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Abstract
AIM: To investigate the effects of Lactobacillus  plan-
tarum (L. plantarum) CAI6 and L. plantarum SC4 on 
hyperlipidemic mice. 

METHODS: Male Kunming mice were fed a high-
cholesterol diet for 28 d to construct hyperlipidemic 
models. Hyperlipidemic mice and normal mice were as-
signed to 3 groups which were separately treated with 
L. plantarum CAI6, L. plantarum SC4, and physiological 
saline through oral gavage for 28 d. Total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol 
(LDL-C) levels were measured by commercially available 
enzyme kits. FACS Calibur flow cytometry was used 

to examine hepatic and renal nuclear factor-erythroid 
2-related factor 2 (Nrf2) expression. The morphology of 
livers was checked by hematoxylin and eosin staining 
and optical microscope observation.

RESULTS: Compared with normal mice, hyperlipidemic 
mice possessed significantly higher TC (3.50 ± 0.43 
vs  2.89 ± 0.36, P  < 0.01), TG (1.76 ± 0.07 vs  1.10 ± 
0.16, P  < 0.01), and LDL-C (1.72 ± 0.20 vs  0.82 ± 0.10, 
P< 0.01) levels, resulting in an increase of atherogenic 
index (AI) (2.34 ± 1.60 vs  0.93 ± 0.55, P  < 0.05) and 
LDL-C/HDL-C ratio (1.43 ± 0.12 vs  0.51 ± 0.16, P  < 
0.05). After treatment with L. plantarum CAI6/L. plan-
tarum SC4, TG (1.43 ± 0.27/1.54 ± 0.10 vs  1.76 ± 0.07, 
P  < 0.01/P  < 0.05) and LDL-C (1.42 ± 0.07/1.47 ± 0.12 
vs  1.72 ± 0.20, P  < 0.01/P  < 0.01) in hyperlipidemic 
mice significantly decreased. In addition, TC, HDL-C, 
AI, and LDL-C/HDL-C ratio were all positively changed. 
Meanwhile, the treatment markedly alleviated hepatic 
steatosis and significantly stimulated Nrf2 expression 
(73.79 ± 0.80/72.96 ± 1.22 vs  54.94 ± 1.84, P  < 0.01/
P  < 0.01) in hepatocytes of hyperlipidemic mice. 

CONCLUSION: L. plantarum CAI6 and L. plantarum 
SC4 may protect against cardiovascular disease by lipid 
metabolism regulation and Nrf2-induced antioxidative 
defense in hyperlipidemic mice. 

© 2013 Baishideng. All rights reserved.
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Core tip: Protective effects of Lactobacillus plantarum 
(L. plantarum) CAI6 and L. plantarum SC4 strains on 
hyperlipidemic mice were found, including regulating 
lipid metabolism, alleviating hepatic steatosis and re-
ducing cardiovascular disease (CVD) risk. The mecha-
nism of intracorporal antioxidation of Lactobacillus 
strains may be related to stimulation of nuclear factor-
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erythroid 2-related factor 2 (Nrf2) expression. Hypolip-
idemic effect and Nrf2-induced antioxidative defense 
may contribute to the reduction of CVD risk. We sug-
gest that food fermented by the strains be used as part 
of the diet to relieve lipid metabolism related metabolic 
syndrome and to reduce the risk of CVD.
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INTRODUCTION
Metabolic syndrome is a cluster of  cardiovascular and 
type 2 diabetic risk factors[1]. The International Diabetes 
Federation defines metabolic syndrome as central obesity 
plus any two of  raised triglycerides (TG), reduced high-
density lipoprotein cholesterol (HDL-C), raised blood 
pressure, and raised fasting plasma glucose[2]. Distur-
bances of  lipid homeostasis lead to metabolic syndrome 
and increase the risk of  cardiovascular disease. A 1% 
increase in plasma cholesterol levels can increase the risk 
of  coronary events up to 3%[3]. Elevated low-density 
lipoprotein cholesterol (LDL-C) accompanied with insuf-
ficient HDL-C is a risk predictor of  atherosclerosis[4]. Hy-
percholesterolemia stimulates formation of  free radicals, 
decreases activity of  antioxidant enzymes, and eventually 
leads to elevated lipid peroxides including oxidized low 
density lipoprotein (Ox-LDL), which is an independent 
atherogenic factor[5].

