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ABSTRACT: The effects of Korean solar salt on an azoxymethane (AOM)/dextran sodium sulfate (DSS)-induced colon 

cancer C57BL/6 mouse model were studied. Korean solar salt samples (SS-S, solar salt from S salt field; SS-Yb, solar salt 

from Yb salt field), nine-time-baked bamboo salt (BS-9x, made from SS-Yb), purified salt (PS), and SS-G (solar salt from 

Guérande, France) were orally administered at a concentration of 1% during AOM/DSS colon cancer induction, and com-

pared for their protective effects during colon carcinogenesis in C57BL/6 mice. SS-S and SS-Yb suppressed colon length 

shortening and tumor counts in mouse colons. Histological evaluation by hematoxylin and eosin staining also revealed 

suppression of tumorigenesis by SS-S. Conversely, PS and SS-G did not show a similar suppressive efficacy as Korean solar 

salt. SS-S and SS-Yb promoted colon mRNA expression of an apoptosis-related factor and cell-cycle-related gene and sup-

pressed pro-inflammatory factor. SS-Yb baked into BS-9x further promoted these anti-carcinogenic efficacies. Taken to-

gether, the results indicate that Korean solar salt, especially SS-S and SS-Yb, exhibited anti-cancer activity by modulating 

apoptosis- and inflammation-related gene expression during colon carcinogenesis in mice, and bamboo salt baked from 

SS-Yb showed enhanced anti-cancer functionality.
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INTRODUCTION

Salt is regarded as an essential condiment for daily diets 

due to its beneficial effects, including stabilization of 

acid-alkali balance and neuromuscular reaction. Salt is 

available in various forms such as solar salt, purified salt, 

and processed salts including bamboo salt, all of which 

have unique mineral contents and processing methods 

(1). Korean solar salt is defined as “a crystalline material 

obtained from seawater by natural evaporation in salt 

fields” in the Food Code of Korea, and it consists of 92.4 

∼94.4% sodium chloride along with other minerals such 

as potassium, magnesium, and calcium. Purified salt is 

composed of 99.9% sodium chloride due to dialytic con-

densation prior to crystallization (1-3). The mineral com-

positions of solar salts depend on the salt field as well as 

the duration of aging and manufacturing process (4,5). 

Fleur de Sel, solar salt from Guérande, France, is known 

to have an abundance of minerals such as calcium, mag-

nesium, and potassium; however, solar salt produced in 

Korea contains more minerals than the European salt 

(6). Solar salt manufactured in Korea was reported to have 

an anti-obesity effect in a diet-induced obesity mouse 

model, partially due to its low Na/K ratio (7). Further, 

solar salt had anti-cancer effects on sarcoma-180-trans-

planted mice [lower mutagenic effect (tumor weight of 

2.8±0.2 g) than purified salt (tumor weight of 3.3±0.2 

g); nine- time-baked bamboo salt showed an even lower 

tumor weight of 2.1±0.3 g] and an anti-hypertensive ef-

fect in Dahl salt-sensitive rats (8-10). Such anti-cancer 

efficacy was also evaluated in azoxymethane (AOM)/dex-

tran sodium sulfate (DSS)-based in vivo colon cancer 

model, showing the better anti-cancer efficacy of bamboo 

salt by repetition of heat processing from solar salt (11). 

Colorectal cancer is caused by environmental factors 

such as diet-derived carcinogens, chronic inflammation, 

and pathogens, as well as malignant changes in genetic 

components (12). One report showed that table salt is 

significantly associated with colorectal cancer, and ad-

ministration of salted shellfish or meat increased the in-
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Fig. 1. Experimental schedules of an azoxymethane (AOM)/dextran sodium sulfate (DSS)-induced colonic cancer on C57BL/6J mice.

cidence of colorectal cancer (13,14). The animal model 

of colon cancer using AOM and DSS has been well-es-

tablished and frequently used for investigation of colon 

cancer carcinogenesis (15).

Despite the functionality of solar salt, differences in 

functionality according to the salt field and processing 

method have not been investigated. Thus, we have se-

lected representative solar salts from different salt fields 

in Korea, Guérande solar salt from France, and purified 

salt and nine-time-baked bamboo salt to be tested, and 

compared in terms of their anti-cancer effects and re-

lated markers in mice colons.

