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SHORT COMMUNICATIONS

Antiobesity Effects of Bamboo Salt in C57BL/6 Mice

Jaehyun Ju, Jia-Le Song, and Kun-Young Park

Department of Food Science and Nutrition, Pusan National University, Busan, South Korea.

ABSTRACT Antiobesity effects of bamboo salt (BS) were evaluated compared with those of purified salt and solar salt by
oral administration in a diet-induced obesity model using C57BL/6 mice. Compared with other salts, BS, especially nine times
baked BS (BS-9 x), significantly reduced body weight, food efficiency ratio, and weights of epididymal adipose tissue and
liver in high-fat diet—fed mice. Furthermore, BS suppressed the expression of adipogenic factors, such as CCAAT/enhancer
binding protein alpha (C/EBPux), peroxisome proliferator-activated receptor gamma (PPARY), and sterol regulatory element-
binding protein 1c (SREBP-1c). Therefore, BS may suppress obesity by downregulating adipogenesis.
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NERGY INTAKE beyond an individual’s energy expen-

diture is the main cause of obesity, which is known
to lead to the accumulation of energy into adipose tissues
for maintenance of metabolic balance.!? Obesity is a sig-
nificant public health problem and also leads to chronic
diseases, such as diabetes, hypertension, brain stroke, car-
diac myoinfarction, and cancer.>-

Bamboo salt (BS), especially purple BS (BS-9x), is a
specially processed salt based on a traditional recipe in
Korea using solar salt (SS) and a bamboo cylinder. It is
different from common salt (purified salt [PS] and SS) and
has abundant concentrations of minerals, such as potassium,
calcium, and sulfur.® It has been found to have therapeutic
effects on diseases, such as dental plaque, gastropathy,
certain types of allergic reactions, and cancer.®!? In this
study, to the best of our knowledge, we examined the anti-
obesity effects of BS for the first time. We used C57BL/6
mice to observe the effects of BS on changes in body weight,
weights of adipose tissue and liver, and adipogenic gene
expression.

BS once baked (BS-1 x), three times baked (BS-3 %), and
nine times baked (BS-9x), and SS were provided by Tae-
sung Food Company (Gochang, Jeonbuk, South Korea). PS
manufactured by Hanju Corporation (Ulsan, South Korea)
was purchased at a local market (Jang Jeon-dong, Geum
Jeong-gu, Busan, South Korea). Based on the results of a
safety test by Kim et al.,'? salts were dissolved in sterilized
distilled water, and each salt solution was administered to
mice at dosages of 2727 (high) and 1363 (low) mg/kg/day,
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which corresponded to daily administrations of 10 and 5 g of
salt for a 60 kg man, respectively.'*

Under approval by the Pusan National University In-
stitutional Animal Care and Use Committee (PNU-2012-
0128), 6-week-old C57BL/6 mice (n=119) were used in this
animal experiment. The animals were divided into groups of
seven mice each after a 1-week stabilization period. The
experimental design was as follows: chow diet (normal),
high-fat diet (HFD), HFD +PS (PS; high, low), HFD+SS
(SS; high, low), HFD +BS-1 x (BS-1x; high, low), HFD +
BS-3x(BS-3x; high, low), and HFD+BS-9x(BS-9x;
high, low). Each prescribed saline solution was orally ad-
ministered to each mouse of the designated experimental
group by gavage for 8 weeks, whereas rodent feed, HFD or
chow diet, and water were provided ad libitum. In all ex-
periments, body weights and amounts of feed consumed
were measured twice a week using a top-loading balance.

At the end of the 8-week period, all the mice were sacri-
ficed without fasting.'> Their tissues were harvested, weighed,
snap-frozen in liquid nitrogen, and stored at —80°C until
used. Blood collected from abdominal aortas underwent
plasma separation by centrifugation and stored at —80°C
until analysis.

Liver and adipose tissues were immersed into Trizol
and subjected to homogenization on ice. mRNA extraction
and cDNA constitution of these tissues were performed by a
modified method of Do et al.'® Amplification was performed
in a denaturing phase at 94°C for 1 min, an annealing phase at
54°C for 1 min, and an extension phase at 72°C for 30 sec,
which constituted one cycle. After 40 amplification cycles,
a finalization phase at 72°C for 7 min was carried out. The
amplified PCR products were run on 1.0% agarose gels,
stained with ethidium bromide, and visualized under UV light.

As shown in Figure 1, changes in body weight of mice,
especially those of the high-dosage group, were reduced.
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FIG. 1.

Changes in (a) body weight change (final weight —initial weight) and (b) food efficiency ratio (body weight/total feed consumption)

upon administration of salt. ®**dMean values with different superscript letters over the bars are significantly different (P <.05) according to

Duncan’s multiple range test.

Addition of a salt sample significantly reduced the span of
weight change compared with the HFD group (P<.05).
Especially, the weight change in the BS-9 X group was the
smallest in the salt-administered groups, and it was similar
to that of the normal diet group (Fig. 1a). Food efficiency
ratio, which represents the changes in body weight divided
by the consumed feed in a certain period, of mice was also
suppressed. Among the salt-administered groups, the BS-
9 x group showed the lowest food efficiency ratio (4.65%),
which was significant compared with that of the HFD group
(P<.05; Fig. 1b). Among all experimental groups, average
weight of epididymal adipose tissue (EAT) in the BS-
administered group was significantly lower compared with
that of the HFD group (P<.05). Especially, the BS-
9 x group showed the lowest weight of EAT among all salt-
administered groups (1.00 g; Fig. 2).