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is 
a transcription factor that binds to antioxidant response 
elements (ARE) in the promoter regions of  many anti-
oxidative enzymes and phase Ⅱ detoxifying enzymes[6]. 
Oxidative stress results in accumulation of  Nrf2 in the 
cytoplasm and initiation of  transcription of  target genes 
after translocating into the nucleus[7]. Inhibition of  LDL 
oxidation can protect against oxidative stress linked ath-
erosclerosis. Belghitha found that bacterial levan was 
beneficial for antiarteriosclerosis hypolipidemic and 
antioxidant effects[8]. We suppose that both exogenous 
antioxidants and endogenous antioxidant enzymes can 
strengthen antioxidative defense. Therefore, antioxidant 
defense triggered by improving Nrf2 expression can be 
envisaged as a promising strategy in reducing the inci-
dence of  atherosclerosis. 

Some strains of  Lactobacillus have been studied as 
probiotics. They may protect against mutagens and car-
cinogen exposure, gastrointestinal disease, skin disorders, 
yeast infections, urinary tract infection, diabetes[9], and im-
mune dysfunction[10]. Hypolipidemic effects of  LAB were 
shown in mice[11,12] and rabbits[13]. Antioxidative activity 
of  LAB, a potential application valued in prevention of  
atherosclerosis, was also reported in vitro[14] and in vivo[15]. 

Extracorporeal antioxidative activity of  Lactobacillus casei 
KCTC 3260 may be caused by chelating metal ions[14]. 
However, an intracorporal antioxidative mechanism of  
LAB has not been defined. In the present study, we in-
vestigated the change in Nrf2 expression in mice after the 
application of  Lactobacillus plantarum (L. plantarum) CAI6 
or L. plantarum SC4 to discuss the possible mechanism.

Probiotic strains may have acid or bile salt tolerance to 
colonize the gastrointestinal tract of  the host. Several tests 
have been taken to screen strains tolerating low pH and 
high concentration of  cholate[16]. Cells have been coated 
with sodium alginate to increase viscosity and stability of  
strains[17].

The primary aim of  this study was to investigate the 
effects of  L. plantarum CAI6 and L. plantarum CS4 on 
alleviation of  metabolic syndrome and prevention of  car-
diovascular disease (CVD) in high-cholesterol fed mice. 

MATERIALS AND METHODS
Microbial cultures
L. plantarum CAI6 (GenBank accession number: KC470704) 
and L. plantarum SC4 (GenBank accession number: 
KC470705) were isolated from Chinese pickled cabbage 
and raw milk, respectively. The two strains could survive in 
MRS medium (pH 3.0) supplemented with 0.3% sodium 
taurocholate (date not shown). The strains were cultured in 
MRS broth and incubated at 37 ℃ for 24 h. Each activated 
culture was centrifuged and diluted with 0.9% saline water 
to obtain a preparation of  2.0 × 109 cfu/mL. 0.1% (w/v) 
sodium alginate was added to make the strains have better 
acid resistance, bile resistance, and stability in digestive tract.

Animals
Thirty-Six adult male Kunming mice with a weight of  
20 ± 2 g were obtained from the Academy of  Military 
Medical Sciences (Beijing, China). The mice were housed 
in a controlled animal room at 20 ± 2 ℃ and 60% rela-
tive humidity with 12 h light/dark photoperiod. Diet and 
water could be accessed freely. The care and handling of  
the animals were in compliance with the internationally 
accepted standard guidelines for use of  animals, and was 
approved by Science and Technology Committee of  Yan-
shan University on Animal Care and Use.

Experimental protocol
Half  of  the mice were fed a high-cholesterol diet (75%ba-
sic diet, 10%lard, 10%soybean meal, 5%egg yolk) for a 
period of  up to 28 d to construct a hyperlipidemic model 
(HM). For comparison, the other mice were maintained 
on standard laboratory diet for 28 d to develop a normal 
model (NM). Then the mice of  HM and NM were ran-
domly assigned to three groups (n = 6), respectively. 

