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Gastric juice and Realgar and Orpiment Mineral Medicine Reaction;
Reaction Path and Speciation Modeling in Human Body

Sun Ok Kim, Maeng Eon Park, Soon Shik Shin',Gyeong Cheol Kim®™

Department of Environment Geosciences, Pukyong National University, 1. Department of prescriptionology,
2. Department of physiology, College of Oriental Medicine, Dongeui University

The mineral medicines mean a sort of mineral br rock for medical treatment and natural material using their
chemical components and physical properties. In this study, it was apprehended the mineralogical characteristics of
As-bearing group mineral medicines. The extraction test is an vitro test system for predicting the bioavailability of the
major and minor elements from mineral medicines and incorporates gastrointestinal tract parameters representative of
a human(including stomach and small intestinal pH, stomach mixing time and velocity). The results of the extraction
test are used for reaction path modeling in human body. Reaction path modeling in human body can predict digestion
with gastric juice as well as bioavailability, speciation. Also, it can predict accumulation of arsenic as pH condition. As
the results of the extraction test for digestion, the amounts of Fe extraction was the highest, followed by As, Ca, Ni.
In addition, as the results of the reaction path mpdeling between arsenic compounds and gastric juice using
thermodynamic data, when absorbed, major species are followed by HsAs;Se(aq), HsAssSs (aq), AsO', HoAssS%,
H,AsO®, HAs;S6%, HAsO,> and AsO;”. Specifically the concentration of H3AssSe(aq) is the highest. As pH increases,
the concentration of H,AsO®, HAsOs”, AsOs*, HAs:S¢®, HoAssS®, and HsAs;Ss increases, whereas the concentration
of HaAssSs and AsO’ decreases. On the resulis of this study, it is able to find out effective and toxic components of
poisonous arsenic group of mineral medicines and expected to be widely used for the development of new medicines.

Key words : Realgar, orpiment, speciation, bioavailabllity, reaction path modeling.
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Figure 1. Scheme of the digestion, absorption, distribution and
excretion in modeling
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Figure 2. X-ray diffraction pattern of mineral medicines of different
treated arsenic group.

Figure 3. The structure of (a) realgar, AsS, (b) As.S. and (c)
orpiment, AszSa. Solid circles represent As and open circles represent S.
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Fed] 8£Y T2 n|ZA4LSol Hidl 14ug/g 0149 =
2 & 7IAd, R12 E3) B g9l 48.11448/g0) EEE LT
Pb, Cu, Cd S8 E24 HALEY S5 0.2u/g OISIE M
2 Fon, R39 &2 Feg AQ3lAlE 6ug/g OISIE Yt
As9] BEYS 1497~16539g/g2 8 AAA9] A3ISol
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Table 1. Minor and trace elements concentration(zg/g) of Arsenic
sulfide leached by artificial gastric fluid for medicine.

Sample no. R1 R2 R3
Fe 48114 31465 14533
Ni 11.796 8224 2982
As 10,664 16.539 1497
Ca 5.306 39.840 5980
Si 3384 3017 1852
Cr 2.3%0 254 1.156
S 2.308 301 2415
Mn 2.103 1235 0472
A 1.712 1527 1554
In 1474 1674 0858
K 1.278 2669 1250
Ba 1.169 0.487 0285
Mg 0.745 3375 0457
Cu 0223 0052 0016
Pb 0053 0118 0020
Ti 0.036 0.061 0.021
Sr 0023 0044 0.020
Cd 0012 0.009 0.004

