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Extraction, separation, and in vitro dissolution of HgS micro & nano-particles
from Mongolian medicine Menken Usu
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Abstract: Objective To study the extraction, separation, and in vitro dissolution method of HgS micro & nano-particles from
Mongolian medicine Menken Usu. Methods The Soxhlet extraction method was used to investigate the sulfur from Menken Usu
effectively, and the optimum time of extraction was determined by investigating the influence of different extraction time on the
extraction rate of sulfur in the Menken Usu. Then, the mercuric sulfide particles were separated by differential centrifugation. The
mercuric sulfide micro & nano-particles with different particle sizes can be obtained by controlling the concentration of PVP, molar
ratio, centrifuge speed, and other factors. Scanning electron microscopy (SEM) and X-ray diffraction (XRD) were used to analyze the
morphology and composition of the particles. Using dithizone colorimetric method to determine and compare the dissolution of HgS
particles with different sizes, Menken Usu original herbs, and Menken Usu-18 in simulated human gastric and small intestinal. Results
The SEM results showed that the obtained six mercuric sulfide particle samples have a uniform size distribution: Uniform size were
2 000—4 000, 800—2 000, 200—800, 80—200, 50—80, and 20—50 nm. The main components in the extracted samples were a-HgS
and B-HgS. As the particle size of HgS gradually became smaller, the dissolution of mercury was increased, which indicated that the
size of HgS particle was inversely related to the dissolution of mercury. At the same time, the dissolution of mercury is also affected by
sulfur, pH, and compounds. Conclusion This is a simple and efficient method for the separation of mercuric sulfide particles, and

provides the basis for the pharmacokinetics and pharmacological study of mercuric sulfide nanoparticles with different particle size.
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ARG TS, NRREIKE, # N T S &
FRAIE T, RS R B 6I 7],
HAEZRI A HeS Fsmidn. Hvkar, 98, &, H
JlEE . M) )5 SRS IR BRI BLG IR B 1
XF P E SRR AR B S e Y A B R T
R, 5257 iR S TR-18 BRALTE H B S P,
R IE AT R - RIS SR YT A BT 8
PR, AR T A o FL 2 T R i A A
R X,

AR AR S T3 MR . o AR T T
13 TR KR, (RN LZ 80 i mt . = AU B
25 R IR B Ik v S Il A G B R AR . TR
WA P R IR 25 h HeS & LUM-99 K kL 24
Bk TRy, TR T RO S R . AHE AT
Xof MR 5 75 HH (R - K SR A T R BN 23 25, %o B
WA R RARTE ) HgS -4k ik . R 1% 75
JRZGM K i S 95-18 BRMIEAIMA TH . AT
R I DL, NN — 2B AR S 95 2 )
JoR JEE A B FL 2 AU 8 25 0 S0 A
1 XEEHR
1.1 {88

H1850 84 & 2R s 25 oL, T8 e A S 56
FABIF R AEPR AT S-3400N 44 o 1 S 1
(SEM), HARES AT ; TU-1901 FRIXOEH L 4b-
AT OLAR v, Ab AT I A RS SRR e A F]
KH5200DE A% 428 i e as, B LR B A A
WHMRAR: X FLATH T (XRD) 1%, HH
Bruker D8 Advance 2 & .

1.2 MR

RIS 20150635), WILAS H52
B EBRAT; IR, RETH R R R
BRAF; RO LEE (PVP) K30, Jbii[E
AR E R A IR, WALE G 2%
BALTT s Bz, RERFER A=A R A A
UK, AbRdbibs g AR AR S,
FREERME R (105.0 mmol/L), RELK Bk 4k T
AIRAF; WL, KRR .

