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Abstract 
Metabolic disorders such as hyperlipidaemia can be alleviated by drinking wa-
ter. This study investigated whether lifeceramics (LC)-treated water (LC wa-
ter) could improve hyperlipidaemia in rats. The LC water was prepared by 
mixing distilled water with LC particles composed of zeolite and oyster shells. 
Hyperlipidaemia was induced in rats via gavage with a high-calorie diet (HCD) 
rich in fat and sugar. The HCD-fed rats were classified into four groups: dis-
tilled water-drinking hyperlipidaemia group (hyper LP), low-dose LC water-
drinking group (HCD + low LC), high-dose LC water-drinking group (HCD + 
high LC), and atorvastatin (ATS, a lipid-regulating drug) solution-drinking 
group (HCD + ATS). Control rats were fed a normal diet and distilled water. 
All rats were gavaged daily with diet and drinking water, and biochemical in-
dices related to lipid metabolism, oxidative stress, and inflammation were 
measured after 20 weeks. Notably, higher serum lipid levels, including total 
cholesterol, triglycerides, and low-density lipoprotein cholesterol, were ob-
served in the hyper-LP rats than in the control rats. However, the LC water-
drinking rats exhibited lower serum lipid levels than the hyper-LP rats, as did 
the HCD + ATS rats. Serum catalase activity and glutathione levels increased 
and decreased, respectively, in the hyper-LP rats compared with those in the 
control rats but recovered to around the control levels in the HCD + high LC 
and HCD + ATS rats. Furthermore, serum tumour necrosis factor-α and ad-
iponectin levels in the hyper-LP rats were increased and decreased, respec-
tively, compared with those in the control rats, whereas their levels recovered 
to around the control levels following administration of the high or low dose 
of LC. Therefore, LC water can improve lipid metabolism dysfunction, anti-
oxidant capacity, and inflammatory responses in hyperlipidaemic rats.  
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1. Introduction 

Hyperlipidaemia is a lipid metabolism disorder that can lead to atherosclerosis, 
which is the underlying cause of heart attack, stroke, and peripheral vascular dis-
ease [1]-[3]. Hyperlipidaemia can disrupt oxidation-reduction balance and induce 
an imbalance in inflammatory factors or disorders in various organs [3]-[10]. 

Various agents, such as statins, can be used to treat hyperlipidaemia by lowering 
lipid levels. However, these drugs may cause side effects, including myopathy and 
organ injury [5] [11]-[14], and research on non-statin lipid-lowering therapies has 
recently advanced [15]. Consequently, the establishment of new anti-hyperlipidae-
mic strategies, including the identification of substances from natural resources, 
especially those that can improve blood lipid levels without side effects, is required. 
Thus, natural resources with anti-hyperlipidaemic activities have been reported 
[16] [17]. 

Adequate water intake is essential for maintaining overall health and prevent-
ing disease. Recently, we reported a reduction in serum uric acid levels following 
the administration of lifeceramics (LC)-treated water (LC water) in hyperuricae-
mic rats [18]. LC is composed of zeolite and oyster shells under high temperature 
and pressure conditions [18]. We also reported the protective effects of LC water 
against oxidative stress in cultured human cells [19] [20]. In addition, in the livers 
of alcoholic rats, LC administration decreased and increased malondialdehyde 
(MDA) and glutathione (GSH) levels, respectively, suggesting an anti-oxidative ef-
fect of LC on alcoholic hepatic injury [21]. 

In contrast, increased intake of a high-calorie diet (HCD) rich in fat and sugar may 
cause hyperlipidaemia [22]-[24]. This study aimed to investigate the effects of LC 
water consumption on hyperlipidaemia in rats by estimating serum lipid levels, anti-
oxidant indices, and inflammatory factors. 

2. Materials and Methods 
2.1. Reagents 

LC particle powder was obtained from Wedge Co., Ltd. (Fuji, Japan). Kits for the 
measurement of levels of total cholesterol (TC) (cat. no. 20190610), triglycerides 
(TG) (cat. no. 20190608), low-density lipoprotein cholesterol (LDL-C) (cat. 
no. 20190615), high-density lipoprotein cholesterol (HDL-C) (cat. no. 20190612), 
MDA (cat. no. 20190328), catalase (CAT) activity (cat. no. 2018053), GSH (cat. 
no. 20190513), and superoxide dismutase (SOD) activity (cat. no. 20190330) were 
purchased from Jian Cheng Biotechnology Co., Ltd. (Nanjing, China). ELISA kits 
to measure tumour necrosis factor-α (TNF-α) (cat. no. 20190513) and adiponectin 
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(ADPN) (cat. no. 20190514) levels were purchased from Jian Cheng Biotechnology 
Co., Ltd. All other reagents were obtained from Beijing BD Biotechnology Co., Ltd. 
(Beijing, China). 

