~ — pISSN 1225-7281
XIstAX| A, X483, X35, 187-197, 2015 R
Econ. Env?on. Geol., 48(3), 187-197, 2015 eISSN 2288-7962
http://dx.doi.org/10.9719/EEG.2015.48.3.187

Standardization Studies for the Oriental Mineral Medicine

Seon-Ok Kim' and Maeng-Eon Park**

Department of Energy Resources Engineering, Pukyong National University
Department of Earth Environmental Science, Pukyong National University
(Received: 23 June 2015 / Accepted: 27 June 2015)

Oriental mineral medicines are single or mixture of more than one mineral species or rock/fossil which are used
to treat disease. Mineral medicines remove harmful or useless substances to decrease toxicity and secondary effects,
and cause the manufacture of medical compounds with increased efficacy. The extraction test is an accepted in vitro
system to predict the bioaccessibility of major and minor elements from mineral medicine. It incorporates gastroint-
erstinal tract parameters representative of a human body that including stomach and small intestinal pH which are
the same as digestion condition. The bioaccessibility of a mineral medicine is the fraction that is soluble in the gas-
trointestinal environment and is available for absorption. Reaction path modeling in the human body can predict
digestion with gastric fluid as well as absorption in the small intestine, existence in body fluids and reaction
progress of the exhaust process according to pH conditions in body. Also reaction path modeling can predict bio-
availability, which is equal to existence rate in the body and the form and amount of a medicine in the body after
intake. The study results from predicating the existence form mineral medicines in the body, and proving the effec-
tive ingredient using bioaccessibitily and human risk assessment, suggest these that should be necessary data for
new medicine development.
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Table 1. Mineralogical name and formula of the common mineral medicines
Name Mineralogical Name Formula
Native elements
Keum bak Native Gold Au
You hwang Sulfur S
Sulfides
Young sa Mercury Sulfide HgS
Woong hwang Realgar AsS
Orpiment As,S;
Ja yeon dong Pyrite FeS,
Ju sa Cinnabar HgS
Halid
Kyang bun Mercurous Chloride Hg,Cl,
Oxides and hydroxides
Dae ja seok Hematite Fe,04
Mil ta seung Lead Oxide PbO, PbO,
Shin seok Arsenic Oxide As,O5
Yeon dan Lead Oxide Pb;0,
Ja seok Magnetite Fes0,
Woo yeo ryang Limonite 2Fe,05-3H,0
Sulfates
Nok ban Melanterite FeSO,7H,0
Dan ban Chalcanthite CuSO45H,0
Mang cho Mirabilite Na,SO, 10H,O
Baik ban Alunite KAIL;(SO4),(OH)g
Seok go Gypsum CaS0O,2H,0
Hyeon jeung seok Gypsum CaS0O,2H,0
Borate and carbonates
Boong sa Borax Na,B,0,-10H,0
No gam seok Smithsonite ZnCO;s
Yong gol Fossil CaCOs
Seok yeon Bone Fossil CaCOs3
Jong yoo seok Stalactite CaCOs
Han soo seok Calcite CaCO;
Silicates
Chung mong seok Chlorite Schist (Mg,Fe);Al(ALSi),0,¢(OH)g
Keam mong seok Mica Schist K(Mg,Fe);(Si3Al),0,(OH,F),
Seok young Quartz SiO,
Yang ki seok Actinolite Ca,(Mg,Fe);Sig0,,(OH),
Woon mo Muscovite KAI(AISi3)O;¢(OH),
Jeok seok ji Halloysite ALSi,O5(OH),
Hwa ye seok Serpentine Mg;Si,05(OH),
Hwal seok Talc Mg;Si 0,0(OH),
Organic minerals
Ho bak Amber C-H-O compound
compiled by Kim and Park (1999)
Al FEA oo Fuslel Al HR|sks oY 7] Aol 54 2=0lA S A 24E 8
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Table 2. The chemical composition of diverse body fluids. Blank entries indicate that no data have been found to date in the literature. For entries where an average value and
ranges are available, the average value is listed first, followed by the range in parentheses

Interstitial Intracellular Gastric Intestinal fluid Intestinal fluid Intestinal fluid

Property or

constituent Blood plasma fluid fluid fluid (duodenum) (upper ileum) (lower ileum) Sweat
pH 7.33-7.45 7.33-7.45 7 1.5-8.4 5.8-7.6 6.1 7.23 3.8-6.5
Py, (atm) Arterial : 0.132 Atmospheric

