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ABSTRACT

The hypocholesterolemic effect of Lactobacillus plantarum AK strain was tested in rats fed high cholesterol diet.
The lipid profile, growth rate and microflora dynamics of rats that received L. plantarum AK strain were signif-
icantly different from the control group (p < 0.5). In particular low density lipoprotein was lower in serum of
rats that received L. plantarum than those of the control group. The test group had a higher growth rate, higher
lactobacilli counts but lower coliform and Escherichia coli counts over a period of 40 days and these observed
differences were significant (p < 0.05). These results are indicative of the abilities of this strain to lower serum
cholesterol levels as well as to improve intestinal microbial balance as observed in the microflora dynamics over

a period of 40 days.
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1. Introduction

Maintenance of cholesterol homeostasis is vital for a
healthy status and is achieved through a regulatory net-
work consisting of genes involved in cholesterol synthe-
sis, absorption, metabolism and elimination [1].
Hypercholesterolemia in humans has been shown to
play a major role in atherosclerosis, cardiovascular dis-
ease, including coronary heart disease and stroke as well
as cerebrovascular diseases [2-4]. High cholesterol has
also been associated with an increased risk of metabolic
syndrome symptoms, including abdominal obesity (large
waist circumference), hyperglycemia, hypertriacylglyce-
rolemia and hypertension by as much as 3-fold [5]. Spe-
cifically total cholesterol (TC) and low-density lipo-
protein cholesterol (LDLC) levels are positively related
to coronary heart disease (CHD), and high-density lipo-
protein cholesterol (HDLC) levels are negatively related
to CHD [6,7], although high TC to HDLC ratio is consi-
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dered a risk factor [8].

Shaper et al. [9] and Mann and Spoerry [10] are cre-
dited with the discovery of hypocholesterolemic effects
of diets containing Lactobacillus strains. Recently, there
has been renewed interest in lactic acid bacteria (LAB)
particularly Lactobacillus spp which are generally recog-
nized as safe (GRAS) and have been linked to their con-
tribution to health such as immunomodulation, anticar-
cinogenic properties and hypocholesterolemic properties
[11-14]. There has been accumulating evidence that the
presence Lactobacillus in sufficient amounts is asso-
ciated with the lowering of serum cholesterol levels in
experimental animals [13,15] though this is not always
proven in humans [16].

The cholesterol lowering abilities of LAB include as-
similation of cholesterol by bacterial cells, deconjugation
of bile acids by bacterial acid hydrolases, cholesterol
binding to bacterial cell walls, and inhibition of hepatic
cholesterol synthesis and/or redistribution of cholesterol
from plasma to the liver [17,18].
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LAB in the human gut ferment food-derived indigesti-
ble carbohydrates that results in an increased production
of short-chain fatty acids (SCFASs) [19]. This may result
in decreases in the systemic levels of blood lipids either
by inhibiting hepatic cholesterol synthesis or by redistri-
buting cholesterol from plasma to the liver [19]. SCFAs
are produced in the large intestine together with smaller
amounts of acetate, propionate, and butyrate depending
on the substrate [20]. Wolever et al. [21] showed that
serum acetate and propionate concentrations were related
to serum lipid concentrations in human serum propionate
being strongly negatively related to both total and low
density (LDL) cholesterol. Removal of cholesterol occurs
because deconjugated bile acids are not well absorbed by
the gut mucosa and are excreted through the feces and
urine. The excretion of bile acids results in decreased
enterohepatic recirculation and therefore more cholester-
ol, which is the precursor of bile acids is utilized for de
novo bile acid synthesis.

In Nigeria, fermented foods of plant origin are popular
but the hypocholesterolemic effect of Lactobacillus spp
isolates of these foods has not been adequately studied.
The present study was conducted to study the hypocho-
lesterolemic effect of one strain from a common fer-
mented food in vivo.

2. Materials and Methods

Lactobacillus plantarum AK was isolated from Ogi one
of the fermented cereals produced from maize, sorghum
or millet. It is usually consumed as a porridge in all re-
gions of Nigeria. This isolate was obtained from ogi
produced from millet (Pennisetumglaucum). The isolate
was identified based on the pattern of carbohydrate fer-
mentation (Biomerieux) and had also shown tolerance to
acidic pH values as well as bile tolerance (unpublished
data).

L. plantarum AK was grown in Mann Rogosa and
Sharpe (MRS) broth (Oxoid, Basingstoke) at 37°C for 18
h. Broth culture samples were withdrawn periodically
and the optical density (OD) measured in spectrophoto-
meter (600 nm). Serial dilutions were pour plated on
MRS agar in triplicates and incubated for 48 h at 37°C.
The values were used to produce a standard curve by
plotting OD versus cfu/ml. From the calibration curve,
the OD equivalent to 2.0 x 10° cfu/ml was determined.