2.2. Animals and Treatment 

LC water was prepared by mixing distilled water with LC particles, and the solu-
tion was allowed to stand for 18 h at 22˚C ± 1˚C to precipitate the large particles 
of LC [18]. Sixty male Sprague-Dawley rats (6 weeks old, weighing 190 - 210 g) 
were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. 
(Beijing, China; licence number SCXK2016-0006). This study was approved by the 
Animal Ethics Committee of the Chengde Medical University (Chengde, China) 
(Applied No. 201601128; IACUC Issue No. CDMULAC-20160116-003). All an-
imals were treated according to protocols for animal care approved by the Com-
mittee and housed in plastic cages and maintained under standard laboratory con-
ditions (12-h light/dark cycle at 22˚C ± 1˚C and 50% ± 5% humidity), as described 
previously [18] [25]. 

The rats were allowed to adapt to the feed for 3 days and then randomly divided 
into five independent groups (n = 12 each) based on the treatment (Table 1). Con-
trol rats were gavaged with a normal diet and distilled water as drinking water, 
whereas the other rats were gavaged with HCD rich in fat and sugar to induce hyper-
lipidaemia [26]. The HCD-gavaged rats were divided into four groups: hyperlipi-
daemia (hyper LP), HCD + low LC, HCD + high LC, and HCD + atorvastatin 
(ATS). Different types of drinking water were administered to the HCD-gavaged 
rats as follows: distilled water in the hyper-LP, low-dose LC water in the HCD + 
low LC, high-dose LC water in the HCD + high LC, and ATS solution in the HCD + 
ATS groups (Table 1). All the rats were gavaged daily for 20 weeks. The LC dose 
administered to rats in the present study was deduced from the dose usually ad-
ministered to humans (9 - 90 mg/kg/day). The dosage of ATS was decided based 
on a previous report in which the drug was administered to improve symptoms 
in dyslipidaemic rats [27]; a slightly lower dose was administered to rats for a 
longer period in our study than in the previous report. The ATS dose used in our 
study was 2 - 3 times higher than that generally administered to humans. ATS  

 
Table 1. Treatment groups (*). 

Diet and addition in 
drinking water 

Control1) Hyper LP2) 
HCD + low 

LC 
HCD + high 

LC 
HCD + ATS 

HCD − + + + + 

LCa) − − 50 100 − 

ATSa) − − − − 2 

*n = 12 per group. HCD: high-calorie diet, LC: lifeceramics, ATS: atorvastatin. a)mg/kg/day. 
1)Control rats were gavaged with normal diet and distilled water. 2)Hyper LP rats were ga-
vaged with distilled water. 
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was dissolved in distilled water. The LC water and ATS solution were adminis-
tered daily as drinking water. The daily consumption of drinking water was rec-
orded and the drinking water was replaced with freshly prepared water. The mean 
amount of drinking water consumed per rat per day was 20 ml regardless of the type 
of water provided. 

2.3. Blood and Tissue Sample Collection and Visceral Index  
Calculation 

Body weights of the rats were measured at the beginning and the end of the experi-
ment. Blood was collected from the abdominal aorta at the end of the 20-week treat-
ment period. The serum was separated from the blood and cryopreserved until use. 
At the end of the experimental period, the epididymal fat and liver were rapidly 
dissected and weighed to determine the epididymal fat index (relative weight of the 
fat to the body weight [%]) and liver index (relative weight of the liver to the body 
weight [%]). 

2.4. Biochemical Assays 

In each of the separated serum samples, blood lipid content (TC, TG, LDL-C, and 
HDL-C levels) and anti-oxidant capacity (CAT activity, GSH concentration, SOD 
activity, and MDA concentration) were determined using commercial kits, accord-
ing to the manufacturer’s instructions. Levels of the serum inflammatory factors, 
TNF-α and ADPN, were measured using the manufacturer-provided standards 
according to the manufacturer protocols. 