Liver weight was also measured, and average weight of
liver in the BS-administered group was significantly lower
compared with that of the HFD group. Especially, the av-
erage liver weight of the BS-9x group was lowest among
all salt-administered groups (1.21 g), although the signifi-
cance was low compared with other feature changes (Fig. 3).
We also measured serum leptin concentrations of the ex-
perimental groups (2727 mg/kg/day). Administration of BS,
including BS-9 x, was found to significantly lower serum
leptin concentrations compared with the HFD group (28.05 ng/
mL; Fig. 4).

Figure 5 shows changes in hepatic mRNA expression.
Expression levels of sterol regulatory element-binding pro-
tein 1c (SREBP-1c) and CCAAT/enhancer binding protein
alpha (C/EBP«) were prominently lower in groups adminis-
tered BS. Expression of peroxisome proliferator-activated
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FIG. 2. Changes in weight of epididymal adipose tissue (EAT) upon administration of salt. ®**“Mean values with different superscript letters
over the bars are significantly different (P <.05) according to Duncan’s multiple range test.

receptor gamma (PPARY) was also lower with administration
of BS as well. Especially, the lowering of expression of
C/EBPo and SREBP-1c was most obvious in the BS-9 X group
(Fig. 5a). We also observed changes in mRNA expression
from EAT. BS-administered groups showed suppressed ex-
pression of PPARy and C/EBPo compared with the HFD
group. Especially, the expression of PPARy was profoundly
diminished in the BS-9 X group (0.20 time; Fig. 5b).

This study evaluated the antiobesity effects of BS, which
were mediated by reducing changes in total body weight and
food efficiency ratio. Body weight changes in the BS groups
were lower than that in the SS group, and they decreased as
baking time of BS increased. Furthermore, changes in food
efficiency ratio in the BS groups occurred in the same
manner as the changes in body weight. It may be inferred
that BS suppressed obesity without changes in dietary intake
based on reduction of adipose tissues weights, including
EAT. Actually, the ratio of EAT to the total weight was
significantly reduced in the BS-9 X group compared with the
HFD group (data not shown).

BS has been found to contain more hydrogen sulfide
(H,S)-releasing substances than any other salts.'” H»S, en-
dogenous or meal-derived, is known to normalize lipid
metabolism and to prevent hepatosteatosis, even if the re-
lated mechanism is not fully understood.'® Accumulation
of fat into adipose tissues was found to promote oxidative
stress by many processes, including reactive oxygen species
production, whereas its attenuation was found to lead to
improvement of metabolic syndrome.'? In addition, intake of
minerals, such as calcium, potassium, and phosphorus, has
been found to suppress obesity.>>?*> Furthermore, BS was
found to have higher reduction potential, more -OH groups,
and more mineral compounds (potassium, calcium, phos-
phorus, and magnesium) than PS and SS,** which may also
account for its antiobesity effects we observed.

Leptin is an adipokine present in amounts proportional to
the amount of accumulated triacylglycerol (TG).?* This
study showed that application of BS in vivo significantly
reduced leptin concentrations, suggesting BS may have
suppressed accumulation of TG inside the adipose tissue.
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FIG. 3. Changes in liver weight upon administration of salt. ®*“Mean values with different superscript letters over the bars are significantly

different (P <.05) according to Duncan’s multiple range test.
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FIG. 4. Changes in serum leptin
concentration upon administration of
salt. ®*4Mean values with different su-
perscript letters over the bars are sig-
nificantly different (P <.05) according to
Duncan’s multiple range test.
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Kim et al.'? reported that administration of BS to rats has

no significant toxicological effects on hepatic factors, such
as alanine aminotransferase (ALT) and aspartate amino-
transferase (AST). In our observations, liver weight of every
BS-treated group (especially the BS-9 x group) was lighter
than that of other groups, although such changes were less
significant than those of body weight. Suppression of he-

patic lipid accumulation by BS can be explained by our
histological analysis, and ALT and AST levels in the
BS-treated group were also lower than those in the normal
group (data not shown).

PPARy and C/EBPu, alone or in cooperation by positive
feedback, induce the transcription of many adipogenic
genes that eventually encode proteins and enzymes involved
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FIG. 5. Changes in mRNA expression on
(a) liver and (b) EAT upon administration of
salt. The numbers below the relevant bands
stand for relative expression ratio to normal
diet within a certain factor.
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in adipogenesis of certain tissues.>>?% Especially, PPARY
promotes expression of the transcription factor SREBP-Ic,
which controls lipogenic factors related to fatty acid syn-
thesis.?”-?® Based on the above facts, administration of BS
might have contributed to suppression of these adipogenic
genes, eventually reducing accumulation of fat in the liver
and EAT. As all substances absorbed in organs such as the
small intestine initially pass through the liver by the hepatic
portal vein for processing before entrance into the systemic
circulation,” BS might have initially affected the liver such
that lipogenesis and adipogenesis were suppressed. It was
also reported that BS promotes expression of f-oxidation-
related hepatic factors, such as PPARx and CPT-1, in a
C57BL/6 diet-induced obesity (DIO) model,*® which may
support the antiobesity effects of BS.

In conclusion, the administration of BS prevented obesity
by suppressing adipogenesis in an animal model. Detailed
research on the antiobesity effects of BS administration in a
murine DIO is ongoing.
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