;.) Research article
Food Eng. Prog. 2024;28(4):271-280 ArO'I AI IT ﬂ. UI'
Checkfor | pISSN: 1226-4768, elSSN: 2288-1247 &3 0 "
fidates https://doi.org/10.13050/foodengprog.2024.28.4.271 Food Engineering Progress

Toxicological study of calcium from Jeju Lava Seawater:
acute and 90-day repeated-dose oral administration in rats
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Abstract

A series of toxicity trials was conducted to analyze the acute and subchronic oral toxicity of calcium from Jeju Lava Seawater (CJLS)
in Sprague-Dawley rats. In the acute toxicity trial, rats were administered 0 or a daily dose of 2,000 mg/kg body weight (BW)
of CJLS. General behavior, side effects, and mortality were monitored over 14 days. In the subacute and subchronic trials, daily
doses of 0, 250, 500, or 1,000 mg/kg BW were administered to the rats over 28 and 90 days, respectively. Clinical signs were
examined daily, and changes in body weight, relative organ weight (ROW), and hematological, biochemical, and pathological
parameters were recorded. The acute toxicity trial showed that the maximum tolerated dose of CJLS was >2,000 mg/kg BW, with
no adverse effects or mortality observed during the 14-day period. In subacute and subchronic trials, oral administration of CILS
at a dosage of 1,000 mg/kg BW/day did not result in significant changes in BW, ROW, or hematological and biochemical biomarkers.
These results indicate that the oral administration of CJLS at doses lower than 1,000 mg/kg BW/day is safe for rats, providing a
basis for the clinical use of CILS.
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|ntr0du ction (Cormick & Belizan, 2019). And another good way is to develop

calcium supplements to Ca deficient high-risk groups.

It's essential to maintain an adequate intake of calcium from food Volcanic seawater is naturally filtered and purified through

or supplements to ensure optimal bodily functions and overall health. volcanic rock layers, enriching it with a variety of minerals, including

However, calcium is the first nutrient which intake is the lowest among

Korean. Based on the 2020 Korea National Health and Nutrition

calcium (Ca), magnesium (Mg), iron (Fe), and other health-promoting
elements (Noh et al., 2010; Mohd Nani et al., 2016). As a natural

Examination Survey (KDCA, 2021), the average calcium intake among source of calcium, it can be utilized as a calcium supplement (Song

adults in Korea was only 64.3% of the recommended amount, with
70% of the population failing to meet the adequate intake level. It was
noted that calcium intake is particularly low among specific groups
such as women, adolescents aged 12 to 18 years, and elderly people
aged 65 years or older. To improve the calcium intake status in Korea,
it is important to promote the consumption of dairy products and other
calcium-rich foods, such as leafy greens, nuts, seeds, beans, tofu,

sardines, and salmon, which is well known as natural Ca-rich food

et al., 2020). It has been reported that increasing calcium intake using
calcium-rich mineral water can significantly enhance bone health
(Vannucci et al., 2018). Some research indicates that drinking mineral
water rich in calcium can substantially increase overall calcium
intake (Pop et al., 2023), which is associated with reduced risk of
osteoporosis. Jeju Island, known for its volcanic activity, has unique
environmental conditions that influence the composition of its

seawater. The seawater in this region is rich in minerals, especially
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Ca, due to the volcanic rocks and minerals that interact with the
seawater. Therefore, calcium from Jeju Lava Seawater (CJLS) holds
significance as a natural source of calcium.

However, despite the high calcium concentration in Jeju lava
seawater, there has been no direct experience of consuming calcium
extracted from lava seawater. Therefore, safety assessment of CJLS
is essential to ensure safe consumption. To obtain calcium from CJLS,
seawater is collected and then subjected to processes that concentrate
and purify the calcium content. This process allows for the removal
of unwanted elements, making it beneficial for individuals who need
to limit specific minerals or substances. Verifying the toxicity of
separated calcium is an essential procedure. In a previous study, we
demonstrated the genetic stability and lack of mutagenicity of CJLS,
indicating its non-toxicity and potential as a dependable and safe
functional food ingredient (Kim & Park, 2023). In this study, we aim
to conduct verification of acute and chronic toxicity which are
essential process for clarifying the new ingredient. Acute toxicity
refers to the harmful effects that occur from a single exposure to a
substance within a short period, typically 24 hours. It is a measure
of the severity of adverse effects caused by a new ingredient, usually
evaluated in terms of the dose or concentration that leads to specific
negative health outcomes including nausea, vomiting, diarrhea,
respiratory distress, convulsions, or even death. Acute toxicity is
commonly assessed using indicators such as the LD50 (lethal dose for
50% of a test population) or LC50 (lethal concentration for 50% of
a test population), which represent the dose or concentration of a
substance that results in the death of 50% of the subjects in a test
group (CCOHS, 2024). When it comes to long-term toxicity, a 90-day
oral toxicity study is a subchronic toxicity test where a substance is
administered orally to test animals, usually rodents, daily for 90 days
(OECD, 2018). Therefore, in this study, we aimed to conduct an acute
toxicity test and a subchronic toxicity test to analyze the safety of
CILS. 1t helps in assessing the safety of chemicals, pharmaceuticals,
and food additives by providing detailed information on the
toxicological profile of the tested substance.