MATERIALS AND METHODS

Salt samples

Solar salt was obtained from different salt fields as fol-

lows: solar salt from S Corporation (SS-S; Shinan, Jeon-

nam, Korea), solar salt from Yb Corporation (SS-Yb; 

Shinan, Jeonnam, Korea; this solar salt was used as a raw 

material to manufacture BS), and Guérande salt from 

SAS Bourdic (SS-G; Batz-sur-Mer, France). The 9-time- 

baked bamboo salt was provided by Sb Corporation (BS- 

9x; Gochang, Jeonbuk, Korea). Purified salt was provided 

by H Corporation (PS; Ulsan, Korea). 

AOM/DSS-based colon cancer induction in C57BL/6 mice

Six-week-old C57BL/6J male mice, purchased from Sam-

tako Bio Korea Co., Ltd. (Osan, Gyeonggi, Korea), were 

acclimatized for 1 week prior to experimentation. After 

acclimatization, mice were divided into the following ex-

perimental groups: normal, control (AOM/DSS treat-

ment only), PS-fed, solar salt-fed (SS-S, SS-Yb, and SS-G), 

and BS-9x-fed. Mice from all experimental groups except 

the normal group were administered AOM [purchased 

from Sigma Co. (St. Louis, MO, USA)] by intraperitoneal 

injection at a dose of 10 mg/kg on the first day of week 

1. One week later, mice were given 2% (w/v) DSS [mo-

lecular weight=36,000∼50,000; obtained from the MP 

Biomedicals (Solon, OH, USA)] dissolved in drinking wa-

ter for an entire week on week 2 and week 4, as shown 

in Fig. 1. AIN-76A, purchased Samtako Bio Korea Co., 

Ltd., was administered to mice of all experimental groups 

ad libitum.

After AOM injection, each salt sample was prescribed 

to each mouse at a daily rate of 1,130 mg/kg, which was 

equivalent to a 60-kg human dose of 5.5 g/d (16,17). The 

prescribed salt sample was dissolved into distilled water 

and orally administered to mice of each designated group 

by gavage. At the end of the experiment (week 8), mice 

were fasted for 12 h and sacrificed. The protocol used 

for this experiment was approved by the Institutional An-

imal Care and Use Committee (PNU-IACUC; approval 

number PNU-2015-0955) of Pusan National University 

(Busan, Korea).

General observation of colon and histological evaluation 

by hematoxylin and eosin (H&E) staining

Colons were surgically removed from the ileocecal junc-

tion to the anal verge, washed with phosphate buffered 

saline for removal of feces, subjected to length measure-

ment, and then longitudinally cut for tumor quantification 

(15), followed by storage at −70oC for molecular analy-

sis or storage in 10% formalin for histological studies.

Colon tissues were fixed in 10% (v/v) neutral-buffered 

formalin for 24 h, embedded into a paraffin block, and 

sliced into multiple sections at a thickness of 5 µm. 

These sections were stained with H&E reagent, and im-

ages were acquired using an Olympus BX 51 microscope 

equipped with a digital camera system of cell sense entry 

(Olympus, Tokyo, Japan). 

Analyses of colon mRNA expression of cancer-related 

genes

All primers, Tris-acetate-ethylenediaminetetraacetic acid 

buffer, and ethidium bromide (EtBr) were purchased from 

the Bioneer Co. (Daejeon, Korea). mRNA expression lev-

els of an apoptosis-related factor (Bax), cell-cycle-related 

factor (p21), and pro-inflammatory factor [inducible ni-



Korean Solar Salt Ameliorates Colon Cancer In Vivo 151

Fig. 2. Colon length in an azoxymethane (AOM)/dextran sodium 
sulfate (DSS)-induced colon cancer mouse model. Values are 
presented as the mean±SD (n=10). Means with the different let-
ters (a-c) above the bars are significantly different (P<0.05) by 
Duncan’s multiple range test. PS, purified salt; SS-G, Guérande
salt; SS-S, solar salt from S Corporation; SS-Yb, solar salt from 
Yb Corporation; BS-9x, 9-time-baked bamboo salt.

tric oxide synthase (iNOS)] in the colon mucosa of mice 

were measured using reverse transcription-polymerase 

chain reaction (PCR) assay. Total RNA was isolated from 

colonic tissue (100 mg) using TRIzol reagent according 

to the manufacturer’s recommendations and centrifuged 

at 12,000 g for 15 min at 25oC before chloroform (0.2 

mL) was added. Isopropanol was then added to the su-

pernatant at a 1:1 ratio, and RNA was pelleted by centrif-

ugation (12,000 g for 15 min). After washing the pellet 

with ethanol, RNA was solubilized in diethylpyrocarbo-

nate-treated RNase-free water and quantified by measur-

ing the absorbance at 260 nm using a UV-2401PC spec-

trophotometer (Shimadzu Corporation, Kyoto, Japan). 