2 FEEHR
2.1 HgS WM-HeREARIUE
BOlR TR Rt 200 Hif&H . RARK

PEHGE DL B 2RI I d iR S I B TR AT
B, 150 ‘C FMEIRHEE 4. 6. 8. 10, 12, 14 h )5
KPS I E, CAHREUAT 5 e T 5 22 8 5 T ek
D, TPERTRSEIE, SO ESE U [A]G E
Rl I . 2 G “ K7 1 HegS B &
(R 5 70500, DA S0 BR B o 2N e $R LS A5 R
aitH HegS &&, B E 5 4] i 5 TR A SR U
B, FF=ZTMFABRRE €W (105.0 mmol/L) A2
F 12.21 mg [¥) HgS.

R IRFR I DA FE R O A R0 i 2 77 iR
i BRI AT IR, AT R S IR AR 2 Fh
FEH LAY, KL FERR T 5T 2 G A R
F o EAS [R5 HUBT ) Py e A 2 77 v o o A i B 3R 4
Br, R 1, $EHU R 8 h, sy 75 )i
IR R K, HEER R, 5 p$e
RJPAFRD . LR, B SRR (] 1) E
K, FREGHEUEIZRETAS T, 1B 55 A W B X
Hik o SRHUT R, R ECHETE i A AL
t, NIRRT AR NRIAR I HeS Fl-4 K i
FMNJEAR N E S 8.

T FRR T e VAR B, S5 R, e
HgS & &/ T k. St LIR$EE T AN [H A
PIFE s ) HeS & &t Tile, SR NE 2. $2HL
8 h, FianH HeS s R, HFEA U A]
MIZEK:, HgS FIE DS, HEM 5K ] g
BRI TB) K 2548 i HgS - 40 K B00RE R 451 E
2.2 HgS W-#KFAIR 7B MR ESWEE. R
T
2.2.1 PVP K30 WKEMIER  LL PVP K307 94
F1 TNEHEEAEINER D 7P B RN ER N
Table 1 Effects of extracted rate of elemental sulfur in

Menken Usu on different extraction time

P 5. UL S
T
4 3.00 2.43 0.57 18.87
6 3.00 2.19 0.81 26.94
8 3.00 2.15 0.86 28.51
10 3.19 2.37 0.81 25.55
12 3.00 2.18 0.82 27.27
14 3.00 2.20 0.80 26.77
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*2 AREBEEERTS HeS 28
Table 2 Measure results of HgS content in samples with

different extracted time

B/ . WEERE:  HeS  HgS &
mg AR /mL H/mg 3%
50.3 4 3.43 41.8 83.10
50.5 6 3.63 443 87.72
50.3 8 3.88 473 94.03
50.4 10 3.87 472 93.65
50.1 12 3.76 459 91.61
50.3 14 3.73 45.4 90.25

W, SRS SOR B, il B O AN [
TEOE, BEEECETUE, BRI B Rk
HgS -gk Bk H . BARSZIS 7B R : FRE
FEHL 8 h 1Y) HeS -2 KBk 4 1T 25 mL AN Ao &=
3 (1%~5%) 1) PVP &, A 30 min ffi2
SR BT EE PRI S

PRI 8 h [¥] HeS WUk 5 AN [F] i & 4> £ PVP 3%
WRAFEG, WEISWT:

OFESHTE 1% PVP ERF, B8 4 h i, JK
R A 20 SR CRLTTUE , B 24 h B2 H R
FLAER LTI, BIR L&, JREUE R T
M B AR A KGR, JUESEA
B .