3. 0A W HIEER FEd

Zn, Cu. Pb, Cd 9] §&o| i, 7Yt R39 &4
ZE J3t HolH Z ol 8315 o, HlASSERS] A &
3, &4 % uidol S HISHE T ZAM, HAsOs,
H:AsO*, HAsOs*, AsO:*, AsO', HAs:S, HxAs:S™, HiAs:Ss
(aq) S| SBBEE ExNsIN, AU 280IS0] Yol B
Al ) pH = 129} 41 pH = 40ll4] HAs:59 ST 242
1.65ppb2} 1.58ppbZ 7}at =il, HsAsO;0] Z¥Z} 091ppb%}t
0.94ppbE AIXIBIXCE. BHH, AUl F4ol iSEE £1Q pH
= B(AlM)I pH = 74(AN)olxE HsAsOs7} 242} 1.13ppbe}
LlppbZ 7} &3, &N HAsO*:= 040ppb, AAQ
HAs:S*&= 074ppb271 TR S AIXIGIMCE MU £8 & widd
ol thSEE £201 pH = 6.0(AB)oIAE HaAsS™ S HaAsO:0]
2}2} 1.12ppbS} 1.00ppbE LAIGIACHTable 2). 2L}, AsOs
=AY ZE 8ol 474x10° pg/g 01519 B B5E2 &
ABIACE. Q1A W ¥ SAE ™ol A3 B4 9}%-54 &
MY} s & WEEE TAIS I#e th3il ZriFig 4).
pH7} 1.29} pH 401 &3 & A W9 YadoiA 48 ul, Hl
49 FQ 3BKES HaAsSo|0d, pH7t 89} pH 7491 84 =
2FNA FXEH RELE ¢8E wie HAsO0] A5,
AolA] BIEEE pH 6.00141= HsAsO:9F HaAsS 0] FQ &
AMeRolchFig. 5).
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Table 2. Concentration of arsenic species in body(ue/g).

Small . )
[Sveyes Body fluid Urine
h
Species Stomach phase (pH) ptggf:u(n;H) phase (pH) phase (pH)

12 4 8 74 6
HaAsOs  913x10°  940x10®  1.13x10°  111x10° 100x10°
HASO™  393x107  608x10° 398x10° 215x10° 477x10°
HASOZ  1.44x10™  233x10¥  825%10° 244x1{0° 134x1Q’
AsOs"  953x10™  248x107°  474x10°  770x10Y 104x 107"
ASOT 185 10%  105x10°  231x107  414x107  151x10°
MAS:SS®  258x 107 486X 10°  143x10°  737x10° 794x10°
HASS™  383x10°  549x10%  299%x10° 280X 107  1.42x 107
HAsSs  165%10°  158x107  158x10°  269x10° 477x10*

EIH3AS3S6
WH2AS3S6-
BHAS3S6=
BASO+
OASO3—
BHASO3—
BHASO3-

|| BH3ASO3

Percent

1.2 4 8 7.4 6

Figure 4. Percent of arsenic species during in digestion,
absorption and excretion modeling. The pH=12 and 4 represent under
fasting condition and ingestion of food in astric fluid. The pH=74 and 6
represent intestine fluid and urine, respectively.
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a 0001 —— ASOF
-o— HAS3S6=
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Figure 5. Arsenic species mass in (a) stomach phase and smalil
intestine phase, (b) body fluid phase and urine phase of modeling.
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Table 3. Mineralogical name, formula, crystal system and oriental
property of the medical minerals.