Materials and Methods

Sample preparation

Jeju lave seawater flowed through underground aquifers, naturally

filtered by underlying volcanic rock, in eastern Jeju. It was taken
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at a depth of 150 meters and filtered to remove foreign substances.
JLS mineral extracts and desalinated water were obtained using a
reverse osmosis system (SWRO, Woosung Co. Ltd, Eumseong,
Korea) operated at a pressure of 1.8 bar or higher. Jeju lave seawater
mineral extract contains calcium, magnesium, potassium, sodium and
trace minerals. The CJLS was made by evaporating (45-70C),
washing and air drying (over 90C) the JLS mineral extracts using
the difference in solubility. CJLS contains of calcium (26.36+0.53%),
magnesium (0.12+0.004%) and moisture (under 10%).

Experimental design

In this study, the study followed the GLP regulations (Taegu
Haany University, Korea) to investigate toxicity regarding acute
(IACUC-2022-033-2), subacute (IACUC-2022-032-2), and subchro-
nic toxicity test (IACUC-2022-047-2). The acute oral toxicity of
CILS was assessed in the mice in accordance with the method of
the Organization for Economic Cooperation and Development
(OECD) Guideline No. 423 (OECD, 2002). The subacute toxicity
study was conducted in accordance with and adhered to the protocol
outlined in OECD Guideline No. 407 (OECD, 2008). The 90-day
repeated-dose oral toxicity study was conducted following OECD
guidelines No. 408 (OECD, 2018).

Oral acute toxicity of CJLS in mice

A single-dose toxicity study was conducted to evaluate the
toxicity of CJLS in 8-week-old Sprague-Dawley rats (146.8-228.5
g) following a single oral administration. The experimental groups
were randomized to ensure each group had an equal average weight,
with two male and two female groups, each containing five animals.
The animals were fasted for approximately 15-18 hours on the day
before administration of the CJLS, which was given orally once per
day at doses of 0 or 2,000 mgkg The control group was
administered with sterile saline solution (calcium concentration O
mg/kg). On the day of administration, observations were made at
30 minutes, 1=, 2, 4-, and 6-hours post-administration, and general
symptoms were monitored once daily until necropsy. Mortality,
general symptoms, and body weight change of all animals were
measured on day 14 after administration. The animals were
euthanized by exsanguination via the abdominal aorta and vein
under isoflurane anesthesia, followed by necropsy. Necropsy was

performed to conduct a macroscopic examination of the organs.
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Oral 28-day repeated toxicity trial of CJLS in
rats

A total of 40 Sprague-Dawley (SD) rats, 6 weeks old (weighing
between 122.8 and 187.6 g, with 20 males and 20 females), were
utilized for the 28-day repeated-dose oral toxicity study. The
animals were housed individually in plastic cages, separated by sex,
and sustained under controlled conditions: temperature, 224+3C;
relative humidity, 30-70%; and a 12 h light/dark cycle. The rats
were provided with a Teklad Certified Irradiated Global 18%
protein rodent diet (ENVIGO, Life Sciences, Indianapolis, IN,
USA) and ad libitum water access. Forty SD rats were randomly
assigned to one control group (G1) and three treatment groups (G2-
G4, n=10; 5 males and 5 females per group). CJLS was admini-
stered once daily via oral gavage for 28 sequential days at doses
of 250, 500, and 1,000 mg/kg/day, respectively. The control group
received only physiological saline (normal saline). Throughout the
28-day subacute toxicity trial, all experimental animals were
observed twice daily for general symptoms, changes in body weight,
mortality, and any signs of gross toxicity. At the end of the drug
administration period (over 17 hours after the final dose), all
surviving rats in each group were euthanized for analysis of
hematological and biochemical indicators, histopathology, and
relative organ weight (ROW) (Han et al., 2019; Wang et al., 2020).