QFE L TE 2%H) PVP I EHE 4 h i), R
B /D BIREFRYE, HE S hi, 465
B LEBRAKOIUE, FE 240, JKEHTUE
HRmM RN 2 B, Bty ilhat, ke, Hi
A R BB e s K KB, HPTE
N BB B

@FEMTE 3% PVP IR E 4 h i, JRES
HLOUERE, #E 8 hitt, Pk L2
BRAEKEYIE, JUEH TN ES N3 E, i
SIAVRLE. K. FHARKE; HEFRE W
Bt AT K. KEA, BIEERFRDZ
KI5

@FEFHTE 4% PVP R E 4 h i, JRHS
BAMOYGE, 88 hi, aafihiyie LEEM
BEKEYUE, VOUER T LR 32, Bl
N, IRt ARG HEVER A N EREiE
SRIRNE KRG, KEBEA, B, K LRFNE
53 2

OFEALTE 5%1 PVP W E 4 h i, JRH

B AEFRIITE, B8 8 hitf, ZGPRE L2
BERROYIE, FE 24 h i, ERHUE A N L
B AN, K, FRE; HEFHRE M
LB RINTE K G KEA, B HiiE K
B3 SR = @111 I (= B SN G ST e =
Rk #% PVP &0 H0 4%, AI3RAG AT
IRV
222 AEKifE HeS -goKRRki ) 8y R Z
WE VR, FREREUS M 2.0 ¢ 5 PVP IR
PR R, AT R, ol e B UEARE, IR
BEPEAR L REKMRL, 1058 “07, [RII SCAE T -
P Z 10 mL B0 S, L1000 r/min &0 5
min, JZRIFHRNET—4b. JUIEHEE A 2 8 [F
R B PVP R, DAAH A 8% 3 250 5 min,
HESBEEEZBIFRIEN . FHEER 1 000
r/min WCERIIPTIEIL SN “17 1000 r/min &0 15
B EIF LA 3 000 r/min 3 1% IR D TRAK K
OISR J 7 LA 50007 0009 000
11 000 r/min, WCEEDTHE, L5058 “2. 3. 4. 5.
6”0 B N U B PTTE LLAETRAKYE 5 IR, &
BEe 3 YOUEE T, RISANEDRIAE HgS T-gh KBk .
X B AR BRI RLAR G HeS fl-ghK ks A
CEEVERIGEA, BT b g s gi, W
Bl 1. IWE 1 AT REH, B ONLE BN, IR
LR WRLFIO WAL, o-HgS W%, 01 SFEM: BE
O R ETIGR, FE5 R B B-HeS 12T
W2, e SFEMmikiTai B,
2.3 HgS WM-K BRI R EMEHER B 5 4
KT A [FRIAR HeS -4k Bk 2 Bk T
95% LI, AL, 153 1% 080 E
A b, TG SEM (83400, S4800) 34T W1
W, TR KRR RN FEF AR R A
FEl HgS -8 K H0kL BT o b3 K XRD % ( Bruker
D8 Advance 40 kV) & FE AR, Cu-Ka

1 1~6HgS #mMHREELE
Fig. 1 Digital photo of HgS sample 1—6
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(1=0.154 06 nm) FHHHE KA 2°/min.

N T MEAFRAZH HeS -4k Bk i %347
KHifzsrAi, N SEM #HATME S04, B
Giit KR AT G R R 3 FIE 2. WG R P LUE
W, FEE NN BR R AR RN, R E NI
R AR K. B 2 IR 3 S5 5L K, HgS ik
BRI, B4, o-HeS 2 Bikikii2e
N, BERE, B-HgS W% . 2085 ke,
Kz KT 4 000 nm [ HgS JEZ, Fiibtewlmk
62.7%, TIRARENG 3 4 SHEF7EBAT B HeS
2 2%; RN Sy 6 SRER AT & EE N
1.35%7F10.65% o 3X Yt B AR 5 75 i 42K - 800 nm

(1) HgS ROk fr o5 LR, AIik 93.65%, Mkife
/INF- 800 nm ) HgS Bk (5 6.35%. HgS MR
RN, BRI HeS BURLTE JE 24544 w1 BT 5 L
K, B TR IR A R R R, B
DUXTHREE R HeS HURL A0 502 i 8 AR 12 75
YR8 . KA XRD (Cu-Ko: 1=0.154 06
nm) XA TSI BGEATRAE, R 3. 1R
JE IR 4 XRD 73 #14 o-HgS #1 B-HgS.