2.1. Animal Feeding and Grouping

Forty, two weeks old pathogen free male Wister albino
rats with similar weights were obtained from the Nation-
al Institute for Trypanosomal Research Kaduna, Nigeria.
Relatively young animals were used in order to clearly
assess the impact on growth and microfloral changes.
The diet consisted of 75% basic diet (protein 20%, fat
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10%, fibre 10%, 2800 Kcal./kg, vitamins and minerals),
10% lard, 10% soybean meal and 5% egg yolk to create
a hyperlipidemic model as described by Wang et al.
[22].

Environmental conditions at the animal facility unit of
the department of biological sciences where the rats were
housed were well controlled. Temperature was main-
tained at 25°C + 1°C and humidity at 60% and in a cycle
of 12 h of light and 12 h of darkness. The rats were di-
vided into two groups of twenty each and housed indivi-
dually: test group A, fed with high-cholesterol diet and L.
plantarum and control, group B fed with high-cholesterol
diet only. Each rat in group A was administered by ga-
vage a dose of 2.0 x 10° cfu/ml of the organism in sterile
physiological saline per day. The care and use of animals
were in accordance with institutional and national stan-
dards.

Food and water were accessible at all times and were
replenished every day. The animals were fed for 40 days,
during which time body weight and food intake were
recorded. During this period, blood was obtained at 10
day intervals for serum cholesterol and triglycerides
analysis. Every ten days, two animals were randomly
chosen from each of the two groups fasted for 12 hr and
euthanized using diethyl ether. Freshly voided rat faecal
material was also collected every ten days for bacterial
counts. After the feeding period, the remaining rats,
fourteen in number were fasted for 12-hr and euthanized
and were presented for tests as above.

2.2. Assay for Fecal Microflora

The enumeration of bacteria was done by aseptically
collecting freshly voided feces from all treatment groups
in sterile tubes on the first day, 10" day and subsequently
every ten days thereafter. Samples from all animals in a
group were collected. Ten grams of each sample was
homogenized using 90 ml sterile physiological saline as
diluent and subsequent tenfold serial dilutions of each
sample were plated in triplicate. For coliform counts,
eosine methylene blue agar (EMB) (Oxoid Basingstoke),
EMB was used for enumeration whereas Man rogosa and
sharpe agar (Oxoid Basingstoke) MRS was used to enu-
merate lactobacilli using anaerobic jar (Oxoid Basing-
stoke). These were incubated at 37°C for 24-h for coli-
forms and 48-h for lactobacilli.

2.3. Determination of Serum Lipid Profile

Four milliliters of the blood samples were transferred to
non-heparinized vacuum collection tubes. The tubes were
allowed to stand in a test tube rack at 0°C for 30 minutes,
and then centrifuged at 2000 x g for 15 minutes at 4°C.
Lipid profile analyses were performed spectrophotome-
trically using spectrumlab (Easy Way Medical, England).
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2.4. Statistical Analysis

T-Test was used to compare the means of the initial and
final weights of test and control groups as well as the
lipid profile of the serum from both groups using Micro-
soft Excel (version 2010). Fecal microbial counts at dif-
ferent sampling times were compared using ANOVA
(SPSS 16.0 (SPSS Inc., Chicago, IL, USA) and means
were separated using Duncan’s Post Hoc Test. Differ-
ences in means were considered significant if p < 0.05.

3. Results

Table 1 provides a summary of growth performance and
the statistical significance. The average initial body
weights of the two groups of 20 each were only slightly
different and were not statistically different (p > 0.05).
The final average body weight of the test group (282.86 g)
which received Lactobacillus plantarum was higher than
the control group which did not receive the organism
(258.14 g). The observed differences in final average
body weight, body weight gain and food intake were all
significantly different (p < 0.05).

Table 2 shows the lipid profile of test and control rats
as well as the statistical inference of these results. In all

the periods i.e. day 10, 20, 30 and 40, the values of
low-density lipoprotein cholesterol were generally higher
in the control group and the observed differences were
statistically significant (p < 0.05). The values in high-
density lipoprotein cholesterol were generally higher in
control group and the observed difference were also sig-
nificant (p < 0.05). Total cholesterol values for the two
groups were not significantly different in the first 20 days
(p > 0.05). However the values for the last 20 days were
significantly different (p < 0.05).