Oral 90-day repeated toxicity trial of CJLS in
rats

For repeated-dose oral toxicity of 90 days, total of 80 SD rats,
age 6 weeks (130.1-186.9 g, 20 males and 20 females) were used.
The animals were housed individually in plastic cages, separated by
sex, and sustained under controlled conditions: temperature, 22+3C;
relative humidity, 30-70%; and a 12 h light/dark cycle. The rats
were administrated with a Teklad Certified Irradiated Global 18%
protein rodent diet (ENVIGO, Life sciences, Indianapolis, IN, USA)
and had free access to water. The SD rats were randomly divided
into a control group (G1) and three treatment groups (G2-G4, n=20;
10 males and 10 females per group). CILS was administered once
daily via oral gavage for 90 sequential days at doses of 250, 500,
and 1,000 mg/kg/day, respectively. The control group received only
normal saline. All the experimental animals were monitored twice

daily for general symptoms, including weight changes, functional
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observations, and mortality, throughout the 90-day toxicity trial. At
the end of the CJLS administration period (over 17 hours after the
final dose), all surviving rats in each group were euthanized for
analysis of hematological and biochemical indicators, histo-

pathology, and ROW.

Clinical observations and body weight monitoring

Clinical observations were recorded once a day to monitor signs
of toxicity, particularly at a consistent time each day (1 hour after
CJLS or vehicle administration). Each rat's body weight was
measured prior to CJLS administration on Day 1, then daily
throughout the experimental period, and again on the day of
necropsy. The necropsy body weight was recorded following a

17-hour fast.

Hematological and biochemical analysis

Upon completion of the trial, all the surviving rats were deprived
of food for 17 hours (with water permitted) before blood sampling.
Blood was collected into EDTA-containing tubes for hematology
and biochemistry parameter analyses, respectively. Blood profiles
such as red blood cell count (RBC), white blood cell count (WBC),
hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red dell distribution width
(RDW), hemoglobin distribution width (HDW), mean platelet
volume (MPV), platelet count (PLT), neutrophils (NEU) %,
lymphocyte (LYM) %, monocyte (MONO) %, eosinophis (EOS) %,
large unstrained cells (LUC) %, and basophils (BASO) %, were
measured using an animal blood cell analyzer (ADVIA 2120,
SIEMES, Erlangen, Bavaria, Germany) by establishing the
biological reference intervals specific to the sex and strain of the
rats.

Blood samples for serum biochemical assays were allowed to clot
for 2 hours, followed by centrifugation at 3,000 rpm and 4T for 10
minutes, and subsequently stored at —20TC until further analysis.
The main parameters included were albumin (ALB), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), aspartate amino-
transferase (AST), total bilirubin (BIL), blood urea nitrogen (BUN),
Ca, total cholesterol (CHO), creatinine (CRE), gamma- glutamyl
transpeptidase (GGT), glucose (GLU), inorganic phosphorus (IP),
total protein (PRO), triglyceride (TG), albumin/globulin ratio (A/G
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ratio), Na", K, and CI' were measured with an automatic serum
biochemistry analyzer (KONELAB 20XT, Thermo, MA, USA) by
establishing the biological reference intervals specific to the sex and
strain of the rats. Electrocyte was analyzed by electrolyte analyzer

(i-Smakrt30, i-sense, Seoul, Korea).

Statistical analysis

Data were provided as meantstandard deviation (SD). The mean
differences between the control and CJLS groups were considered
using one-way analysis of variance (ANOVA), followed by and
Dunnett's Tukey's post-hoc test for the 28-day and 90-day
repeated-dose toxicity studies (SPSS Statistics 19.0, IBM, Chicago,
IL, USA).

Results and Discussion

BW monitoring

Our results indicate that the administration of CILS did not
induce any significant modifications in the mean body weight of
rats during the acute, 28-day, and 90-day administration periods
(Fig. 1). This lack of significant body weight changes across
different dosages have demonstrated in the absence of toxic effects
from natural mineral supplements.

A reduction in body weight is considered a sensitive and straight-
forward indicator of toxicity, with a 5% decrease in body weight
widely accepted as predictive of pathological outcomes (Silva et al.,
2021). However, in this study, throughout the 90-day experiment,
there was no significant difference observed in body weight change

between the treated group rats and the control group.