Group Ⅰ (NM): normal mice fed a standard labora-
tory diet and physiological saline (10 mL/kg); Group Ⅱ 
(NM/CAI6): normal mice fed a standard laboratory diet 
and L. plantarum CAI6 (10 mL/kg); Group Ⅲ (NM/SC4): 
normal mice fed a standard laboratory diet and L. plan-
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tarum SC4 (10 mL/kg); Group Ⅳ (HM): hyperlipidemic 
mice fed a high-cholesterol diet and physiological saline (10 
mL/kg); Group Ⅴ (HM/CAI6): hyperlipidemic mice fed 
a high-cholesterol diet and L. plantarum CAI6 (10 mL/kg); 
and Group Ⅵ (HM/SC4): hyperlipidemic mice fed a high-
cholesterol diet and L. plantarum SC4 (10 mL/kg).

The mice were treated by intragastric administration 
for 28 d before being anesthetized with chloral hydrate 
and sacrificed. Food and water consumption and body 
weight were recorded daily. Blood samples were drawn 
from the ophthalmic venous plexus. After centrifugation 
(2000 rmp, 10 min, 4 ℃), the serum samples were col-
lected and stored at -20 ℃. The liver and kidney were ex-
cised, rinsed in ice-cold physiological saline, weighed, and 
then stored at -20 ℃.

Serum lipids analysis
Serum TC, TG, HDL-C, and LDL-C levels were mea-
sured using commercially available enzyme kits (Bei-
huakangtai clinical reagent Ltd, Beijing, CHN). The TC 
level was measured with an enzymatic method based on 
the conversion to a chromogen with maximum absorp-
tion at 500 nm by cholesterol ester hydrolase, cholesterol 
oxidase, and peroxidase[18]. The determination of  TG 
was based on an enzymatic method coupled with lipase, 
glycerokinase, glycerol oxidase and peroxidase[19]. The 
HDL-C level was assayed by the same enzymatic method 
based on specific precipitation of  VLDL-C and LDL-C 
in the presence of  phosphotungstic acid. The LDL-C 
value was calculated by following formula: LDL-C = TC-
HDL-C-TG/5[20]. 

Morphology of liver
Fresh livers of  mice were fixed with 4% paraformalde-
hyde for 24 h, dehydrated gradually in a graded series 
of  ethanol, clarified in xylene, and embedded in paraffin 
wax. Hematoxylin and eosin stained liver was observed 
by an optical microscope (X5Z-G, Chongqing Optical 
and Electrical Instrument Co., Ltd, CHN).

Determination of Nrf2 expression in liver and kidney
Liver and kidney tissues suspensions were prepared in 
ice-cold 0.1 mol/L PBS. Antibodies were diluted in 0.1 
mol/L PBS containing 0.1%NaN3. 106 cells/mL were 
incubated with primary anti-Nrf2 antibodies for 30 min 
on ice, mixed with 200 µL of  4 % paraformaldehyde, and 
incubated for 30 min at 4 ℃. After washing twice with 
0.1 mol/L PBS containing 0.1%NaN3, the supernatant 
was discarded by centrifugation. 3%BSA, 0.1%NaN3 
and 10% saponin (Sigma Co., United States) were added 
to cell pellets and blended for 15 min, then mixed with 
500 µL PBS (pH 7.4). After removal of  the supernatant, 
0.5 µg of  secondary FITC-conjugated rabbit anti-mouse 
antibody were added and incubated on ice for 60 min. 
Finally, the cells were resuspended in 1 mL of  0.1 mol/L 
PBS. The hepatocytes and nephrocytes were scanned 
using a FACSCalibur (Becton-Dickinson, United States) 
respectively, and fluorescence of  Nrf2 positive cells were 
quantified. Nonspecific binding of  secondary antibody 
was excluded by incubating the cells only with the FITC-
labelled secondary antibody. For reproducibility, the 
experiment was repeated three times. The software BD 
CellQuest Pro (Becton Dickinson Biosciences, United 
States) was used and the data were calculated by fluores-
cence intensity formula [I = Log (x-mode) × 340].

Statistical analysis
All data were expressed as mean ± SD. Statistical analysis 
was performed using SPSS 13.0 software. Differences 
between the groups were analyzed by One-Way ANOVA 
followed by Duncan’s multiple range tests. Statistical sig-
nificance was considered at the P < 0.05 level.