Equal amounts of RNA (1 µg) were reverse-transcribed 

in a master mix containing reverse transcriptase buffer, 

1 mM dNTPs, 500 ng of each oligo dT18 primer, 140 U 

of moloney murine leukemia virus reverse transcriptase, 

and 40 U of RNase inhibitor for 45 min at 42oC. PCR was 

then carried out in an automatic thermocycler (Invitrogen 

Singapore Pte Ltd., Singapore, Singapore) for 25 cycles 

(94oC for 30 s, 55oC for 30 s, and 72oC for 40 s), fol-

lowed by an 8-min final incubation at 72oC. The PCR 

products were separated using 2% agarose gels and visu-

alized by EtBr staining. Glyceraldehyde 3-phosphate de-

hydrogenase (GAPDH) expression was used for normal-

ization, and gene expression was quantified using ImageJ 

software (NIH, Bethesda, MD, USA). Primers used for 

this experiment were as follows: Bax [5’-CCC AGT TGA 

AGT TGC CAT CA-3’ (forward), 5’-TCC CCC CGA GAG 

GTC TTC T-3’ (reverse)], p21 [5’-TGG AGA CTC TCA 

GGG TCG AAA-3’ (forward), 5’-GGC GTT TGG AGT 

GGT AGA AAT-3’ (reverse)], iNOS [5’-TCT CAT CCA 

GCA AGA GAT CC-3’ (forward), 5’-AGT TTG GGA CCC 

CTT ACA C-3’ (reverse)], and GAPDH [5’-CGG AGT 

CAA CGG ATT TGG TC-3’ (forward), 5’-AGC CTT CTC 

CAT GGT GGT GA-3’ (reverse)].

Statistical analysis

Results are presented as the means±standard deviation 

(SD). Significant differences between mean values were 

assessed using one-way ANOVA with Duncan’s multiple 

range test. P-values of <0.05 were considered significant. 

Analysis was performed using SAS v 9.1 software (SAS 

Institute Inc., Cary, NC, USA).

RESULTS AND DISCUSSION

Effects of solar salt on colon carcinogenesis in mice

Colon length: As shown in Fig. 2, induction of inflamma-

tory colorectal cancer by AOM/DSS in the control (5.7± 

0.2 cm) mice led to a 16.9% reduction of colon length, 

compared with normal mice (7.1±0.5 cm). The average 

colon length of SS-G was 5.7±0.4 cm while that of PS 

was 5.9±0.6 cm. Conversely, SS-S and SS-Yb slightly 

suppressed the reduction of colon length to final lengths 

of 6.8±0.1 cm and 6.4±0.4 cm, respectively. BS-9x, using 

SS-Yb as a raw material, had the longest colon length of 

all salt-administered groups (7.0±0.4 cm).

Regarding body weights of all experimental groups, in-

duction of inflammatory colorectal cancer by AOM/DSS 

led to reduction of body weight. SS-S and SS-Yb showed 

mild restoration of body weight, and restoration in the 

BS-9x group was closer to that in the normal group. 

However, PS and SS-G showed no restoration of body 

weight (data not shown). 

Suzuki et al. (15) reported that intraperitoneal injection 

of AOM followed by DSS water administration leads to 

shortening of colon length, which is the primary indica-

tor of colon cancer in vivo. Notably, the AOM/DSS-based 

colon cancer induction led to enteric neoplasm, includ-

ing adenocarcinoma (18). A previous report referred to 

sodium as a dietary carcinogenic agent but potassium as 

a dietary anti-carcinogenic agent (18). Our recent report 

showed that SS-S had a lower Na/K ratio (17.81) than 

SS-G (124.56) and PS (38.45) (7). Thus, the lowest Na/K 

ratio of SS-S might have partially contributed to suppres-

sion of tumorigenesis, which might have been partially 

reflected to suppression of colon shortening. 