Acute toxicity

Throughout the 14-day observation period following a single oral
administration, no mortality or behavioral abnormalities (such as
lethargy, sleep disturbances, coma, tremors, or diarrhea) were obser-
ved in any of the mice. Furthermore, no significant pathological
changes were observed in the color or texture of vital organs,
including the heart, lungs, liver, spleen, thymus, kidneys, ovaries or
testes, and gastrointestinal tract. Therefore, under these experimental
conditions, the approximate lethal dose of CJLS in SD rats is

estimated to exceed 2,000 mg/kg for both males and females.
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Fig. 1. Body weight of experimental animal by group. (a) Acute trial (C:
control, T: test substance, the 1,000 mg/kg bw/day calcium from Jeju lava
seawater-administered group), (b) 28-day oral test (G1: Control, G2: The
250 mg/kg bw/day calcium from Jeju lava seawater-administered group,
G3: The 500 mg/kg bw/day calcium from Jeju lava seawater-administered
group, G4: The 1,000 mg/kg bw/day calcium from Jeju lava seawater—
administered group), (c) 90-day oral test (G1: Control, G2: The 250 mg/kg
bw/day calcium from Jeju lava seawater-administered group, G3: The 500
mg/kg bw/day calcium from Jeju lava seawater-administered group, G4:
The 1,000 mg/kg bw/day calcium from Jeju lava seawater-administered
group). The results are represented as means+SD. There were no signi-
ficant variations in treated groups relative the control group at ©{0.05.
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Subacute toxicity-ROW analyses

Following 28 consecutive days of administration, no statistically
significant differences were observed in the ROWs among all
groups at any dosage level. All minor variations in ROW values
remained within the normal range (data not shown).

In toxicology studies, organ weight and tissue weight ratios are
important because they provide critical insights into the effects of
toxic substances on the body's organs and tissues. Changes in organ
weight can indicate toxicity targeted at specific organs. For
example, an increase or decrease in liver weight may suggest
hepatotoxicity due to exposure to certain chemicals. By examining
the ratio of organ weight to body weight or to another organ's
weight, researchers can establish dose-response relationships. This
helps determine if the toxic effects increase proportionally with the
dose of the substance administered. Alterations in organ weight

ratios often correlate with functional impairments. Alterations in

heart weight relative to body weight may indicate cardiac
dysfunction induced by toxicants that impact cardiovascular health
(Bailey et al., 2004; Michael et al., 2007; Amresh et al., 2008).

In this study, there were no significant weight differences
observed among the organs, indicating that the substance is free
from all toxic effects. However, significant changes were partially
observed in the absolute weights of the right adrenal gland, thymus,
and spleen in male rats, and the lungs in female rats, compared to
the control group. However, these changes were not dose-dependent,

suggesting that they are not attributable to the test substance.

Subacute toxicity-hematological and serum bio—
chemical analyses

As revealed in Table 1, all the measured blood parameters had
no remarkable differences among the three CJLS-treated groups and
the control group for oral 28-days administration test.

Table 1. Effects of daily oral administration of CJLS for 28 days on the hematological parameters of rats

Para- Groups (male)

Groups (female)

meter "® G1" G2? G3? G4” G1" G2? G3? G4”
WBC 10°%/uL 583+0617°  549+0583  562+0.837  5.73+0.540 411412652 39940758  4.09+1.144  434+1241
RBC  10°uL  7.90+0.092  7.84+0246  7.92+0298  7.93+0.330 74740364  7.49+0.194  7.40+0.110  7.54+0.109
HGB  g/dL  14.80+0340 1450+0290 14.80+0.470 14.80+0290  14.10+0.250 13.90+0.330 14.10+0420 14.30+0.370
HCT %  47.70+0960 46.70+0.960  47.80+2.000 47.30+0.760  43.70+1540 43.90+1.040 43.80+1.090 44.70+0.840
MCV  fL  60.40+1.030 59.60+1.480 60.40+1210 59.80+2.180  58.60+1.730 5850+1.170 59.10+1.610 59.40+0.330
MCH  pg  1870+0.460 18.40+0.620 18700380 18.70+0530  18.90+0.770 18600450 19.10+0.640 19.00+0.250
MCHC g/dL  31.00+£0.440 31.00+0310 31.00+0450 3130+0350  32.30+0.860 31.80+0.430 32.20+0.320 31.90+0.500
RDW %  10.10£0.110  9.90+0.150  10.10+0.180  10.30+0.330  9.60+0440 9.80+0.770  9.70+0.210  9.80+0.270
HDW g/dL  244+0083  238+0.104  239+0059  241+0.049 249+0.146  242+0094 250+0.108  2.49+0.149
PLT  10°/uL  1,069+122 10724115 1,089+132 1,029+95 1,056+100  1,085+69  1,067+142 1,034+49
MPV  fL 790+0170  7.80+0250  7.90+0280  7.80+0.280 77040210  7.60+0270  800+0.780  7.70+0.100
NEU %  11.60£2.070 1250+1.530 150043330 144042160  12.60+5340 16.90+3.820 16.10+3.030 12.60+3.030
LYM % 828042800 81.80+2.020 78.90+3.930 79.90+1630 837045380 79.40+3.770 79.70+3.230  82.90+3.290
MONO % 390+1.020  4.00+1.130  43.00+0740  3.90+1.220 1.80+0.350  2.00+0.150  1.70+0.550  2.50+0.740
EOS % 09040200  1.10+0470  1.10+0420  1.00%0.150 1.30+0.350  1.20+0400  1.70+0.580  1.30+0.210
LuUC % 05040090  050+0.160  050+0230  0.50+0.250 04040100 04040130  0.40+0.110  0.40%0.150
BASO % 02040130  0.10+0.050  0.20+0.050  0.20+0.050 03040120  0.20+0.040  0.30+0.070  0.30%0.050
UG1: Control.