Venous : 0.02-0.053
Pcoy (atm) Arterial : 0.053 Atmospheric
Venous : 0.06

Calcium (mg/L) 100 100 40-60 72(21-140) 124 53(52-54) 74(50-98) 10-80
Sodium (mg/L) 3,265 3,333 160-230 1,126(0-2,667)  1,950-3,300 2,974(2,423-3,303)  2,975(2,423-3,303)  240-3,120
Potassium (mg/L) 156 156 6,060-6,256 454 39-430 438(230-1,145) 438(230-1,145) 210-1,260
Magnesium (mg/L) 24 24 316-365 22-94 228(184-279) 228(184-279) 0.04-2.9
Chloride (mg/L) 3,580 4,041 106-248 2,750-5,640 3,052(1,800-4,700) 4,558 4,488(4,392-4,545)  360-4,680
Sulfate (mg/L) 48 48-192 961 7-74
Bicarbonate (mg/L) 1,647 1,709-1,892 1,709 0-1,300 475(245-1,287) 140 890(635-1,037)
Phosphate(inorg, as  63-123 63 3,200-5,800  11.7-42 51(47-55) 58 63
HPO,”, mg/L)
Silica (mg/L) 9.2-16.9
Iron (mg/L) 1 170(22-177) 170(22-177)
Manganese (mg/L)  0.0006-0.08
Copper (mg/L) 0.6-1.4
Cobalt (mg/L) 0.001-0.01
Aluminum (mg/L) 0.05-0.3
Zinc (mg/L) 0.8-6
Protein (total, mg/L) 72,000 3,300
Albumin (mg/L) 48,000
Globulin (mg/L) 23,000
Fibrinogen (mg/L) 2,800
Bilirubin (mg/L) 4 55-6(9-180) 84.5(12-325) 84.5(12-325)
Mucoprotein (mg/L) 0-460

Sources: Plumlee and Ziegler (2003)
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Table 3. Schematic Overview of the Different in Vitro Digestion Models

c61

in vitro model SBET method DIN method di é:ﬁ(\)}rlltr?no del SHIME method TIM method
specific Kim and Park, (UGS), (RUB), g (RIVM) (LabMET/Vito), (TNO) Nutrition,
Korea* UK** Germany** Netherlands** Belgium** Netherlands**
. t of d f mineral . . . . .
input arr;(:ilgé do ose;ng diérilrllgera 1.0 g dry soil 2.0 g dry soil 0.6 g dry soil 10 g dry soil 1.0 g dry soil
general type model static stomach static stomach static static gastro-intestinal static dynamic gastro-intestinal
gastro-intestinal gastro-intestinal
temperature 37°C 37°C 37°C 37°C 37°C 37°C
mechanical reciprocation, end-over-end agitator 200rpm  end-over-end rotation, mechanical peristaltic movements
treatment 0 rpm rotation, about 55 rpm stirring at 150 rpm
30+2 rpm
food no no yes(whole milk no cream (18 g/L) and no
components powder 50 g/L), Nutrilon plus (15 g/L)
and no stomach compartment
oral saliva no no no yes no yes
cavity compartment
volume of saliva 9.0 mL 50 mL =)
pH 6.5 5.0 5}%
incubation time 5 min 5 min .
stomach gastric yes yes yes yes yes yes 1=
compartment %
volume of 100 mL 100 mL 100 mL 13.5 mL 25 mL 250 mL :
gastric juice
pH 1.2 1.5 2.0 1.1 4.0 initial gastric pH 5.0 decreasing to
pH 3.5, 2.5, 2.0 after 30, 60,90 min
incubation time 4 h 1 h 2 h 2 h 3h respectively gradual secretion
gastric content at 0.5 mL/min
intestine intestinal thermodynanic no yes yes yes yes (3 sections; duodenum,
compartment modeling jejunum and ileum)
volume of 100 mL duodenal juice: 27 mL  pancreatic fluid: 15 mL 3 x7 mL
intestinal juice bile juice: 9 mL
pH pH intestinal pH intestinal duodenal juice: 7.8 6.5 duodenum: 6.5
mixture 8.0 mixture 7.5 bile juice: 8 jejunum: 6.8
pH chyme mixture: 5.5 ileum: 7.2
output filtration 0.45-um cellulose  0.45-pum cellulose no no no see special treatment
acetate disk acetate disk
filter filter
analytical ICPAES ICPAES AAS ICPMS ICPAES ICPAES (Cd, Pb) and
method HAAS (As)
Sources: * Kim and Park (1999); ** Oomen et al (2002)
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Fig. 1. Scheme of the reaction path modeling.
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and excretion in modeling.
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off &3lar, 83Nk Wl =E37) fsls 442
A2l H7H(quantitative risk assessment)® -7
HtH(Lee and Chon, 2004).
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Mineralogical Properties

Quality Standards

Step

mineral identification
microscopic observation
texture observation
analysis of chemical
composition

e mineral and chemical composition
¢ limits of heavy metal contents

¢ physical properties

e crystallographic characteristics

¢ standardization of treated process

Digestion and Absorption

Step

in vitro method
chemical extraction test

gasto or gastrointestinal analogue test (pH & Eh condition)
development of in vitro digestion model

(standard operation procedure)

bioavailability assessment

quantitative analysis of effective and toxic ingredients
prediction of chemical speciation in the body

bioaccessibility assessment
quality assurance

Human Risk Assessment

estimation of toxic and cancer risk
toxic risk assessment(SF and RFD)

dose-response assessment
cancer risk assessment

Fig. 3. Scheme of research and deveolopment promotion system.
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