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Abstract
Background

There is a growing interest in medicinal plants in recent years due to their many therapeutic benefits and low side effects. Among
the medicinal plants is the Aftican Adansonia digitata (baobab) that has edible fruit. In the current study, the effect of A. digitata juice
consumption on the lipid profile was investigated. In addition, inhibition of the oxidation of low-density lipoprotein cholesterol
(LDL-C) in-vitro by A. digitata essential oil (EO) was also investigated.

Methods

In this cohort study, a total of 70 subjects of A. digitata users (AD group, 42 male and 28 female) and 70 non A. digitata users (Non-AD
group, 44 male and 26 female) were recruited to participate in this study. We evaluated lipid profile, HbAlc, liver/kidney functions, and
phytosterol contents in fasting blood samples of all participants.

Results

The present findings illustrated significantly lower levels of total cholesterol, triglycerides, and LDL in the AD group compared to|
Non-AD (p < 0.01). In addition, essential oil of A. digitata inhibited LDL oxidation zz-vitro as shown by the significant decreases in the
formation of malonaldehyde (MDA), protein carbonyl (PC), and lipid hydroperoxide (LHP) (P<0.05). No significant changes in fastingj

Conclusion

body.

blood glucose, HbAlc, HDL, kidney function, and liver function enzymes between the two groups were detected (P>0.05).

The juice of A. digitata has hypolipidemic and antioxidative effects and might be beneficial for the management of lipid levels in the

\Keywords: Adansonia digitata, Baobab, lipid profile, lipid oxidation, essential oil )

Introduction

Adansonia digitata 1. also known as Baobab is a huge tree
that grows in many countries in sub-Saharan Africa'. The A.
digitata tree is used for food and in the management of many
conditions such as fever, malaria, diarrhea, skin wounds, and
microbial infections®. In Sudan, the population commonly
consumes a juice prepared from A. digitata fruit (locally
known as Gongulaze). The juice is rich in nutrients such as
vitamins, minerals, fructose, glucose, and crude proteins™.
In addition, the fruit of 4. digitatais rich in antioxidants such
as procyanidins and flavonol glycosides®®.

Oxidative modification of LDL plays a role in the initiation
and progression of atherosclerosis”. High levels of total
cholesterol and LDL in the circulation enhance monocyte
adhesion to arterial walls and the subsequent accumulation
of LDL in the intima!!. Inside the intima, accumulated LDL
can undergo oxidative modification in the arterial lesions
by several types of cells such as muscle, macrophages,
and endothelial cells, resulting in plaque formation'
Individuals with hyperlipidemia have a higher risk of
cardiovascular disease (CVD) compared to healthy ones".
Therefore, the prevention of LDL oxidation is considered

a front line against the development of atherosclerosis and
cardiovascular diseases'*. Nutrients rich in antioxidants have
been shown to delay or block the oxidation of LDL and to
prevent/delay atherosclerosis'>'’. Since A. djgitata fruit is rich
in antioxidants, consumption of the plant fruit is expected to
modulate LDL oxidation in users.

The beneficial health effects of A. digitata were investigated
in several previous studies. However, the effect of A. digitata
consumption on the blood biochemical profile and LDL
oxidation remains to be investigated. Therefore, in the
current study, the effect of 4. djgitata juice consumption on
the lipid profile was investigated. In addition, inhibition of
the oxidation of low-density lipoprotein cholesterol (LDL-C)
in-vitro by A. digitata essential oil (EO) was also investigated.