Colon tumor counts: The average tumor count in the con-

trol mice was 5.6±1.1, whereas no tumors were found in 

normal mice. PS and SS-G showed average tumor counts 

of 3.6±0.5 and 4.6±1.1, respectively. Conversely, SS-S 

and SS-Yb had tumor counts of 3.2±0.4 and 2.8±0.8, 

respectively; the BS-9x group had an average of 1.7±0.9 

(Fig. 3). Except for SS-G, all the other salts significantly 

reduced colon tumor counts, and exceptionally, BS-9x 

showed the most effectiveness.

Intraperitoneal injection of AOM followed by DSS wa-

ter administration also induces tumorigenesis, which is 

the primary indicator of colon cancer in vivo (15). AOM 
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Fig. 4. Morphological changes in the colon by administration of solar salt samples. PS, purified salt; SS-G, Guérande salt; SS-S, 
solar salt from S Corporation; SS-Yb, solar salt from Yb Corporation; BS-9x, 9-time-baked bamboo salt.

Fig. 3. Tumor count from colons of an azoxymethane (AOM)/ 
dextran sodium sulfate (DSS)-induced colon cancer mouse 
model. Values are presented as the mean±SD (n=10). Means 
with different letters (a-d) above the bars are significantly dif-
ferent (P<0.05) by Duncan’s multiple range test. PS, purified 
salt; SS-G, Guérande salt; SS-S, solar salt from S Corporation; 
SS-Yb, solar salt from Yb Corporation; BS-9x, 9-time-baked 
bamboo salt.

injection followed by DSS water administration with an 

interval of 1 week previously resulted in average bowel 

neoplasm counts of 5.80±2.79 (including adenocarcino-

ma counts of 5.60±2.42), whereas AOM injection alone 

failed to induce any bowel neoplasm (18). In our study, 

Korean solar salt (SS-S and SS-Yb) showed higher anti- 

carcinogenesis efficacy than SS-G and PS; BS-9x manu-

factured from SS-Yb induced stronger suppression of car-

cinogenesis, compared with SS-S.

Histochemical analyses of colon mucosal morphology

Histochemical results based on H&E staining are shown 

in Fig. 4. In comparison with colons of normal mice 

showing simple layer of normal mucosal membrane, the 

mucosa in the control mice had some tumors, accompa-

nied by a mushroom-like mass, inflammation in adjacent 

areas, and even ulceration. This tumor induction was en-

hanced in PS and SS-G, while the colon mucosa of SS-S 

and SS-Yb had precancerous areas and adenomas show-

ing inhibited carcinogenesis. Further, BS-9x showed less 

cancer progression than other salt-administered groups.

Indeed, our in vivo colitis-associated cancer model in-

duced exposure to the colonotropic mutagen AOM, fol-

lowed by administration of the luminal toxin DSS for 

triggering chronic inflammation, eventually causing pro-

motion of carcinogenesis (19). DSS was shown to induce 

severe destruction of colon tissue, infiltration of infec-

tious cells, enlargement of muscular tissue, and even ul-

ceration in an inflammatory colitis model (21). Loss of 

colon goblet cells, mucosal tumorigenesis, and infiltration 

of cancer cells into colon tissue were observed in the con-

trol compared with the normal groups; administration of 

solar salt (especially SS-S) and/or BS-9x suppressed this 

pathogenic progression.

The morphological changes in the colon, caused by in-

duction of colon cancer using AOM injection and DSS 

administration, were abrogated by administration of salt 

samples. Colons from SS-S and SS-Yb mice showed fewer 

pathological changes than SS-G and PS; colons from BS- 

9x showed even fewer changes than those from SS-Yb. 

This amelioration of pathological changes might be attrib-

uted partially to different Na/K ratios in the salt samples 

(7,20).

Effects of solar salt on colon mRNA expression

Colitis-associated tumorigenesis is known to be involved 

in stat3-dependent carcinogenesis and involves expres-

sion of specific factors such as Bcl-2, Bax, p21, interlue-

kin-6, and iNOS (19). Among these related factors, we 

measured colon mRNA expression of Bax, p21, and 
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Fig. 5. Colon mRNA expression of Bax, p21, and iNOS in azoxymethane (AOM)/dextran sodium sulfate (DSS)-induced colon cancer
mouse model. Values are presented as the mean±SD (n=10). Means with different letters (a-g) above the bars are significantly 
different (P<0.05) by Duncan’s multiple range test. PS, purified salt; SS-G, Guérande salt; SS-S, solar salt from S Corporation; 
SS-Yb, solar salt from Yb Corporation; BS-9x, 9-time-baked bamboo salt.

iNOS, as shown in Fig. 5.