2G2: The 250 mg/kg bw/day calcium from Jeju lava seawater-administered group.
9G3: The 500 mg/kg bw/day calcium from Jeju lava seawater-administered group.
4G4: The 1,000 mg/kg bw/day calcium from Jeju lava seawater-administered group.

9Means+SD.
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Subacute oral administration of CJLS for 28 days did not affect
significant variations in most of the biochemical parameters,
comprising the level of liver enzymes (AST and ALT), serum ALP,
BUN, CRE, TBL, TC, TG, ALB, TP in male and female rats (Table
2). Typically, elevated levels of AST and ALT are commonly linked
to liver damage or stress, as these enzymes are released into the
bloodstream when liver cells are damaged (Pratt et al., 2000,
Giannini et al., 2005; Ozer et al., 2008). The stability of these
markers in the treated groups suggests that CJLS does not exert
adverse effects on liver function, which is a positive indicator of
its safety profile. Similarly, BUN and CRE serve as essential
indicators of renal function. Increased levels of these markers
typically indicate impaired kidney function or damage, as the

kidneys are responsible for filtering and excreting waste products

from the blood (Stevens et al., 2006; Rahman et al., 2012). The lack
of significant changes in BUN and CRE levels further supports the
conclusion that CJILS does not adversely affect renal function at the
doses tested. Additionally, the absence of significant changes in
serum TC, TG, PRO, and ALB indicates that CJLS does not disrupt
lipid metabolism or protein synthesis (Rifai et al., 1992; Doumas
& Peter 1997, Wu 2016). This is particularly important as
alterations in these parameters can signal metabolic dysfunction,
nutritional deficiencies, or systemic inflammation. the biochemical
data from this study provide strong evidence that CILS, when
administered subacutely for 28 days, does not induce significant
toxicological effects on liver, kidney, or metabolic functions in rats.
This supports the potential for safe long-term use of CILS as a
dietary supplement.

Table 2. Effects of daily oral administration of CJLS for 28 days on the biochemical parameters of rats

Para- Groups (male)

Groups (female)