Methods
Subjects and Design

The study is cohort design and included adult Sudanese
nationals (>18 years old) living in Saudi Arabia.
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Table 1: Clinical and biochemical characteristics of the study group participants

Character A. digitata (AD) Non-AD P-value
n=70 n=70
Age (years £ SD) 4645.3 45437 0.23
Gender (male: female) (42: 28) (44: 26) 0.95
BMI (kg/m?) 24.1£21 246144 0.36
HbA ¢ (%) 5.310.8 5.6+1.7 0.16
Blood pressure (mm/Hg)
Systolic 120.445.9 122.247 1 0.15
Diastolic 78.614.8 79.316.1 0.51
Duration of JD (year) 6.2£1.2 - -
Lipid profiles and CK enzyme:
TC (mmol/L) 4.8+0.7 5.3+1.1 0.001*
TG (mmoliL) 2.1340.3 2.30+0.4 0.002*
LDL (mmoliL) 4.0+0.6 4.5+1.1 0.001*
HDL (mmol/L) 1.41£0.3 1.32£0.4 0.10
CK (UIL) 68.2+14.8 72.1+16.7 0.11
Liver profiles:
Albumin (g/dl) 4412 4.3£0.8 0.61
Total protein (g/dl) 7.2+0.9 7.1£11 0.61
ALT (U/L) 28.317.8 26.8+5.4 0.15
AST (UIL) 24555 26.048.2 0.17
Kidney profiles:
Urea (mg/dL) 19.3£3.7 18.742.2 0.19
Creatinine (mg/dL) 0.82+0.7 0.86+0.2 0.60

AD: Adansonia digitata. n: number. BMI: body mass index. HbA c: hemoglobin A1 C. JD: juice drinker. TC: Total cholesterol. TG: Triglycerides.
LDL: low-density lipoprotein cholesterol. HDL: high-density lipoprotein cholesterol. CK: Creatine Kinase. ALT: Alanine Transaminase. AST:

Aspartate Transaminase.

*: Significant p<0.01 (unpaired t-test). #(Chi-square p values).

Table 2: Antioxidant effect of essential oil of A. digitata and vitamin E on LDL oxidation, TPC, and FC.

DPPH test Lag time (min) Oxidation ratio Maximum CD TPF (mg FC (mg RE/g
pg/mi . (nmol /mg LDL GAE/100g DW)
(nmol/min/mg LDL protein) DW)
protein)
A. digitata oil 5.6+1.1 226.1£22.8% (8.5) 3.6+1.3 231.5£22.7* 520.4467.7 36.1+12.1
Vitamin E 5.8+1.2 219.8420.2% (8.3) 3.9+1.1% 237.1+£19.8* 509.2+72.3 32.4+9.2
Control 26.6+4.5 (1.0) 11.4+2.8 389.9+34.2

DPPH: 1,1-diphenyl-2-picrylhydrazyl, CD: conjugated diene. TPC: Total phenol content. FC: Flavonoid content GAE: Gallic Acid Equivalent. RE:
Runtin Equivalent. DW: Dry Weight.

*: Significant in comparison with control level (p<0.001).

https://dx.doi.org/10.4314/mmj.v34i1.5




Malawi Medical Journal 34 (1); (25-30); March 2022

Adansonia digitata and lipid oxidation 27

[1] MDA

7

DAL

i

nmolimg LOL protein
g
ol

2
ol |
B

N s
R W o4& o
A &
p&; o
o
[2] LHP
B0
= M3
g o ey
2| 7
3k OBk
3 e B
M 1 R
o : St M sese I
v @ £ &
f& “é&
¥
o
[3]PC
“ NS
£ ]
'Eau- e e
5 & . S
3 204 ﬁ e
F Sl
“E' 10 [ % S
E  E
o S -2
%*bﬁ' i "ﬁé
&

Figure 1: Effect of A. digitata essential oil versus vitamin E on
the end products of LDL oxidation: (1) Malonaldehyde (MDA).
(2) Lipid hydroperoxide (LHB). (3) Protein carbonyl (PC) in
CuSO4 enhanced LDL oxidation.

*: Indicates significant difference (p<0.01).

NS: not significant.