24 A ERZSCER HgS M-ARKRBRIAINA G
I

241 LMEXRFRFE  /plkE%EN 1.000 mg/mL
FRUEFRIEIR 1.01 0.4 mL T 100, 50 mL &)+, %

&3 HgS M-PHARBMNAKES
Table 3 Particle size distribution of HgS particles

T A3 85 HeS /g Iy B R R R g T o LAl % 55 /(r-min ) HgsS $if&/nm
0 2.00 1.25 62.70 0 >4 000
1 2.00 0.46 22.80 1 000 4 000~2 000
2 2.00 0.16 8.15 3000 2 000~800
3 2.00 0.04 2.10 5000 800~200
4 2.00 0.05 2.25 7 000 200~80
5 2.00 0.03 1.35 9 000 80~50
6 2.00 0.01 0.65 11 000 50~20
| d]l_IJ
0 1000 2000 3000 0 400 800
42 /mm 4 /nm
o = I , H m
200 400 100 150 200
HifE/mm Fift/mm
i j I k 1
ll -
80 120 40 80 120
FifE/mm i /mm

S4800 10.0 kV 7.0 mm, JAKFEEL: a-10000; ¢ ev g+ i+ k-50 000
S4800 10.0 kV 7.0 mm, amplification: a-10 000; c. e. g. i k-50 000

B2 1~6#5H SEM EH (av e e. g« i k) REEZESHE (b dv f. by jo D)

Fig. 2

SEM picture (a, ¢, e, g, i, k) and particle size distribution (b, d, f, h, j, 1) of samples 1—6
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20 30 40 50 60 70
20/(%)
a-a-HgS b-B-HgS c- MM d-HMWSTFHEZAM  e-TREUH R
WG f~k-1~6 SHEMH
a-a-HgS b-p-HgS

e-extracted elemental sulfur f—k-1—6 samples

B3 ZRSHRERAMLIRIEHSE XRD Eif
Fig. 3 XRD spectrum of Menken Usu and Extracted

samples

HIIAN T B /N TR 2 205, RIEC 6
10, 8 pg/mL MIFRHERIETR . F5% B 10 pg/mL Ax
MHEFR T 304 204 10 mL T 50 mL &3, TIAN
THB/N LB ZIE, FHIK 6. 4. 2 ng/mL
PIbRAERIEW, e REEEE 0. 2. 4. 6. 8.

10 pg/mL FRERIEIR 9.0 mL TIEMIEA, K46
A 2mL, M 5mL ERKIATHEARTHRER, H
FHAFIMANLTBBR/ANLZ® 2 mL, JIA 1 mL
EDTA. 2 mL NaOH. 2 mL X{&ifiE TAE#, T 551 nm
SEMTEMROCE (4D fH, PR EIRER AR (X0,
A HAYNE, SfbaEtiZ, THERIEHE.

MWAFN T HE W N T b o it 2207 72 9390
Y=0.029 6 X+0.017 8, »=0.988 5, &Myl 1~
20 pg/mL; Y=0.048 8 X-+0.001 8, »=0.9916, %
PEYEFE 1~20 ug/mL.

242 FFEMENTBR. NI s s
FREL 0 (>4 000 nm). 1 (4 000~2 000 nm). 2
(2 000~800 nm). 3 (800~200 nm). 4 (200~80
nm). 5 (80~50 nm). 6 (50~20 nm) 5 HgS i
Ky iR TR-18 BR AL dtR D55 254 0.1 g 43731
T 100 mL #EEMF, MANTEBR/ANTHE 10
mL, fREEMEE . SESCEkES, & TEIREY
FEN 37.5 ‘C. 150 t/min fZFE 6 h, XIFESIEATIE W,
BHE 0.45 pm FALUERHIE, JERE 9 mL
TN, IRGEARZE 2mL, I 5mL FKit
1T, ZATHRIER, BrHEPimANTBR/ AN LR
#2mL, JIA 1 mLEDTA, 2 mLNaOH, 2 mL XY
il TR, T 551 nm AWIE A4 {8, HHERIIE

c-elemental  sulfur d-Menken Usu

HiE.