RESULTS
Effects on body weight, diet intake, and liver index
As shown in Table 1, the mice subjected to a high choles-
terol diet had a significant increase in body weight (BW) 

Table 1  Effects on body weight, diet intake, liver index, and serum lipid levels

Group       NM  NM/CAI6   NM/SC4       HM  HM/CAI6   HM/SC4

Body weight, food intake, and liver index of normal model and hyperlipidemic model mice after treatment for 30 d
   IBW (g) 26.53 ± 2.96 25.47 ± 2.71 27.03 ± 2.09 33.17 ± 1.44b 31.32 ± 1.06b 30.78 ± 1.66b

   FBW (g) 33.43 ± 4.78d 28.50 ± 3.56d 32.30 ± 2.73d 39.05 ± 2.50b 36.68 ± 2.22 38.08 ± 1.87a

   TFI (g) 44.76 ± 6.94 47.07 ± 4.04 47.05 ± 2.51 52.29 ± 11.97 51.09 ± 6.34 53.32 ± 13.14
   1LI (%)   4.11 ± 0.30   4.08 ± 0.15   4.10 ± 0.49   4.65 ± 0.50   4.41 ± 0.58   4.54 ± 0.64
Serum lipid levels in the different groups of mice
   TC (mmol/L) 2.89 ± 0.36d 2.60 ± 0.24c 2.85 ± 0.28a 3.50 ± 0.43b 3.16 ± 0.35 3.27 ± 0.36
   TG (mmol/L) 1.10 ± 0.16d 1.06 ± 0.15d 1.08 ± 0.13d 1.76 ± 0.07b 1.43 ± 0.27d 1.54 ± 0.10a

   HDL-C (mmol/L) 1.62 ± 0.52 1.76 ± 0.48a 1.67 ± 0.14 1.20 ± 0.42 1.36 ± 0.55 1.31 ± 0.55
   LDL-C (mmol/L) 0.82 ± 0.10d 0.75 ± 0.07 0.81 ± 0.09 1.72 ± 0.20b 1.42 ± 0.07d 1.47 ± 0.12d

   2AI 0.93 ± 0.55a 0.57 ± 0.41d 0.71 ± 0.09d 2.34 ± 1.60a 1.65 ± 0.99 1.94 ± 1.47
   LDL-C/HDL-C 0.51 ± 0.16a 0.43 ± 0.19d 0.49 ± 0.04d 1.43 ± 0.12a 1.04 ± 0.16 1.12 ± 0.14

Data represent mean ± SD (n = 6 for each group). 1LI: Weight of liver (mg)/body weight (g), 2AI = (TC-HDL-C)/HDL-C, aP < 0.05 vs NM group, bP < 0.01 vs 
NM group, dP < 0.01 vs HM group. IBW: Initial body weight; FBW: Final body weight; TFI: Total feed intake; LI: Liver index; TC: Total cholesterol; TG: Tri-
glyceride; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; AI: Atherogenic index; NM: Normal diet group; HM: 
High-cholesterol diet group; NM/CAI6: Normal diet with Lactobacillus plantarum (L. plantarum) CAI6 group; NM/SC4: Normal diet with L. plantarum SC4 
group; HM/CAI6: High-cholesterol diet with L. plantarum CAI6 group; HM/SC4: High-cholesterol diet with L. plantarum SC4 group.
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compared with mice on a normal diet (P < 0.01). In HM 
mice, oral administration of  CAI6 or SC4 daily did not 
have any significant effect on BW, while CAI6-treated 
mice and SC4-treated mice had a significant (P < 0.01 
and P < 0.05, respectively) increase vs the NM group. In 
NM mice, CAI6 or SC4 had no significant effect on BW 
compared with NM mice receiving neither CAI6 or SC4. 
None of  the groups showed a significant difference in 
total dietary intake or liver index. However, an increase in 
liver index in the HM group compared to the NM group 
was found, and CAI6 and CS4 decreased this.