meter b G1 1) G22) 633) G1 1) Gzz) 633) G44)
ALB  g/dL 3.0+0.07° 3.1+0.11 3.1£0.07 3.1£0.10 3.1£0.13 3.2x0.10 3.1£0.07 3.1£0.04
ALP U/l 313.0£29.10  351.0£64.90  336.0+81.80  359.0+44.50 184.0+£8.80  192.0£4450 216.0+44.90 204.0+24.00
ALT UL 40.0£1.70 36.0£4.80 43.0+£7.20 47.0£13.40 31.0£3.00 28.0£2.30 27.0£7.90 33.0£2.10
AST UL 109.0£6.80 107.0£15.00  120.0£25.90  123.0+17.40 97.0+£7.80 95.0£11.10 96.0£9.00  101.0+13.70
BIL  mg/dL 0.1+0.00 0.1£0.00 0.1x0.01 0.1£0.01 0.1+0.03 0.1+0.00 0.1£0.02 0.2+0.02
BUN  mg/dL 17.9+1.35 21.2+£4.47 17.0+£0.94 16.6+1.93 17.8+3.73 18.5+2.74 18.2+1.56 19.0+£2.41
Ca mg/dL  11.0+0.83 10.6+0.36 10.9+£0.40 10.7+0.58 10.2+0.27 10.1+£0.05 10.2+0.48 10.5+0.35
CHO mg/dL  91.0£14.00 101.0£6.90 89.0£9.80 87.0£20.10 85.0£19.70 90.0+£9.90 80.0£14.90  87.0+21.10
CPK  U/L 283.0£98.80  239.0+£111.40 282.0+140.00 241.0£126.50 189.0£61.80 164.0+50.00 208.0+101.60 224.0+159.40
CRE  mg/dL 0.6+0.02 0.7+0.05 0.6+0.04 0.6+0.02 0.6+0.06 0.6+0.05 0.6+0.03 0.6+0.03
GGT UL 4.2+1.93 33+0.34 28+1.14 3.5+0.50 3.8+0.56 4.0+0.28 4.1+0.65 3.8+0.49
GLU mg/dL  114.0+6.30 111.0£9.60 111.0£12.20 106.0£8.60 117.0£10.80  120.0£7.60  114.0+£3.30  116.0£7.90
IP mg/dL 8.2+0.45 8.6+0.48 8.0+£0.24 8.3+0.67 7.2+0.41 7.1+0.27 7.6+0.38 7.7+0.43
PRO g/dL 5.6+0.08 5.6+0.23 5.8+0.19 5.7+0.21 5.5+0.21 5.6+0.18 55+0.26 5.5+0.08
TG mg/dL  33.0£12.20 33.0£6.30 31.0£4.70 29.0£5.90 28.0£7.70 32.0£5.80 31.0£7.70 31.0£6.50
A/G  ratio 1.2+0.03 1.2+0.04 1.2+0.04 1.2+0.04 1.3+£0.06 1.3%£0.12 1.3+£0.09 1.3+£0.07
NA+ mmol/L  140.4+0.55 140.6+0.56 141.0+£0.71 140.4+0.55 139.4+0.55 139.6+0.55 140.0+1.00 140.0+0.71
K+ mmol/L 4.9+0.07 4.8+0.23 4.8+0.30 5.0+0.27 4.3+0.18 4.3+0.18 4.5+0.15 4.4+0.25
Cl- mmol/L  103.8+0.84 104.2£1.30 104.8£1.10 105.2£1.10 105.2+0.84  106.0+1.00  106.0+0.71 106.4+1.14
G1: Control.

~

)
)
3)
),

)

9Means+SD.
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G2: The 250 mg/kg bw/day calcium from Jeju lava seawater-administered group.
G3: The 500 mg/kg bw/day calcium from Jeju lava seawater-administered group.
G4: The 1,000 mg/kg bw/day calcium from Jeju lava seawater-administered group.
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Chronic toxicity-"ROW analyses
Ninety days of oral administration of the CLJS did not cause any

behavioral changes in the treated groups. No death or adverse
effects were noted throughout the experiment. In male rats, heart
weight significantly decreased in all test groups (G2-G4) compared
to the control group (p<0.05). However, the decrease was minimal
and showed no dose dependency, indicating that the changes were
not due to the test substance. In female rats, thymus weight
significantly decreased in the low-dose group (G2) compared to the
control group, but the decrease was minimal and showed no dose
dependency, suggesting that the changes were not due to the test
substance (Fig. 2). The data did not demonstrate any clear dose-
response relationships, and all minor fluctuations in the following
parameters for both sexes were within the normal range of the

testing laboratory.

Chronic toxicity-hematological and serum bio-
chemical analyses

No abnormality was observed in the hematological parameters
after 90 days of CJLS administration (Table 3). In female rats, the
RBC count significantly increased in the high-dose group (G4)
compared to the control group; however, the increase was minimal
and lacked dose dependency.

The 90-day oral administration of CJLS did not result in
significant changes in most biochemical parameters. These para-
meters include serum ALP, TBL, BUN, CRE, TC, TG, TP, ALB,
as well as the liver enzymes AST and ALT, in both male and
female rats (Table 4). In male rat, T3 level significantly decreased
in the low-dose group (G2) compared to the control group, but the
decrease was minimal and had no dose dependency.

In addition, no abnormalities were detected in the gross
examination of organs between the CJLS groups and control groups.
No inflammation, internal bleeding, lesions, or deformities were
observed in the liver, kidneys, testes, spleen, and heart of treated
rats compared to the control group after 90 days of CJLS extract
administration at various doses. The histological sections of the
heart, liver, kidneys, testes, and spleen showed no abnormalities in
the architectural structure of the organs in any group. Calcium plays
a very crucial role in human physiological functions, and natural

calcium supplements can aid human health. Jeju lava seawater is
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Fig. 2. The relative organ weight of repeated experiments over 90 day by
group. (@) Male, (b) female. The test was using SD rats for each
concentration group. G1: Control, G2: the 250 mg/kg bw/day calcium
from Jeju lava seawater-administered group, G3: the 500 mg/kg bw/day
calcium from Jeju lava seawater-administered group, G4: the 1,000
mg/kg bw/day calcium from Jeju lava seawater-administered group. The
results are represented as means+SD. * Represents a significant
difference at £X0.05 level compared with the G1.