SRR 4.5 s, SFEMENT BRIk
HHEHEST AN L. XEH pH EX HeS #
R R EEEER, pH ER/MT, R HE
K o XA FRPRLAR G L ) HegS B0RL A H S I 3E AT
SN RIL, BEF HeS PiRiRi/2 AN, R &
B, 80U T HeS BUkiki 2 T oK i H
BA—E 52, PURRLAR RN, TR I o
ARSI R P RIS R EA T 1R 2 206, i
FTER L TR-18 WRALHRIEHEAN 0.22 pg/mg
HEE T ERS IR . 4 15 5 Hki 7 H 45
RO G T oREHE. U S 7 PR 1)
5 75 I RORERL AR £ AR 50~200 nm, KR
BBl R R R s &, 7 RS i@ 2

x4 BEHREAIBRPHBELER

Table 4 Dissolution of each sample in artificial gastric

juice
-~ e RIGHPER  RIEHE
JE/(ngmL™) (ng'mg™")
0 0.06 1.49 29.0
1 0.15 433 87.0
2 0.19 6.05 121.0
3 0.25 7.68 153.5
4 0.29 9.16 183.0
5 0.35 11.29 225.0
6 0.38 12.16 243.0
i-18 0.34 10.75 215.0
F AR5 0.16 4.67 93.0

x5 J[HMAEALBRDIARHEGER
Table 5 Dissolution of each sample in artificial intestinal
fluid

- At ARV AR KR/

JE/(pgmL™) (ng'mg™")
0 0.01 0.21 42
1 0.03 0.52 103
2 0.10 2.05 41.1
3 0.11 2.30 46.0
4 0.21 423 84.5
5 0.25 5.02 100.4
6 0.26 5.35 107.0
Hi-18 0.23 474 94.8
W iR 75 0.06 1.11 222
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MBCA, AR R I 3 =, XS T HeS M
FIEWRIT R Pl R R EEEAE A . XXk AR TEH]
WY HgS BURL IR AN 5T 0] e 2 5 i da il 2 75
20 R R IR G B

243 HgS RS ENTHR. N LK+ r
WSO ST ERG A —EMmem, £
LIS T TR HeS Tl-gK kL 1)
SO FARSZIG 7k b, fEERREL 0. 1. 24 3.
4. 5. 6 5 HgS Bk HETEH & mA 0.042 g 2
U BR, 4 BR3P S, F 551 nm 405E A4
B, THEIRIE . ARRARTEE ) HgS Fokin
ETEN T B N TR g g Rk
6. 7 Hime M2 AR RIFERTLLE H, A
R4S B Y HeS Foki e A T B W i i H 2 0
BTN TR v o AR AR TE Y HeS 5
Ki, BEAEBURLRAS RN, SR I H B IR R .
H5RInmies v = R B, HeS I & % 7k
() L B A A

* 6 HgS BRMAEFAEALERTFHBELLER
Table 6 Dissolution of HgS particles in artificial gastric

juice after sulfur addition

X R H TR RIGEHE/
Y A1E
BE/(ngmL™) (ng'mg™)
0+S 0.18 5.41 108.2
1+8 0.20 6.16 123.1
2+5S 0.25 7.71 154.1
3+S 0.32 10.14 202.8
4+S 0.37 10.57 215.0
5+S 0.46 15.04 300.8
6+$ 0.47 15.34 306.8