Participants were divided into two groups. Group 1 (AD
group, n=70, 42 male and 28 female, mean age = 46%5.3
years) were subjects who use AD fruit juice on daily basis (at
least 1 cup: 200 mL juice per day) for the last 3 months prior
to blood sampling. Group 2 (Non-AD, n=70, 44 male and 26
female, mean age = 45%3.7 years) were subjects who did not
use AD fruit in the past 3 months. Subjects were recruited
from Madinah city, Saudi Arabia during March-May of 2020
via advertisements placed in living complexes dominated
by Sudanese nationals. Participants who met the inclusion
criteria were given appointments at Taibah University Health
Center to complete the study procedures. All subjects were

Table 3: Phytosterols contents and their derivatives in EO of

Phytosterols Content (mg/100 g)

B-Sitosterol 512.2
Campesterol 171
Campestanol 59.7
Stigmasterol 39.8
Cycloartenol 12.4
Cycloartanol 1.2
Egrosterol 0.23
Total Plant Sterols 796.53

healthy and were not taking any medications for at least 3
months prior to blood sample collection. Subjects with
diabetes, hypertension or chronic illness were excluded
from the study. Blood samples were collected from each
participant after 12h fasting in EDTA and plain tubes. All
subjects gave written informed consent as required by IRB
(No. CLS 201978) of Taibah University, Saudi Arabia.

Anthropometric parameters and blood pressure

Systolic/diastolic blood pressutre and body mass index (BMI)
kg/cm? were measuted as previously described'”.

Extraction of essential oil from A. digitata fruit

Fruit pulps (dried) of .A. digitata were obtained from
Khartoum city, Sudan from different grain markets. The
essential oil was extracted from the powder using a Clevenger
apparatus and hydro-distillation process according to the
British Pharmacopoeia Specifications'. In brief, fruit dried
materials (2000 g) were properly washed, chopped, and mixed
with 5 liter of distilled water (DW) inside the distillation flask.
Therefore, the fluid mixture was heated until it steamed.
Then, the steam was cooled down and condensed. Then the
essential oil (EO) was collected over hexane in a collection
container for the Clevenger apparatus.

LDL isolation

LDL cholesterol was prepared as previously described19.
In brief, a blood sample (5 ml from each donor, n=10) was
collected in an EDTA tube and the plasma was separated
and centrifuged at 200xg for 40 min at 4°C using an
instrument obtained from Beckman (Glenrothes, UK).
LDL was separated with a concentrated LDL protein and
its concentration was determined using a commercially
available kit (Pierce Laboratories, Rockford, IL). Phosphate
buffered saline was used to dilute LDL samples to a final
concentration of 70 pg/mL LDL protein. The samples were
stored until used in LDL oxidation experiments.

Kinetic oxidation of LDL

Oxidation of LDL was done as previously reported'. In
brief, a total of 100 pg/ml LDL protein was mixed with
20 uL of A. digitata essential oil or vitamin E at 37°C for 15
minutes. Then 10 pl of 0.167 mM copper sulfate (CuSO,)
freshly prepared was added to stimulate the process of
oxidation. Oxidation kinetic was calculated by monitoring
changes in OD (using Hitachi U2000 spectrophotometer at
234 nm) every 10 minutes for up to 200 minutes. The rate of
oxidation was calculated as described previously'. A total of

https://dx.doi.org/10.4314/mmj.v34i1.5
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10 samples were used in the assay and in duplicates.

Scavenging assay

For scavenging of free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH) (Sigma-Aldrich, USA) was used. In brief, aliquot
amounts of essential oil of A. digitata or vitamin E were
mixed with the addition of 2 ml of DPPH solution (0.1 mM
DPPH that was dissolved in ethanol). Then incubated for 30
minutes at 37°C. Changes in OD wete determined at 516nm
wavelength using a Hitachi U2000 spectrophotometer.
Scavenging activity was calculated as previously described™.
A total of 10 samples were used in the assay and in duplicates.

Assessment of phenol content

Phenolic content was assessed using Folin-Ciocalteu reagent
(FCR) as previously described 21. In brief, 125 ul of FCR
(10%) was mixed with 125 pl of the essential oil, and the
mixture was incubated for six minutes. A total of 125 pl of
7% Na2CO, was mixed with the mixture then incubated
at room temperature (RT) further to 30 min. The product
reaction (blue-colored solution) was read at 760nm using a
spectrophotometer. Measurements were calibrated with the
gallic acid standard curve. Phenolic content was expressed as
mgGAE/g dry weight.