Bax: The mRNA expression of Bax in the control was low-

er (0.54±0.00 times) than that in normal samples due to 

AOM/DSS-induced colon carcinogenesis. The PS group 

showed even lower Bax expression (0.50 times) while 

the SS-G group showed higher Bax expression (1.18± 

0.01 times) than that in the normal group. However, SS-S 

up-regulated Bax expression (1.23±0.01 times) compared 

to that in the normal group, and the highest expression 

level was achieved in the BS-9x group (2.19±0.01), fol-

lowed by SS-Yb (2.01±0.02). Bax, a Bcl-2 family protein 

involved in cell apoptosis, is known to undergo homodi-

merization and translocation to mitochondria, eventually 

leading to apoptosis (22). A clinical study reported an as-

sociation between weak expression of Bax and increased 

tumor budding on the colon compared to strong Bax ex-

pression (23). Based on these findings, administration of 

Korean solar salt may suppress colon tumorigenesis part-

ly by promoting Bax expression.

p21: Induction of carcinogenesis by AOM/DSS sup-

pressed mRNA expression of p21 in the control (0.33± 

0.00 times) compared to that in the normal group. Both 

the PS and SS-G groups showed lower p21 expression 

(0.58±0.00 and 0.74±0.00 times, respectively) than that 

in the normal group. Conversely, SS-S showed higher 

mRNA expression (1.15±0.01 times) than that in the 

normal group, followed by SS-Yb (1.12±0.00 times). The 

BS-9x group showed higher mRNA expression (1.40± 

0.01 times) than that in the normal group. p21 plays a 

role in cell cycle regulation by suppression of cyclin-de-

pendent kinases; specifically, it suppresses G1/S phase 

and G2/M phase upon detection of DNA damage (24). 

One clinical study found that patients with down-regu-

lation of p21 expression in their colons had a poor prog-

nosis, indicating p21 is a significant factor in the sup-

pression of cyclin-D1-based cell cycle progression in can-

cer (25). Thus, promotion of these factors in SS-treated 

groups (SS-S) may have partially led to suppression of 

carcinogenesis.

iNOS: The mRNA expression of iNOS in the control 

group was higher (2.09±0.02 times) than that in the nor-

mal group due to AOM/DSS-induced colon carcinogen-

esis. The SS-G and PS groups showed higher iNOS ex-

pression (2.60±0.02 and 1.44±0.00 times, respectively) 

than that in the normal group. Conversely, SS-S showed 

1.00±0.01 times of mRNA expression, similar to that in 

the normal group, followed by SS-Yb (1.36±0.01 times). 

The BS-9x group showed the lowest mRNA expression 

of all experimental groups (0.76±0.01 times). Immuno-

histochemical analyses of colon tissue from an AOM- 

DSS-induced inflammatory colon cancer model showed 

that pro-inflammatory factors such as iNOS were up-reg-

ulated (18). In this experiment, our solar salt samples 

(SS-S) significantly suppressed expression of iNOS com-
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pared with the control. This efficacy was strengthened by 

BS-9x, which induced suppression of inflammatory co-

lon cancer during the inflammatory reaction phase.

In conclusion, our observations showed different anti- 

cancer efficacy by different salt samples. Korean solar salt 

(SS-S and SS-Yb) suppressed tumorigenesis in an AOM/ 

DSS-driven in vivo colon cancer model. BS-9x, manufac-

tured from SS-Yb, showed even stronger suppression 

than solar salts, whereas PS and SS-G failed to show sup-

pressive effects. This efficacy may be explained by the 

different mineral compositions, partially by the Na/K ra-

tio; SS-S was reported to have a lower Na/K ratio than 

PS and SS-G, which may have contributed to its anti-can-

cer efficacy (7). We confirmed that Korean solar salt it-

self, when manufactured with care, may have anti-cancer 

effects on colorectal cancer. Further elucidation of the 

mechanisms of action of Korean solar salt is needed to 

better utilize its anti-cancer efficacy. Also, one report 

showed that ingested ultrafine particles might be respon-

sible for mucosal immune responses in colon (26,27). 

Thus, detailed studies of the manufacturing method of 

solar salt and changes in ultrafine particles affecting tur-

bidity of salt water in every manufacturing step are also 

needed to determine which features in the salt field (es-

pecially structural differences in temporary saline con-

centrate storage) can alter mineral compositions and im-

purities of solar salt to eventually optimize the manufac-

turing process and enhance the functionality and safety 

of solar salt.
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