thought to have the potential to serve as a natural calcium supple-
ment. This study was conducted to assess the acute and subchronic
toxicity of CJLS. Based on the conducted study, no CJLS-related
deaths and no additional clinical abnormalities were detected during
the acute and subacute experimental periods. The blood hematology
and serum biochemistry data showed no differences between the
CJLS groups and control groups, and histopathological examination

revealed no toxic effects in the vital or reproductive organs at any
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Table 3. Effects of daily oral administration of CJLS for 90 days on the hematological parameters of rats

Para-

Groups (male)

Groups (female)

meter " G1” G2? G3? GA4) G1" G2? G3? G4”
WBC 10°%/uL  4.14+1.198% 4.03+1.126 3.46+0.747 3.46+0.864 2.30+£0.620 2.25+0.551 2.24+0.465 2.42+0.797
RBC 10°uL  859+0.317 8.50+0.224 8.59+0.210 8.61+0.235 745+0.121  7.75+£0.296*° 7.66+0.278  7.77+0.237*
HGB g/dL  15.70£0.670  15.60+0.390 15.70+0.630  15.70+0.410 14.60+0.470 14.70£0.540 14.50£0.560 14.70+0.490
HCT % 46.80£1.440  46.60%£1.220 46.60%£1.740  47.30%1.570 42.20+£1.610 42.60+1.380 42.30+£1.490 43.00%1.390
MCV fL 5450+1.740  54.80+1.140  54.20+1.670  54.90+1.470 56.60£1.870 54.90£1.040 55.30+1.250 55.40+1.620
MCH Pg 18.30£0.920  18.40+0.490  18.20+0.540  18.30+0.530 19.60+0.5650 18.90+£0.350 19.00£0.520  19.00+0.560
MCHC g/dL  33.60+1.020 33.60+0.700  33.70£0.670  33.30+0.730 34.60+0.580 34.40+0.390 34.40+0.430 34.30+0.710
RDW % 11.70£0.230  11.60+£0.220  11.70£0.160  11.70+0.210 10.90+0.340 10.70+£0.450 10.70£0.330  10.80+0.250
HDW  g/dL 2.60+0.117 2.57+0.125 2.56+0.081 2.50+0.077 2.64+0.084 251+0.154 2.563+0.169 2.58+0.097
PLT 10°%/uL 901.00456.4  934.00+42.5  946.00+96.2  945.00+55.2 963.00£106.3 985.00+141.6 982.00+103.1 1,010.00£121.6
MPV fL 7.00+0.210 7.10x0.140 7.00£0.210 7.00+0.240 7.50+0.440 7.40%0.46* 7.50+0.280 7.40+0.420
RET % 2.43+0.244 2.47+0.301 2.35%0.239 2.34+0.161 2.96+0.520 2.59+0.650 2.56+0.470 2.39+1.015
NEU % 19.80+6.880  20.50+6.550  22.10+7.640  18.60%6.610 16.90+2.870  16.00+4.200 19.40+3.760 16.10+7.010
LYM % 73.70£7.460  72.80+6.430  71.00+£7.740  75.40%7.060 78.10£2.980 78.00+4.220 75.10£4.520 76.80£6.890
MONO % 3.80+0.960 3.80+0.610 3.70+1.150 3.60+1.320 2.70+1.040 2.80+0.720 2.70+1.010 3.90+1.820
EOS % 1.60+0.570 1.80+0.660 2.20+0.690 1.40+0.720 1.90+0.460 2.60+0.860 2.40+0.740 2.70+0.510
LUC % 1.00+£0.410 0.90+0.300 0.90+0.320 0.80+0.260 0.30+0.140 0.40+0.130 0.30+0.150 0.40+0.150
UG1: Control.
2G2: The 250 mg/kg bw/day calcium from Jeju lava seawater-administered group.
9G3: The 500 mg/kg bw/day calcium from Jeju lava seawater-administered group.
9G4: The 1,000 mg/kg bw/day calcium from Jeju lava seawater-administered group.
9Means +SD.
9% Represents a significant difference at {0.05 level compared with the control.
Table 4. Effects of daily oral administration of CJLS for 90 days on the biochemical parameters of rats
Para= ) o Groups (male) Groups (male)
meter G1" G2” G3¥ G4Y G1" G2” G3¥ G4"
ALB  g/dL 3.10%0.08Y 3.10+0.05 3.00+0.05 3.00+0.06 3.30+0.13 3.20+0.08 3.30+0.17 3.20+0.14
ALP U/L 197.00+36.10 192.00+28.50 202.00£29.20 199.00+37.20 157.00+43.80 165.00£52.00 135.00+£29.70 138.00£28.10
ALT u/L 39.00+5.40 38.00+5.50 36.00+7.30 37.00+4.20 35.00+6.20 33.00+2.60 31.00+3.50 32.00+4.40
AST u/L 82.00+16.60 77.00£9.40 79.00£13.30  82.00%£13.80 82.00£12.00 82.00£10.50 84.00+£10.30 87.00£12.90
BIL  mg/dL 0.10+0.01 0.10+0.01 0.10=0.01 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02
BUN mg/dL  17.70+1.47 17.40%2.52 17.90%£2.21 17.30£2.38 21.50+4.47 21.60+3.12 22.60+1.21 20.90+2.77
Ca  mg/dL 9.70+0.18 9.60+0.20 9.50+0.24 9.60+0.33 9.80+0.20 9.70£0.25 9.80+0.29 9.80+0.28
CHO mg/dL  96.00+13.00 95.00+13.40  90.00+10.90  90.00+11.80 104.00+£21.60 93.00+£21.50 110.00+£15.50 102.00+18.60
CPK U/L  121.00+58.80 127.00+94.40 115.00+90.70 125.00+66.00 162.00+106.90 124.00+53.60 160.00+95.80 148.00+90.10
CRE  mg/dL 0.60+0.05 0.60+0.03 0.60+0.03 0.60+0.03 0.70+0.10 0.70+0.07 0.70+0.08 0.70+0.06
GGT u/L 3.60+0.47 3.40+0.54 3.70+0.69 3.70+0.64 3.90+0.44 3.70+0.83 3.80+0.68 4.20+0.47
GLU mg/dL 145.00£13.30 147.00+16.90 146.00+15.10 142.00+19.60 124.00+£24.90 120.00£12.30 118.00£9.70 116.00£11.00
HDL mg/dL  82.00+11.60  81.00£11.60 77.00+8.60 77.00£10.20 86.00+£18.80 78.00£17.40 92.00+11.40 87.00+16.50
IP g/dL 6.43+0.40 6.69+0.39 6.56+0.44 6.76+0.28 541+0.39 5.82+0.53 5.60+0.57 5.87+0.86
LDL  mg/dL  38.00+6.90 37.00+7.50 34.00+5.60 35.00+5.50 35.00+£10.20  30.00+9.40 38.00+7.10 35.00+9.60
PRO  g/dL 6.00+0.19 590+0.17 6.00+0.17 590+0.17 6.10+0.18 6.10+0.19 6.30+0.31 6.10+0.18
TG mg/dL  34.00+6.60 40.00+9.30 37.00+9.90 36.00+6.20 38.00+7.70 41.00+7.70 43.00+8.80 38.00+8.10
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Table 4. Continued