Mineralogical

Crystal

Drug Name Name Formuia System ALk
Baik ban Alunite , ® B8
(e rya) KAI3(S0a)2{0H)s trigonal ;
Boong sa . i A,
(W) Borax (Hj#3) NaxBsO7 + wH0  monoclinic =
Dage ja seok Hematite .
RBE) @B Fe:0s vigonal %, &
Dam ban  Chalcanthite . - A
() (%) CuS0O4 - sH:0 triclinic P
Ge(uﬁm@ét;ak N?tgg&%o)ld Au isometric |, ¥
Han soo seok Calcite ' T H,
(BKB)  PWE) CaC0s rigonal
Ho bak(3%) Amber(i®#)  C-H-O compound amorphous ZF, #
Hwa ye seok  Serpentine ' o LB,
TEEE) () MgsSkOs(OH)s monoclinic S
Hwal seok(8G) Talc (/BH) MgsSisO10(OH). monoclinic ¥, H
Hyeon jeung Gypsum i - "
seok (HHB) ) CaS0s - 2H:0 monoclinic &, &
Ja seok(fH) I\(/l&gg,%l)e FesOs isometric W, ¥
Ja seok young L . o m F,
) Fluorite(&B) CaF; isometric B
Ja hwang(i =) Orpiment(4 ) As:Ss monoclinic  F, ¥
Ja yeon dong Pyrite ) ) N
(&9 48) (ERT) FeS isometric ¥, ¥
Jeok seok ji ' i Ao, H,
(RERE) Halloysite AlSiOs(OH)4 triclinic & =
Jong yoo seok  Stalactite @
@aE) (BB CaC0s 8. &
Ju sa(4k#)  Cinnabar(R#) HgS trigonal %, H
Mang cho(Z#)  Mirabilite NazS0s - 10H0 monoclinic A%, &
Mil ta seung Lead F, ¥,
(@he®)  Odde@frsm 00 PpO:  tetragonal o,
No gam seok  Smithsonite !
REB) (REF) ZnCOs tigonal F, H
Nok ban(#%) Melanterite FeS0q « 1H:0 monociinic &
Ok(E) Nephrite(® &)  CaaMaslSis<Onl2(OH  monoclinic . #
Seok yeon Bone Fossil
(&%) (BIE) CaC0s =
Seok go(5 %) Gypsum(E¥) CaS04 - H:0 monoclinic &, ¥
Shin seok Arsenorite » o B
=5) (AR As203 isometric e
Woo yeo ryang  Limonite . QOrthorhom-
(BHE)  (BEE) #e0s - 0 e = H
WooR” SRR KAWAISWOWOH),  monodinic T, #
Woong hwang Realgar T - A
() (BED) AsS monoclinic £ 5
Yang & Scok  fARON®  CaglMoFelsSi0z(OH), monocinic 8, &
Yeon dan Lead Oxide -
) (@ #35) PDsOs - RE
Yong gol(#E8) Fossil (t&) CaCOs - T, &
You Orthothom-
hwang(#:£) Sulfur (&%) S bic o, B
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BEAIHOIA] BHAIHE A 207 AsREFH0) A58
71850} QUi BEAZED EAPANE $E50] Yok =
FORNARHN 71ME R 56765 & BEA Sk 82500,
HBIRFAS SRR Falxol” 4850 e & 51459
okl FolAl BEA Bl 3450 T Utk B 2 k)
2 22 pEAoA ABHIL U FA FEY K 49
Y2 FY5) L 4 YA, thTY LAk B ShhE Ao
42 BEH 0] ALY ANAYS 25700, 1996 388
El 1998 2€7HK] ALSE tHEHQ) BEA SHICT = 411 80
ke, 82 39%eg 4 33kgo] L FAK= 100g0It?. BEY dloke
BAIEY oo THE GHEE JIA T YO, SR = A2
g497 88% et BEY S0k HBET) Uid pald
Ol A7} AE Q! v, BRolAE 19893 EZRAEHE 9}
FoplE BEOE H|18) WIBEN &I (2HE—EH
MBEBHER)E AZS ol BEH 3okl tid AT} Hu
5 MY UTH FEY B F vlaA BEY Jekl 2
(AsS)T} A1 AsS)S HIABSETA ZEYLS 22 ABY
(realgar)7} S&Horpiment)olT}. AlEEEZolE PSS 2AE
ot =85H Eo| 7MIAIL $Fo] ZoAE At Tk 7|
Ex)o} QT7, Bhlelo) SRNEHIF)= ol S5 RmMEE)oA 1)
(Aol Tl AFslT BHY 9E0) 438 |¥o
EF3I900, njAae o] U7l B2 28 8 4 gkl
ST

Table 4. Typical examples of prescription using toxic mineral

medicine in Dong ui bo gam® and Bang yak hap pyeon®.

Prescription

Mineral medicines

Symptoms

Ga mi gae yeol san
Gu mi chung shim wo

Ki su hwan

O yeon dan

Dan bun hwan

Sin seong byeong

Ja in hwan
Sa woong hwan
Ban su hwa
Yong noei an shin hwan
Hea duk woong hwang hwan
U hwagn po ryong hwan
U hwang po ryong hwan

Cinnabar, realgar,
borax

Cinnabar, realgar
Cinnabar, realgar

Cinnabar, realgar,
hematite
Hwangdan(Pb:0a),
realgar,
Gyeongbun(HgCh)

Gyeongbun(HgzClo),

cinnabar, realgar
Cinnabar, realgar
Realgar, borax
Realgar
Realgar, ryong gol
Realgar
Realgar, cinnabar
Cinnabar, realgar