2.5. Statistical Analysis 

Data are presented as mean ± standard deviation (SD). Differences among groups 
were assessed by one-way analysis of variance (ANOVA) using SPSS software (ver-
sion 17.0). Statistical significance was set at P < 0.05. 

3. Results 
3.1. Body Weight, Epididymal Fat Index, and Liver Index 

Body weight in the hyper-LP rats increased to approximately 1.3-fold compared 
to that in the control rats after the 20-week experimental period (Figure 1(A)). 
However, the weight after 20 weeks in the HCD + high LC rats was significantly 
lower than that in the hyper-LP rats, even if it seemed to be slightly higher than 
that in the control rats. This result indicated that administration of the high-dose 
LC water resulted in a decrease in the weight of the hyper-LP rats (Figure 1(A)). 
The body weights of the other two groups (HCD + low LC and HCD + ATS) were 
slightly lower than that in the hyper-LP rats, with no significant difference. The 
epididymal fat and liver indices in the hyper-LP rats were approximately 1.3-fold 
and 1.7-fold higher, respectively than those in the control rats (Figure 1(B) and 
Figure 1(C)). Both indices in the hyper-LP rats also decreased in the HCD + low 
LC and HCD + high LC rats, whereas neither index differed significantly between 
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the hyper-LP and HCD + ATS rats; the epididymal fat index of the rats gavaged 
with the high dose of LC decreased to around the control level (Figure 1(B) and 
Figure 1(C)). 

 

 
Figure 1. Body weight and epididymal fat and liver indices in the hyperlipidaemic rats fol-
lowing various treatments. The body weights of the rats in each group were measured be-
fore and after the 20-week experimental period (A). At the end of the experimental period, 
the epididymal fat and liver were weighed, and the epididymal fat index (relative weight of 
the fat to the body weight [%]) (B) and liver index (relative weight of the liver to the body 
weight [%]) (C) were determined. n = 12 per group. Data are presented as mean ± standard 
deviation (SD). **P < 0.01 vs. control; #P < 0.05, ##P < 0.01 compared with hyper LP. Hyper 
LP: hyperlipidaemia; HCD: high-calorie diet; LC: lifeceramics; ATS: atorvastatin. 

3.2. Serum Lipid Profile 

TC, TG, and LDL-C levels in the hyper-LP rats were approximately 1.4-fold, 1.8-
fold, and 1.8-fold higher, respectively than those in the control rats with signifi-
cant differences (Figures 2(A)-(C)). In contrast, their levels were reduced in the 
HCD + low LC, HCD + high LC, and HCD + ATS rats; TC and TG levels recov-
ered to around the control levels in the HCD + high LC rats (Figures 2(A)-(C)). 
HDL-C levels did not differ significantly among the five groups (Figure 2(D)). 

3.3. Serum Anti-Oxidant Indices 

Serum CAT activity was approximately 1.5-fold higher in the hyper-LP rats than  
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Figure 2. Serum lipid profile of hyperlipidaemic rats following various treatments. At the 
end of the 20-week experimental period, total cholesterol (A), triglycerides (B), low-density 
lipoprotein cholesterol (C) and high-density lipoprotein cholesterol (D) levels were ana-
lysed in rats in each group. n = 12 per group. Data are expressed as mean ± SD. **P < 0.01 
vs. control; #P < 0.05, ##P < 0.01 compared with hyper LP. Hyper LP: hyperlipidaemia; HCD: 
high-calorie diet; LC: lifeceramics; ATS: atorvastatin; TC: total cholesterol; TG: triglycer-
ides; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein choles-
terol. 