Effect on plasma lipid profiles
Effect of  the treatment on serum lipid levels was shown 
in Table 1. The TC, TG and LDL-C levels of  mice in 
the HM group showed a significant increase (P < 0.01) 
compared with the NM group. Meanwhile, HDL-C in 
the HM group decreased by 26% compared to the NM 
group. Moreover, a significantly increased (P < 0.05) 
atherogenic index (AI) accompanied with a significantly 
reduced (P < 0.05) LDL-C/HDL-C ratio was observed 
in the HM group. The HM mice orally administrated 
with strains (CAI6/SC4) showed different degrees of  de-
cline in serum TG (-19%, P < 0.01/-13%, P < 0.05), TC 
(-10%/-7%), LDL-C (-17%, P < 0.01/-15%, P < 0.01) 
levels, and an increase in HDL-C (+13%/+9%) level as 
compared to the HM group that did not receive CAI6 or 
SC4. As a result, those mice had a lower AI (-29%/-17%) 
and a higher LDL-C/HDL-C ratio (+23%/+11%) than 
the HM group receiving no treatment. As for the NM 
mice, the administration had no significant effect on 
serum TC, TG, HDL-C and LDL-C levels, but could re-
duce AI (-39%/-24%) and increase LDL-C/HDL-C ratio 
(+21%/+5%).

Hepatic morphology
The livers of  the HM group were larger compared with 
those in the NM group and became beige. The hepatic 
cells with clear cytoplasm, nucleus, nucleolus and central 
vein (A) in the NM, NM/CAI6 and NM/SC4 group, 
showed normal histology in Figure 1A-C[21]. The liver 
sections of  the HM mice exhibited massive fatty changes 
and severe steatosis with cytoplasmic vacuoles confirmed 
by histopathological examination in Figure 1D. In ad-
dition, the size of  lipid droplets in the HM/CAI6 and 
NM/SC4 groups were remarkably smaller than those of  
the HM group (Figure 1E, F), suggesting that the L. plan-
tarum strains could reduce the build-up of  lipid droplets 
and keep hepatocytes normal.

Effect on Nrf2 levels
Nrf2 expression in liver and kidney tissues was shown in 
Figure 2. Liver/kidney Nrf2 levels were significantly high-
er (+26%, P < 0.01/+38%, P < 0.01) in the HM group 
than the NM group. Liver Nrf2 increased significantly in 
the HM/CAI6 (+34%, P < 0.01) and HM/SC4 (+33%, 
P < 0.01) groups respectively, compared with the HM 
group. A significant increase in liver Nrf2 level was also 
found in the NM/CAI6 (+9%, P < 0.05) and NM/SC4 
(+10%, P < 0.05 ) groups as compared to the NM group. 
Contrary to the situation in the liver, the HM/CAI6 or 
HM/SC4 groups showed no significant increase in kid-
ney Nrf2 level.

DISCUSSION
The mice in the HM group possessed raised TG, reduced 
HDL-C, and elevated BW resulting in a high risk of  de-
veloping metabolic syndrome. Accumulation of  TG and 

Figure 1  Effects of Lactobacillus plantarum SC4 or Lactobacillus plantarum CAI6 on liver morphology in mice fed high-cholesterol diet. Tissues were 
stained with hematoxylin and eosin (20 × 10). A: High-cholesterol diet group; B: Normal diet group; C: Normal diet with Lactobacillus plantarum (L. plantarum) CAI6 
group; D: Normal diet with L. plantarum SC4 group; E: High-cholesterol diet with L. plantarum CAI6 group; F: High-cholesterol diet with L. plantarum SC4 group.

A

D E

B C

F
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TC in the bloodstream has been proven related to ath-
erosclerosis, and by extension, the risk of  coronary heart 
disease and stroke. Elevated concentrations of  oxidized 
LDL-C are associated with artherosclerotic plaque forma-
tion on the walls of  arteries, but increased HDL-C levels 
may reduce the risk due to the ability of  HDL transport-
ing cholesterol back to the liver for excretion or to other 
tissues[22]. Therefore, the HM mice had an increased risk 
of  CVD. The results showed that both AI, an indicator 
for severity of  atherosclerosis[23], and LDL-C/HDL-C, a 
valuable tool to evaluate coronary heart disease (CHD) 
risk[24], were increased in HM mice, which is in agreement 
with the above view.