Esophageal cancer

Convulsion, coma

Bastric cancer, uterine
lung cancer

Hemangioendotheliama

Syphilis, furuncle

Granufation tissue

Brain cancer
Hysterocarcinoma
Hepatoma
Epilepsy
Coma
Dyspepsia, apoplexy
Convulsion, coma

J2u BAlole] AW L2 A A(Sinegorsk) WHE B 4x(As)

ol 22 YHSEA] 19604 2, 7eEo] 2ot HIE
oF 9 HalS Mk, 887 58 QUoE 1zt Uit A
3t D REES XFSHL Ark 16417] A20lAE vlAset
E9| oE = vigdel] XFah7] AIZBKR L, 194171 {-oll
e BIag gaa AME 23 ke ARIE ARSI £



¢ H|ASREY] AR, HRIZE(KASD) EH2 FHEIE, Wg
y 4! mEW A XF50l, BlAATHNasAsO) = TR, 7185
W1} digdol] 0]SHAUCE. A2 Y9 HliE Q7 HEd E2&
Fe 249424 87 1 U 7IEE AR ARSI
Sileu, nAasiElES FHEFE U2 g 47 45Ne
o Lojuid, FE, B8, HAL dd 9 F4o] UehdTt T
F=0) 98 DR sl YAFE, FRY BE, 7KE, i,
g, A4, AEEY digsydol Uehin, At Aol 1
Holo] wHISHAPM. 1140 YEHOE BE76HL SulolA ¢
AEAZ AIBEE Kitge 88 TAL Y 82 89 384 3
ot 11 Q) B2 oRiE FHEo] Unt SFE o18¢ oY
I Hg B4 i Tk, F& &, &2, = W Fdd 29
X0l ALRE|T YTHTable 4).
ue XEshe B2 gt 5 SFS AW, AW AL S
o e ¢g gske ol8HE, FR Aoz 8, 15g
411 5g, FA} 10g, R 25 BAL 1059 BEY Sotnt 2t 9
N5 5 - A2Y IS BUslol, B85k BjHE s Lo
O US| 10l o Rl 2~3gS W= A, HQ, AT
W 9 W) BRSOl @A B FRE G} BEEAAC.
Bl4et e FHEOZ sl HET #Ko BEFHE 217
7| &8 (realgar) 7} S&Horpiment)o]tt. HIAA ZEH SOk #
3} @ES vABNETA BEYS 27 AT (realgar), S
Z{orpimentjolni, BEHIES AsSY AsSolth 289 HAL
EEHT 25k0) uhH, Al AEo] TS, Bo] WY, A
B2 AsSO| FBRE JHAL AR A (monoclinic)} F4
(prismatic)®] ZEYE 7IAM, AT = 14-200 F243 F§
Q) £&A gl A1 F8 (resinous luster)Z 71X & Ro| £Fo|
th SBIEHL As 701, S 299% S8 429 ulAE il vl
AL F )9 FEAAS s U, 2He RN
CIE BAAXED SREEE dlal JUrkFig. 3a). BEY S8
2 A5:9) BRRIZ 7HX] 1L AFEA IS EHdl(tabular)d] 2EE
g 7Y, FEE AT vRVIAIR 14-20]0 28449
ZEA W £X)FEE 7= Ao] EFolrt. S8R E S As 61,
S 39% ©ol|1 F-E& As%9 42t%(trigonal pyramid)7} 2t 7}a
Aglol 6719 ez ARl Jom, ol Sde FEX
As$0 EFZE o1EC) B U9 A SREdoln, 3% &
Atole] Al it SbA Aplol7] ufFol, olgigt B3 Bgt
{010} R0l ebgH B7i7) 471 Ziol EFolrkFig. 3c). AEY
2 d, 2 2 Fyo) Fuolx S tE HlAEE W ok
g euiEn, ot SR S35 A e 2R Z4o
FZHE ST A4 HolAY blak ZHsH BEHo
Yom, 7 g Aol HlwE Aotk YUk o g X459 ]
Agrzo] vl & F2|, 5~50ug/ L Alololn 71a =AE 280me
/ ol Z9ich MA HiRES B vlae g2 2~10ug/ L0]1L
ZBEL 24g/ Lotk AT XSk LEFEQ] HlA SR 0.
5~5ug/ | B REFHOZ= 5~50ug/ £ o] Bol= A& AUrt vl
e Askre 4%, pH, Ehel A58 A9 Rlolol] Fek
£ uh=r} X4 o] dlaE ol]4to]R(arsenite) T H|4H
| 2(arsenate)9] 4}5HS0l29] YERE Vel E3F HESH