Figure 1 shows the log count of fecal coliforms in the
test (A) and control (B) groups. Error bars and letters
indicate standard deviations and significant differences
or otherwise respectively. Bars with similar letters are
not significantly different whereas different letters indi-
cate statistically significant differences. The administra-
tion of L. plantarum showed an effect on the total coli-
form counts when the counts of the two groups were
compared. The test group initially had a significantly
higher count on the first day and also day 10 than the
control group at 5.85 logigcfu/g and 5.89 logigcfu respec-
tively compared to 5.26 logscfu/g and 5.10 log;.cfu/g
respectively. These values dropped during subsequent

Table 1. Body weight gain, total food intake, and food efficiency of rats fed on high-cholesterol diet.

Statistical significance

Parameter Group A (Test)  Group B (Control)  p value at 95% probability level
Initial body weight (g) 44.48 +0.25 44.60 £ 0.18 0.1 P > 0.05, initial body weights not significantly different
Final body weight (g) 282.86+7.54 258.14 £ 4.22 0.000 P < 0.05, final body weights significantly different
Body weight gain (g/40 days) 235.79 £4.61 213 +5.42 0.000 P < 0.05, body weight gain significantly different
Food intake (g/40 days) 1585.57 £ 7.6 1561.57 £11.91 0.000 P < 0.05, food intake significantly different
Average Food efficiency (%) 14.83 13.70

Values are average + standard deviation.

Table 2. Serum lipids contents of rats fed on high-cholesterol diet.

Period Type of lipid Day 10 Day 20 Day 30 Day 40
Group A LDLPC 1.72 £0.014 1.43 £0.04 1.22 £0.02 0.85+0.01
Group B LDLPC 1.83£0.01 1.96 £ 0.014 246 +0.01 2.88+0.01

p value 0.009" 0.003" 0.0002" 0.0000"
Group A HDLPC 0.84 £ 0.01 1.13£0.03 1.05 £0.03 1.23£0.02
Group B HDLPC 1.47 £0.02 1.64 £0.03 2.36+0.03 2.91+0.01

p value 0.0008" 0.003" 0.0005" 0.0001"
Group A TC 2.05+0.08 3.50 £ 0.00 3.70 £ 0.08 3.22+0.01
Group B TC 2.12+0.04 3.78£0.120 412 £0.070 4.65%0.07

p value 0.21 0.3 0.03" 0.0000"
Group A TTG 1.56 £ 0.02 2.18+0.04 3.170.01 2.54 £ 0.06
Group B TTG 1.75 £0.021 2.83+0.08 3.34+0.00 3414011

p value 0.01" 0.01" 0.003" 0.008"

Values are in Millimole per liter; Key: LDLPC; Low-density lipoprotein cholesterol, HDLPC; High-density lipoprotein cholesterol, TC; Total Cholesterol, TTG;
Total triglycerides; “indicate means are significantly different between groups at p < 0.05.
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Figure 1. Rat fecal coliform count on EMB agar. Values are means + standard deviation, means with different letters signifi-

cantly different (p < 0.05).

sampling periods in the test group. Statistical analysis
indicated that the coliform numbers obtained for group
A(test group) for days 20, 30 and 40 were similar and
were also significantly different from those of group B
i.e. control group (p < 0.05). For the control group, coli-
form numbers were statistically similar in the first 20
days and different subsequently.

Figure 2 shows the fecal lactobacilli count of the two
groups of rats as explained previously. Error bars and
letters are also as earlier explained in Figure 1. Values of
bacterial counts are means * standard deviation. Means
with different letters indicate significant difference (p <
0.05). The counts of group A, administered L. plantarum
and group B were similar in the first day (P < 0.05). On
the tenth day the counts of group A was higher than
group B at 6.7 log cfu/g and 5.43 log cfu/g respectively.
The observed differences were however not significantly
different (p > 0.05). The counts for group A at 20 days,
30 days and 40 days were 8.6 cfu/g, 8.78 cfu/g and 8.56
cfu/g respectively and these values were significantly
higher than the corresponding values of group B which
were 6.57 cfulg, 6.45 cfu/g and 6.42 cfu/g respectively
during the same period. Overall, the lactobacilli counts of
group B were not significantly different throughout the
duration of experiment.