Serum TG, TC and LDL-C levels decreased in the 
HM/CAI6 and HM/SC4 groups when compared with 
the HM group while serum HDL-C level increased 
revealing that L. plantarum CAI6 and L. plantarum SC4 
exerted a hypolipidemic effect and could relieve lipid re-
lated metabolic syndrome. AI and LDL-C/HDL-C ratios 
were also lower in the HM/CAI6 and HM/SC4 groups, 
suggesting that L. plantarum CAI6 and L. plantarum SC4 
reduced the risk of  CVD. Non-HDL-C, representing the 
total amount of  cholesterol in the potentially atherogenic 
lipoproteins, was regarded as a risk predictor of  cardio-
vascular outcomes on drug treatment[25]. After strains 
(CAI6/SC4) treatment, non-HDL-C decreased by 22% 
(1.80 vs 2.30) and 15% (1.96 vs 2.30) respectively. Addi-
tionally, NM mice treated with strains (CAI6/SC4) had 
positive changes in AI (-39%/-24%) and LDL-C/HDL-C 
ratio (-16%/-4%). So, we suppose that the strains have 
preventive and therapeutic effects for CVD.

The liver is the hub of  fat synthesis and transporta-

tion. The liver can use fatty acids hydrolyzed from fat in 
food to synthetize cholesterol and TG. High fat intake 
of  HM mice disequilibrated lipid metabolism, resulting 
in accumulation of  TG in liver and an increased incre-
ment of  the liver index, and hepatic steatosis occurred[26]. 
The result of  liver tectology proved that the L. plantarum 
strains had important potential in alleviating hepatic ste-
atosis attributed to mediation of  lipid metabolism and 
had protective effects on hepatic structure.

Oxidative stress is thought to be linked to atherogen-
esis[27]. Therefore, much attention has been paid to the 
antioxidant hypothesis in prevention and treatment of  
CVD[28,29]. In recent times, antioxidant activity of  many 
hypolipidemic substances has been detected and the ac-
tivities of  SOD, CAT and GSH-Px are usually used as 
test standards[15,30]. To suffer ROS-mediated injury, cells 
initiate the Nrf2/ARE signaling pathway stimulated by 
Nrf2. Giovanni. E reported that the pathway plays an 
important role in vascular homeostasis and the defense 
of  endothelial and smooth muscle cells against sustained 
oxidative stress associated with diseases such as athero-
sclerosis and preeclampsia[31]. Our results showed that 
liver and kidney Nrf2 expression was significantly (P < 
0.01) increased in the HM group compared with the NM 
group, revealing that a cholesterol-rich diet may bring 
about remarkable modifications in antioxidant defense 
mechanisms in vivo. Furthermore, oral administration of  
L. plantarum CAI6 and L. plantarum SC4 both could sig-
nificantly (P < 0.01) increase liver Nrf2 levels compared 
with the HM group. So we envisage that spontaneous 
and strain-stimulated complex mechanisms conjointly 
promote Nrf2 expression in the liver.  Accumulation of  
Nrf2 in the liver may initiate anti-oxidative stress and 
result in inhibition of  Ox-LDL production, reducing the 
risk of  atherosclerosis. Combining all the analyses above, 
the anti-CVD mechanism of  the strains may be a regula-
tion of  lipid metabolism to alleviate metabolic syndrome 
and a stimulation of  Nrf2 expression to initiate antioxi-
dant defense. The actual mechanisms which account for 
strain-stimulated Nrf2 expression and the transcription 
and expression of  antioxidase genes in Nrf2/ARE path-
way need further study. 

Dietary management has been shown to be an ef-
fective way to alleviate metabolic syndrome[32,33]. Some 
LAB-fermented probiotic products are commercially 
available[34]. Jeun et al[11] found that live L. plantarum was 
more effective than dead L. plantarum in reduction of  
plasma lipid levels and supposed that the active com-
pounds may be derived from metabolic activity of  live 
L. plantarum. Adding fermented foods seems like a good 
way to increase the number of  live bacteria in a diet. 
LAB-fermented food, including both live LAB and active 
metabolin, seems the best form to apply LAB in our daily 
lives. The strains L. plantarum CAI6 and L. plantarum SC4, 
which can be regarded as probiotics for their beneficial 
impacts, were isolated from milk and pickle, respectively. 
Therefore, L. plantarum CAI6-fermented milk or L. plan-
tarum SC4-fermented pickle may also exert those effects. 