®7 HgS BRMBEAEANLGRHRAELER
Table 7 Dissolution of HgS particles in artificial intestinal

juice after sulfur addition

, TR H T IR R R/
%5 AfE
FE/(ngmL ™) (ng'mg™")
0+S 0.8 1.66 332
1+s 017 3.38 67.7
24+S 017 3.52 70.5
3+S 021 420 84.0
4+S 024 479 95.9
5+S 029 5.82 116.0
6+S 031 6.31 126.0

3 iTig

SV TR S A Heg A i i 5 i
Rz, xr “WhHSER” H5%E SRR RE
EMRET R, HEE NN HeS M TR . ST
AR ERH A THEZA, HETHESE Hg &
AR AR ARG R R 2 B 5E . AR St
-G IR 7 B H AR S HEVE T P2 AR S 6, A
ORI 235 46 3 5 XoT i) o AR % 275 1) 420 I 5k ikt i 47 A
Fo PEHUSCER B AR 5 D5 g K 4544 (1) HeS ROk,
12 e g kL 7 B ARG A 8, S E)E
HgS BURL IR GE MR Mo 55 7 THT AT 25
GVPH, LI PR L $2 it B L (0 B RN SC I A 4

AW TR R KPR HOE N 52 25 T iR 2 Jr AT 42
I, ERfEfis, MR, RIACREE, HIZH
WA B, BL8 h I AE, WSR3 & 2
It HeS Moki. ki A 220 5 0k Rt HeS
-G KR 3 RORLAR R/ INEEAT T 408, £ 1 000~
11 000 r/min F S5O IE BN, 7055 H 6 MR
X[H], £ SEM MMILAK4E5: 74 2 000~4 000,
800~2 000. 200~800. 80~200. 50~80. 20~50
nm, BN XARRDRAS 20 A J LI A A . HE O
JG S RE SRR A B O R RIIE R, BURLRAR IR
BRI o

BEE HgS BURRAZ kN, Hg BV H B IE T
K. BRAIA AT LA 3E HeS HaR v H . Xk 2
PRI A 25 vk, SRR 7EN T B
AR RS T AT, XK He M2
pH {EFMECR, pH (HFFIKET, Hg I H &K,
XHE— P I0AE T RS AT IR A S R . BB HeS
WORLRLAZ IS /N, Hg [V Sk, Uil T
HgS FkiRifE#E/N, Hg MEHEBK. RIEL L
iR, KinHEAMIT Ak HegS Bk 1 A1 2, 3
4.5 F 6 G IE, A HeS IRk
(800~4 000 nm). HgS 1+ ik (80~800 nm) Al
HgS ff/NBk (20~80 nm) .

11152 77 da AR 5 75-18 R AL He (¥ &8 0.22
ng/mg, ST HRGIRELHM . 4. 5 SHORFE
AR CAEE 7 Hg Mg E, B
5757 AL 1 F AR 2 IR R RO R AR KATE 50~
200 nm, ZRAAVEE N B GRS R E. Bk
R TRl 25 eSS AT REVA M A ORIV HH AR
151 1K B 43 UKL ] 8 R AR T A I B RS
FHUCHERT, HgS Bk AR /NG S I 254097 3
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AL RS ETT d RS 95-18 Wk, #tl S 75 RO
FIv o BT SR v, 3t R A gt — S0 o R A
JURRRRG . PRI, SR EIE TS RS T R B
PRI HgS MOkL, B 52 ftR & 75 25 0 i Bt aik, SR
Je BSOS 52 24 AR 5 v HgS - R ORL SR HR
IPEIIEMTBL DR EIR AR T 4. 5 SRR
MIPEHCE, FEXTIEHS 5> HeS -A R BURIEEA T IR
2 RCER T, I YT HeS FokL i RAR 4% R I
VE TR, AT HeS fEIR 254 th &, Bk
BIEFHIZAA) H o AHIE TN iR S 75 ) i PRI,
St 1 HEE A SCRF, O ARORIS iR B 75
HgS 4K FTRL ) 24 540 5 R0 83 B 4 A T IR NI 5 B4 58
e
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