 
in the control rats (Figure 3(A)). However, this activity decreased in the HCD + 
low LC, HCD + high LC, and HCD + ATS rats compared to that in the hyper-LP 
rats, and the decreased level was lower than or around the control level (Figure 3(A)). 
GSH levels in the hyper-LP rats decreased by approximately 50% of those ob-
served in the control rats, whereas the levels did not decrease and were similar to 
the control levels in the HCD + high LC and HCD + ATS rats (Figure 3(B)). Se-
rum SOD activity was slightly lower in the hyper-LP rats than in the control rats; 
the difference was not statistically significant. However, it increased significantly in 
the rats treated with both low and high doses of LC compared with that in the hyper-
LP rats. The activity in the rats treated with the low LC dose seemed to increase 
even when compared with that in the control rats (Figure 3(C)). The MDA con-
centration was 2-fold higher in the hyper-LP rats than in the control rats (Figure 
3(D)). In contrast, the levels in hyper-LP rats recovered to around the control levels 
following low- and high-dose LC administration, as well as following ATS admin-
istration (Figure 3(D)). 
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Figure 3. Anti-oxidant index of serum in the hyperlipidaemic rats following various treat-
ments. At the end of the 20-week experimental period, catalase activity (A), glutathione 
concentration (B), superoxide dismutase activity (C), and malondialdehyde concentration 
(D) were analysed in rats of each group. n = 12 per group. Data are expressed as mean ± 
SD. *P < 0.05, **P < 0.01 vs. control; #P < 0.05, ##P < 0.01 compared with hyper LP. Hyper 
LP: hyperlipidaemia; HCD: high-calorie diet; LC: lifeceramics; ATS: atorvastatin; CAT: cat-
alase; GSH: glutathione; SOD: superoxide dismutase; MAD: malondialdehyde. 

3.4. Serum TNF-α and ADNP Levels 

TNF-α levels were approximately 1.3-fold higher in the hyper-LP rats than in the 
control rats with a significant difference (Figure 4(A)). However, the increased lev-
els were reduced to approximately control levels in the HCD + high LC rats and 
decreased slightly without a significant difference in the HCD + low LC and HCD + 
ATS rats (Figure 4(A)). The ADPN concentration in the hyper-LP rats decreased 
to approximately 76% compared with that in the control rats, but significantly in-
creased in the HCD + low LC rats compared to that in the hyper-LP rats; the con-
centration in the rats with the low LC dose seemed to increase even when compared 
with that in the control rats (Figure 4(B)). The ADNP levels increased slightly, 
without a significant difference, in the HCD + high LC and HCD + ATS rats com-
pared to those in the hyper-LP rats (Figure 4(B)). 

4. Discussion 

Identifying and developing new substances, particularly those from natural  
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Figure 4. Serum tumour necrosis factor-α and adiponectin levels in the hyperlipidaemic 
rats following various treatments. At the end of the 20-week experimental period, tumour 
necrosis factor-α (A) and adiponectin (B) levels were analysed in rats in each group. n = 12 
per group. Data are expressed as mean ± SD. *P < 0.05, **P < 0.01 vs. control; #P < 0.05, ##P < 
0.01 compared with hyper LP. Hyper LP: hyperlipidaemia; HCD: high-calorie diet; LC: 
lifeceramics; ATS: atorvastatin; TNF-α: tumour necrosis factor-α; ADPN: adiponectin. 

 
resources that can improve blood lipid profiles without side effects, are crucial. In-
terestingly, the intake of a natural zeolite-containing diet suppressed the increase 
in body weight, liver weight, and epididymal fat weight and decreased plasma lipid 
levels, such as those of TC, TG, and HDL-C, in mice with high-fat diet-induced obe-
sity and type 2 diabetes mellitus [28]. In the future, zeolite is expected to be applied 
to functional foods aimed at preventing high blood sugar, hyperlipidaemia, and obe-
sity associated with a high-fat diet. On the other hand, oyster shells are used for 
various products, such as fertilizers, interiors, and accessories, in groundbreaking 
ways that take advantage of their characteristics and main ingredients. However, 
most oyster shells were discarded. Therefore, LC was developed by using zeolite and 
oyster shells together for ceramicization to increase the zeolite efficacy. In particular, 
LC was manufactured with the idea of changing the size of the zeolite pores and 
increasing the mineral content [29]. In this study, we examined the effects of zeo-
lite- and oyster shell-derived LC on hyperlipidaemia in rats. Notably, no changes in 
the physical condition of the rats were observed when they were fed only normal 
diet and LC water, as reported previously [18] [30]. However, the hyper-LP rats 
gavaged with the HCD rich in fat and sugar exhibited an increase in body weight 
and the liver and epididymal fat indices (Figure 1), along with the serum lipid levels 
of TC, TG, and LDL-C (Figure 2), indicating the induction of hyperlipidaemia, as 
previously reported [26]. However, the weight gain exhibited a decreasing trend in 
the HCD-gavaged rats following LC water administration (Figure 1). Furthermore, 
the increased TC, TG, and LDL-C levels were reduced by LC water (Figures 2(A)-
(C)). Therefore, LC water effectively inhibited the worsening of the blood lipid pro-
file in rats with hyperlipidaemia, although the HDL-C levels did not differ signif-
icantly between the groups (Figure 2(D)). 

