ethanol-oxidizing sys-
tem and aldehyde dehydrogenase, a minor, but foren-
sically significant clearance pathway, involves ethanol
conjugation with glucuronic acid.?**! The pathway for
glucuronidation of ethanol involves UDP-glucurono-
syltransferase 1A1 (UGT1A1), which is also primarily
responsible for glucuronidation of bilirubin.?” Ethyl glu-

curonide (EtG) is a direct phase-II metabolite of etha-
nol formed through the UGT1A1 catalyzed conjugation
of ethanol with glucuronic acid.* Thus, forensic scien-
tists have been using the advantageous properties of
EtG in studying drunk driving cases, covert alcohol use
among psychiatric inpatients and multiple other situa-
tions in which alcohol consumption was thought to play
arole.’ The high bilirubin observed in the present study
among rats fed with alcoholic bitters might be due to
slight hemolysis. For instance, Padmini and Sundari re-
ported that erythrocytes from alcoholics have signifi-
cantly decreased resistance to hemolysis in comparison
to non-alcoholics.”® However, the rats that received the
co-administration of alcoholic bitters and natural cocoa
powder has low bilirubin values. This indicates that co-
coa plays a role in the excretion of bilirubin.

The kidney is the site of accumulation of chemi-
cals; hence urea and creatinine are sensitive and reliable
biochemical indices for evaluation of renal function.*
In the present study, the means of urea nitrogen and
creatinine of the group treated with alcoholic bitters
alone were higher than the natural cocoa powder only,
co-administered and control groups. This finding cor-
roborates several previous study reports where higher
than normal values of the parameters were recorded in
rats.?** The elevated serum creatinine is an indication
of injury of the kidney due to the alcoholic bitters intake
and hence the bitters can be said to have a reno-toxic ef-
fect on the kidneys of the rats. Thus, urea is formed in
the liver, and is excreted by the kidney and elevation of
it indicate kidney injury, with resultant reduced glomer-
ular filtration.””

The rat that received co-administered alcoholic bit-
ters and natural cocoa powder showed no elevation of
urea nitrogen, creatinine as well as electrolytes. This im-
plies that the natural cocoa powder preserved the re-
nal integrity and did not affect their capacity to excrete
these ions. A previous study reported the capability of
cocoa to prevent or reduce the complications in chronic
kidney disease.®®

Study limitations

The authors wish to acknowledge some limitations of
the study which could be considered in future similar
studies. The concentration of the Ghanaian alcoholic
bitters, and the natural cocoa powder were not given in
difference doses to difference groups. That could deter-
mine the effective dosage of the natural cocoa powder.
Furthermore, the antioxidants and methylxathine quan-
tities were not determined in the natural cocoa powder
that was used, though only theobromine was stated in
the manufacturer’s information sheet. The study was
also limited in the fact that the constituents of the Gha-
naian alcoholic bitters were not determined.
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Conclusion

This study found no significant difference of the liver
enzymes between control and treatment groups. There
was, however, numerically high values of AST and GGT
in Sprague Dawley rats treated with Ghanaian alcohol-
ic bitters indicating injury to the liver. The Ghanaian al-
coholic bitters also appeared to have a reno-toxic effect
as there were elevated serum creatinine in Ghanaian al-
coholic bitters fed rats. The natural cocoa powder could
offer a protective effect on the liver and kidney of the
rats which were fed with both alcoholic bitters and co-
coa powder together. Further studies on different doses
of alcoholic bitters and natural cocoa powder are rec-
ommended.
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