Assessment of flavonoid content

A total of 250 pL. of A. digitata was mixed with 780 uL of
DW. Then, 60 pL of 5% NaNO, was added to the solution
and incubated for six minutes. 60 pL. of 10% aluminum
trichloride solution was added to the solution and incubated
for six minutes. A total of 400 pl of 1 Molar NaOH was also
mixed. The OD was read immediately at 510nm. Flavonoid
content was expressed as mgRE /g dry weight™.

Estimation of the end product of LDL oxidation

A total of 100 pg/mL LDL protein was mixed with 20 uL of
A. digitata essential oil or vitamin E at 37 °C for 15 minutes.
Then 10 pl of 0.167 mM copper sulfate (CuSO,) freshly
prepared was added to stimulate the process of oxidation.
The reaction was continued for 24 hours. Then to stop the
reaction, 10 mM of EDTA was added. MDA, LHP, and PC
were quantified as previously described™.

Biochemical parameters

Total cholesterol (TC), triglyceride (TG), LDL, HDL,
albumin, total protein, urea, and creatinine were determined
based on enzymatic reaction methods using full autoanalyzer
704 (Hoffman-ILa Roche Ltd., Basel, Switzerland). In addition,
ALT, AST and CK were measured by kinetic method with
the same analyzer. The total of phytosterol contents was
measured in the samples as previously described™.

Data analysis

Data were analyzed using Prism software (GraphPad
Company, CA, USA) version 5. Biochemical parameters were
compared between the two groups using an unpaired t-test.
Multiple comparisons were performed using the ANOVA
test. Data were expressed as mean T standard deviation
(SD). A p-value of = 0.05 was considered significant.

Results

The biochemical characteristics of the A. digitata fruit juice
users (AD group, n = 70) and the non-users (Non-AD) are
shown in Table 1. The AD group reported drinking the
A. digitata fruit juice for 8.2 * 1.2 years period. There was
no statistical difference in age, gender, and blood pressure

between the AD group and Non-AD (P > 0.05, Table 1). The
AD group have a significant lower plasma total cholesterol
(p < 0.001), triglyceride (p < 0.005) and LDL (p < 0.001).
With respect to HDL, it was higher in AD group than the
Non-AD, but it did not show a significant difference (p =
0.1). However, there were no differences in plasma creatinine
level (p = 0.11), liver function measures (albumin, total
protein, and transaminase enzymes) or kidney function
measures (urea and creatinine) between the two groups (P
> 0.05).

Antioxidant activity of the A. digitata essential oil was
measured by scavenging free radicals of DPPH, subsequent
inhibition of LDL oxidation, and concentration of phenols
and flavonoids in A. digitata essential oil (Table 2). Vitamin E
was used as control positive. The DPPH scavenging activity
was 50% (inhibitory concentration, IC50) at concentrations
of 5.6 £ 1.1 and 5.8 £ 1.2 pug/ml of A. digitata essential oil
and vitamin E respectively. In addition, A. digitata essential oil
and vitamin E showed similar high reducing activity against
CuSO -induced LDL oxidation (3.6 and 3.9 nmol/min/
mg LDL protein, respectively). Moreover, the lag time was
significantly greater by approximately 8.5- and 8.3-fold, in
essential oil and vitamin E respectively when compared with
the control untreated group (p > 0.01). Furthermore, the
formation of conjugated diene was reduced by the addition
of essential oil and vitamin E (231.5 = 22.7 and 237.1 = 19.8
nmol/mg LDL protein, respectively) significantly compared
to the untreated control group (389.9 £ 34.2 nmol/mg LDL
protein). Additionally, the results showed a high quantity of
phenols (520.4 £ 67.7 mgGAE/g dry weight) and flavonoids
(36.1+12.1 mg RE /g dry weight) in the oil.

Figures 1 shows CuSO4-induced LDL oxidation, lipid
peroxidation were increased levels of MDA, LHP, and PC.
The addition of A. digitata essential oil or vitamin E to the

LDL oxidation reaction resulted in a similar and significant
decrease in the production of MDA, LHP, and PC (P<0.05).