Dyslipidaemia, including hyperlipidaemia, is characterised by the dysregulation 
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of multiple systems, such as the oxidant/anti-oxidant balance [31]. CAT is an anti-
oxidant enzyme that scavenges hydrogen peroxide (H2O2) and protects against the 
peroxidation of cell wall lipids and lipoproteins. In this study, serum CAT activity 
increased in the hyperlipidaemic rats (Figure 3(A)). In contrast, the increased CAT 
activity was reduced in the rats administered LC water as well as those administered 
ATS (Figure 3(A)). CAT activity has been reported to decrease in patients with hy-
perlipidaemia [32], whereas another study reported no significant interaction be-
tween hyperlipidaemia and the activity of anti-oxidative enzymes, including CAT 
[33]. Further studies are warranted to clarify the causal relationship between hyper-
lipidaemia and CAT activity and its subsequent effect [33]. 

GSH and SOD also exert anti-oxidant effects, and both GSH levels and enzymatic 
SOD activity decrease in hyperlipidaemia [34] [35]. Consistently, a decrease in the 
GSH levels was observed in the hyperlipidaemic rats in this study (Figure 3(B)). How-
ever, the decreased GSH levels that accompanied hyperlipidaemia were recovered 
to the control levels in the rats administered LC water and ATS (Figure 3(B)). SOD 
activity also seemed to decrease in the hyper-LP rats, but increased in the rats ad-
ministered LC water (Figure 3(C)). In addition, estimation of oxidative stress-in-
duced products is critical for elucidating the causal relationship between hyperlipi-
daemia and the antioxidant enzyme activity. An increase in serum MDA levels due 
to lipid peroxidation may occur because of hyperlipidaemia-associated changes in 
oxidative status [31]. Notably, the hyperlipidaemic rats exhibited an increase in the 
serum MDA levels; however, these levels recovered to the control levels following 
LC water and ATS administration (Figure 3(D)). Therefore, hyperlipidaemia in 
the rats in this study appears to be associated with the oxidative status, and drink-
ing LC water may effectively improve it. 

We also measured the levels of other remarkable factors, such as TNF-α and 
ADNP, which contribute to hyperlipidaemia. The levels of TNF-α and ADNP in-
creased and decreased, respectively, in the hyperlipidaemic rats compared with the 
control levels, and both of these recovered to around the control levels following 
LC water and ATS administration (Figure 4). TNF-α is a pleiotropic pro-inflam-
matory cytokine and is proposed to contribute to metabolic diseases [36]. Lower 
ADNP levels have been suggested to be linked to dyslipidaemia and high TG levels 
in humans [37] [38]. Therefore, fluctuations in their levels in this study may be 
associated with fluctuations in the blood lipid profile. 

We found the anti-hyperuricaemic [18] [25] and anti-liver damage effects [21] in 
addition to the anti-hyperlipidaemic effect of LC water in rats, suggesting that LC 
water promotes human health. In addition, we reported that LC water mitigated 
stress conditions and suppressed renal function deterioration in human [39]. Re-
cently, we started a metabolome analysis [40] to analyse the effect of LC water con-
sumption in humans using low molecular weight metabolites in the blood. Thus, 
drinking LC water may be applicable for protecting human health against unhealthy 
conditions, although a more detailed dose-response analysis, such as testing a wider 
range of LC water concentrations and including pharmacokinetic data, could enable 
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the establishment of a clear dose-response relationship and determine the optimal 
dosage for the maximal efficacy of LC water drinking. 

5. Conclusion 

We suggest that LC water has a multifaceted efficacy in the anti-hyperlipidaemic ac-
tion reported here, including previously reported anti-oxidative [19] [20], anti-in-
flammatory [21], and anti-hyperuricemic [18] actions, although the mechanisms 
underlying its efficacy remain unclear. Our findings underscoring the beneficial ef-
fects of LC water in hyperlipidaemic rats may serve as a foundation for improving 
human health conditions. 
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