4. Discussion

The administration of L. plantarum had a significant ef-
fect on weight of the rats as the rats which received the
organism had significantly higher weights compared to
the control group. The feed consumption as well as feed
efficiency was also significantly higher in the test group.
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These could be due to effects on general health, altera-
tion of microbial balance or other unknown factors.
These results appear not to be supported by some other
studies such as Chiu et al. [15] where all groups of ham-
sters fed high cholesterol diet showed no significant dif-
ferences in body weight gain, total food intake and food
efficiency irrespective of administration of lactobacilli or
not. Similarly Wang et al. [13] found no significant dif-
ferences in body weight gain; food intake and food effi-
ciency in animals supplemented with a strain of L. plan-
tarum and the control group fed high lipid diets. In sup-
port of this study, Xie et al. [23] found that the adminis-
tration of lactobacilli significantly improved weight
again and food efficiency compared to the control group
in a similar study. However, food intake was unaffected
in their study unlike what obtained in the present study.
The consumption of L. plantarum had a significant ef-
fect on the lipid profile of the rats. Low-density lipo-
protein cholesterol was generally higher in the control
group and the observed differences were statistically sig-
nificant (P < 0.05). This is in agreement with other stu-
dies such as Wang et al. [22] that studied the effects of
two L. plantarum strains in hyperlipidemic mice. In their
study, the total cholesterol, triglycerides and low-density
lipoprotein cholesterol levels of mice in the control group
were found to be significantly higher. Similar results were
reported by Huang et al. [24] and Wang et al. [13] from
studies on cholesterol-lowering effects of L. plantarum
strains isolated from Tibetan kefir grains. Huang et al.
[24] found that their isolate significantly lowered serum
total cholesterol, low-density lipoprotein cholesterol, and
triglycerides concentrations but not serum high-density
lipoprotein cholesterol concentrations and furthermore
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Figure 2. Rat fecal lactobacilli count on MRS agar.

elucidated the mechanism by noting inhibition of choles-
terol absorption through down regulation of Niemann-
Pick C1-like 1 (NPC1L1) expression in Caco-2 cells af-
ter a period of four weeks. Studies of other Lactobacillus
spp have also demonstrated hypocholesterolemic effects
similar to these, such as Chiu et al. [15], Xie et al. [23]
indicating that these effects are not limited to a few spe-
cies.

The cholesterol lowering abilities of LAB generally
has been observed to include assimilation of cholesterol
by bacterial cells, deconjugation of bile acids by bacterial
acid hydrolases cholesterol binding to bacterial cell walls,
and inhibition of hepatic cholesterol synthesis and/or
redistribution of cholesterol from plasma to the liver
[17,18].

For L. plantarum, recent studies have provided more
insights such as the mechanism previously elucidated by
Huang et al. [24] where the expression of NPC1L1 in the
duodenum and jejunum was significantly decreased fol-
lowing L. plantarum feeding. Additionally Wang et al.
[23] have hypothesized that L. plantarum significantly
increased liver and kidney Nuclear factor-erythroid 2-re-
lated factor 2 (Nrf2) expression, which is a transcription
factor that binds to antioxidant response elements (ARE)
in the promoter regions of many anti-oxidative enzymes
and phase 1l detoxifying enzymes [25]. According to this
hypothesis, accumulation of Nrf2 in the liver may initiate
anti-oxidative stress and result in inhibition of Ox-
Low-density lipoprotein cholesterol production with the
remarkable modifications in antioxidant defense me-
chanisms seen in their in vivo study. It is likely that any
or a combination of these models is also operational in
this study.
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The administration of L. plantarum significantly re-
duced the total coliform counts of the test groups. Other
studies have shown variable results ranging from no sig-
nificant effects such as the study by Wang et al. [13] to
significant increases in E. coli population which is a
component of the coliform group in groups administered
lactobacilli as observed by Xie et al. [23]. A generally
accepted explanation of probiotic action of lactic acid
bacteria include improved intestinal microflora balance
as seen in the present study, survival in stomach, bile
salts and colonization of the large bowel. The strain used
in this study had previously shown good survival in con-
ditions simulating normal exposure to stomach acidity as
well as high bile salt concentrations and additionally
large bowel colonization can be inferred from the high
counts of lactobacilli in the test group compared to the
control group. The lactobacilli count increased steadily
with time in the course of the study in agreement with
several studies where administration of lactobacilli is
positively correlated with significantly higher fecal lac-
tobacilli counts [13,15,23]. In these studies the control is
usually stable as in the present study. The difference at
the final stage was about 2 log cfu/g in this study which
is agreement with other studies that reported figures be-
tween 1 - 3 log cfu/g [13,15,23].

5. Conclusion

Most previous studies have focused on lactobacilli iso-
lated from either dairy products or healthy human feces
but this study is significant in the sense that the source of
the organism is plant based. The results of this study
have indicated that the L. plantarum strain used can low-
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er low-density lipoprotein cholesterol, total Cholesterol
as well as total triglycerides. In addition, it may modify
microbial balance in the gut since it appeared to have
significantly lowered coliform populations. These are
positive attributes that could be potentially explored for
use in human health. The age of the rats also indicates that
it is a suitable model to use to study microflora dynamics
as well as impact of growth presumably because the mi-
croflora is still developing at this stage. These observa-
tions and hypothesis need to be validated through more
in-depth studies and there is also the imperative to study
the mechanism(s) of lipid metabolism in this isolate.
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