O

- uhgol -

>

i

A - 4FE

Hes) gl 9ai MMAA(monomethylarsonic acid), DMAA
(dimethylarsinic acid)®] 7] HENZ EANBICE 218l ZABIOIA]
£ HAsOoh FQlul, 1 93 Fels HiAsOs, HAsO™S}
HAsO;"2 25 As"oI}. olZ8} 1A B4 AsluEs) &
71, #7] 89 258 kol & 8, E71gert 48, &
7IgeEnt gutgog EHdo| #ZrHTable 5). As(ll) HeW7}
T Y ol5Tol AotA As(V)ETt 2o SHI 20~60 v
o4 B2 AoE UM Ak

Table 5. The toxicity of arsenic compounds®”,

Arsenic compounds Toxicity
Arsenic acid(AsHi04) Posionous
Arsenic disulfide(AssSe) Not known
Arsenic hemiselenide(As2Se) Not known
Arsenic pentafiuoride(AsFs) Not known
Arsenic pentaselenide(AszSes) Posionous
Arsenic pentasulfide(As;Ss) Not known
Arsenic pentoxide(As20s) Posionous

Arsenic tribromide(AsBra)
Arsenic trichloride(AsCly)
Arsenic trifluoride(AsFs)

Intensely posionous
Intensely posionous
Very posionous

Arsenic triiodide(Asls) Not known
Arsenic trioxide(Asz0s) intensely posionous
Arsenic triaselenide(As;Ses) Not known
Arsenic trisulfide(As;S3) Not known
Arsenious acid solution(As;0s) Posionous
Arsenoacetic acid(CeHsAs204) Not known
Arsine(AsHa) Very posionous
Arsonoacetic acid{CaHsASOs) Not known

QIAE Y SAET S804 YHT Yol HIAE 43
shedll, 1 &2 thek 0.5~2mg/ £ Q) - Yot} vHiaE i) AF
2 E3l0) E4Eol g Eol7ie I T 2BOE 449
T} ARG & HIAYS oF Bgoln] Y F vla9) g
25mgo|Th. Q1A £9] HiAE H, A&, vl&ol 713 Wi M7}
g, £81 57} 2 oS0l A1) g2 242} 046, 0281}
0.08mg/kgOITh HIA9] AZHAKE Hl40 HA} W 31gtEY
E59 A7 AW, T VRN SEE AsT7E As¥BET
A1 {7MIA F7HIARD ) H120) ARUALY £5 7t
BESE I EHS O 2tk 040 88 HekY A8 W I 5
He §24 Pula 59| SH, o rite] UFQ cystine T FS
223 NHS e 3 13l 7KL Y A7 i &
SHH, As™9) A3 H7) izl BB SHAEE 1)
2 Qo I3, Qu AF Qo] 48 AT ASTE 41elE)
Ag EHol He (CHsAs)  acid$}
dimethylarsinic ((CHa):As) acidE vIHo], £7] v]la~% XL}
O 47 AHOZ mEgcl?. 27 1450 HEsh= Aol
Yojuke SIEANgoln Tl thE 3EtEY S-S T4
Utk A¥E ol 2] HlAE9 thAkiED &Y 58 38
£ 7Hs, 89 LoliE HETY szIENd sl
hemolysisS YOH REZE ZAoIL} 1A 7104 W&Fo]

monomethylarsonic
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BT fE0l 48 viST QM Exigeio) tidh ol & Zuy