Table 3 shows the contents of AD EO of phytosterol
profiles, in which, EO has total sterols equal 796.53 mg/100g.

Discussion

Inthe currentresearch, the effects of A. digitataonbiochemical
profile and LDL oxidation in vitro were examined. Total
cholesterol, triglycerides, and LDL were significantly lower
in A. digitata truit juice users. In addition, LDL oxidation and
lipid and protein peroxidation were significantly reduced in
vitro by treatment with essential oil of .A. digitata fruit.

The observed effects of A. digitata consumption on lipid
profile are supported by three previous studies performed
using animal models**’". Hypolipidemic impact of A. digitata
is attributed to the phytochemical contents of the plant.
According to previous reports, the A. digitata fruit is rich in
phytosterols', saponin®, tannin®, pectin®, gallic acid, and
epicatechin® that might modulate lipid profile. For example,
the phytosterol content of the 4. digitata fruit pulp can reduce
total cholesterol and thus inhibit the absorption of biliary
and dietary cholestero”. The saponin and tannins continent
of A. digitata have been shown to de-conjugate cholesterol
from bile acids™”, whereas the pectin component has
hypolipidemic activity*. Moteovert, gallic acid and epicatechin
can inhibit the action of cholesterol esterase enzyme and the
subsequent elevate of the excretion of ptrimary bile acids®
and dectease in the buildup of cholesterol micelles™. Thus,
several mechanisms through which A. digitata might impact

https://dx.doi.org/10.4314/mmj.v34i1.5
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lipid profile’. The plant contents of total phytosterols were
high and compatable with that of other edible plants oil*.

It is well known that LDL oxidative modification has a
significant role in atherosclerosis progression”. In the present
study, we reported that essential oil of 4. digitata possessed
a strong antioxidant ability that significantly inhibited the
formation of the free radical of DPPH, a finding supported
by previous work™, It is believed that phenol and flavonoid
rich plants such as_A. digitata have high antioxidant capabilities
because of the redox activity of these compounds®*. The
high content of 4. djgitata fruit in phenol and flavonoid
reported in the current investigation highlights the beneficial
effects of this plant for cardiovascular health™®*. Moreover,
A. digitata is very rich in Vitamin C (>100mg/100g)**
which is a powerful antioxidant known to boost immunity
and reduce blood pressure®.

The current findings showed significant decreases in lipid
(MDA and LHP) and protein (PC) peroxidation following
treatment of LDL with essential oil of _A. digitata in vitro. The
magnitude of decreases in lipid and protein peroxidation
is equivalent to that observed with the strong antioxidant
vitamin E. These findings are in agreement with a previous
report from Sudan®.

The present study showed no effect of A. digitata on fasting
blood glucose. This is in disagreement with a previous report
from Sudan®. This is could be due to the current sample,
which included only healthy subjects. In the current research,
A. digitata juice showed no harmful effects on renal or liver
health, indicating consumption of the .A. digitata plant has
few or no side effects. The A. digitata plant is rich in many
beneficial active substances that have important biological
activities such as minerals, vitamin C, proteins, and others
that extend the medicinal uses of this plant.

Among the limitations, the relatively small sample size, so
other studies are needed for further confirmation of the
present findings. In addition, identification of the active
compounds in A. digitata fruit that modulate lipid profile is
strongly recommended in future investigations. Finally, data
on the participants’ physical activity status was not collected.
In addition, due to the small sample size, it is not possible
to apply stratification of the sample according to gender.
Therefore, taking these confounding factors into account
can provide a better insight of the medicinal benefits of A.
digitata fruit.

Conclusion

Consumption of A. digitata fruit juice lowers total cholesterol,
triglycerides, and LDL. In addition, the essential oil of .
digitata reduced LDL oxidation in vitro. The beneficial effects
of A. digitata fruit could be attributed to its high contents of
phytosterols, phenols, and flavonoids.
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