Para= ) .o Groups (male) Groups (male)

meter G1" G2? G3Y 61" c2? G3? Ga?

A/G  ratio 1.00+0.06 1.10+0.06 1.00+0.03 1.10+0.03 1.20+0.06 1.10+0.05 1.10+0.06 1.10+0.07
NA+ mmol/L  142.00£0.40 142.00+0.70  143.00+1.30  142.00+1.10 142.00+0.70  141.00£2.30  142.00+£1.00  141.00%1.30
K+  mmol/L  4.40+0.22 4.50+0.26 4.20+0.34 4.40+0.25 4.00+0.19 4.10+0.19 4.10+0.15 4.00+0.16
Cl- mmol/L  105.00£1.10  105.00£1.10  105.00+£1.90  105.00£1.40 107.00+£1.30  107.00+£1.30  107.00+£1.40  107.00+1.20
TSH ng/mL  0.98+0.35 1.20+0.42 1.30+0.53 1.24+0.47 0.93+0.73 0.565+0.37 0.61+0.24 0.563+0.30
T3 ng/mL 1.85+0.10 1.73+0.13%9 1.82%£0.11 1.82£0.11 1.49+0.12 1.45%0.17 1.58+0.17 1.58+0.11
T4 ng/mL  52.80+11.22 43.83+14.30 47.65+12.06  43.75%15.43 36.52+14.09  35.13%£9.12 38.35£6.84  36.91+11.14

G1: Control.

2)
3
2
5)

Means +SD.
*. Represents a significant difference at ©0.05 level compared with the control.

o

dose level. Therefore, the oral administration of CJLS at a dose
lower than 1,000 mg/kg BW in one day is safe for the rats, which
provided a basis for the functional use of CJLS and for determining

a reasonable safe dose.
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