ArEE BlAES 40P, Q1A Ul RIS E Trgol 93 )
4 SBBEY ENEHY TS WESE TA dnEy,
pH7} 129} pH 49) 84 & M9 YRTIA 2318 mE 1)
49 FQ FEES HiAsSo|n, pHY} 891 pH 7491 814 & 4
Holx EEo] 2BOE £88 mls HAsO0| QMBI A
HollAl BiEEE pH 600141 HaAsO:9} HaAssS™ 0l 3 Ex)
HeolcHFig. 4, 5). HA3lEkE0l WE EHoinPg vlms) B
T (Table 5), Ahold 43} &4 U WiEHE FQ YEEES
EYTR= RESKHE AKIS & 4 AAC) O1F B W, FAK}
S8 42 W Hla9 F3&0] g8 o] A7 B8E
A2 AMol 534 £59) 2871 Yrks BAVY FaR 4]
g ST MEFY, AP EHY AHZE U 7oA =4
VeI B171 QoU), $H1E 26 42 558 ¢
FIA ek=ch= wi*e 879 |1, 71 Mol thsh FAKe] gt
2 B4 2yl 23 oA WolAQ 422 10-134g/g2 8 W
He o] ZHPCH= I, Hgd As7} 79) 7+ A3kl A
Z85)A gerke 4872 2 o )4 SHY AU S5 oy
= 924 5 Hol Yrk

2 AF0XE BZ7 320l ABHI Yk 3579 28
1g(% Hl4 07g)7 pH 1291 Q12N TY] AslISol 93 82
Adl A3 vlisAe 1.497mg, 10.664mg, 16.539mg0] 22t &% 1,
48, &4 % ko] B3 A RISEE 2 2 H|4 58
E2 Lépg 01512 M Yol Mol ZABIYTE Wk, 4000
AEE] OIZ O18F 02T Uk HIAY SHol Rl B ¢
£ A4HTH= Ay g2 ARE 32 ¢ 2 Y
2 ZEskerl 018HE L Y FEALEA A ook Sk

o
o
82

o mn

o 10

Lo

>,

0= Mo J

191, o 7] f1ASEE AulclA HEs 28 Wt
Mol B monomethylarsonic(CHzAs) acid®} dimethylarsinic
((CHy)2As) acid2 HIFEE, & 19 A H YRSFE gl
Al g0l Be 48k X159 4271 4Q8 Aolrt

il

¥e| £

B AFollAE £33 sl ARSI e 283 AE
9 BESH By, Al vl g8 Uil et 39
Haol Aslel M & X Mo WE A9 ENMEEE 3t
okl) Y9 HISHE ZEd Zue ohed 2ok

CIZFY) AL 220 SRM0T FHEHM, ol Al BE
A SKok BE 1] A6} E (arsenic sulfide)Z THHELS 22U
gk I TFREQ Alo] £ AAL sige] Aojol]l 9Ja]  R1(AsS)S
R2, R3(AsSy)= A6 THE 3]3E UERACE Q1ZY N3 v 45}
329 Adlol ATt & 48 ZiubE Fedl E&80] 7HE Bk
1, As, Ca, Ni £0|ic}. Pb, Cu, Cd £9) 24 YAEL 02
ug/g O1oIZ M M2 YO g &Ik Yt tjolel g o)
g3 HlAgetES A9 719 vISdE HYd A, §5Al F
Q species= ZEaO0F B u, HaAsSs (aq), AsO+, HyAssS®,
HAsO%, HAs:Ss”, HAsOy", AsOs™ 9] SIStESE Ex15i,
E3) I B HAssSe(aq)?) 5TV} 7V T} pH7Y 1.29) pH 4Q)
g8 & Aug 8Bl 438 W, HixY FQ s

HsAs:501m, pH7L 89} pH 7401 84 & AAoA F4Eo] 2
EOZ ¢8g Ut HAs0:O2 EXIBHIL E3 MulolA] ui&
E pH 6.0014 HAsS" 9 HiAsOs0] QMG 31 3=
ol AMBE 1L = 359 B4 ZEH $0F 1g(F Hi4 07g
)3k pH 1201 QIZAAQ) Aol o3 B&4Y A
HlAE 1497mg, 10.664mg, 16.539mg0] 212t &% 1, 43}, &
B widol @St Al W HISEE ZEY A Hlh SBIEER
Lépg 01512 A2 Yo] AMulo] ExiBHS.
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