Pe
rc

en
ta

ge
 o

f 
N

rf
2 

po
si

tiv
e 

ce
lls

 (
%

) 70

60

50

40

NM        NM/CA16   NM/SC4        HM        HM/CAI6   NM/SC4
Groups

Liver
Kindey

a
a

b b

b

b

dd

Figure 2  Effect of Lactobacillus plantarum SC4 or Lactobacillus plan-
tarum CAI6 on liver and kidney nuclear factor-erythroid 2-related factor 
2 expression in mice fed high-cholesterol diet. Results were expressed 
as mean ± SD (n = 6). aP < 0.05 vs normal diet (NM) group, bP < 0.01 vs NM 
group, dP < 0.01 vs high-cholesterol diet (HM) group. NM/CAI6: Normal diet 
with Lactobacillus plantarum (L. plantarum) CAI6 group; NM/SC4: Normal diet 
with L. plantarum SC4 group; HM/CAI6: High-cholesterol diet with L. plantarum 
CAI6 group; HM/SC4: High-cholesterol diet with L. plantarum SC4 group; NM: 
Normal diet group; HM: High-cholesterol diet group.
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We suppose that the strains-fermented food may be used 
as a dietary approach to alleviate metabolic syndrome and 
prevent CVD.

COMMENTS
Background
Hyperlipidemia, an integral part of metabolic syndrome, is a major risk factor for 
cardiovascular diseases (CVD). Oxidation of low-density lipoprotein (LDL) cho-
lesterol is linked to atherogenesis, and antioxidant drugs become a therapeutic 
approach. Lactobacillus regarded as probiotics have been proven to possess 
hypolipidemic and antioxidant effects. A probiotic diet, a kind of dietary man-
agement, for example fermented food, is a promising way to prevent and treat 
CVD. 
Research frontiers
CVD remains a major public health problem. The relationship between cardio-
vascular risk and serum lipid and related factors has been extensively studied 
to find valuable predictors of cardiovascular risk. Oxidative modification of LDL 
plays an important role in the genesis of arteriosclerosis. Based on the antioxi-
dant hypothesis that suboptimal levels of principal antioxidant micronutrients 
are hitherto underrated risk factors for CVD, much research has focussed on 
the effects of antioxidant substances on CVD. Some Lactobacillus strains are 
probiotics, so novel Lactobacillus strains potentially used as probiotics have 
been continuously selected, and their applications have been investigated. 
Dietary approaches to alleviate metabolic syndrome have been shown in many 
studies.
Innovations and breakthroughs 
Recent research has highlighted the antioxidant hypothesis in prevention and 
treatment of CVD and demonstrated the antioxidant ability of Lactobacillus 
strains. However, the antioxidative mechanism of Lactobacillus in vivo has not 
been known. In the study, the authors investigated the effects of Lactobacillus 
plantarum (L. plantarum) CAI6 and L. plantarum SC4 on nuclear factor-erythroid 
2-related factor 2 (Nrf2) expression in hyperlipidemic mice. This is the first study 
to report the mechanism of intracorporal antioxidation of Lactobacillus strains 
may be the stimulation of Nrf2 expression. Furthermore, these studies suggest 
that L. plantarum CAI6 and L. plantarum SC4 could reduce the risk of CVD by a 
hypolipidemic effect and Nrf2-induced antioxidative defense.
Applications 
As L. plantarum CAI6 and L. plantarum SC4 have shown obviously protective 
effects on hyperlipidemic mice, food fermented by the strains may be used as 
dietary management to alleviate disorders of lipid metabolism related metabolic 
syndrome and to reduce the risk of CVD.
Terminology
Metabolic syndrome is a combination of medical disorders, such as distur-
bances of glucose and lipid homeostasis, which increase the risk of developing 
CVD. Coronary heart disease, a type of CVD, is a narrowing or blockage of the 
coronary arteries, usually caused by atherosclerosis in a condition where an 
artery wall thickens as a result of the accumulation of fatty materials. Nrf2 is 
a transcription factor that regulates the expression of anti-oxidative stress en-
zyme genes. Stimulating the Nrf2 related signal pathway has been studied for 
treating diseases caused by oxidative stress.
Peer review
This manuscript is worth publishing.
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